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Abstract: 

There is a rapid increase in sewage sludge products, where approximately 6468 tons of 

sludge is produced annually in Palestine. Sludge can cause environmental and health 

problems if not managed properly, including surface and groundwater pollution, emission 

of foul odors, transmission of diseases and harmful microbes, impacts on ecological 

systems, and economic repercussions. as well as the absence of a long-term solution to the 

serious situation in Palestine. The primary objectives of this study were to assess the 

composting potential of sewage sludge with various bulking agents and to identify the 

most effective combination.  

 

Four trials of composting (Exp. 1, Exp. 2, Exp. 3, and Exp. 4) were carried out using 

sewage sludge, soil, Azolla, and palm leaves mixtures in all experiments. Palm leaves 

were proposed as a solution to another environmental issue because of the ecological harm 

they caused to Jericho City and the difficulty in getting rid of them. Additionally, Azolla 

was added because it contains important nutritional elements that help plants grow and 

flourish, such as proteins, vitamins, and minerals. In Exp. 4, Opuntia was added to the 

previous mixture instead of Azolla. Varying proportions of sewage sludge, Palm leaf, 

Opuntia (dry basis to moisture content 14–5%), and Azolla (wet basis to moisture content 

88–8%) were used. The nutritional significance of Opuntia that lies in its ability to 

improve soil quality and support plant growth, which includes benefits like improving soil 

structure, providing nutrients, improving aeration, protecting against oxidation, and 

increasing water use efficiency in turned-windrows and open-air conditions. 

 

 This research utilizes a rigorous analytical methodology that systematically examines all 

necessary elements. The composting process was monitored for temperature and moisture 

content (MC), while organic matter (OM), pH, electrical conductivity (EC), and C/N ratio 

were evaluated post-composting. The assessment of operational parameters revealed that 

the highest levels of organic matter degradation (32.5%), pH (7.18), C/N ratio (1/25.8), 

temperature (44°C), and composting duration (3 months) was achieved with the Exp. 2 

mixture. Additionally, the Exp. 1 and Exp. 4 mixtures also demonstrated success in terms 

of these operational parameters following Palestinian specifications (OM>35%, pH 5-85, 

C/N ratio (1/25).  

 

Using sewage sludge in composting procedures is important for agricultural waste 

management, cost-effectiveness, and process efficiency. This is especially true for palm 

leaves too, which were previously underutilized composting but showed encouraging 

results in this study. We found that the mixture Exp. 2 was the most successful in 

increasing growth, germination, stem length, and root density. The fourth Experiment was 

the next most effective. Then the first experiment. These results reflect the impact of 

different fertilizer components on plant growth and development. It is important to note 

that results in this study are solely derived from practical experiments, thereby enhancing 

the credibility of the findings. 
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Chapter One: 

_____________________________________________________________ 

 

Introduction 

The content of this chapter covers the problem statement, the studies justification, and 

a summary of the current state of the environment. Furthermore, mentioned were the 

studies aims and research questions. 

 

1.1 Current Conditions and Justification of the Study: 
 

The global production of Sewage Sludge is estimated to be 45 million metric tons of dry 

matter, and it continues to escalate annually due to urbanization and population growth 

(Gray, 2010).  Consequently, the environmental ramifications of sewage sludge, whether 

through landfill disposal, agricultural utilization, or other applications, are of paramount 

importance. Recently, there has been a focus on studying the contribution of various 

processes of sewage sludge treatment for agricultural use (S. Zhang, 2017).  

Energy consumption during sewage sludge treatment predominantly contributes to global 

warming (over 50%) (Muter, 2022), while the transportation of sewage sludge to 

agricultural areas impacts terrestrial and freshwater ecotoxicity, as well as ozone 

formation in terrestrial ecosystems. Disposing of sludge in agricultural areas primarily 

contributes to human toxicity, terrestrial acidification, and freshwater ecotoxicity (K. G. C. 

d. Amaral, 2021). The primary impacts of sewage sludge on soil are associated with the 

presence of Zinc (Zn), which affects freshwater ecotoxicity and human toxicity(Amaral et 

al., 2021). These findings underscore the necessity for comprehensive evaluation and 

management strategies regarding the utilization and disposal of sewage sludge to mitigate 

its environmental impacts (Muter, 2022). 

The enormous volumes of solid sludge waste in the sewage sludge treatment plants in the 

Palestinian territories are estimated at 6468 tons according to the sludge strategy of the 

Palestinian Water Authority (Palestinian Water Authority, 2024). Along with the limited 

space accessible to hold the vast volumes of sludge formed by the stations, which are 

harming the environment, have contributed to the sludge reuse. Furthermore, promoted the 

use of sewage sludge to help foster the growth of a recycling-focused culture. However, 

direct utilization of waste from municipal streams may lead to both short- and long-term 

environmental problems involving pathogenic microorganisms, heavy metals, offensive 

odors, or organic compounds that are phytotoxic   . D  e , 2001).  

 Composting the organic content obtained from such wastes might mitigate the risks (C. 

Tognetti, 2007). It is important to remember that organic material can be used as fertilizer 

for agricultural land and to remediate ruined soil.  

Thus, it is essential to carry out this research to safely dispose of a greater quantity of 

sludge. In this research, samples were taken at predetermined intervals and analyzed for 

the assessment of physical, chemical, and biological parameters to evaluate the 
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effectiveness of solid output for a pilot-scale wastewater treatment facility (Jericho plant), 

which is comprised of extended Aeration System /gravel bed filter, toward domestic 

wastewater treatment over the period (2022-2023). The purpose of this treatment facility is 

to handle the wastewater resulting from the city of Jericho. 

 

Figure 1.1: Stages of wastewater treatment in Jericho WWTP (Toshiya, 2024) 

Due to the high organic content of palm leaves' solid waste reaching up to 19800 tons, 

according to Palm Farmers Cooperative Association in Jericho and Jordan Valley 

(Farmers, 2024), composting remains an interesting treatment option in Jericho City. See 

(Figure 1.2) 

 

Figure 1.2: A picture of palm waste in Jericho and the Jordan Valley 
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Composting is an environmentally friendly waste management technology for municipal 

solid waste. The finished compost can enhance the quality of soil organic fertilizers, 

thereby helping to protect the environment. However, to obtain high-quality compost, 

composting techniques need to be improved efficiently. Therefore, manipulating the 

nutrient elements used in the composting process is an important approach to enhance the 

agricultural value of the compost (T.-J. Hu, 2007). 

 

1.2 Research Questions 

 

In order to achieve the best possible outcomes for this research, the following inquiries 

have been developed to assess the efficacy of sludge treatment: 

 Is there an optimal solution to Palestine's problems of Sewage Sludge it uses 

safety? 

 Which operational parameter will influence compost duration and finished product 

quality? 

 Which optimal mixture produces the highest quality of finished product?  

 Will sewage sludge have an impact on the composting process and finished 

product?  

 How will diverse C/N ratios impact the composting process and finished product? 

 

1.3 Research Objectives 

 

The aim of this study is to establish an effective technique that satisfies the requirements 

and expectations of decision-makers over the conversion of enormous quantities of the 

sludge produced from treatment plants. To attain the primary goal of this study, the 

following particular goals have been granted: 

 Analysis of Sewage Sludge 

 Formulate a designed ratio of sewage sludge/additives for composting  

 Monitor the composting process by measuring physical, chemical, and 

biological parameter  

 Examine the quality of the compost at its various phases and compare it with 

Palestinian composting standards. 
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Chapter Two: 

___________________________________________________________ 

Literature Review 

 

This chapter comprises four sections. The initial section presents a general overview of the 

Characteristics of sludge used in compost; the second segment delves into an overview of 

thermophilic composting. Subsequently, the third segment delves into detailed 

thermophilic composting systems lastly, the fourth segment centers on the effect of 

sludge-derived fertilizers on plant growth. 

 

Background 

 

Over the last decade, researchers have directed significant attention toward the generation 

and application of compost across various domains, encompassing agricultural, industrial, 

and municipal waste management, soil enrichment, nutrient circulation, carbon capture, 

remediation, erosion mitigation, and environmental enhancement. Although the body of 

compost related literature addressing these topics is extensive, this literature review 

focuses solely on providing a broad summary of aerobic and thermophilic composting 

methods, and convert of sludge to compost. 

 

2.1 Characteristics of sludge used in compost: 

 

The process of adding treated sludge should be homogeneous within the specifications and 

guidelines outlined in this standard “sludge use of treated sludge, and sludge disposal” 

(PSI, sludge use of treated sludge and sludge disposal, 2010). The following 

considerations should be taken into account during the addition process: 

1. Treated sludge should be added in irrigated areas along planting lines and mixed with 

the topsoil layer (10 cm – 20 cm) one week before planting, with no specific timing for 

addition. 

   - In rainfed areas, sludge should be added before the rainy season, mixed with the topsoil 

surface, ensuring that the land slope does not exceed 5%. 
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   - In non-arable lands, sludge should be added before the rainy season, ensuring 

contouring and mixing with the topsoil surface. 

When treating and packaging sludge for sale, approval from relevant regulatory authorities 

is required. In this case, guidelines from the U.S. Environmental Protection Agency, 

European Union, and World Health Organization may be consulted. 

 

Sludge must be treated before use according to the methods specified in this standard and 

any other approved method. Sludge is classified into three classes: first, second, and third, 

for this specification. 

 

First-class sludge may be used as organic fertilizer for agricultural land and soil 

improvement purposes (PSI, sludge use of treated sludge and sludge disposal, 2010). 

 

Sludge treatment levels: 

 

Treatment level for first-class sludge: 

   - Fermentation: Sludge is fermented using a ventilated container or by placing it in piles, 

keeping the temperature above 40°C for 5 days or at ambient temperature for 60 days. 

   - Air drying: Liquid is removed from the sludge using hot gases to reduce moisture 

content to 10% or less, and the sludge temperature reaches 80°C at the end of the heating 

process. 

   - Aerobic drying: Liquid sludge is allowed to filter and/or dry in sand beds, ensuring 

sludge thickness does not exceed 25 cm, and it remains in these beds for at least 45 days. 

   - Aerobic land digestion: Stirring the sludge in the presence of oxygen while maintaining 

aerobic conditions for 10 days at a temperature of 55°C to 60°C, reducing at least 38% of 

volatile solids (PSI, sludge use of treated sludge and sludge disposal, 2010). 

 

Any other method capable of meeting the technical requirements outlined in this standard 

(PS-898-2010) is acceptable. 
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Table2.1: Maximum permissible limits in sludge (PSI, sludge use of treated sludge and 

sludge disposal, 2010)  

Element code  Concentration - First class (mg/Kg)  

As 41 

Cd 40 

Cr 900 

Cu 1500 

Hg 17 

Mo 75 

Ni 300 

Se 100 

Pb 300 

Zn 2800 

FC 1000* 

Salmonella 3** 

*unit /g  

** bacillus/ g  

 

 
 

2.2 An overview of thermophilic composting  

 

2.2.1. General mechanisms of composting 
 

The decomposition of organic matter during the composting process relies on the 

interaction of several factors. These factors include moisture content, microbial 

communities, oxygen availability, and a proper balance of carbon and nitrogen ratios (C: 

N) (see Figure 2.1). Microorganisms present in the organic matter consume the easily 

accessible carbon compounds. As these compounds are metabolized, temperatures within 

the compost pile rise and carbon dioxide (CO2) is generated as a byproduct (McClintock, 

2004). Consequently, various types of microorganisms exhibit activity at different stages 

within the composting pile (Geesing, 2009). 
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Figure 2.1: Schematic diagram of the mechanism of thermophilic composting (Epstein, 

1997, and NRAES, 1999) 

 

At first, bacteria dominate by utilizing easily degradable carbon sources. As microbial 

activity decreases, temperatures drop, allowing fungi to take over and gradually break 

down the more resistant carbon forms, including lignins and cellulose (McClintock, 2004). 

