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Abstract

The environmental assessment and management a@frib&t mining sites
contaminated with various inorganic species reqaifgetter knowledge of
pollutant-bearing phases. Among elements presentimng soils, arsenic
Is a toxic metalloid with potential high contentdahigh mobility capacity
into the environment. The objective of this papeaswo investigate the
mobility and fractionation of arsenic (As) in a hlg As contaminated soil
(ca. 3 wt%). The soil was collected from an olddyolining site in France,
where mining activities and smelting processes old gores took place.
Single and sequential chemical extraction proceslungere firstly
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conducted. These leaching tests were used to adsegmtential mobility
of As depending on its fractionation in the contaated soil, and also on
the portion of As sorbed onto soil particles. Adsh@ally numerical
simulations were performed using the USGS softRH&EEQC-3 in order
to evaluate the role of adsorption on As mobiliaatiThis multidisciplinary
approach provided information on the nature of Kation in this mining
soil. Moreover the role of adsorption in the cohtod dissolved As was
evidenced by geochemical modeling. Results shoWwatlAs appeared to be
mainly (ca. 72 wt%) reversibly sorbed to iron (Eempounds in the soil, in
particular Fe oxyhydroxides. Consequently a po#ntrisk of As
mobilization exists especially under acidic andfeducing conditions,
which frequently occurs in mining environments.

AQ1
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Introduction

Arsenic (As) is a toxic metalloid naturally presemthe environment that
comes from various sources such as volcanism amdheeng of the bed
rock. The As concentration in natural soils typigabnges from 0.1 to
50 mg- kél (Baker and Chesnin 1975). Anthropogeniividies also
contribute to the geochemical cycling of As in aigty of ways (Huang
1994 ; Smedley and Kinniburgh 2002 ; Tamaki and Feaferger 1992).
Arsenic is used in agriculture as a component sfipeles, and in wood
preservation and glassmaking. It is also dispensedthe environment
through the burning of fossil fuels. Additionallyie to its geochemistry, As is
used as an indicator element in geochemical prasyetor various types of
mineral ores (gold, silver, copper, uranium, e(B9Jyle and Jonasson 1973;
Reith and McPhail 2007).
AQ2

Soils near mining sites receive significant inpot#As and heavy metals
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during mining operations and minerals processingc(f and Nriagu 1995;
Bodénan et al. 2004 ; Hudson-Edwards et al. 199%aNa et al. 2008;
Savage et al. 2000). Arsenic concentrations innigsl piles and tailing-
contaminated soils can reach up to several thousr‘.agulztg_1 (Smedley and
Kinniburgh 2002). However, unlike organic contanriteg As in soils cannot
be decomposed chemically or biologically.

It is commonly acknowledged that total As concetdrain the soil is not a
good indicator of potential mobility and leachir@emical interactions
between soil and As are important to understanthttsin the environment
and choose the suitable management strategy (Edlah 2014). These last
years, part of the research concerned remediaGomZ£alez-Fernandez et al.
2011; Drouhot et al. 2014 ; Jana et al. 2012; Flaketval. 2012). In this
context, the better understanding of the fractimma&nd the potential of
mobilization of arsenic is required and helpfuingorove the efficiency of
these technics.

Although a wide variety of leaching tests are aaalé in the literature to
determine the potential mobility of pollutants (ksos et al. 2002 ; van der
Sloot et al. 1997), very few have been designeatdeide information on the
nature of their fixation processes in studied ntasi On the other hand,
hydrous ferric oxides (HFO) are known to be impottia the retention of
inorganic arsenic in soil. The interaction betwéH#fO and ions can be
described by surface complexation model (SCM) (Dzaknand Morel 1990).
This approach has been successfully used to stgdgdaorption/desorption
onto HFO in sediments, soils and groundwater (Bssetaal. 2014 ; Bowell
1994 ; Jiang et al. 2005; Lumsdon et al. 2001). Usmatturrently with
geochemical characterization, the modeling hasgutde be useful to
describe As behavior (Carrillo-Chavez et al. 20C#ussy et al. 2010;
Sracek et al. 2004).

