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Objective: The principles of a circular economy and sustainable development emphasize the
critical need for effective waste management, particularly for urban wastewater sludge.
Although often viewed as a hazardous pollutant, this sludge is a rich source of essential
nutrients for plants, presenting a significant opportunity for conversion into a valuable
biofertilizer. This research aimed to address this challenge by presenting a comprehensive
laboratory-scale investigation.

Method: In this research, dewatered sludge from the Tiran municipal wastewater treatment
plant was subjected to alkaline hydrolysis, which involved chemical digestion using a 0.25 M
sodium hydroxide solution. Following a controlled digestion period, the mixture was
centrifuged to separate the solid residue from the nutrient-rich liquid fraction. The resulting
liquid fertilizer was thoroughly characterized to assess its agricultural potential by meticulously
measuring key physicochemical parameters (pH, EC, TOC, N, P, K), as well as quantifying
micronutrients, heavy metals, and indicator pathogens in both the raw sludge and the final
product. Finally, using sulfuric acid to adjust the high pH and potassium sulfate to enrich the
low potassium content, a post-treatment step was implemented to optimize the fertilizer's
quality and create a balanced nutrient profile.

Results: The alkaline hydrolysis process proved highly effective, yielding a liquid fertilizer
with high concentrations of phosphorus and organic carbon. These components are crucial for
enhancing soil fertility, improving soil structure, and stimulating microbial activity. Although
the initial potassium concentration was found to be below the optimal level for plant growth,
our post-processing step successfully enriched it to the desired range, thus demonstrating the
feasibility of producing a complete and balanced fertilizer. Another significant finding of this
research was the low concentration of both microbial load and heavy metals. Consequently, the
final product met the stringent U.S. Environmental Protection Agency (EPA) Class A standards
for pathogen safety, thereby ensuring its suitability for unrestricted use in agricultural
applications.

Conclusions: This study successfully demonstrated a sustainable and effective solution for
transforming urban wastewater sludge into a value-added liquid fertilizer. The developed
method not only provides a viable pathway for the recovery of valuable nutrients but also
ensures the production of an environmentally safe and agriculturally beneficial product. This
approach contributes significantly to the development of sustainable agriculture by closing the
nutrient loop and offers a reproducible model for urban waste management systems seeking to
transition towards more circular and resource-efficient practices.
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Introduction

Rapid population growth and urbanization have led to a significant increase in urban wastewater sludge.
Although rich in valuable plant nutrients, this sludge poses a major environmental and economic challenge
due to its content of pathogens, heavy metals, and persistent organic compounds. Traditional disposal
methods like landfilling and incineration cause water/soil pollution and greenhouse gas emissions.
Sustainable waste management increasingly focuses on nutrient recovery from sludge and its conversion into
agricultural fertilizer. This strategy is a sustainable and cost-effective way to reduce waste volume, supply
agricultural nutrients, and promote the closing of nutrient cycles. Producing liquid fertilizer is particularly
effective due to its ease of application and rapid plant absorption. In arid regions like Isfahan, Iran, utilizing
wastewater sludge is a compelling solution for agricultural nutrient supply.

Research in this field initially utilized physicochemical methods (chemical hydrolysis, thermal treatments) to
release nutrients. Subsequent efforts included biological methods (fermentation) to decompose organics and
reduce pathogens/odors. Current research focuses on hybrid and innovative techniques like ultrasound and
electric fields to maximize extraction efficiency and product safety. Iranian studies have also confirmed the
agricultural potential of wastewater sludge, stressing the need for continuous heavy metal monitoring. This
research aims to produce and comprehensively characterize a liquid fertilizer from the biological sludge of
the Tiran urban wastewater treatment plant. This study seeks to evaluate the sludge's potential as a fertilizer
source, analyze the physicochemical and biological properties of the final product, and ultimately contribute
to developing sustainable, local methods for sludge management and the production of efficient
biofertilizers.

Method

This study aimed to produce a liquid fertilizer from biological wastewater sludge via an alkaline digestion
process. All chemicals used were of laboratory-grade, and all experiments were performed in triplicate with
the results analyzed using SPSS statistical software. Initially, 50 kg of biological sludge, which was gravity-
dewatered after stabilization in lagoons at the Tiran urban treatment plant (processing only domestic
wastewater), was collected. This sludge was then processed into a homogeneous powder by grinding,
milling, and passing it through a 0.85 mm sieve.