Furthermore, a compost pile represents a complex ecosystem harboring a diverse array of 

organisms. These organisms play a vital role in the composting process and can be 

categorized in various ways (Geesing, 2009). Furthermore, the final product of 

composting, which is crumbly, earthy humus, is significantly more stable than raw 

manure. This stability decreases the chances of nutrient loss due to leaching or 

volatilization into the atmosphere. As compost matures, its nitrogen undergoes 

mineralization, transitioning from its organic form to ammonium and subsequently to 

nitrate, which is the preferred form for plant absorption (McClintock, 2004). 

 

2.2.2 Aeration, moisture, and temperature 

 

In certain scenarios, employing forced aeration and turning techniques may serve as a 

more efficient composting strategy, enabling composting at elevated moisture levels and 

consequently reducing the size of composting facilities. During the initial mixing phase, 

liquids can be incorporated if the feedstock mix falls below 45% moisture content. 

Additionally, liquid wastes can be introduced throughout the composting process if there 

is a risk of the material becoming excessively dry. Concurrently with turning, water is 

applied in a sprayed form, aiming to achieve approximately 65% moisture content in the 

material, which can be confirmed by conducting a fist test. The continuation of microbial 
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metabolism relies on adequate aeration. Typically, the average oxygen (O2) concentration 

within the compost mixture ranges from 15 to 20%, while carbon dioxide (CO2) levels 

typically range from 0.5 to 5%. When the oxygen content drops below these thresholds, 

anaerobic microbial populations can outcompete aerobic species. Consequently, this can 

lead to an increase in the production of malodorous fatty acids and methane. Since oxygen 

consumption is directly correlated with microbial activity, oxygen levels are also 

influenced by substrate temperatures (P. Roman, 2015). Temperature plays a pivotal role 

in regulating microbial activity, thereby influencing the rate of degradation and moisture 

evaporation. The heat generated during composting arises from microbial metabolism and 

the retention of thermal energy within the composting mass. Consequently, the 

composting process typically undergoes an initial phase of temperature elevation, followed 

by a subsequent decline and stabilization as microbial activity diminishes due to decreased 

availability of organic matter. The temperature dynamics within the composting medium 

are influenced by factors such as compost composition, aeration, and the specific 

composting methods employed (R. Verma, 2014). 

 

2.2.3 Carbon and nitrogen dynamics  
 

During the initial one to two days of aerobic composting, easily degradable organic matter 

(OM) carbon is broken down by bacterial enzymes found in mesophilic microflora 

thriving at temperatures ranging from 90 to 110°F (50 to 61.2°C). As a result, the resultant 

products exhibit a lower C/N ratio compared to the initial value. This decline in C/N ratios 

indicates the breakdown and stabilization of organic matter achieved during composting. 

Microorganisms drive the decomposition of organic matter, utilizing carbon for energy 

and nitrogen for cellular component synthesis. When the compost's C/N ratio is elevated, 

the excess carbon tends to utilize nitrogen from the soil for cellular structure formation, 

resulting in nitrogen loss from the soil, a phenomenon known as nitrogen robbing. 

Conversely, if the C/N ratio is too low, the compost may not effectively enhance soil 

texture. To adjust the C/N ratio, various ingredient combinations can be utilized (V. K. 

Vishwakarma), calculated using an online calculator available on the Cornell University 

website (Calculate C/N Ratio, 1996). 
 

2.2.4 Indices Stability and Maturity of Compost 

 

Among the various characteristics influencing the quality of compost, particularly for 

agricultural use, two key aspects are "stability" and "maturity." Throughout the different 

phases of composting, the extent of organic matter decomposition and humification 

significantly influences the quality of the final product. Research indicates that mature 

composts enhance Soil Organic Matter (SOM) more effectively than fresh and immature 

composts, primarily due to their higher levels of stable carbon (C). However, incomplete 

decomposition and humification of organic matter may lead to the accumulation of 

harmful substances in the soil, potentially resulting in toxic effects on plants (T. Sayara, 

2020). 

To mitigate potential side effects and ensure compost quality, it is advisable to evaluate 

both its maturity and stability. Maturity assessment is crucial for determining the 

compost's suitability for agricultural use, taking into account its impact on plant growth 
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and potential phytotoxicity. On the other hand, stability refers to the resistance of organic 

matter against extensive biodegradation or microbial activity. It's essential to consider both 

characteristics together when assessing compost quality, as phytotoxic compounds can 

result from the microbial activity of unstable organic matter (T. Sayara, 2020). 

 

Various tests have been employed in the literature to evaluate the stability and maturity of 

compost. In this context, respiration techniques, which measure oxygen consumption by 

microbial activity, are considered among the most valuable methods for assessing compost 

stability and maturity. Additionally, germination tests are widely utilized for determining 

compost maturity. The respiration index, which quantifies the degradation rate of various 

materials, is correlated with the organic matter content and biochemical reactions driven 

by microbial activities. For example, materials exhibiting a respiration index ranging from 

0.5 to 1.5 mg O2 g
−1

 OM h
−1

 are deemed stable, while values exceeding 1.5 mg O2 g
−1

 OM 

h
−1

 indicate unstable materials (T. Sayara, 2020). 
 

2.3 Thermophilic composting systems  

 

As observed by Sir Albert Howard in the early 20th century, farmers have historically 

utilized decomposed animal manure to enhance soil fertility over centuries. However, 

while manure piles naturally decompose over a period of a year or more, much of this 

decomposition is likely anaerobic, resulting in the loss of nitrogen as ammonia and the 

emission of foul-smelling methane and hydrogen sulfide gases. In cases where bedding is 

incorporated into the manure or if the manure is relatively dry, conditions may be 

conducive to aerobic decomposition.  

As previously mentioned, the presence of sufficient oxygen is essential in the substrate to 

facilitate the colonization of aerobic thermophilic bacteria. Successful thermophilic 

composting of the substrate can occur if adequate aeration and carbonaceous materials are 

available to mitigate significant ammonification. This process is known as passive 

composting. However, such ideal conditions are uncommon.  

The original Indore method, proposed by Howard in 1943, involved layering carbonaceous 

and nitrogenous residues to promote aeration and homogenize feedstock mixtures. 

Additionally, "pit composting" was described as a technique that involves placing organic 

wastes in a subterranean depression or pit to minimize moisture loss. Howard 

recommended this method for semi-arid regions with limited water resources. The pit is 

typically lined with cement or cement blocks and measures at least 2 to 3 meters in length, 

1 to 1.5 meters in width, and 1 to 1.5 meters in depth. 

In areas where water availability is ample, Howard suggested composting in aboveground 

piles, as this method is less labor-intensive and does not necessitate the construction of 

pits. Small compost piles can be manually turned with a pitchfork for aeration, while in 

industrialized countries, farms may employ tractors with front-end or bucket loaders for 

this purpose. Larger on-farm and commercial composting facilities typically utilize turned 

windrow systems, passively aerated windrows, or aerated static piles (McClintock, 2004). 
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2.4 Effect of sludge-derived fertilizers on plant growth 

 

Amending soil with Sewage Sludge proves beneficial in augmenting crop production, 

alongside fostering the accumulation of nutrients and organic matter within the soil. 

Nonetheless, it's imperative to regularly monitor the accumulation of humic substances 

(HS) in both soil and plant tissues when sewage sludge is continuously utilized. 

Additionally, Sewage Sludge can be employed as fertilizers post-pyrolysis. Both the 

exclusive application of sewage sludge and its corresponding biochars furnish adequate 

phosphorus (P) to plants, enabling them to achieve biomass surpassing conventional 

levels. 

The impact of sewage sludge on plant growth varies depending on the method of 

application, whether it's applied to the soil surface as mulch or mixed uniformly with the 

soil. Surface application of Sewage Sludge offers certain advantages, such as limiting 

water evaporation by creating a physical barrier that helps retain soil moisture for longer 

periods. Consequently, this intensifies the biological and chemical processes involved in 

the transformation of organic matter. For instance, the highest yield of wheat (Triticum 

durum Desf.) was observed when dried sewage sludge was applied to the surface of 

clayey-silty soil as mulch, compared to when it was mixed uniformly with the soil. It's 

crucial to note that a direct application of sewage sludge onto agricultural soils is not 

recommended. 

Experiments indicate that the utilization of sewage sludge impacts the germination and 

growth of seedlings. Concentrations surpassing 7 g kg
−1

 inhibited the germination of 

cucumber seeds and led to necrosis in primary roots. 

Soil microbiological activity is influenced when Sewage Sludge is applied alongside 

mineral fertilizers. Further experiments were conducted with cucumbers and leaf mustard. 

Sole application of Sewage Sludge preparation did not supply plants with mineral 

nutrients at adequate levels. However, when combined with nitrogen-containing fertilizers, 

the Sewage Sludge preparation significantly enhanced plant growth and facilitated plant 

development. This combination may yield long-term benefits for plant mineral nutrition. 

Additionally, findings revealed that different plant species respond divergently to Sewage 

Sludge. This species-specific effect can be attributed to (i) varying sensitivity of plants to 

compounds in Sewage Sludge preparations, (ii) the requirement for mineral elements 

during early stages of ontogenesis due to slow nutrient release from Sewage Sludge, and 

(iii) inadequate maturation and presence of growth inhibitors in Sewage Sludge 

(McClintock, 2004).  
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Chapter Three: 

_____________________________________________________________ 

 Materials and Methods 

 

3.1 Data Collection 

 

This chapter provides an extensive description of the creation of compost sludge as well as 

its sludge rid and reuse, together with all associated field and lab work conducted during 

the study's duration, as well as monitoring, sampling, and analysis procedures. Also, a 

presentation of the mathematical formulas and equations has been added.  

This study employs a meticulous analytical methodology built on the analysis of every 

element required. It should be mentioned that the conclusions of this study are exclusively 

based on actual experiments, which lends the findings more credibility. This work may 

serve as a foundation for numerous future research projects on converting sludge into a 

useful commodity, particularly compost, which is rich in nutrients that plants require. This 

study will provide relevant details on the composting method used in our experiments of 

utilizing various bulking agents, demonstrating the capacity of sewage sludge to turn into 

organic compost rich in valuable ingredients. The raw materials for this research were 

gathered and analyzed qualitatively and quantitatively. One conversation with Jericho 

WWTP official is part of the qualitative method; he gave us the details we needed to 

understand the vast amounts of sewage sludge for which there is no feasible means to 

dispose properly, see (Figure 3.1). Achieving the objective entails an in-depth search to 

identify the ideal compost properties. The quantitative method will involve testing and 

evaluating numerical data regarding the quantity of sludge generated by the Jericho 

sewage treatment plant.  