In this context, an approach was developed basatiense of leaching tests
(single and sequential chemical extraction proceslum conjunction with a
mineralogical study and a geochemical modelinge&d knowledge of the
pollutants operational fractionation in the studmedtrix is required to better
understand mechanisms regulating the leaching behatinorganic
contaminants of interest.

The work reported in this article focused on th&éedmination of the nature of
As distribution and association to the soil consitts, and the impact of these
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characteristics on the leaching behavior observed. scientific objective was
to better understand the mechanisms regulatindetighing behavior in order
to better assess and model the potential mobitimadf As under the effect of
environmental conditions. A further objective wasvalidate the
experimental methodology developed for that purpose

The correlation between mineralogy, leachabilitgd amodeling of As was
examined in a contaminated soil collected from @nEh gold mining site.
Mineralogical analyses were carried out followiegdthing tests to
characterize the studied matrix. The numerical $aton of batch leaching
experiments was performed using PHREEQC (versiaif@jkhurst and
Appelo 1999).

Our research was developed in order to better wtaled the distribution of
As in a representative sample by combining (i) expental data obtained
from single and sequential chemical extraction pthwres (leaching tests), (ii)
mineralogical characteristics determined with vasi@nalytical tools and (iii)
geochemical modeling. This multidisciplinary appcbhdends to improve
geochemical assemblage definition and As comportmen

Materials and methods

Sampling and preparation of the soil

An As-contaminated soil collected from a gold mmsite in France, where
mining activities and smelting processes of golglsaiook place until 2004,
was used for the study (Chatain 2004). It was dlydanown to present high
concentrations of As (Bayard et al. 2006).

From the soil top surface (sampling depth: 5-35,doyr representative soll
samples, of about 50 kg were collected from the. $itior to
characterizations and liquid—solid partitioning elments, the soil samples
were air-dried at room temperature (20 £ 3 °C)Xatay, sieved through a
stainless steel 2 mm mesh sieve to remove coalsesdmnd gravel,
homogenized, and finally stored at 4 °C in the d&@katain et al. 2005a).

Chemical and mineralogical characterization

The natural pH of the soil was measured in a 10xture of soil to deionized
water after a contact period of 48 h (SR003.1 protoKosson et al. 2002)
using a WTV\? combined glass electrode. The redogmal (ORP) was
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measured in the same soil slurry using a Radiorrze‘[atytica? platinum-
kalomel electrode (Pt—Ag/AgCl, +197 mV vs. NHE).

After mineralization by acid digestion (AFNOR 1996é9tal soil
concentration of trace elements and major constisieas determined by
Inductively Coupled Plasma Optical Emission Speuety (ICP-OES,
Jobin—Yvon Ultima 2 ).

X-ray diffraction

Three replicates of the soil fraction <2 mm wereugrd to a fine powder

(<50 pm) and studied with a SIEME%S D500 X-ray difftometer (XRD)
equipped with a copper anticathode. The samples wegnned on a reflection
angle (@) from 3° to 70° at a scan rate of 0.02/2 Results were processed
using the DIFFRAE™ EVA® software (BRUKER AXS ) ancetiCDD"
database (International Centre for Diffraction Data

Scanning electron microscopy equipped for energy dispersive
spectroscopy

Mineralogical investigation was also performed wo teplicates of the same
fraction (<2 mm) by scanning electron microscopEI‘(/SJEOL® 840A LGS)
coupled with an X-ray energy dispersive spectrom@®S). Samples were
prepared by pasting the soil particles on an adledsipe placed on a stub
(sample holder of the SEM). Sample coating witloaductive material was
not required. The backscattered electron (BSE) nvaae used with a voltage
of 20 kV.

