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Abstract:LLand application is becoming the more appropriate option for the final disposal of sewage sludge
from wastewater treatment plants. However,the presence of heavy metals such as zinc,copper,chromium,
cadmium and lead at levels higher than the recommended levels is always one of the major obstacles to its
general use. Reduction of heavy metals in sewage sludge through source control is relatively expensive and
impractical. Therefore, removal of heavy metals prior to land application has led to the development of
chemical methods,such as EDTA extraction and acid solubilization .and bioleaching (also called biological
solubilization). Chemical solubilization of heavy metals from sewage sludge has never been applied because
of high cost,operational difficulties and large consumption of chemical agents. Bioleaching appears to be
more practical and economically viable alternative for sludge decontamination and management. Under opti-
munm bioleaching conditions,Zn,Cd,Ni and Cu can be almost completely removed,whereas the removal
efficiency of Pb and Cr is lower. The major microorganisms responsible for bioleaching are a variety of aci-
dophilic and chemoautolithotrophic bacteria such as Thiobacillus ferrooxidans and Thiobacillus thiooxi-
dans, which can be isolated from sewage sludge. Other bacteria such as Leptospirillum ferrooxidans or het-
erotrophic acidophiles can also be involved. Their biological characteristics are briefly described while the
pattern of bio-oxidation of Fe*" by T'. ferrooxidans is discussed in detail in this review.

The solubilization mechanism of bioleaching can be direct and indierct. In the direct mechanism.metal
sulfides can be oxidized into sulfates by these acidophiolic bacteria. In the indirect mechanism,Fe*" generat-
ed from the oxidation of Fe*" by T'. ferrooxidans or other iron-oxidizer reacts in a purely chemical way with

metal sulfides to produce Fe’" again. This Fe?" can be oxidized by T'. ferrooxidans repeatedly in a cyclic
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process. Sulfur produced in this process will then be oxidized intlo sulfuric acid by these bacteria, which
caused the decrease in pH. Bioleaching is a simple and inexpensive process consisting of preacidification of
sludge to pH 4. 0 or 4.5 (preacidification is not required according to some authors),addition of low-cost
substrate such as metallurgical grade FeSO, « 7TH,O,or elemental sulfur,and recirculation of the partially
leached sludge as inoculum. Nutrient amendmen including nitrogen, phosphate and other nutrients is i-
nessential due to the presence of sufficient nutrients in sewage sludge. After aerobic incubation for a few
days or weeks,the leached sludge can be dewatered using centrifuge of other solid-liquid separation meth-
ods. The leached sludge can be neutralized with lime ,while precious metals can be recovered from the solu-
tion phase.

The process efficiency is dependent on several factors including temperature ,oxygen and carbon diox-
ide concentration ,initial pH,the types and concentration of substrates,the types and solids concentration of
sewage sludge ,inhibitory factors.and ferric iron,etc. Among these factors,temperature .oxygen and carbon
dioxide concentration,initial pH,and the types and concentration of substrates,are key parameters for opti-
mizing the bacteria growth. Different sewage sludges (primary.activated sludge and anaerobically digested
sludge) ,when subjected to different treatment conditions .show different metal removal efficiency. In oper-
ational design.inhibitory factors such as heavy metal ions,anions and dissolved organic matter must be e-
limuinated of diminished before recirculation of the partially leached sludge as inoculum. Besides ,keeping a
high ferric iron is in favor of the indirect attack on the metals sulfides.

Bioleaching has several advantages as compared to chemical methods,which can be enumerated as fol-
lows : reducing acid consumption by more than 80% ,increasing the specific resistance coefficient to filtra-
tion significantly,easier dewatering of the leached sludge without the addition of polymeric flocculation a-
gents,and lower leaching loss of the fertilizer value of sewage sludge after bioleaching. Promising results
have been obtained from Canadian researchers through incorporating the bioleaching process in the sludge
digestion process i. e. ,the simultaneous sewage sludge digestion and metal leaching process. In this review
paper the problems associated with the scaling up of the bioleaching process for heavy metal removal from
sewage sludge will also be discussed.
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Table 1 Removal efficiencies of heavy metals from sewage sludge by bioleaching
(%) Removal efficiency
pH (d) %)
Substrate Initial Retention  Reactor Recirculation References
. Cu Zn Cr Pb Ni
pH time type rate(V/V)

FeSO, « 7H,0 4.0 10 Batch 5 39~94 66~98 0~32 0~31 37~98 [26]
Sulfur 7.0 5 Batch 5 69~92 88~97 19~41 10~54 77~88 [8]
Sulfur 7.0 16 15 61~99 83~96 34~46 17~44 57~84 [7]

Internal loop
FeSO, + 7H,0 4.0 0.75 CSTR 20 92 94 ND ND 67 [27]
* CSTR Continuous Stirred Tank Reactor,ND
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