 

 
 

Figure 3.1: The waste sludge in the vicinity of WWTP Jericho 
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Flowchart 1 highlights the Methodology of the research 

 

 

 

 

 

 

 

Flowchart 1: Methodology of the research. 
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3.2 Materials 

 

3.2.1 Sludge Source 
 

The source of the sludge was the Jericho wastewater treatment plant, which is situated 8.7 

km north of the Dead Sea in Jericho city  31°50′23 N 35°30′01 E), The sludge was 

processed to reach appropriate quality, such as drying in sunlight, (Figure 3.2) & (Figure 

3.3) show JWWTP and the drying beds of sludge at JWWTP, and (Table 3.1) Details 

about the sludge region. 

 

Figure 3.2: The Jericho Wastewater Treatment Plant (Google Earth, 2022) 

 

 

Figure 3.3: The drying beds of the sludge at JWWTP 
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 Table 3.1: Details about the sludge region, such as location, altitude, average annual 

rainfall, average annual temperature, and humidity (Jericho Municipality, 2021)  

 

3.2.2 Technical Aspect of Jericho WWTP 

 

The surplus sludge at the Jericho WWTP is transferred to the drying bed where it 

undergoes a once-monthly sludge thickening stage. When it thickens six or seven times in 

the thickener, it is released to a sludge drying bed and removed from surrounding drying 

beds when the water content has decreased to 30 – 40 % (Toshiya, 2024).   

The range of Mixed Liquor Suspended Solids (MLSS) in wastewater treatment plants 

(WWTPs) may vary due to factors such as the treatment process type, plant design, and 

specific treatment goals. Typically, MLSS concentrations are regulated within specific 

limits to optimize treatment efficiency and mitigate operational challenges (Municipality, 

2024). 

Typically, in the activated sludge process, a prevalent biological treatment method in 

wastewater treatment plants, Mixed Liquor Suspended Solids (MLSS) concentrations 

range from approximately 1.5 to 5 g/L (Eslamian, 2016). At the Jericho WWTP, MLSS is 

maintained below 3000 mg/L by primarily treating the sludge once a month (Toshiya, 

2024). This concentration range facilitates sufficient biomass for efficient decomposition 

of organic matter and the removal of nutrients like nitrogen and phosphorus from 

wastewater (G. Tchobanoglus, 2003). 

Average daily wastewater flow quantities at the Jericho Treatment Plant 6600 m
3
\day 

(Municipality, 2024). 

 The daily return sludge flow has been operated manually and is in good condition with 

1,700m
3
/day of volume on the current inflow condition. 

Jericho Study area 

8.7 km North Dead Sea Location 

260 m sea level Altitude 

166 mm Mean annual rainfall 

39.6
o 
C Average annual temperature 

55% Average annual humidity 



15 

 

A single sludge treatment process is applied to around 1,000 m
3
 of sludge with 3,000 mg/L 

of density removed from the clarifier; it is estimated that 90% of the suspended solid (SS) 

will be recovered at the sludge thickener (Toshiya, 2024).  

 

3.3 Methods 

 

3.3.1 Sampling and Analysis  

 

Two samples were collected from each raw material mixture and finished compost at 

various locations and depths within each composting experiment (Exp.). The samples were 

thoroughly mixed to ensure homogeneity, then placed in labeled plastic containers and 

transported to the laboratory on the day of sampling. 

All collected samples were analyzed at Al-Quds University testing labs Soil & Hydrology 

Research Lab (SHR), and examined using (SOP) methods, according to official methods, 

and the parameters analyzed included pH, moisture, EC, total nitrogen, and Total Organic 

Carbon. organic matter (P, K, Na, Ca, Mg) which were measured according to (APHA, 

2005), Total and fecal coliforms were measured by filtration of 100 ml sample through a 

0.45 μm Millipore membrane filters and the filters were incubated for 24 h at 37o C for 

TC and 44.5o C for 24 h for FC. The quality of the finished compost was verified using 

(PSI, Organic Fertilizer (Humus) Compost, 2019). 

Heavy metals and minerals values (Pb, Zn, Cd, Cu, Ni) for composting mixtures were 

analyzed using an Atomic Absorption Spectrometer (PinAAcle 500) according to the 

Standard Method, by using Agilent Technologies 700 series (ICP/OES) and the standard 

method of (PSI, Organic Fertilizer (Humus) Compost, 2019). 

 Total nitrogen was determined by analyzing using the Kjeldahl method.  Total coliform 

and Fecal coliform were analyzed according to the standard method of (PSI, sludge use of 

treated sludge and sludge disposal, 2010). 

 

3.3.2 Chemicals and Instrumentation 

 

The following chemicals were utilized in this study: 

 ferric sulfate solution (FeSO4) 

 digesting solution (K2Cr2O7, H2SO4) 

 sulfuric acid reagent (H2SO4) 

 potassium nitrate (KNO3) 

 Hydrochloric acid solution HCl (1N) 

 sodium hydroxide (NaOH 50%) 
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 Pure Humic Acid. 

 (HCL) 

 HNO3 

 

The selected sample was subjected to numerous tests, including the following:  

 Measure pH with a model HQ 11 d pH meter. 

 EC test with the HQ 14 d model of E.C. meters. 

 TOC was measured using the Walkley-Black chromic acid wet oxidation method. 

 TN test using the Kjeldahl method to analyze organic and ammonia nitrogen. 

 K+ and Na+ tests using flame photometric. 

 The determination of humic acid in certain materials using a modified method of 

UV-Vis spectroscopy. 

 

3.3.3 C: N  Ratio calculation  

 

Calculating the optimal C: N ratio is crucial to the amount of materials present within the 

experiment mixtures, the formula for calculating the C: N ratio is as follows: (Calculate 

C/N Ratio, 1996)  

Equation 1:  

R=Q1(C1*(100-M1) + Q2(C2*(100-M2) + Q3(C3*(100-M3) / Q1(N1*(100-M1) + 

Q2(N2*(100-M2) + Q3(N3*(100-M3) 

In which: 

R = C/N ratio 

Qn = mass of material n  

Cn = Carbon (%) 

Nn = Nitrogen (%) 

Mn = Moisture content (%) of material n. 
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3.3.4 Compost procedure 

 

Sampling Strategy and Raw Materials 

This study was performed at Al-Quds University in collaboration with the Jericho 

municipality and WWTP Jericho, which processes raw materials from the west of 

Palestine, including Sewage Sludge. 

Four different types of materials were chosen: Azolla, Palm leaves, Opuntia, and Sewage 

Sludge. The main treatment characteristics of every composting process in the piles, along 

with the duration of the process, are displayed in (Figure 3.4), and (Table 3.2). 

. 

Figure 3.4: Components of  Experiments 
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Table 3.2: The main treatment characteristics of each composting process in the 

experiments, and the time of the composting process. 

Experiments Waste Mixture (Kg) 
Method of 

composting 

Time of Composting 

Process (Months) 

Exp. 1 
Sewage sludge + palm leaves+ Azolla 

1:2:1 

Open air turned wind 

rows 
3.3 

Exp. 2 
Sewage sludge + palm leaves+ Azolla 

1:1:0.5 

Open air turned wind 

rows 
3 

Exp. 3 
Sewage sludge + palm leaves+ Azolla 

0.5:1:1 

Open air turned wind 

rows 
6.3 

Exp. 4 
Sewage sludge + palm leaves+ Opuntia 

1:3:2 

Open air turned wind 

rows 
3 

 

The composting piles were set up outside in a row with dimensions of 0.4–0.50 meters in 

width and 1-1.2 meters in length. each pile was filled to a specified weight of mix that was 

calculated based on the C: N ratio.  Every few days, the temperatures of the composting 

matter were recorded using a thermometer. The thermometer is set up at several points 

throughout the pile, and an approximate temperature according to the composting phase is 

detected. This temperature is then compared to each phase's recommended temperature, 

which is 40-65 max, as shown in the table below.  

A pitchfork or shovel is employed to aerate the compost to turn the pile initially each pile 

was turned twice a week for 2 weeks using a fork, then once a week for the remaining 

duration to aerate the mixture. Stirring the contents from time to time will help to prevent 

anaerobic pockets and accelerate the composting process (E. Bazrafshan, 2006). 

The moisture content value obtained in this study will be presented in (Table 

3.3).According to a compost facility operator, the range of an ideal moisture content that 

must be possessed by compost medium was within 40-60% (K. G. C. d. Amaral, 2021). 
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 Table 3.3: Spreadsheet to track the various parameters 
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 Variable depended on the humidity of input material (30%-60%) 

 

Two samples were randomly extracted from various locations within each pile. To achieve 

this, samples obtained from distinct points were meticulously blended to create a 

comprehensive sample, resulting in a final mass of 2 kg. This composite sample was 

subsequently partitioned into three sub-samples, each approximately 650 g. Following this 

division, the sub-samples were meticulously placed into vacuum-sealed bags, ensuring 

optimal preservation for subsequent scientific analysis, as shown in Figure (3.5). 

 

Figure 3.5: Stages of Composting 
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Figure 3.6: Final Products. 

 

3.3.5 Germination tests 

 

Simple tests can be done comparing germination rates of a given seed type in all compost 

products.  

Garden (Armenian CUCUMBER) is considered a very suitable plant to do this (Figure 

3.7). 

We conducted a viability test by selecting the Armenian cucumber, the growth of 

cucumbers in pots (with a diameter of 1 cm, and height of 5 cm) filled with compost 

products (Exp.1, Exp.2, Exp.3, Exp.4) was compared to their growth in two samples of 

commercial fertilizer for comparison, 12 Armenian cucumber seeds were used in each 

type of soil. 

The germination rate was studied based on the following equation:  

Germination rate  GR) = ∑G/t, where G is the percentage of germinated seeds per day and 

t is the total germination period (J. Lin, 2017).  
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 The plant length, germination density, leaf density, and length of the roots in compost and 

potting commercial fertilizer were then compared.   

 

 

Figure 3.7: A picture showing the germination stages of some seeds in samples of the 

produced compost, in addition to two commercial compost samples from the market 
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Chapter Four: 

 

Results and Discussion 

 

The results and discussion within this chapter encompass four distinct sections: 

chemical and physical measurements, performance efficiencies, evaluation of 

composted quality, and germination experiment. 

 

4.1 The Characteristics of Raw Materials (Chemical and Physical Parameters) 

 
All the methods used for measuring and collecting the relevant physical and 

chemical parameters during the study period are detailed in the attached 

Appendix, as outlined below: 

 Physical parameters (Appendix A). 

 Chemical parameters (Appendix B). 

 

4.1.1 Physical parameters 

 

The evaluation of compost quality has mainly been based on physicochemical properties. 

The most relevant physical parameters of raw material in compost mix are analyzed in the 

present study. 
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4.1.1.1 pH, EC, and  Moisture Content Measurements 

 

In the study, some Physical parameters were measured, such as the EC, moisture content, 

and acidity (pH) tested time before the research for the raw materials. The following 

section shows the results, see (Table 4.1). 

 

Table 4.1: The Physical Measurements of Raw Material. 

 

 

4.1.2 Chemical parameters 

 

The evaluation of compost quality has mainly been based on physicochemical properties. 