Leaching tests

A sequential chemical extraction specifically adabby Matera et al. (2003)
to study As-bearing phases on amorphous and crystalvas chosen. The
seven followmg arsenic fractions were extractéd)(soluble in MgCJ

(1 mol-L ) at pH 7; (F2) bound to carbonates (CH C@ON

(1 mol-L l)/CI—!3 COOH pure at pH 5); (F3-Mn) bound to Mrides
(NH,OH-HCI (0.04 mol- [ ) in Cl COOH 25 % at pH 2) (F&(a)) bound
to amorphous Fe oxides ((NH ),C,0 »H O (0.2 mol- L )H G O

(0.2 mol-L ) at pH 2); (F3- Fe(c)) bound to crystadliFe oxides
((NH,),C,0,-H,0 (0.2 mol-L" )/ G Q (0.2mol'L )C HO

(0.1 mol-L 1) at pH 2); (F4) bound to organic maued sulfides (HNQ and
H,0, 30 % at pH 2; and CHH COONH (3.2 mol-L ) in HNO @Y)); (F5)
residual fraction (obtained by difference afteatatigestion).
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Single extraction techniques were also performegetafy that As adsorption
on Fe oxyhydroxides was the major process of Agpireg in the soil (Clozel
et al. 2002). These extractions were carried outifriicate using 1 moI-T_1
sodium hydroxide (NaOH) solution, and 0.1 mol- L atgssium hydrogen
orthophosphate (K HPQ ) solution. A liquid/solid ()/&tio of 10 mL-gﬁ1
and a contact time of 48 h were used.

Batch leaching experiments were conducted followthgySR002.1 protocol
(Kosson et al. 2002). Under ambient conditionsgXdi soil sample and
100 ml of prepared solutions were mixed for 48 I5(katio of 10 mL/g of
dried soil). HCl and NaOH solutions of varying centrations were used as
leachants in order to obtain a range of pH varymom 1 to 13.

Leachate analyses

All leachates were filtered through 0.45 um pomesacetate-cellulose
Whatman® membranes. They were subsequently anafgredncentrations
of the constituents of interest using ICP-OES. &el§ and chlorides were
analyzed using IC (ion chromatography, Dionex DX:BﬂP)IC®). Total
organic carbon (TOC) in solution was measured uaid@C analyzer (Total
Organic Carbon analyzer, Shimadzu TOC-5080A ).

Geochemical modeling

The PHREEQC program is based on the calculaticggaflibrium between
aqueous solutions and minerals, gases, solid solsitiexchangers, and
sorption surfaces. As suggested by Peyronnard €2@09), a simplified
mineral assemblage was defined on the basis ahtheralogical study (XRD
and SEM analysis) and chemical characterizatior. ddid attack was
simulated on the assemblage by adding nitric acisbdium hydroxide.
Finally, quantification of minerals was optimizegd bomparing simulated
curves to experimental data in a reiterated praocess

Simulation was performed on a 1 L volume of liquahich means that the
solid assemblage should represent 100 g of s@bioply with the L/S ratio
of the leaching experiment. During simulation, gwiilibrium between liquid
and solid was reached and no gases were considered.

The geochemical model was developed to evaluatedllkeof adsorption in
As solubilization. The assemblage which best fitfducapacity and solution
concentration was used to compare two models: anthwithout considering
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adsorption. The adsorption phenomena is modell¢d avsurface
complexation model: the DDL (diffuse-double lay@Dzombak and Morel
1990), already incorporated in PHREEQC, was useasnRhe mineralogical
analysis data, it was assumed that the dominamtrptisn/desorption phase
was hydrous-ferric oxide (HFO). In the DDL, the wragurface complexes for
As(lll) and As(V) are=sFeH, AsQ, andEFeHAsO4_ , respectively. With the
decrease in pH the formation z@IFeHAsO4_ Is favored, whereas at higher pH
=FeH, AsQ; is prevalent.