The fertilizer production involved three steps. First, during alkaline hydrolysis, the powdered sludge was
combined with a sodium hydroxide (NaOH) solution and stirred for 24 hours, alongside a control prepared
with distilled water. Next, for liquid phase separation, the samples were centrifuged to isolate the raw liquid
fertilizer from the solid residue. Finally, an enrichment step was completed by adding potassium sulfate
(K2S04) to address the detected potassium deficiency in the raw product.

The final liquid fertilizer was comprehensively characterized. Its physicochemical properties, including pH,
electrical conductivity (EC), total organic carbon (TOC), and macro/micro-nutrient concentrations (N, P, K),
were measured using standard methods and instruments such as a pH meter, spectrophotometer, and atomic
absorption spectroscopy (AAS). To ensure product safety, heavy metal concentrations (e.g., lead, cadmium,
and arsenic) were quantified using AAS and compared against international standards. Furthermore, the
biological safety was assessed by determining the total microbial load, including counts of aerobic bacteria,
fungi, and yeasts, as well as the enumeration of coliforms and E. coli for fecal contamination, using specific
culture media.
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Results

This study investigated the phytochemical and biological properties of a liquid fertilizer produced from
Tiran urban wastewater sludge, confirming its high potential for agricultural use, provided nutrient
enrichment and pH adjustment were performed.

Phytochemical Properties

The initial liquid fertilizer had a very high pH (~11.7) due to alkaline hydrolysis, but this was successfully
reduced to 7.6 by adding sulfuric acid, a crucial step for improving nutrient availability. The high electrical
conductivity (EC) of ~4.7 dS/m suggests a high concentration of soluble salts, requiring cautious application
in saline-sensitive soils. Regarding nutrients, the raw fertilizer was rich in total organic carbon (TOC) and
phosphorus but deficient in potassium, initially only 0.3 g/L. Enrichment with potassium sulfate successfully
raised the potassium concentration to 53.7 g/L. Concentrations of micronutrients (Fe, Zn, Cu, Mn) were
below optimal, indicating a need for further supplementation.

Heavy Metal Properties

The concentrations of harmful heavy metals (Pb, Cd, Zn, Cu) in the produced liquid fertilizer were
significantly lower than national and international standards (e.g., US EPA and Iranian National Standard).
For example, the lead concentration (~22 mg/L) was far below the Iranian minimum standard of 100 mg/kg.
This safety is attributed to the domestic wastewater source, which lacks industrial pollutants, and the
treatment process that avoided chemical dewatering agents like ferric chloride. These results confirmed that
biological sludge from urban areas lacking industrial wastewater was a safe and valuable resource.

Biological Properties

Microbial analysis showed the alkaline hydrolysis process was highly effective in disinfection. The total
count of aerobic bacteria drastically decreased from 1059 in the dry sludge to 98 in the liquid fertilizer, with
coliforms and E. coli numbers similarly reduced. By meeting the stringent US EPA "Class A" safety criteria,
the final product was safe for unrestricted agricultural use, including on food crops, minimizing the risk of
disease transmission. This significant reduction in microbial load is directly attributable to the very high pH
of the alkaline hydrolysis process.

Conclusions

This study comprehensively demonstrates that urban wastewater biological sludge is a valuable source for
producing an organo-mineral liquid fertilizer. The research confirms the high potential of this process for
nutrient recovery, enhancing hygienic safety, and reducing the environmental impact of wastewater sludge.
The produced liquid fertilizer possesses desirable physicochemical properties, being particularly rich in
phosphorus and organic carbon. High phosphorus levels are crucial for root development and soil fertility,
while the organic carbon content significantly enhances soil structure, improves water/nutrient retention, and
stimulates beneficial microbial activity. To create a complete and balanced fertilizer, however, enrichment
with key elements like potassium is essential. This research successfully addressed this deficiency by
adjusting the pH with sulfuric acid and enriching the fertilizer with potassium sulfate, providing an effective
solution. A key achievement is the confirmation of the fertilizer's hygienic safety. The alkaline hydrolysis
process resulted in a significant reduction of the microbial load, including indicator pathogens like E. coli.
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The final product meets the stringent US EPA Class A standards, ensuring its safety for unrestricted
agricultural use, even for raw food crops, and minimizing the risk of disease transmission.
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