The most relevant chemical parameters of raw material in compost mix are analyzed in the 

present study. 

 

4.1.2.1 The determination of Na+ , K+, Mg+, Ca+, and P. 

 

In the study, some initial Chemical parameters in each pile before composting, such as the 

Na+, K+, Mg+, Ca+, and P. (Figure 4.1) shows the results. 

 

 

Parameter Sewage sludge Azolla (wet) 
Palm leave 

(Dry) 

Opuntia 

(Dry) 

Compost 

(standard) 

added 

soil 

EC (µS/cm) 1192 147 369 2.59ms 1137 101.97 

pH 6.60 7.05 6.05 5.90 5.65 8.21 

MOISTURE 

% 
         16.53       88     14.4 12.95 11.11 1..2 
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Figure 4.1: The Concentration of Na+, K+, Mg+, Ca+, and P. (g/kg) for the raw materials. 

 

Calcium, potassium, and magnesium are essential nutrients for agricultural plants and play 

a significant role in soil fertility. These elements are abundant in palm and Opuntia leaves. 

Conversely, sodium is not a primary nutrient for plants like the previous elements, and 

high concentrations of sodium are not preferred because they can adversely affect plant 

growth and development, Plants tolerate low concentrations of sodium, which is seen 

mostly in us raw materials most elevated in the sludge followed by palm leaves. 

As for phosphorus, it interacts with many other elements in the soil and contributes to 

improving soil structure and enhancing its ability to absorb water and other nutrients. 

Organic matter, represented in sludge, plays a crucial role in providing the phosphorus we 

need. 

 

4.1.2.2 Total Nitrogen Determination 

 

In the study, some initial chemical parameters in each pile before composting, such as the 

TN. (Figure 4.2) shows the results 
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Figure 4.2: The Concentration of TN (%) for the raw materials. 

 

Nitrogen is one of the key elements added to compost to enhance its quality and provide 

optimal conditions for organic decomposition, resulting in nutrient-rich compost essential 

for plants. As seen in the image above, we have materials rich in nitrogen available. 

 

4.1.2.3 Organic Carbon Determination 

 

In the study, some Chemical parameters were measured, such as the TOC% tested time 

before the research for the raw materials. The following section shows the results. 

Organic Matter (OM) and Total Organic Carbon (TOC) are important indicators of 

compost quality, contributing to improving soil properties such as structure and aeration 

and enhancing biological activity including microorganisms, worms, and other microbes 

that aid in organic matter decomposition and nutrient release. 

 

The following image reflects the raw materials' organic matter content and total organic 

carbon, where Palm leaves contain the highest levels of organic matter and organic carbon, 

followed by sludge, see (Figure 4.3). 
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Figure 4.3: Concentration of TOC and OM (%) for the raw materials 

 

4.1.2.4 Humic Acid Determination: 
 

Humic acid enhances compost structure by promoting bonding between organic matter 

particles. This improves soil structure and increases its capacity to retain water and 

nutrients. It also boosts microbial activity in the soil, enhancing organic decomposition 

and nutrient release essential for plant growth. Moreover, it improves plant resistance to 

environmental stressors such as drought and salinity, promoting plant health and 

productivity. Humic acid is available from the sludge material we use in compost 

production. Shows the (figure 4.4)  

 

 

Figure 4.4: The concentration of humic acid (g/kg)  for sewage sludge from Jericho 

WWTP  
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4.1.2.5 SAR : 

 

Equation 2: SAR= Na+/ √(Mg+2 + Ca+2 /2)  (Suarez, 2009) 

Table 4.2: SAR Calculation of Raw Materials 

 

Only a limited number of plant species can withstand high sodium concentrations, and in 

general, sodium levels exceeding 1% saturation in the growth medium are toxic to root 

systems. Excessive sodium competes with the uptake of calcium and potassium, leading to 

damage to root tissues. When sodium saturation exceeds 1% in the cation exchange 

complex, it can cause issues with germination and emergence in several plant species.  

This early indication of sodium availability can signal potential harm to plant growth well 

before an elevated Sodium Adsorption Ratio (SAR) might identify a problem (affiliates). 

 

4.2 C: N  Ratio calculation for materials 

 

Calculating the optimal C: N ratio is crucial to the amount of materials present within the 

experiment mixtures. The formula C: N ratio calculation was used to compute the known 

weight of the Exp., as shown in (Table 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

Materials 

Sewage 

sludge 

Azolla 

(Dry) 

Azolla 

(wet) 

Wood 

chips 

Palm 

leave 

(Dry) 

Opuntia 

(Dry) 

Compost 

(standard) 
added soil 

SAR 13.465 14.029 0.449 0.400 0.246 0.005 2.213 0.000 
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Table 4.3: known weight of the Exp. according to C: N ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 In-Situ Field Measurements 

 

This section includes all the field measurements that were carried out during the study 

period, which include the following: water content measurement, Temp, decomposition 

time, and water consumption. 

 

 4.3.1 Performance Efficiencies 

 

The performance of the product was determined in terms of organic decomposition which 

occurred through the predominant aerobic and physical processes during the treatment 

process, see (Table 4.4). 

 

 

 

 

 

 

 

   Materials 

Sewage 

sludge 

Azolla 

(wet) 

Palm leave 

(Dry) 

Opuntia 

(Dry) 

Moisture 

content % 
16.53 88 14.4 12.95 

TN % 1.59 0.53 0.52 0.52 

TOC % 18.51 1.79 31.78 4.75 

C: N  11.64 3.37 61.11 9.13 

 
    

C: N 

Ratio 

Exp. 1 (%) 1 1 2 -- 30.38 

Exp. 2 (%) 2 1 2 -- 23.37 

Exp. 3(%) 1 2 2 -- 29.97 

Exp. 4(%) 1 -- 3 2 29.52 
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Table 4.4: A spreadsheet to track the various parameters 
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Variable depended on the humidity of input material (30%-60%) 

 

The thermometer was several points throughout the pile, and an approximate temperature 

according to the composting phase was detected. This temperature was then compared to 

each phase's recommended temperature, which is 40-65 max, the samples reached 45 

degrees Celsius at their highest value, as shown in the table above. 

The moisture content value obtained in this study is shown in (Table 4.4). This study's 

moisture content range was between (30 % to 40%). According to a compost facility 

operator, the range of an ideal moisture content that must be possessed by compost 

medium was within 40-60% (K. G. C. d. Amaral, 2021). 

The overall decomposition for Exp. 1 during the study period is indicated in (Figure 4.5) 

below. 

In the first Experiment, a maximum temperature of 44 degrees Celsius was reached, and 

the decomposition process lasted for 100 days. 
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Figure 4.5: The Temp (expressed in C) and water content (expressed in %) inside the Exp. 

1 at the period of the study. 

 

In the second Experiment, a maximum temperature of 45 degrees Celsius was reached, 

and the decomposition process lasted for 90 days. The fastest mixture to be produced 

among the four mixtures was observed, see (Figure 4.6). 

 

 

Figure 4.6: The Temp (expressed in C) and water content (expressed in %) inside the 

Exp.2 at different periods of the study. 

 

In the third Experiment, a maximum temperature of 41 degrees Celsius was recorded, and 

the decomposition process lasted for over 195 days, see (Figure 4.7). 

 While, high nitrogen source ratio can negatively impact the production process in several 

ways, including the generated heat and production time. Here are some potential reasons: 
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Loss of organic matter: In some cases, a high nitrogen ratio can lead to the rapid loss of 

organic matter due to accelerated decomposition. This can adversely affect the quality of 

the resulting compost. 

Effect on production time: A high nitrogen ratio may accelerate the composting process, 

leading to faster production. While this might be beneficial if rapid fertilizer production is 

desired, it could result in lower quality if the compost cannot fully decompose. 

 

 

Figure 3.7: The Temp (expressed in C) and water content (expressed in %) inside the 

Exp.3 at different periods of the study 

In the fourth mixture, the temperature reached 45 degrees Celsius, and the decomposition 

process lasted for 100 days. Additionally, the decomposition temperature exceeded 33 

degrees Celsius for more than 60 days, see (Figure 4.8). 

 

Figure 4.8: The Temp (expressed in C) and water content (expressed in %) inside the 

Exp.4 at different periods of the study. 
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4.3.2 Water Quantity Measurements 

 

The water quantity was measured frequently through the addition of the water and 

measured to the water content of the mix. The results of monitoring during the period of 

the study showed that the water content was around 30-45% in volume in the mix. The 

approximate rate of water requirement per kilogram of the mixture can vary significantly 

depending on the quality and composition of the mixture. However, the general water 

consumption rate per kilogram of the mixture is considered to be around 6 liters in many 

cases. It should be noted that this figure may vary depending on the production conditions 

and the precise composition of the mixture. 

 

4.3.3 Water Quantity Estimation 

 

The Water Quantity test was performed through Measurements of all pans in each corner 

and at the center. The test was conducted within all months under the climatic conditions 

that have been identified in (Table 4.5).  

Table 4.5: Temperature in ºC, water content in %, and Water quantity in liter (according to 

the measurements). 

 Experiments Month1 Month2 Month3 Month4 Month 5-7 

T
e
m

p
e
ra

tu
r
e 

Exp. 1 28.6 40 29.65 26.1 mature 

Exp. 2 28.2 38.2 35.2 25.5 mature 

Exp. 3 29.5 41.1 32.4 26.5 25-21 

Exp. 4 36 39.7 32.9 19.8 mature 

Ref Temp 
C° 

 15°-40° 40°-65° 15°-40° Ambient temperature 
H

u
m

id
it

y
  

Exp. 1 33.7 37 38 32 mature 

Exp. 2 37.2 33.8 32.8 33.6 mature 

Exp. 3 35.1 34.1 36 33.8 32.6-31.2 

Exp. 4 31.9 31.9 34.7 32.4 mature 

Ref 

humidity 
 Variable depended on the humidity of input material (30%-60%) 

W
ater q

u
an

tity
 

Exp. 1 12 6 7.5 6.5 mature 

Exp. 2 12 5 7.5 7 mature 

Exp. 3 14 6.5 5.5 5.5 +13 

Exp. 4 13 6.75 4.5 6 mature 

 

For each pan, the initial weight and the remaining weight were recorded as shown in 

(Table 4.6). The Decompose percentage by weight for each pan was calculated by 

applying the next formula:  

Equation 3:  Decompose % = (Average final weight / Average initial weight) *100% 
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Table 4.6: % Decomposition of the four Exp.’s. The table shows the initial weight, 

remaining weight, and Decomposed weight all expressed in kg units. 

Pan  No. Initial Weight 
Remaining 

weight 

Decomposed 

weight 

% 

Decomposition 

Exp. 1 4.44 2.84 1.6 36% 

Exp. 2 5.55 3.02 2.53 45.5% 

Exp. 3 5.55 4.5 1.05 18.9% 

Exp. 4 3.33 1.68 1.35 40.5% 

 

4.4 Evaluation of Composite Quality 
 

The following parameters were measured for the final product of the two composting 

experiments, after maturity since the start of each experiment. These parameters were 

compared against the PSI standards to make sure that the final product is an environment-

friendly product for land application.  