The Lawrence Livermore National Library (lInl) tmeodynamic database
supplied with PHREEQC was used for solubility protuand dissolution
reactions of mineral phases. Surface complexatomstants from Dzombak
and Morel (1990) are already implemented in thedltabase for reactions
between ferrihydrite and major cations (Ca, S, ®a, Zn, Cu, Pb, Mg, Mn,
Fe) and anions. The database was modified by adslirfgce complexation
constants for arsenate and arsenite on HFO frormih&eq.v4 database.
Fe(OH) (am) phase (Hummel et al. 2002), reactiomslinng H;AsO; and
their corresponding equilibrium constants wereudeld as well. Table 1
reports the surface complexation constants fortemrmf As on HFO.

Table 1

Adsorption reactions and equilibrium constant of surfamaplexation of As with HFO

Adsorption reaction log K
=FeOH + H AsQ < =FeH,AsQ, + H,0 8.67
=FeOH + H AsQ < =FeHAsQ,- + H,O + H 2.99
=FeOH + H AsQ <> =FeOHAsQ ™ + 3H -10.15
=FeOH + H AsQ < =FeH,AsO; + H,0 5.41
=FeOH + H, AsQ « =FeAsQ?” +H O + 2H -4.70

Results and discussion

Chemical characterization

The major physicochemical characteristics and tamental total
concentrations as determined by acidic digestiothefstudied soil are
summarized in Table 2.
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Physicochemical characteristics (L/S ratio: 10 rn_ﬁ-gcqntact time: 48 h) and
concentration of trace elements as determined bydigestion of the studied soil

Water content (wt%) 10
pH (H,0) 6.5
ORP (mV vs. NHE) 400
Si (Wt%) 20.3
Fe (wt%) 8.9
Al (Wt%) 4.3
Ca (wt%) 3.7
As (mg-kg?t) 27,700
Cu (mg-kgt) 1700
Pb (mg-kg' ) 800
Zn (mg-kg?t) 400

The soil was mainly characterized by a water candéri0, 3 wt% of As, 9
wt% of Fe and 1.9 wt% of total organic carbon.ngtural pH and ORP
measured after 48 h of contact with deionized watex L/S ratio of 10 mL/qg,
were 6.5 and +400 mV vs. NHE, respectively. Moregpwevery low soluble
(0.016 wt%) fraction of As was obtained from thegde extraction procedure
using deionized water as the extractant.

Mineralogical characterization

This characterization was achieved by using scanalactron microscopy
coupled with an EDS analyzer and XRD analysis. Restom the XRD
analysis (Table 3) indicated that the soil was nyatomposed of quartz,
gypsum, feldspars, micas (as muscovite), calcid,dlomite.

Table 3

Mineral composition by XRD analysis (relative abumckx ++++ very abundant;
+++ abundant; ++ present; + traces)

Mineral Abundance

Quartz ++++
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Mineral Abundance
Micas ++
Feldspar ++
Chlorite +
Kaolinite +
Calcite ++
Dolomite ++
Gypsum +++
Jarosite ++
Hematite +
Scorodite +

XRD analyses indicated the presence of traces wialiée, jarosite and
scorodite, which are the common pyrite weatherirgdpcts with which As
can be typically bound (Clozel et al. 2002). Theeaxe of residual mixed
sulfide phases in the soil could be due to the heratg and oxidation of
pyritic minerals during the post-mining period.

Microscopy analyses performed using the BSE imdyeSEM coupled with
EDS microanalysis can be used to complement the #R&lysis. The major
minerals identified were quartz, gypsum, and plsicontaining Fe and As,
with a composition in accordance with XRD resuRsclose similarity
between the arsenic and iron cartography was obdarvSEM results

(Fig. 1).
Fig. 1
SEM-EDX mapping of the 0.2—2 mm fraction of thel $b2X)
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Leaching behavior

The results of sequential extractions are summadrizd-ig. 2. The largest
portion of As (about 66 wt%) was extracted as facF3-Fe(a) (bound to
amorphous Fe oxides). Globally the first six fraos represented about 73
wt% of the total As and only 27 wt% was in the desil fraction, and then
strongly bound to the soil matrix. A very low fraat of As and Fe (i.e., <1
wt%) was extracted as exchangeable and bound-twenates fractions. These
results confirmed that As was mainly bound on aallorphous oxyhydroxide
particles, as previously shown by the results fd6RD and SEM.

