Remediation of the soils affectedby a spill of pyritic tailings in Aznalcollar (SW Spain
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INTRODUCTION P

On 25 April 1998the broken dam of the holding pond from the pymiiee of Aznaldllar (southwestern Spainspilled approximately Hm® tailings and2 Hm® of acid
watersinto theAgrio and Guadiamar river@igure 1) affectingan area o4 kn?

Tailings penetrated the soiis a very heterogeneous way depending mainly on soil stru@figere 2).The principalpollutants were ZnPh Cu, As,Cd and TIThe
penetration of these metatsthe soil was by solid phaggilings) and solution phas@cid waters).Most of theCu, Zn and Cd entered the sbilthe solution phase of the spill
while the other elements penetragspart of the solid phagSimon et al, 1999).

Drying and consequent aeration of tailings produceidtense acidification when the sulphides oxidized to sulphaféss process increased quickly the pollution
mainly inthe first10 cmdue to the formation and precipitation of polymetallic sulphate. salts

In this study we analyse the effectiveness of the remediation actions taken after the &asderin soil properties and on thial, solubleand extractable withEDTA
concentration of eachnetal.

REMEDIATION ACTIONS

Tailings
First stage (from the beginning oMay to the end of November998):

Removal of the layer of tailingsy mechanical andhanualmethodgFigure 3).

Second stagéfrom January tdday 1999): Low penetration High penetration|

Figure 21aNngs penetration depending on sol structure

Cleaning of soilsn the placestill polluted Figure 1. Aerial view of the spillin the central part of the area.

Liming with floating sugar refinergFigure 4). Figure 3. Aerial view of the same area of figure 1 after removal of tailings.
with floating sugar MATERIAL AND METHODS
20 T/ha incarbonated soils B . . ) . - . B
A systematic sampling df00points in acentredsquare plot(400 x 400 myvas laid outin the affected are€ompound samples were taken mixing aproximaiedkg from thecentreand corners oéisquarel0 m side At each
sampling point we collected at three different de@s10 cm, 10 - 30 crand 30 - 50 cm)The first sampling was madédn 1998 after the first and before the second stage of the remediation ag&tisesond samplingvas
conductedn 1999 after the second stage of the remediation actieahthe same sampling points

RESULTS AND DISCUSSION

Figure 4 L inigéstetilecsce ook bdaniing - Total, soluble-in-wateandextractablavith -EDTA (0.05 M)metals were measuregt ICP-MS with a PE SCIEX ELAN-5000/pectrometerParticle size distribution was determinégl the pipette metho(Loveland and
ARST SAYELING Whalley, 1991),pH was measured potentiometricalya 1:2.5soil:water suspensiorand CaCQ; equivalent was determindsy the method of Bascomd 961).For the statistical analysis the StatViéw2 program was used
o o porCE
" s g " - . - . " Type T Type Type 3 Type & Type
With the samples collected after the removal of tailiffigst remediation actionand accordingp soil propertie0-50 cm) we asigneds different group$y acluster 9% surface of the different soil types Mean SD. |Mean SD.| Mean SD. [Mean SD. |Mean SD.
analysis viak-means metho(ilable 1). Soil typesl and 2 were acid with little or no carbonateType 1 had loam texture while Typegwas dominated by gravel and saffitle o o - A AR A Y = e o
other typesproved neutral or slightly alkaline and carbonatadiffering also intexture( Type 3: clay loam Type 4: loam, Type 5: silty clay). 66 oc o) 10 04 |05 04| 120 05 |09 o4 | 13 os
Total pollution of heavy metal these five soil types islsoshownin Table 1,indicating thatAs, Zn and to alesser extent Rhwere the most important pollutants CEC\‘;:;;" 99 ZE S | 2 A EE Sl G
that exceeded the Critical Lev@L) for naturalparksin most of the soil type€CL of metals As = 100 mg{g Zn = 1000 mgkg Cu =500 mgkg Cd= 15 mgkg; (Adriano N Coarsesii) | 113 58 | 32 22 | 167 55 155 47 | 7.9 79
etal, 1987;Godin, 1983).Pb = 500 mgkg; (Sheppardt al, 1992). Tl = 5 mgkg). In the same wayaccording to the affected surfaee established thafor 98% of the total 20 gg;;‘"‘” 22 222 2| 22 2R &R S
surface polluted by As, 80%by Zn, 36%by Pb andl3% inCu, the other elementiid not exceed the Critical Level indicated ahove BType 1 TType 3 Gravel) 89 106 |375 267| 81 100 |42 7.7 | 82 96
Sheed - Cumia) | 2164 1751 | 1857 1359 1920 1436 [1618 1139|2082 1358
SECOND SAMPLING Figure 7. Coatings on carbonated grains. Zn(makgh) (10972 9419 | 6216 6613 1064.5 666.6 (614.0 489.9(1375.3 508.3
Asgig) | 2746 2505 | 1438 1427 190.2 2669 (1084 158.1|114.9 2080
Cd (mgkg ) 3.6 3.2 19 22 3.4 22 20 18 3
™ The analysis made on the samples collected on 1999, after the second step in remediation actions (second cleaning and liming), indicajéacteas@hCO Shwiah G G |@ma Ze| G2 Gb |88 Zb| &b &k
o somewhat with respect to 1998 (Figure 5). This increase was weak in the acid soils (Types 1 and 2) and in the basic sandy soils (Type 4), while in the other areas thereT:xZ ; wo aa |22 sr| 58 a1 |17 sa| 20 26
5_: was no appreciable increment in this component. In this sense, the addition of carbonates hardly changed the pH (Figure 6). A process of inactivatioybgf the CaCO Pb(mgkg ") 6428 541.4 | 361.2 343.0 5125 6925 (2412 330.2| 274.5 489.8
s coatings of gypsum and iron oxi-hydroxides around carbonated grains (Figure 7) may be partially responsible of this low increase. Red ical Level
as Table 1.Soil ie0-50 0-10 cmyof the different soil types
N . TOTAL POLLUTION (0-10 cm)
f