In addition to the regular measurements (Temperature, Moisture Content) which are 

controlled to keep the finished product quality compliant with local and international 

standards, which were mentioned earlier. 

Physical and chemical quality parameters were monitored and recorded before and after 

the two composting experiments to evaluate the final produced compost quality, adding to 

bacteriological quality parameters after the composting experiments. 

 Physical parameters (Appendix A). 

 Chemical parameters (Appendix B). 

 

4.4.1 Physical parameters. 

 

The evaluation of compost quality has mainly been based on physicochemical properties. 

The resulting compost's most relevant physical parameters are analyzed in the present 

study. 

 

4.4.1.1 pH, EC, and  Moisture Content Measurements 

 

In the study, some Physical parameters were measured, such as the EC, moisture content, 

and acidity (pH) tested time after the composting for the product. The following section 

shows the results compared to the requirements specified in the PSI and the compost 

Facility Operator's Manual. 
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Table 4.7: The physical measurements of samples compared to the requirements specified 

in the PSI and the compost Facility Operator Manual 

Parameter Exp. 1   Exp. 2 Exp. 3 Exp.4 

ACCORDING 

TO (PSI, sludge 

use of treated 

sludge and 

sludge disposal, 

2010)  

Compost 

Facility 

Operator 

Manual 

(Geesing, 

2009)  

EC (µs/cm) 337 260.3 343.3 344.6   

PH 7.24 7.18 7.5 8.44 5-8.5 4.5-8.5 

MOISTURE 

% 
34.5 27.5 22.0 32.5 25-40 30-40 

 

4.4.2 Chemical parameters 

 

The evaluation of compost quality has mainly been based on physicochemical properties. 

The resulting compost's most relevant chemical parameters are analyzed in the present 

study. 

 

4.4.2.1 The determination of Na+ , K+, Mg+, Ca+, and P 

 

The Concentrations of P, K+, Mg+, Ca+, and P were analyzed and recorded in (Figure 18). 

The recorded measurements of salts showed low proportions in the samples, according to 

the Compost Facility Operator Manual (Geesing, 2009), attributed to the scarcity of 

materials containing these minerals in these blends. However, they can be adjusted as 

required adding enhancers to these salts in the compost blends, see (Figure 4.9). 

 



35 

 

 

Figure 4.9: The Concentration of P,  K+, Mg+, Ca+, and P. (g/kg) for the sampling 

including Exp.1, Exp.2, Exp.3 and Exp.4. 

 

4.4.2.2 Total nitrogen was determined by analyzing the organic and ammonia 

nitrogen using the Kjeldahl method. 

 

The total nitrogen yield achieved the required percentage as specified in the compost 

Facility Operator Manual (0.3-1.5) %, which was crucial in achieving an acceptable C: N 

ratio. Also, it results in a good reaction, as shown in (Figure 4.10). 

 

 

 

Figure 4.10: Concentration of TN (%) for the sampling including Exp.1, Exp.2, Exp.3 and 

Exp.4. 
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4.4.2.3 Total Organic Carbon and Organic Matter 

 

The mean values of total organic carbon (TOC) and organic matter (OM) are shown in 

(Figure 4.11). As it was observed the TOC concentration in the produce compost was 

between 13.5-19% and the OM concentration was between 23-32.5 %. The results showed 

a reduction in the TOC concentration during the treatment process with an average of 

3.5% to 24% for the products Exp.1, Exp.3, and Exp.4, while increasing TOC for the 

product Exp.2 an average of 39%. 

 

Results of C/N analysis for the first stage raw mixtures ranged from 23% to 30% as listed 

in (Table 4.8), and results of C/N for finished compost of mix No. (Exp.1, Exp.3, and 

Exp.4) between 1:18 and 1:13.9. and where C/N for finished compost from mix Exp.2 was 

1:25.9 which is considered an indication of good cure compost where the preferred range 

of finished compost is more than 1:25. Less ratio for finished compost explained by the 

microorganisms multiply rapidly and consume carbon as a food source and nutrients to 

metabolize and build proteins. The analysis presented that compost Exp. 2 had high 

organic-matter content this is considered an indicator of high-quality compost. 

 

Table 4.8: TOC measurements of samples compared to the requirements specified in the 

PSI and the compost Facility Operator Manual 

Parameter Exp. 1 Exp. 2 Exp. 3 Exp. 4 

ACCORDING 

TO (PSI, 

sludge use of 

treated sludge 

and sludge 

disposal, 2010) 

Compost 

Facility 

Operator 

Manual 

(Geesing, 2009) 

OM% 28.9 32.46 25.15 23.04 
MIN 35 

MIN25 
<20% 

TOC% 11.61 18.82 14.51 12.21   

C: N 1/18 1/25.8 1/13.9 1/16.3 1/25 1/30 
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Figure 4.11: Concentration of TOC and OM (%) for the sampling including Exp.1, Exp.2, 

Exp.3 and Exp.4. 

 

4.4.2.5 Humic Acid Determination in some materials: 

 

The term "maturation degree" can describe the extent of completion of the biological 

decomposition process in organic compost. The maturation degree is determined when the 

biological breakdown of organic materials in the compost is completed. The maturation 

degree depends on several factors such as the ratio of carbon to nitrogen, temperature, and 

the content of advanced organic materials. Compost is considered mature when it has 

reached a sufficient level of maturation to provide multiple benefits to plants and soil, such 

as increased nutrition, improved soil structure, and reduced risk of absorbing toxic 

substances. Regarding humic acid, the maturity level in the compost is below 5 and above 

1, indeed, this means that the compost in this experiment has reached the required and 

permissible maturity level according to Palestinian standards. 
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Figure 4.12: Concentration of Humic acid (g/kg) for the sampling including Exp.1, Exp.2, 

Exp.3 and Exp.4. 

 

4.4.2.6 SAR : 

 

The SAR (Sodium Adsorption Ratio) equation determines the ratio of dissolved sodium in 

water compared to other cations such as calcium and magnesium in the soil. 

The SAR (Sodium Adsorption Ratio) value is used as an indicator of soil salinity and the 

impact of sodium on soil structure, water retention, and nutrient availability for plants. 

SAR values below 10 are considered suitable for agriculture, while higher values may 

indicate soil salinity issues and sodium's negative effects on plant growth. The values were 

calculated based on the following equations: 

Equation 4: SAR= Na+/ √(Mg+2 + Ca+2 /2) (Suarez, 2009)  

  

Table 4.9: SAR Calculation of Experiments 

 Exp. 1 Exp. 2 Exp. 3 Exp. 4 

Parameters 

SAR 1.580 1.910 2.967 0.857 

 

Based on the results above, it was found that all compost mixtures do not contain soil 

salinity problems and are suitable for agriculture. 
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4.4.2.7 Heavy Metals testing  

 

For the compost stage, all of the heavy metals were analyzed (Cd, Pb, Zn Cu, Cr) as listed 

in (Table 4.10). 

 

Table 4.10:  Heavy Metals measurements of sewage sludge and compost samples 

compared to the requirements specified in the PSI (PSI, 2010)  

Lime 

units 

 

Result Limits 

of 

sludge 

(PSI, 

2010) 

Limits of 

compost(PSI, 

2019)  Sludge Exp.1 Exp.2 Exp.4 

Copper Cu 
mg/kg 

26.2 16.33 11.9 7.66 Max 

1500 

Max 600 

Lead Pb 
mg/kg 

65.93 
58.2 54.5 53.26 Max 

300 

Max 300 

Cadmium 

Cd 

 

mg/kg 

0.00 

0.00 0.00 0.00 Max 40 Max 10 

 

Zinc Zn 
mg/kg 

63.33 

 

22.66 30.2 11.4 Max 

28.. 

Max 2500 

Chromium 

 
mg/kg 

5.2 3.86 3.86 5.0 Max 

900 

Max 200 

 

Heavy metals refer to a group of chemical elements that are problematic due to their 

inability to decompose, as they typically only undergo changes in oxidation state. These 

metals pose significant risks to human health and can disrupt the food chain at both 

terrestrial and aquatic levels. While they naturally occur in the environment, their 

accumulation becomes a concern when concentrations surpass defined thresholds. This 

accumulation can occur in plant tissues (such as fruits and roots) or in vital organs 

(including the liver, brain, and adipose tissue), often leading to long-term, chronic health 

effects (P. Roman, 2015). 

Heavy metals, together with the presence of pathogens, are considered to determine the 

quality of compost. All heavy metals were tested, and the analysis results were within the 

limits and found to comply with the required Palestinian standards of (PSI, Organic 

Fertilizer (Humus) Compost, 2019). Accordingly, the heavy metal content in finished 

compost qualifies it to be used on land without toxic impacts. 
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4.5 Biological parameters 

 

Fecal coliform, and total coliform, are considered indicators of compost pathogenicity. 

fecal coliforms can stay present under aerobic and anaerobic conditions and are usually 

found in all starting compost piles (Haug, 2018). Since fecal coliform is responsible for 

some human diseases was analyzed to evaluate if the used method for pathogenic 

reduction (Heat from compost) is efficient in fecal reduction and qualifies the compost to 

match with international standards. The pathogens will be considered eliminated when the 

fecal coliform becomes less than 1000 CFU/ gram dry wt (J. Bonhotal, 2008).  

Pathogenic analysis for the composting experiments presented in (Table 4.11) shows that 

fecal coliform, content in finished compost of experiments No. (1,2,3,4) is 0 so  <1000 

CFU/g these results comply with the PSI, where the temperature which is considered the 

main factor for pathogens removal kept within the mesophilic range although the 

pathogens content complies with the international standard, which could result in the 

consumption of required nutrients for pathogens growth. 

 

Table 4.11: The bacterial parameters after a composting period using an open pile with an 

aeration 

 

The bacteriological results are in (Figure 4.13), from which it is clear that fecal coliforms 

were completely not found after completion of composting. 

 

Figure 4.13: The biological results for samples compared with commercial compost 

sample 

Materials 
Exp. 1   Exp. 2 Exp. 3 Exp. 4 

Compost 

standard 

Total 

coliform 

49*100 60*1000 2*100 46*1000 100*3 

fecal 

coliform 

0 . 0 0 0 
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4.6 Germination Experiment. 

 

The results describe the sequential emergence of germination and its effect concerning the 

density of growth and plant characteristics in various fertilizer samples. 

1. Germination Emergence: 

  Germination first appeared in the first fertilizer sample, followed by its emergence in a 

sample of commercial fertilizer. 

  Subsequently, germination occurred in the second and fourth samples, and finally in the 

other sample of commercial fertilizer. 

2. Germination Density: 

  Germination density began to manifest clearly in the second sample, It was the highest, 

then increased in the fourth sample, The first sample with commercial fertilizer followed 

them. 

3. Leaf Density and Size: 

  Higher leaf density and larger leaf size were observed in the second and fourth samples 

compared to the first and commercial fertilizer samples. 

 

Exp.1 Exp.2 Exp.3 Exp.4 

   
 

Figure 4.14: Leaf Density and Size in Exp.s 

 

4. Stem Length: 

 Stem length was better in the second, and fourth, compared to commercial fertilizer 

samples and first samples. 
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5. Root Density: 

The sample with the highest root density is preferable for plants, as high root density 

indicates a strong and healthy root system. However, other factors such as root distribution 

and depth must be considered. In this study, root density in the second sample was found 

to be the best compared to the other samples, followed by the fourth sample, the 

commercial fertilizer samples, and the first sample. 