Fig. 2

Sequential chemical extractions performed on thenw@ fraction of the soll
(conc. in wt%)
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The results obtained from single extractions, udingol- L_1 NaOH solution,
and 0.1 mol-L* K HPQ solution, are summarized in &abl They are
compared with those acquired during single extoactising deionized water
(natural).

Table 4

Results from single extractions (LS ratio: 10 m_Ll-gomtact time: 48 h)

. . As (conc. in Fe (conc. in ORP (mV vs.
Extracting solution Wt%) Wt%) pH NHE)
Deionized water 1.60 x 16 1.0x710 6.5 +400
1 mol-LU"* NaOH
solution 73.51 1.7 x 10t 13.8 +60

-1
0.1 mol-L= KHPQ 4 g9 3.40 x 10° 75  +430

solution

Concerning NaOH extraction, about 74 wt% of thaltéts was extracted
within these extreme conditions of pH (ca. 14). Aalnanism of As
desorption from the Fe oxyhydroxide surface by cetitjpn with OH ions
might explain the abrupt increase in As extractab{ICarbonell-Barrachina
et al. 1999; Yang et al. 2002). Fe solubility rensd very low (ca. 0.2 wt%
of the total Fe content). Fe solubility might habaen controlled by Fe
oxyhydroxide precipitates.

These results suggest that most of the As preseihiei soil is sorbed onto Fe
oxyhydroxides, which is consistent with the mineratal analysis and
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sequential extraction. The remaining fraction @& % of the total As
content) can be considered to represent the paptecpitated with Fe and/or
bound to resistant compounds (i.e., silicates drdsas).

The results of As extraction from the contaminaged by K,HPQ, solution
are also shown in Table 4. The addition of thisisoh was found to have no
significant effect on pH and ORP conditions and&lease, compared to
those obtained with deionized water (natural coadg). However, a drastic
increase in As solubilization (as much as 400-ftlé pH value about 7), and
in phosphate adsorption onto Fe oxyhydroxides {6&%) was evidenced.
These results are consistent with studies perforbyefllam et al. (2001) and
Clozel et al. (2002), confirming that As is for thost part reversibly sorbed
onto Fe oxyhydroxides.

Contaminant mobility as a function of pH and geochemical
modeling

Batch leaching tests showed a low solubility ofktween pH 3 and 7.5.
Mobility increased with acid and alkaline conditsowith a maximum for pH
below 1.

All minerals observed in the XRD analysis (Tablew&re included in the
model. The presence of amorphous hydroxide waseecield by previous
studies (Bayard et al. 2006; Chatain et al. 200835 ; Clozel et al. 2002)
and confirmed by the sequential extraction preseiriesection “Leaching
behavior”. It was therefore introduced in the asBlage as amorphous
Fe(OH); . Arsenic was introduced as arsenopyritesgmein the original
minerals) and scorodite, a secondary mineral whighently occurs in waste
rocks rich in arsenopyrite and/or arsenian pyrga@aaveathering product
(Nordstrom and Parks 1987 ; Paktunc and Bruggemdm® RQastly, the
model was set so that hematite and iron(lll) hyditexcould dissolve but not
precipitate. Since the time contact of the expennveas relatively short

(48 h), the equilibrium condition of PHREEQC caktibns would
overestimate the precipitation of these phasesttif®same reason, the
assemblage does not represent the entire soil alowgr but the reactive
fraction, bringing the total mass of the mineradexablage to 41.2/100 g.
Table 5 presents reactions, equilibrium constantkiaitial mass of minerals
used to represent the leaching behavior of the soil
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Table5

