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abstRaCt

Metal removal and neutralization of acid mine drainage (AMD) in treatment systems is often 
controlled by addition of alkaline reagents and metal hydrolysis reactions. To overcome the disad-
vantage of high cost by conventional treatments, the use of paper mill wastes was evaluated as an 
alkaline additive to treat AMD at sites within the Iberian Pyrite Belt (IPB) through batch experiments 
in the laboratory. Paper wastes include three by-products from kraft pulping in a nearby mill: green 
liquor dregs, slacker grits, and lime mud. When paper mill wastes interacted with AMD, the initial 
pH increased up to circumneutral values and enhanced greatly the metal removal, reaching average 
ratios of up to 100% for Al, 98% for Fe, and 66% for Zn (major elements) and 100% for As, Cr, and 
Cu, 84% for Cd, and 75% for Ni (minor elements). After reaction, gypsum and poorly crystalline 
Fe-Al oxy-hydroxides and oxy-hydroxysulfates were the main precipitates identified by X-ray dif-
fraction and scanning electron microscopy. Trace metal uptake is mainly attributed to co-precipitation 
and/or adsorption onto the newly formed Fe-Al precipitates. Geochemical modeling of solutions us-
ing the PHREEQC code predicted supersaturation of the observed phases. The experimental results 
were optimized with the PHREEQC code and combined with the annual production of each waste 
to quantify the extent of a possible treatment at field-scale. According to our estimations, the system 
proposed is able to treat effectively an annual total volume of 11.6 hm3, which is equivalent to a mean 
discharge of 368 L/s. Green liquor dregs alone would be able to treat 86% of the total volume. This 
result demonstrates the possibility of using alkaline paper mill wastes for treatment and restoration 
of worldwide natural resources extremely contaminated by AMD such as the IPB.
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intRoDuCtion

The generation of acid mine drainage (AMD) from oxidation 
of sulfide-bearing wastes is a worldwide problem due to the re-
lease of free acidity and dissolved metal(loid)s to environmental 
receptors (Younger 1997; Olías et al. 2006). The Iberian Pyrite 
Belt (IPB; SW Iberian Peninsula, Spain and Portugal) is one of 
the most outstanding massive sulfide provinces in the world since 
it contains more than 80 deposits and about 1700 Mt of reserves 
(Sáez et al. 1999). Long-term mining in the region has generated 
a large volume of AMD, which is drained by the Tinto and Odiel 
river basins in the Province of Huelva, impacting on the quality 
of stream sediments, water, and soils (e.g., Morillo et al. 2002; 
Olías et al. 2006; Fernández-Caliani et al. 2009). Recent studies 
have shown that the Tinto and Odiel rivers discharge an enor-
mous amount of metals such as Fe (7900 t/yr), Al (5800 t/yr), Zn 
(3500 t/yr), Cu (1700 t/yr), and Mn (1600 t/yr) into the Estuary 
of Huelva, and hence into the Atlantic Ocean (Nieto et al. 2007).

Acid mine drainage treatment systems can be categorized 
as: active or passive technologies (Johnson and Hallberg 2005). 

Passive treatment systems rely on natural water flow and bio-
geochemical reactions without the use of energy and continuous 
addition of chemical reagents, and hence, these technologies are 
receiving much more attention recently (PIRAMID Consortium 
2003). Some examples of passive traditional systems are: anoxic 
limestone drains (ALD; Watten et al. 2005) or reducing and al-
kalinity producing systems (RAPS; Jage et al. 2001). However, 
the traditional treatments in the IPB have short lifetimes due to 
clogging of the porosity as a consequence of the very high metal 
concentrations of the AMD in this region (Nieto et al. 2007). 
Albeit, a novel reactive material, so-called dispersed alkaline 
substrate (DAS), consisting of inert pine wood shavings to in-
crease porosity and reduce clogging and a fine-grained reagent 
(e.g., limestone or caustic magnesia), is showing very promising 
results at present (Rötting et al. 2008a; Caraballo et al. 2009a).

The use of other alkaline reagents such as wollastonite from 
the Aracena skarn deposit in Huelva (Fernández-Caliani et al. 
2008), calcium or lime mud from cellulose pulp production in 
Huelva (Pérez-López et al. 2010) or fly ash from coal combus-
tion in Los Barrios power plant (Pérez-López et al. 2007; Quispe 
et al. 2010) is being investigated as alternatives to limestone or 
magnesia to treat acidic waters and sulfide-rich wastes from the * E-mail: rafael.perez@dgeo.uhu.es