 

 

 

 

 

 

Figure 4.15: Root Density in Exp.s 

 

From the results, it can be inferred that the second fertilizer sample was the most effective 

in enhancing growth and germination, followed by the fourth sample, and then the first 

with commercial fertilizer. These results reflect the impact of different fertilizer 

components on plant growth and development. 

 

 

Figure 4.16: Plant Growth and Development in Exp.s 

Mixtures 1, 2, and 4 exhibited production at a time lower compared to mixture 3 due to 

their high Azolla content. This high Azolla content led to problems such as loss of organic 

matter, longer production time, and difficulties in moisture control, resulting in issues like 

rot or irregular fermentation. 

The second mixture offers the potential for faster production compared to the other 

mixtures mentioned. This could be advantageous when the objective is to quickly obtain 

large quantities of fertilizer. Moreover, it guarantees high quality by fully decomposing 
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the materials under proper process conditions. Therefore, it is important to balance 

productivity and quality when deciding on the appropriate mixture for the production 

process. 

In the fourth batch, we added Opuntia instead of Azolla to the mixture, and it turned out to 

be a beneficial addition to the compost. This led to improved decomposition time and 

helped us achieve the desired compost quality. 
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Chapter Five: 

_____________________________________________________________ 

Conclusions and Recommendations 

5.1 Conclusions 

 

This research demonstrates the method that aided in the design, operation, and control of 

diverse composting piles which is achieved for the recycling of sewage sludge, which can 

further be converted into fertilizers, such as: 

 Exp. 1: (1Sludge:1Azolla:2Palm:10%soil) 

 Exp. 2: (2Sludge:1Azolla:2Palm:10% soil) 

 Exp. 3: (1Sludge:2Azolla:2Palm:10% soil) 

 Exp. 4: (1Sludge:3Palm:2 Opuntia:10% soil) 

Exp.'s 1, 2 and 4 showed lower time production potential than Exp.  3 

In the fourth Exp., Opuntia was added instead of Azolla to the mixture, which in turn 

proved to be a beneficial addition to the compost. This resulted in good outcomes in terms 

of decomposition time and achieving the desired compost quality. 

The recorded measurements of salts showed low proportions in the mixes, attributed to the 

scarcity of materials containing these minerals in these blends. However, they can be 

adjusted as required by adding enhancers to these salts in the compost blends. 

The total nitrogen yield achieved the required percentage as specified in the compost 

Facility Operator Manual, which played a crucial role in achieving an acceptable C: N 

ratio. Also, it results in a good reaction. 

All heavy metals were tested and found to comply with the required Palestinian standards 

Regarding humic acid, the compost in this experiment has reached the required and 

permissible maturity level according to Palestinian standards. 
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The second Exp. was the most effective in enhancing growth and germination, followed 

by the fourth, and then the first with commercial fertilizer. 

 

5.2 Recommendations: 

 

Further large-scale pilot studies are justified to explore the viability of composting sludge 

and biosolids generated from wastewater treatment plants (WWTPs) in Palestine, 

following successful outcomes observed in this study. Composting effectively reduces 

substantial quantities of sludge from WWTPs. 

Sustainable sewage sludge disposal is of utmost importance and requires immediate 

attention. This issue has garnered sufficient focus from responsible governmental officials 

in the municipality of Jericho City, Public awareness and community outreach should be 

integral components of any solid waste management program to promote acceptance and 

cooperation. 

The use of simulation programs in blending management processes sludge in future 

studies encourages technological advancement and innovation, thereby enhancing resource 

efficiency and providing innovative and sustainable solutions in agriculture and the 

environment. Additionally, this reduces costs associated with materials and equipment 

needed for real-field experiments.   

Lastly, the Ministry of Agriculture should promote the adoption of composting among 

farmers to enhance soil properties and explain the impacts of using fresh manure or 

excessive amounts of chemical fertilizers.   
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Appendices: 

 

Appendix A: Results of physical parameters 

 

The methods used for measuring and collecting the relevant physical parameters during 

the study period  

1. pH, EC Measurements 

pH, EC Measurements for Raw Materials 

Materials 
Sewage 

sludge 
Azolla (wet) 

Palm leave 

(Dry) 
Opuntia (Dry) 

Compost 

(standard) 

Azolla water  added soil 

pH 6.60 7.05 6.05 5.90 5.65 7.60 8.21 

EC (µs/cm) 1192 147 369 2.59ms 1137 2.21ms 101.97 

 

pH, EC Measurements for Samples 

Materials 

Exp.1  

(1sludge:1Azolla

:2Palm:10%soil) 

Exp.2  

(2sludge:1Azolla:

2Palm:10% soil) 

Exp.3 

(1sludge:2Azolla:

2Palm:10% soil) 

Exp.4  

(1sludge:3Palm:2 

Opuntia:10% soil) 

pH 7.24 7.18 7.5 8.44 

EC 

(µs/cm) 
337 260.3 343.3 344.6 

 

2. Measure Moisture content 

step1: weight  

Find the initial weight of the sample by weighing the sample before drying 

step2: Dry 

using furnace, Set parameters (temperature 40C, time 24hr) and dry sample 

step 3: calculate LOD 

Weigh the sample after drying and compare it to the initial weight to calculate the Loss on 

Drying. 

or using Precisa's Moisture Analyser devise for measuring moisture content 

M% = ((m1-m2)/m1) * 100% 
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Moisture content Measurements for Raw Materials 

Materials 
Sewage 

sludge 

Azolla 

(wet) 

Palm 

leave 

(Dry) 

Opuntia 

(Dry) 

Compost 

(standard) 

added 

soil 

Moisture 

content % 
16.53 88 14.4 12.95 11.11 1..2 

 

 

Moisture content Measurements for Samples 

Materials 
Exp.1  

(1sludge:1Azolla: 

2Palm:10%soil) 

Exp.2  

(2sludge:1Azolla: 

2Palm:10% soil) 

Exp.3 

(1sludge:2Azolla: 

2Palm:10% soil) 

Exp.4  

(1sludge:3Palm

:2 Opuntia:10% 

soil) 

Moisture 

content % 
34.5 27.5 21.2 22.5 
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Appendix B: Results of chemical parameters 

 

The methods used for measuring and collecting the relevant chemical parameters during 

the study period 

 

1. The determination of Na+ and K+ by Flame photometric. 

Sample preparation 

The sample should be liquid, if it solid it is undergoes a digestion to convert it to 

liquid. Also, it 

should be pure, if not filtrate it by using 0.25 or 0.45μm Millipore filter. Finally, if it 

has a high 

concentration, it should be diluted. 

Stock Solution Preparation 

 

- If we don’t have a 1000ppm Na or K standards, we can prepare it from nay salt. 

Ex. Prepare 1000ppm Na stock solution from NaCl: 

ppm = 1mg/ L, 1000ppm = 1 g/L 

1g Na * 1mole Na * 1mol NaCl * 58.5g NaCl = 2.54g NaCl, 

23g Na 1mol Na 1 mole NaCl 

So, weight 2.54g NaCl and dissolve in 100 ml D.W, and transfer it to 1000ml V.F and 

complete 

With D.W to the mark. 

Standard Preparation 

- Prepare 100ppm from stock solution in 100ml V.F for both sodium and potassium: 

 

M 1 V 1 = M 2 V 2 

 

1000ppm * V 1 = 100ppm * 100ml 

V 1 = 10ml 

Dilute 10ml of the 1000ppm stock solution to 100ml with D.W 
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- Prepare 1, 5, 10, 20 and 40ppm standard in 25ml V.F for both sodium and potassium 

as in above eq. 

Procedure 

1) Turn on the flame photometer instrument 

2) Turn on the fuel 

3) Ignite the flame by pressing on the ignition button on the front and let it stabilized 

for few min. 

4) Select the appropriation filter by switching to the alkali element (Na or K) 

5) Aspirate a blank and zero the instrument 

6) Aspirate the standards and set the display reading accordingly using the fine and 

course sensitivity controls 

7) Aspiration the pre-diluted samples, where it sucked up through a tube and mixed 

with air and a fuel. As it burns light is emitted the light is focused by a lens and then 

passes through a filter to be detected and then note the reading. 

8) Shut down: aspirate distilled water for (10min), turn off the fuel supplies then turn 

off the power switch.
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1.1   Na+ 

 Na+  Measurements for Raw Materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials Sewage 

sludge 

Azolla (Dry) Azolla (wet) Wood 

chips 

Palm leave 

(Dry) 

Opuntia (Dry) Compost 

(standard) 

added soil 

EC (µs/cm) 1192 6.68ms 147 462 369 2.59ms 1137 101.97 

Wt. Sample 

(g) 

5.01 2.00 5.03 5.00 5.00 4.94 5.01 5..1 

V ml 50 50 50 50 50 50 50 5. 

nm 48.7 37.3 11.4 10.8 30.8 8.8 57.3 11.6 

Mg/l 10.26 7.85 2.40 2.27 6.49 1.75 12.07 2..2 

Mg/l * D:F 102.6* 785.49** 24.01* 22.74* 64.86* 1.75 120.67* 2..2 

Na g/Kg 1.02 19.64 0.24 0.23 0.65 0.02 1.20 ...2 
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Na+  Measurements for Samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials 
Exp.1  

(1sludge:1Azolla:2Pal

m:10%soil) 

Exp.2  

(2sludge:1Azolla:2Palm

:10% soil) 

Exp.3 

(1sludge:2Azolla:2Pal

m:10% soil) 

Exp.4  

(1sludge:3Palm:2 

Opuntia:10% soil) 
EC 

(µs/cm) 337 260.3 343.3 344.6 

Wt. 

Sample 

(g) 

5.01 5.2 5.00 5.01 

V ml 50 50 50 50 

nm 71.1 52.5 93 27.5 

Mg/l 12.89 9.52 16.86 4.99 

Mg/l * 

D:F 
128.9* 95.18* 168.61* 49.86* 

Na g/Kg 1.29 0.95 1.69 0.50 
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1.2  K+: 

K+  Measurements for Raw Materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials Sewage 

sludge 

Azolla (Dry) Azolla (wet) Wood 

chips 

Palm leave 

(Dry) 

Opuntia (Dry) Compost 

(standard) 

added soil 

Wt. Sample 

(g) 

5.01 2.00 5.03 5.00 5.00 4.94 5.01 5..1 

V ml 50 50 50 50 50 50 50 5. 

nm 68.4 139.1 48.1 76.2 46.9 91.1 69.75 12.2 

Mg/l 4.95 10.07 3.48 5.52 3.40 6.60 5.05 ..55 

Mg/l * D:F 49.54* 1007.39** 34.83* 55.19* 339.66** 6597.62*** 505.14** 5.41* 

K+ g/Kg 0.50 25.18 0.35 0.55 3.40 66.78 5.05 ...5 
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K+  Measurements for Samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials Exp.1  

(1sludge:1Azolla:2P

alm:10%soil) 

Exp.2  

(2sludge:1Azolla:2Pal

m:10% soil) 

Exp.3 

(1sludge:2Azolla:2Palm

:10% soil) 

Exp.4  

(1sludge:3Palm:2 

Opuntia:10% soil) 
Wt. 