Reactions, equilibrium constant and initial masasgemblage minerals

Mineral Dissolution reaction log Ksp
Quartz Sio, = SiQ, -3.9993
. AlSiOLOH),+ 6 H =2 AF* +2

Kaolinite Si0, + 5 H, 0 6.8101
KAISi Og+ 4 H = +AP" + K" + 2 _

K-Feldspar H,0 + 3 SiQ, 0.2753

: KAl Si,{OH),+ 10 H =K +3
Muscovite A3+ 3 Si0, + 6 H 0 13.5858
. Fe, ALSIO;(OH), + 10 H =SiQ +2
Chamosite-7A 13,2 =534 H O 32.8416
: Mg:Al Si{OH) g+ 16 H =2
Clinochlore-7A AI%§+ 3Si0, + 5 Mg* + 12 HO 70.6124
: Fe,Fg SiQ (OH) +10H =SiQ +2

Cronstedite-7A a2 55O 118 16.2603
MgaFe, Al,Siz0,(OH) g + 16 H =2

Ripidolite-14A  AI**+ 2 F&*+3 Md" +3SiQ +12 60.9638
H,O

Gypsum CaSQ -2H O=Cd +S0 +2,HO -4.4823

: KFey(SO, ) (OH) +6 H =R +2 _
Jarosite SO4§' +3F8" 6K O 9.3706
Calcite CaCQ, +H =C& +HCQ 1.8487
— + +

Dolomite CaMg(CO,), +2H =C& + MY +2 ;g5
HCO,

Tenorite CuO+2H =Cé&" +HO 7.6560

Hematite Fe,0; +6H =2F¢ +3H0 0.1086

Fe(OH)3 — 3t

(amorphous)  Fe(OH) +3 H=F +3HO0 5.0000

: FeS, +H O =+0.25H +0.25
Pyrite SO,2 + Fé" + 1.75 HS

Initial
mass (g)

12.0168

0.2582

4.1745

0.0398

0.0342

0.2779

0.0400

0.0619

10.3320
0.0501
1.0009
0.9220

0.0716
3.1940

6.4128

—-24.6534 0.0120

Chalcopyrite CuFeS +2H =CU +P& +2HS -32.5638 0.0220

Except for Fe(OH) (am) (Hummel et al. 2002), all ksp values come from the
Lawrence Livermore National Laboratory (lInl) dasasie supplied with Phree§C
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Mineral Dissolution reaction log Ksp Initial
mass (g)
, FeAsS+15H O+0.5H =0.5 _
Arsenopyrite AsH, + 0.5 B, AsQ + & + HS 14.4453 0.0163
- 5 -
Scorodite FeAs, 12 O = FE +ASO +2 55549 23078
2

Except for Fe(OH) (am) (Hummel et al. 2002), all ksp values come from the
Lawrence Livermore National Laboratory (lInl) dassie supplied with Phree§C

As recommended by Dzombak and Morel (1990) a spesiirface area of
600 m -g_1 was defined, while surface density wasstdgito match batch
experiments. A density of 0.09 sites- r_nlol was chdeestrong sites and 0.5
sites- mo_l1 for the weak sites. In this respect, &aat al. (2004) pointed out
that in many cases, the quantity of Fe(lll) oxiaesl hydroxides indicated by
mineralogical methods poorly matches modeled datathe amount of
adsorbent has to be adjusted accordingly.

The best fitting assemblage was used to evaluatedlle of adsorption in As
release. In Fig. 3, S, Fe and As experimental skiylfExp.) as a function of
pH was compared with their solubility estimatedtiwp models: without
(Model 1) and with (Model 2) adsorption.