TTgure bPercentles of Contem Ca o e EDTA-EXTRACTABLE FORMS (0-10 cm)
(%) inall soilsin the two years sampled o Pollution decreased or remained the same in the soils with respect to 1998, the decrease being more evident

Figure spe’ﬁg‘y's;g’s‘;'ﬁp?ef"'s‘" in the most polluted soils (second cleaning effect). As and Zn concentrations fell only in soils having more than 150  There was a reduction of EDTA extractable forms in all the soils studied. As and Zn extractable with EDTA
mg/kg and 600 mg/kg respectively, exceeding the CL in 50% of samples for As and 25% for Zn (Figures 8 and gpduced considerably, with only 20% and less than 25% of samples, respectively, exceeding the Critical Level, where
SOLUBLE FORMS (0-10 cm) The Pb concentrations diminished only in soils having more than 400 mg/kg, while the 15% of samples exceeddhis same level was exceeded in 1998 by the 60% and 55% of samples, respectively (Figures 13 and 14). In relation t
the CL (Figure 10). Meanwhile, Cu, Cd and Tl did not exceed the CL in any soil considered. Zn, this CL was indeed exceeded in carbonated soils, while 50% of samples of acid and sandy soils remained pollute
In general, all the soluble metals studied changed to non-soluble forms. Soluble-in-water As and Zn

(CL: As = 2 mg/kg; Zn = 150 mg/kg). There are no data available for CL of Pb extractable with EDTA. This form of Cd
indicates that less than 20% of samples were polluted, while there was no pollution in Cu extractable with EDTA.

were reduced considerably, only 15% and 25% of samples, respectively, exceeded the Critical Level,
whereas this same level was exceeded in 1998 by the 60% and 50% of samples, respectively (Figures 11 and L
12). According to soil type, this limit is exceeded mainly in acid soils. (CL: As = 0.035 mg/kg éBalin

1985); Zn = 1 mg/kg (Ewers, 1991)). Less than 20% of samples were polluted in soluble Cu and Cd, mainly
in acid soils. No pollution of soluble Pb appeared in any soil, due to the low solubility of this element.
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w two sampling periods.

T 3G S T Ve Be = - The areal distribution was made using the algorithm of the least Euclidean distance watitvthie Surfer7.0., defining intervals of pollution
FigureTT A;::;E;e e o T B levels and calculating the area of each one on the resulting Rigpe 15.shows thepercentage of surface exceeding @iefor total, soluble-in-
sampling periods. Dl e ] Figure 8, Total Zn T the two waterand extractablevith-EDTA forms of pollutantsn soils sampledh 1998and 1999.
ocanies sampling periods.
Figure 12. Zn soluble in water in the two 1w w ™
CONCLUSIONS sampling periods. . ‘ 7

= Liming was insufficient to raise the pH in acid soils and was not necessary to apply in carbonated soils.
=& The total content of pollutants tended to decrease over time, although 80% of the surface is still polluted in As.
=& Soluble-in-water forms also tended to decrease over time, indicating that they are changing to insoluble forms. Arsenic strongly reduced the concentration of this form one year la
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9% surace exceeding the CL

total, 55% of the surface was polluted by soluble Zn, and 25% to 30% by Cu and Cd soluble. ] 0 ] M
% EDTA-extracted forms also reduced over time, indicating a change to non-bioavailable forms, although in 1999 between 35% and 40% of the surface was still polluted in Zn and A oo oo e e T

Figure 15Percentage of surface exceeding@ieof the different forms studiad the two sampling periods.