Sample 

(g) 

5.01 5.03 5.00 5.00 

V ml 50 50 50 50 

nm 68.4 139.1 48.1 76.2 

Mg/l 4.95 10.07 3.48 5.52 

Mg/l * 

D:F 

49.54* 1007.39** 34.83* 55.19* 

K+ g/Kg 0.50 25.18 0.35 0.55 
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2.  Total nitrogen was determined by analyzing the organic and ammonia 

nitrogen using the Kjeldahl method. 

DIGESTION 

1- Weigh approx. 0.5 g of the homogenized sample. for ( sludge, Azolla, Palm leaves, 

cactus, wood chips) 

2- Place the sample into a digestion flask. 

3- Add 2 Kjeldahl tablets of 5 g of the Missouri catalyst, 20 mL Sulfuric Acid 98%, and 

homogenize gently 

4- Place the mixture into the digestion/heating block. 

5-  Heat the mixture (350 – 380 o C) until white fumes and continue heating approx. 3 h. 

6- The vapors of water and sulfuric acid are bubbled through a solution of sodium 

hydroxide (scrubber) to neutralize them. 

7- The digestion is finished when the sample turns clear with a slightly blue color. 

8- Allow to cool and carefully add about 100 mL of water. 

9- Transfer the sample to the distillation unit.  

 

DISTILLATION 

1. Sample already digested with sulfuric acid 98% 

2. 50 mL of NaOH 50% are added in excess to neutralize the acidic digestion mixture and 

to convert NH4+ into NH3 (alkaline solution). 

3. A stream of water vapor is bubbled into the sample to entrain the NH3 formed. 

4. NH3 is condensed. 

5. NH3 is captured in 50 mL of boric acid solution 4% with Tashiro’s indicator. The 

solution will turn from red-violet to green (pH 4.4-5.8). Around 150 mL of condensate is 

collected in the boric acid solution. 

 

TITRATION 

1- Titrate with HCl 0.25 mol/L until the solution becomes slightly violet. 

2- Use the volume and concentration of HCl consumed to calculate the nitrogen content 

and then the % of protein in the sample.
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TN Measurements for Raw Materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials 
Sewage 

sludge 
Azolla (Dry)  Azolla (wet)  

Wood 

chips 

Palm leave 

(Dry)  
Opuntia (Dry)  

Compost 

(standard)* 

added soil 

Wt. Sample 

(g) 
0.501 0.501 0.500 0.503 0.500 0.501 0.500 

0.50 

abs 0.637 0.606 0.169 0.500 0.167 0.166 0.193 0.111 

Abs after D.F 0.101* 0.103* 0.169 0.068* 0.167 0.166 0.193 0.111 

Mg/l 26.58 27.11 44.47 21.58 43.95 43.68 50.79 2.466 

mg/l*D.F 132.89 135.53 44.47 107.89 43.95 43.68 50.79 2.466 

TN(g/kg) 15.95 16.26 5.34 12.95 5.27 5.24 6.09 0.296 

TN % 1.59 1.62 0.53 1.29 0.52 0.52 0.60 0.0296 



58 

 

TN Measurements for Samples 

 

 

 

 

 

 

 

 

 

 

TN (g/kg) = (N-ppm * V *D.F) / (Wt * 1000) 

 

 

 

Materials 
Exp.1  

(1sludge:1Azolla:2P

alm:10%soil) 

Exp.2  

(2sludge:1Azolla:2P

alm:10% soil) 

Exp.3 

(1sludge:2Azolla:2P

alm:10% soil) 

Exp.4  (1sludge:3Palm:2 

Opuntia:10% soil) 

Wt. Sample 

(g) 
0.501 0.501 0.500 0.503 

abs 1.26 1..12 1.48 1.25 

Mg/l 2..44 24.21 22.88 26.66 

TN(g/kg) 2.15 2.11 2.14 2.22 

TN % 0.93 0.73 1.05 0.82 
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3. Organic carbon  

Walkley-Black chromic acid wet oxidation method 

1. Determine the moisture content of the air-dry soil which has been ground to pass 

a 0.42 mm sieve.  

 Weigh accurately enough soil to contain between 10 mg and 20 mg of carbon into 

a dry-tared 250 mL conical flask (between 0.5 g and 1 g for material).  

2. Accurately add 10 mL 1 N K2Cr2O7 and swirl the flask gently to disperse the 

soil in the solution. Add 20 mL concentrated H2SO4, directing the stream into the 

suspension. 

Immediately swirl the flask until the soil and the reagent are mixed. Insert a 200 °C 

thermometer and heat while swirling the flask and the contents on a hot plate or 

over a gas burner and gauze until the temperature reaches 135 °C (approximately 

½ minute). (. heat must be removed when the digesting solution reaches 135° C as 

the dichromate thermally decomposes at 150 °C causing significant errors.) 

3. Set aside to cool slowly on an asbestos sheet in a fume cupboard. Two blanks 

must be run in the same way to standardize the FeSO4 solution. 

4. When cool (20–30 minutes), dilute to 200 mL with deionized water and proceed 

with the FeSO4 titration using either the "ferroin" indicator  

 

5- "Ferroin" Titration: Add 10 or 15 drops of Ferroin indicator and titrate with 0.5 

N FeSO4. As the end point is approached, the solution takes on a greenish color 

and then changes to a dark green. At this point, add the ferrous sulfate drop-by-

drop until the color changes sharply from blue-green to reddish-grey. (Some 

matrials adsorb the "Ferroin" indicator and it might be necessary to filter using a 

rapid filter paper.). If the end point is overshot, add 0.5 or 1.0 mL of 1 N K2Cr2O7 

and reapproach the end point drop-by-drop. Correct for the extra volume added. If 

over 8 mL of the 10 mL dichromate has been consumed, the determination must be 

repeated with a smaller soil sample. 

 

M=10/ Vblank 

O.O.C %= ((Vblank-Vsample)*0.3*M)/Wt 

TOC% = 1.334 * OOC% 

OM%= 1.724 * TOC%
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TOC Measurements for Raw Materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials 
Sewage 

sludge 

Azolla 

(Dry) 
Azolla (wet) 

Wood 

chips 

Palm leave 

(Dry) 
Opuntia (Dry) 

Compost 

(standard) 

added soil 

Wt. Sample (g)  0.11 0.106 1.02 0.5 0.055 0.501 0.103 0.58 

V blank ml 20.9 20.9 20.9 20.9 20.9 20.9 20.9 20.5 

V sample ml 10.3 7.5 11.4 5.3 11.8 8.5 9.9 15.4 

O.O.C % 13.87 18.20 1.34 4.49 23.82 3.56 15.37 1.292 

TOC % 18.51 24.28 1.79 5.99 31.78 4.75 20.51 1.724 

O.M % 31.91 41.86 3.08 10.33 54.79 8.19 35.36 2.972 
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TOC Measurements for Samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Temp Room 23c              

 

 

Materials 

Exp.1  

(1sludge:1Azoll

a:2Palm:10%soi

l) 

Exp.2  

(2sludge:1

Azolla:2P

alm:10% 

soil) 

Exp.3 

(1sludge:2Azolla:2Pa

lm:10% soil) 

Exp.4  

(1sludge:3Palm:2 

Opuntia:10% 

soil) 

Wt. Sample 

(g)  
0.145 0.121 ..118 ..112 

V blank ml 20.5 20.5 20.5 20.5 

V sample ml 8.1 8.4 8. 12.8 

O.O.C % 12.56 14.11 1..12 1...1 

TOC % 60.60 68.83 64.41 63.30 

O.M % 28.11 22.41 25.15 22..2 
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4.  Determination of phosphorus 

Samples must be prepared according to (SOP-W-003), (SOP-P-002) AND(SOP-5-002) 

1-Pipet aliquots containing 1 to 20mg of orthophosphate into a 25-ml volumetric flask 

(usually 5mI),  

2. Add distilled water to make the volume to 20 mI. 

3. Add 4 ml of reagent B. 

4. Make to volume with distilled water and mix. The color is stable for 24 hours, the 

maximum intensity is obtained in 10 min. 

5- Prepare a blank with distilled H₂O and 4 mI of reagent  . 

6-Calibrate the method using standard P solution in the same manner as above 

7- Leave samples to stand for 1.5 hours in summer. 2 hours in winter 

8-Measure the absorbance at 882nm. 

9-Prepare standard curve for phosphorus from KH2PO4 (cat #P0662) from 1, 2.3.4.5.10, 

ppm. 

For mass analysis into a 2-ml cuvette: 

1- 0.4 ml of the sample, 0.32 mi reagent B. 1.28 ml D.H2O into the Cuvette 

2- Shake it well, and leave it for 1.5 2 hours 

3- Measure the absorbance at 882 nm. 

4- Apply a standard curve for 1. 2. 3. 4. 5, 10, 20 ppm. 
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PO4 Measurements for Raw Materials 

 

 

 

 

 

 

 

 

 

 

*D.F (1:10) 

 

 

 

 

 

 

Materials Sewage 

sludge 

Azolla (Dry) Azolla (wet) Wood 

chips 

Palm leave 

(Dry) 

Opuntia (Dry) Compost 

(standard) 

added soil 

Wt. Sample (g) –

/50ml D.W 

5.02 2.99 5.02 5.06 1.2 5.00 5.01 0.5 

Abs at(882nm) 0.247 1.9 0.038 0.605 0.103 0.089 0.316 0.004 

P mg/l 3.259 25.07 0.50 7.98 1.36 1.174 4.17 0.201 

P mg/l * D.F *32.59 25.07 0.50 7.98 1.36 *11.74 4.17 0.201 

P  g/Kg 0.324 0.419 0.005 0.078 0.056 0.117 0.041 0.0201 
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PO4 Measurements for Samples  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials 
Exp.1  

(1sludge:1Azolla:2Palm:

10%soil) 

Exp.2  

(2sludge:1Azolla:2Palm:10% 

soil) 

Exp.3 

(1sludge:2Azolla:2Palm:

10% soil) 

Exp.4  

(1sludge:3Palm:2 

Opuntia:10% soil) 

Wt. Sample (g) –

/50ml D.W 

..5 ..5 ..5 ..5 

Abs at(882nm) 0...6 ...2 0.011 0..26 

P mg/l ..251 1.5. ..8. 1.25 

P  g/Kg 0..25 0.15 0.08. 0.125 
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5. Humic Acid Determination in some materials by UV-Vis Spectroscopy 

Modified Method: 

 

1- The Humic Acid pure sample was taken as reference material. 

 2- 3.6 g of Humic Acid pure was weighed for calibration curve construction. 

 3- Diluted into 50 ml of 0.5M NaOH solution. 

4- The solution was transferred in two falcon tubes and shaken for 1.5 hrs. 

5- Centrifuged at 2000 rpm for 20 min. 

6- Each solution was decanted in another tube, and 5 ml of 1% NaOH solution was 

pipetted on the residue in the original tube and centrifuged.  

7- The first supernatant was decanted on the original one for each tube. 

8- (0, 0.1, 0.2, 0.4, 0.6, 0.8) % W/V solutions from the above solution in a 50ml 

volumetric flask (sample dilution was by distilled water). 