Fig. 3

S @), Fe @) and As @) solubility as a function of pH (L/S ratio, 10 ng:-l).
Experimental (Exp.) and modeled data: without stefeomplexation (Model 1)
and with surface complexation (Model 2)
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The behavior of S (Fig. 3a) and Fe (Fig. 3b) wall s@related to
experimental data whether adsorption was used brHoo As (Fig. 3¢),
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between pH 1 and 3, the two models identically matcexperimental data.
Then, when adsorption was neglected (Model 1),ldels increased
substantially from pH 3-5 because of the total aisson of
arsenopyritscorodite(Fig. 4a) ancscoroditarsenopyritgFig. 4b), which Sl
values became negative. Consequently, As was awaagsd in Model 1 for
pH values greater than 3.

Fig. 4

Saturation indices carsenopyritscorodite(a) andsceredit@arsenopyritgb) as
a function of pH (L/S ratio, 10 mL-_f}] ) calculatedr fmodel with surface
complexation (Model 2)
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In PHREEQC modeling, scorodite was the only phasdaining As that
could possibly precipitate at low pH. As statedAaktunc and Bruggeman
(2010), scorodite has its lowest solubility aroyrd 3. In contrast, for pH
less than 2 and greater than 6, its solubilityugeghigh. It is reported in the
literature that As may precipitate as secondarfides (orpiment, arsenic
trisulfite or pyrite) in a reduced environment ticauses the reduction of $O
(Sracek et al. 2004). Given the oxidant conditiohthe leaching test in the
present study, SO reduction and consequently secgrsailfide precipitation
can be excluded.
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In the experimental data, As concentration in solutlecreased until pH 6.
Since scorodite precipitation alone cannot exphsrbehavior for pH higher
than three, adsorption was taken into accountaén, the model with
adsorption (Model 2) was better correlated withb&havior, especially at
neutral (6—7) and alkaline pH. For pH lower thami®deling suggests that
amorphous iron(lll) hydroxide (Fe(OKl) (am)) may kmvpletely dissolved
and that scorodite precipitation would remain tlogerning process.

In conclusion, modeling confirmed that As releasenainly controlled by
adsorption on ferric hydroxide. High concentratiaisAs were attributed to
the dissolution of iron oxyhydroxides, causing thkease of arsenic initially
associated with this phase. In the absence of S&Moncentration in
solution at neutral pH would be three orders of magle higher. Modeling
also revealed the contribution of scorodite to axplAs behavior at low pH
(<3).

Conclusions and perspectives

An As-contaminated soil collected from a gold mmite in France has been
studied. In order to better understand the parametntrolling the potential
release of As from contaminated soils into surfacground-waters, an
experimental methodology was developed that contbithe use of leaching
tests (single and sequential chemical extracti@tgdures) in conjunction
with a mineralogical study. This experimental prdwaee was applied to
contaminated soil samples collected from a goldingrsite.

The results obtained indicated first that althodghconcentration in the
considered soil was quite high, the release ofnAs deionized water was
very limited in leaching tests. This was attribufgdnarily to the low
solubility and the stability of the solid-bearinggses of As in the soil under
slightly acidic natural conditions.

The multidisciplinary approach (leaching and minegg) developed in this
work provided information on the nature of As fiiat processes that may
control As reactivity in the subsurface environmdntvas observed that most
of the As (72 %) appeared to be reversibly sorb@d &e phases in the soil
particles, in particular Fe oxyhydroxides. Thessuits indicated a potential
risk of As mobilization over the long term undeesgic leaching conditions
(i.e., pH or ORP gradient, chelation effect, etehlich frequently occur in
mining environments. Indeed, many factors can $icgmtly affect the
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geochemical status of contaminated soils suchiamtd, fluctuating
groundwater levels, periodic inundation, activifynmcroorganisms,
vegetation, or deterioration of the physical prajesrof the substrate.

The role of adsorption in the control of dissolveslwas supported by
geochemical modeling. The retention of As at nduyikhseems to be
governed by HFO adsorption, indicating that Fe gxirbxides dissolution is
responsible for As release.
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