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ABSTRACT

A large amount of sewage sludge is generated by various wastewater treatment plants.
Secondary sludge or waste-activated sludge generated after the secondary treatment is
usually dried first and then used as a fertilizer in many parts of India. However, the presence
of heavy metals in the sludge limits its use on the land application. In the history of sludge
treatment for removing heavy metals, the focus has always been only on the solubilization
of heavy metals without considering the cost of operation and the environmental aspect.
Therefore, the aim of the current work is to develop a cost-effective and environment-

friendly process for the solubilization of heavy metals and the stabilization of the sludge.

The current work proposes a novel approach for the solubilization of heavy metals as well
as the stabilization of the sludge using the acidogenic phase of the anaerobic digestion
process. The anaerobic digestion process is a cost-effective and environment-friendly
process. In the course of the acidogenic phase, various organic acids are produced that
lowers the pH of the sludge. The current study is based on the hypothesis that when pH
decreases due to organic acid production during the acidogenic phase, it can help in
solubilizing heavy metals. Along with pH reduction, bacterial activity also helps in the

solubilization of heavy metals.

For the production of organic acids in high concentrations during the anaerobic digestion
process, a new inoculum with high acidogenic activity was developed. When organic acids
are present in high concentration, the reduction in the sludge pH is also high, and the heavy
metals are solubilized in high concentration. All the experiments were carried out without
adding any leaching agent and without producing any harmful compounds. Various factors,
such as pH, solids concentration, carbon source, and pretreatment of sludge, were studied,

which could affect heavy metal solubilization during the anaerobic digestion process.



Heavy metal solubilization was greatly affected by the sludge pH. Heavy metals were
efficiently solubilized when the sludge pH was dropped below 4. Similarly, solids
concentration also affected the solubilization of heavy metals. When the solid concentration
was less than 30 g/l, the pH also decreased. When the solid concentration was greater than
30 g/l, the pH of the sludge did not decrease due to the increase in the buffering capacity
of the sludge. When glucose was provided as an external carbon source, the concentration
of organic acids inside the reactor increased, and the pH of the sludge was decreased below
4.5. After the treatment process, 52.06 % less land area was required for the disposal of the

sludge according to the guidelines provided by the US-EPA.

Pretreatment of sludge also helped in the higher production of organic acids. The
pretreatment of the sludge was done using two different methods. The first was ultra-
sonication, and the second was heat-treatment. When the ultra-sonicated sludge and heat-
treated sludge were used to solubilize heavy metals present in the sludge, 68.78 % and
54.08 % land area were decreased, respectively, for the disposal of the sludge according to

the guidelines provided by the US-EPA.

A separate experiment was performed to replace glucose as a carbon source with waste
food because the utilization of glucose for the waste treatment process is not a cost-effective
process. By using waste food as a carbon source helped in the treatment of both sludge and
waste food. After the treatment process, 81.23 % of the land area was decreased for the

disposal of the sludge according to the guidelines provided by the US-EPA.

The findings from the current work have shown that it is possible to solubilize heavy metals
as well as stabilize sludge without the addition of any leaching agents and the production
of any harmful compounds. The present study has demonstrated a process that is cost-

effective and environment-friendly.
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