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Introduction
On 25 April 1998, thewalls of two contig uous ponds containing the ore-processing residu es from apyrite mine located in Aznalcéllar (southwestern Sp ain) broke open (Figure 1), and toxc water and tailings were spilled into the
Agrioand G uadiamar River basin, affecting some 40 km?. The tailings spread in a down +iver directionand stop ped at 40 km from the point of the spill. The polluted w aer continued some 10 km more and reached th e Gu ad alqu ivir River,

affecting the National Park of Do fiana (pro claimed by UNESCOin 194 as part of World Heritag e). Nevertheless, a retention dam was rap idly con stru cted, minimizin g the damag e of th e toxic wastes in the wild life reserve.
The aim of this work is to describe the stepsin soil pollution over time.

Figure 1.

Breaking of the walls of the ponds and toxic spill

inthe Guadiamar basin .
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Table 1. Analytical data, structu e and € ructur e-developmen tin dex (SDI) of the

tailings (T) and cont an inated soils (0-10 and 10- @ cm in depth) bysect ors.
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Materials and methods

On 4 May 1998 ninedays afterthe spill, seven sectors in th e affected area were studied along the basins ofthe Agrio and Guadiamar Rivers, analysing tailings, p olluted water and
contaminated as well as uncontaminated soils: near the min e (M), at the pointofthespill; Soberbina(SO) at 55 km from the spill; Puente delas Doblas (D), at 12 km; Aznalcazar (A) at 21
km; Quema (Q), at 29km; L os Pobres (LP), at 34 km and Pescante (P), a& 36 km (Figure 2). Ineach sector, a square plotwas laidout (25 m x 25 m). At each cornerand in thecentre of the
plot, samp les were taken of tailings as well as of the soil at 0-10 cm and & 10-30 cm in depth. In order tomonitor the co ntamination over time, each plot was sampled on 3 mored ates: 20
May, 4 June and 22 July 1998. However, in two sectors (D and LP), th e tailings were removed before 4 June. In Quema, two plots with tailings (250 m3 were left untou ched for scientific
study and an add itio nal sample was taken on 19 July 1999 (450 days after the spill). Field descriptions of the soils werebased on proced ures of the Soil Survey Staff (1951). In all soils,
physical, chemical and physico-chemical properties were determined (Table 1): particle-size, pH, bulk density, electric cond uctivity, total carbon, organic carbon, equivalent carb onate
content, cation exch an ge cap acity (CEC), exchangeab le bases, total iron (Fey), ir on oxides (Feq), iro n-oxide amorpho us forms (Feo) and total sulphur. A saturated extract ofthe tailings was
prepared and the sulphates were precipitated as BaSO4. Samp les of thetailings and soils, very finely ground (< 0.05), were digested in strong acids (HNOgz + HF + HCI). In each digested
sample and saturated extract o f the talings, Cu, Zn, Cd, As, Pb, Sb, Bi and Tl content were measured. To provide a quantitative assessment of the soil structure, a structural-development
in dex (SDI) was for mulated, usin g the equation: SDI=Size x Grade, wherevalues ofthegradearegiven in Table 1, and the size of the structure take the follow ing values: fine=10, medium=7,
coarse=5, very coa se=3

Results and discussion
First Step
Toxic water and tailings penetrated the soils  (Figure 3).
The principal pollutants were Zn , Pb, Cu, As, Sb, Bi, Cd, and Tl (Simén etal., 1999).
Because the water from the toxic spill contained  no Bi, the total Bi contamination of the soils must have come from the tailings
The quantity of tailings that penetrated the soil in each sector (Z) can be calculated by the equation : Z (g kg™) = (CSg;j - UCSg) 10% Tg;, where T g;is the Bi
concentration in the tailings and CS g; and UCS g; are the Bi concentration in the contaminated and uncontaminated soils , respectively , all expressed in mg kg (Figure 3).
The range of the total contamination of each element was extremely broad , as penetration of the tailings depended on soil characteristics  (Figure 4).
Most of the Cu, Zn and Cd penetrated the soil in the solution phase of the spill , while the other elements penetrated mostly  as part of the solid phase
The quantity of tailings that penetrated each soil generally decreased with depth .
The pollution tended to acidify the soils , although this trend was not strongly evident apparently due to the buffering effect of the CaCO

3 in most of the soils

First Step
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Figure 3. Penetration of the toxic water and taiings into the soils at the beginning of the spill
Figur e 4. Pen etration of th e tailin gs according to the
soll char at efistics:

1 Drying and consequent aeration of the tailings that remained on the surface of the the soils rapidly oxidized sulphides to sulphates , lowered the pH and solubilized part of the formely insoluble
pollutants (Fig.7).
I These processes were more pronounced in the middle and lower sectors of the basin ,where the particle size was finer , the sulphur content higher and the bulk density less
I The soluble elements infiltrated the soils with the rainwater , swiftly augmenting the soil pollution (Figure 6).
I Given that no rain fell for a long time after the spill , the solubilized elements remained in the solution phase of the tailings and , with evaporation , rose by capillary action to the surface , forming a 2500 A
white salty crust  (Figure 8).
I The mobility rates of the elements in the tailings increased with  time and those in the soils diminished 2000
I The pollutants tended to concentrate in the first 10 cm of the soils without seriously contaminating the groundwaters , atleast in the carbonate soils . 5
I The total concentration of each element was directly related to the square root of the time elapsed after the spill  (Figure 9). S 1500~
1 This results underscore the urgency of removing the tailings from the soil surfaces % o
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Figure 7. Partial soiubilization of the formely

insoluble pollutants . Figur e 9. Relation between the concentr ation of Zn

Figure 8. White salty crust formed three weeks after the spill and th e s are ro ot of th et ime elapsed after t he spill.
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Figur e 2. Map of the zone aff ected by the spill showing
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