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Arsenic (As) is an toxic and carcinogenic tracemaet, which commonly occurs as contaminant in river
floodplains and associated wetlands affected byingiof metal sulfide ores [1]. High arsenic concatibns in
mining affected river floodplain soils are usuadlyresult of oxidative weathering of primary As begrminerals,
such as arsenopyrite (FeSAs). The floodplain ofQgesta river in NW-Bulgaria is extremely contant@thwith As
by effluent waters issued from several closed maudities and three tailing impoundments contagn®5 million
tones mill tailings [2]. Soil samples collectedrfrahe lower Ogosta river floodplain have As concaintins ranging
from 0.04 to 37.4 g/kg, exceeding the local reguriatevel of 50 mg/kg [3] by up to ~750 times. Treesence of a
contaminant in excess of these guidelines posemndisant threat to the river ecosystem and thaltheof the local
population using these soils for settlements, gandg horticulture, cattle grazing, and agricultweop production
[2].

In this work we investigated the mineralogical ahemical speciation of As in the lower and uppeodplains
of Ogosta river. Our goatas to identify and quantify the major As speciad their distribution among different
grain-size fractions (<2 mm and <%0n) in Ogosta river floodplain soils differing in ibenoisture regime and
sedimentation age (e.g., lower vs. upper floodplain

Our study area is located at the Ogosta river irtiNeest Bulgaria (Fig. 1a). Tailing impoundmente aituated
~10 km upstream from the soil sampling area. Theetlsoil profiles studied, herafter labelled P1, &% P3, are
situated at Lat. 43°24'33.1"N and Long. 23°02"29.2long a transect through the lower and higteerdplains and
at a distance from the river bed of 0, 7, and 4®@aspectively (Fig. 1b). Soil samples were colldateJune and July
2011 up to a depth of 120 cm.
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Figure 1. (a) Location of the Ogosta river in Northwest Bulgaaad (b) aerial view of the soil transect.



X-ray absorption spectroscopy (XAS) experimertttha As K-edge edge (11’867 eV) were carried dauha
bending magnet beamline BM0O1B (SNBL) at the ESRRguthe energy resolution of the Si(111) monochrmma
The measurements were conducted at liquidteshperature (~77 K) in both transmission (ioni@armmbers) and
fluorescence modes (13-element Ge solid-state wejeThe XAS spectra were energy-calibrated to filhst
inflection points of the J,-absorption edge of Au (11919 eV). Between thme ten scans were averaged to obtain
a satisfactory data statistics. Data reductionrandelling was performed with the ATHENA/ARTEMIS page [4,

5].

For a quantitative estimation of As species in #2emm and <5Qum soil fractions, linear combination fits
(LCF) of As K-edge extended X-ray absorption fineusture spectroscopy (EXAFS) were performed ober k-
range 3-10.4 Ausing selected reference samples. Reference sametesselected based on soil X-ray diffraction
analysis and theoretical considerations. All sewtere properly fitted with only two references:(¥ssorbed to
ferrinydrite (As(V)/Fh) and arsenopyrite. The LA fare shown in Fig. 2 and fit parameters are igexvin Table
1. Our EXAFS data revealed that in the lower fldadp As is mainly present as As(V) associated vi#({lll)-
(hydr)oxides. For example, in profile P1 betweefoddnd 83% of As is associated as pentavalent As ke(lll)-
hydroxides in the <2-mm size fraction (Table 1).
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The amount of As(V) sorbed to Fe(lll)-(hydiaes generally decreased with soil depth, but sigsificantly
higher in the fine size separates compared to thledwil (Table 1). A particularly high fraction éfs(V) sorbed to
Fe(lll)-(hydr)oxides was found in a soil samplerfr®7 cm depth of profile P1 (Table 1), which agrered with the
high As concentrations measured by XRF spectromaty the predominance of ferrihydrite in the samgse
inferred from Fe K-edge XAS analysis (data not smovOur data further show that the abundance ohgmy As-
bearing minerals (arsenopyrite) relative to secondas species formed by weathering of primary méider
(As(V)/Fh) decreases with increasing distance ftbmriver (Table 1). Additionally, the EXAFS resitevealed
that As in the Ogosta floodplain soils is not agsec with carbonate phases, for example, calditsiderite.
Secondary As(V) minerals such as pharmakosidefiegAsO,)s(OH)s- 6H0), Ca-As(V) (pharmacolite, CaHASO
weilite, CaHAsQ), or Ca-Fe(lll)-As(V) mineral phases (arseniosider CaFe;0,(AsO,):.3H,0; yukonite,
Ca/Fen(AsOy)10(OH)20.nH0), which are commonly formed at high As(V) concatibns and circumneutral pH [6,
7], were also absent. Likewise, the precipitatidramorphous Fe(lll) arsenates [8] was not obseiwmedur soil
samples.

Our XAS data collected at ESRF provide valuablerimfation on the speciation of As under oxidizingditions
in the Ogosta river floodplain soils. Unfortunatelye were unable to evaluate our fluorescence EXA&A set
because the software necessary for data transformaés not available at the beamline. This dataldvbave been
important for the quantitative speciation of Asl@t soil As concentrations. Our next goal is thenitification of
major and minor As species in Ogosta occurring unglgucing conditions. This information, in conjtina with the
data collected on oxic soil samples, will be anamant step towards developing appropriate remiediagtrategies
for the Ogosta river area.



Table 1. Distribution of main As species (%) in the twolsize fractions (<2 mm and <%0n) of the lower floodplain soils
determined by LCF of As K-edge EXAFS spectra.

Depth (cm)  AS(V) on Ferrihydrite®  Arsenopyrite®  Sum (%) N R-factor (%)@
Lower floodplain Omfromriver
<2mm
5 78 18 96 0.61 0.03
35 47 52 99 0.74 0.07
58 83 5 89 0.74 0.03
78 58 40 98 1.28 0.09
97 60 39 99 0.46 0.03
<50 pm
5 77 14 91 0.57 0.03
58 86 7 93 0.89 0.04
78 49 55 104 0.81 0.07
97 86 9 95 0.64 0.03
7mfromriver
<2mm
5 65 33 98 0.57 0.04
25 79 16 95 2.31 0.10
45 85 15 100 0.91 0.04
65 70 26 96 0.58 0.03
85 81 16 97 1.07 0.05
<50 pm
5 59 34 93 1.27 0.09
25 75 16 91 0.52 0.03
65 66 32 98 0.39 0.03
85 81 18 99 1.42 0.06

@ Synthetic ferrihydrite according to ref. [11]
@ Natural arsenopyrite, ICSD#042508, SG: P-1, a 446X, b =5.675 A, ¢ =5.785 A= 112.17 A
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