9- A dilution of 1:100 was prepared for each of the above solutions.  

10- The absorbance was measured at 450 nm. using UV-Vis Spectroscopy device.  

11- This procedure was repeated for the material test in the same method. 

(Ilham Shamia et al, 2017) 

 

Humic Acid Measurements for Raw Materials 

 

 

 

 

 

 

 

 

 

**D.F (1:100) 

 

Materials Sewage sludge Compost 

(standard) 

Wt. Sample (g) /50ml NaOH 0.5 5 5 

Abs at(450nm) 0.62 0.057 

Humic Acid mg/l 0.418 0.0381 

Humic Acid mg/l * D.F **41.87 **3.816 

Humic Acid  g/Kg 0.418 0.0384 
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Humic Acid Measurements for Samples 

Materials 

Exp.1  

(1sludge:1Azolla:2Pa

lm:10%soil) 

Exp.2  

(2sludge:1Azolla:2

Palm:10% soil) 

Exp.3 

(1sludge:2Azolla:2

Palm:10% soil) 

Exp.4  

(1sludge:3

Palm:2 

Opuntia:10

% soil) 

Wt. Sample (g) /50ml 

NaOH 0.5 10 10 10 10 

Abs at(450nm) 0.1676 0.1607 0.171 0.1202 

Humic Acid mg/l 0.235 0.226 0.240 0.169 

Humic Acid mg/l * D.F 2.358 2.261 2.406 1.691 

Humic Acid  g/Kg 0.0235 0.0226 0.0240 0.0169 

     

Abs at(465nm) E4 0.1342 0.1323 0.1382 0.0968 

Humic Acid mg/l 0.2124 0.2094 0.2188 0.1532 

Humic Acid mg/l * D.F 2.1247 2.0946 2.1880 1.5326 

Humic Acid  g/Kg 0.0212 0.0209 0.0218 0.0153 

     

Abs at(665nm) E6 0.0137 0.0138 0.0147 0.0099 

Humic Acid mg/l 0.1298 0.1308 0.1393 0.0938 

Humic Acid mg/l * D.F 1.2985 1.3080 1.3933 0.9383 

Humic Acid  g/Kg 0.0129 0.013 0.013 0.009 

     

E4/E6  Maturation 

Degree 
1.63 1.60 1.57 1.63 

*D.F (1:10) 
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6.   Mg+ And Ca+: 

6.1 Mg+: 

Procedure: 

 25 ml sample 

 25 ml D.W 

 2 ml of Ammonium buffer 

 1-2 drops of Erichrome blake T indicator 

 Titrate with 0.01N EDTA 

 Shake continuously and keep titration slowly when you are reaching the end 

 point as color will change slowly from purple to blue. 

 

Calculations: 

V Mg = V TH - V Ca 

Where: 

V TH : volume of EDTA required for total titration 

V Ca: volume of EDTA required for Ca titration 

Mg mg/L= (A*N*1000*C)/B 

A: volume of EDTA required for Mg titration 

N: Normality of EDTA 

C: Equivalent weight of Mg= 12.15 

B: Volume of sample 
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Mg+ Measurements for Raw Materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials 
Sewage 

sludge 

Azolla 

(Dry) 
Azolla (wet) 

Wood 

chips 

Palm leave 

(Dry) 
Opuntia (Dry) 

Compost 

(standard) 

added soil 

Wt. Sample (g)  5.01 2.00 5.03 5.00 5.00 4.94 5.01 5.01 

A: V Titration ml 2.3 5.2 1.2 0.7 30 25.2 1.6 0.3 

B: V sample ml 5 5 5 2.5 5 5 5 10 

N of EDTA 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.1 

Mg+ mg/L 55.89 126.36 29.16 34.02 729 612.36 38.88 36.45 

Mg+  g/Kg 0.558 3.159 0.291 0.340 7.29 6.123 0.388 0.364 
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Mg+ Measurements for Samples 

Materials 
Exp.1  

(1sludge:1Azolla:2Palm:10%soil) 

Exp.2  

(2sludge:1Azolla:2Palm:10% 

soil) 

Exp.3 

(1sludge:2Azolla:2Palm:10% 

soil) 

Exp.4  

(1sludge:3Palm:2 

Opuntia:10% 

soil) 

Wt. 

Sample 

(g)  

5.01 5.03 5.03 5.01 

A: V 

Titration ml 
1.1 0.4 0.4 0.5 

B: V 

sample 

ml 

10 10 7 10 

N of 

EDTA 
0.1 0.1 0.1 0.1 

Mg+ 

mg/L 
133.65 48.6 69.4286 60.75 

Mg+  

g/Kg 
1.334 0.483 0.690 0.606 
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6.2 Ca+: 

Procedure: 

 

 25 ml sample 

 25 ml D.W 

 2 ml of 2N NaOH 

 2-3 drops of Murexide Pink indicator. 

 Titrate with 0.01N EDTA 

 Shake continuously and keep titration slowly when you are reaching the end 

 point as color will change slowly from purple to blue. 

 

Calculations: 

Ca mg/L= (A*N*1000*C)/B 

A: volume of EDTA required for Ca titration 

N: Normality of EDTA 

C: Equivalent weight of Ca = 20.04 

B: Volume of sample 

 

 

 



71 

 

 

Ca+ Measurements for Raw Materials 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Materials 
Sewage 

sludge 

Azolla 

(Dry) 
Azolla (wet) 

Wood 

chips 

Palm leave 

(Dry) 
Opuntia (Dry) 

Compost 

(standard) 

added soil 

Wt. Sample (g)  5.01 2.00 5.03 5.00 5.00 4.94 5.01 5.01 

A: V Titration ml 1.5 1.9 0.7 0.4 16.5 52 0.5 1 

B: V sample ml 5 5 5 2.5 5 5 5 10 

N of EDTA 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Ca+ mg/L 60.12 76.152 28.056 32.064 661.32 2084.16 20.04 20.04 

Ca+  g/Kg 0.600 1.904 0.279 0.321 6.613 21.095 0.200 0.200 
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Ca+ Measurements for Samples 

Materials 

Exp.1  

(1sludge:1Azolla:2Palm:

10%soil) 

Exp.2  

(2sludge:1Azolla:2Pa

lm:10% soil) 

Exp.3 

(1sludge:2Azolla:2

Palm:10% soil) 

Exp.4  

(1sludge:3Pal

m:2 

Opuntia:10% 

soil) 

Wt. Sample 

(g)  
5.01 5.03 5.03 5.01 

A: V Titration 

ml 
1.6 0.7 0.4 1.4 

B: V 

sample ml 
10 10 10 10 

N of EDTA 0.01 0.01 0.01 0.01 

Ca+ mg/L 32.064 14.028 8.016 28.056 

Ca+  g/Kg 0.320 0.139 0.080 0.280 
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7.  SAR :  

SAR= Na
+
/ √ Mg

+2
 + Ca

+2
 /2) 

SAR Calculate for Raw Materials 

 Sewage 

sludge 

Azolla 

(Dry) 

Azolla 

(wet) 

Wood 

chips 

Palm 

leave 

(Dry) 

Opuntia 

(Dry) 

Compost 

Materials (standard) 

EC 

(µs/cm) 
1192 6.68ms 147 462 369 2.59ms 1137 

Na+ 

mg/l 
10.25 19.64 0.24 0.23 0.65 0.02 1.2 

Na+ 

mequ/l 
0.4458 0.8542 0.0104 0.01 0.0282 0.0008 0.0522 

Ca+2  

mg/l 
0.601 0.761 0.28 0.32 6.62 21.09 0.2 

Ca+2  

mequ/l 
0.0599 0.0759 0.0279 0.0319 0.6606 2.1047 0.0199 

Mg+2  

mg/l 
0.558 3.159 0.291 0.34 7.29 6.123 0.388 

Mg+2  

mequ/l 
0.0917 0.5195 0.0478 0.0559 1.1990 1.0070 0.0638 

SAR 1.619 1.566 0.054 0.048 0.029 0.001 0.255 
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SAR Calculation of samples 

Materials 
Mix1  

(1sludge:1Azolla:2Palm:10%soil) 

Mix2  

(2sludge:1Azolla:2Palm:10% 

soil) 

Mix3 

(1sludge:2Azolla:2Palm:10% 

soil) 

Mix4  

(1sludge:3Palm:2 

Opuntia:10% soil) 

EC 

(µs/cm) 
337 260.3 343.3 344.6 

Na mg/l 128.9 95.18 168.6 49.85 

Na 

mequ/l 
5.606785559 4.140060896 7.333623314 2.168334058 

Ca+2  

mg/l 
32.064 14.028 8.016 28.056 

Ca+2  

mequ/l 
3.2 1.4 0.8 2.8 

Mg+2  

mg/l 
133.65 48.6 69.42857143 60.75 

Mg+2  

mequ/l 
21.98190789 7.993421053 11.41917293 9.991776316 

SAR 1.580 1.910 2.967 0.857 
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8. Heavy Metals  

 

Heavy Metals Calculation of samples 

samples zink  cadmium silver lead copper chromium 

Sludge(mg/l) 0.950 0 0.399 0.989 0.410 0.078 

mg/kg 63.330 0 26.600 65.93 27.33 5.200 

S1(mg/l) 0.340 0 0.355 0.873 0.245 0.058 

mg/kg 22.666 0 23.666 58.200 16.333 3.866 

S2(mg/l) 0.453 0 0.351 0.818 0.179 0.058 

mg/kg 30.200 0 23.400 54.533 11.933 3.866 

S4(mg/l) 0.171 0 0.399 0.799 0.115 0.075 

mg/kg 11.400 0 26.600 53.266 7.666 5.000 
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AppendixC:
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 تحويل حمأة الصرف الصحي إلى سماد زراعي

 محطة معالجة مياه الصرف الصحي في أريحا: الحالة الدراسية

  ارا  مرام جادالله: اعداد

 جواد حسن شقير. د: اشراف

 :الملخص

يمكن أن تسبب . طنًا من الحمأة سنويًا في فلسطين 1418هناك زيادة سريعة في منتجات الحمأة، حيث يتم إاتاج حوالي 

الحمأة مشاكل بيئية وصحية إذا لم تتم إدا تها بشكل صحيح، بما في ذلك تلوث المياه السطحية والجوفية، واابعاث 

ئح الكريهة، وااتقال الأمراض والميكروبات الضا ة، وتأثيرات على النظم البيئية، بالإضافة إلى التداعيات الروا

كاات الأهداف الرئيسية لهذه الد اسة تقييم  ،غياب الحلول طويلة المدى للوضع الخطير في فلسطين وبسبب. الاقترادية

 . مل مختلفة وتحديد أفضل تركيبة فعالةإمكااية تحضير السماد العضوي من الحمأة باستخدام عوا

باستخدام خليط من حمأة الررف ( 4، التجربة 2، التجربة 2، التجربة 1التجربة ) سمادتم إجراء أ بع تجا ب لل

حيث تم اقتراح أو اق النخيل كحل لمشكلة بيئية أخرى . الرحي والتربة والأزولا وأو اق النخيل في جميع التجا ب

بالإضافة إلى ذلك، تمت إضافة الأزولا لأاها . ي الذي تسببه لمدينة أ يحا وصعوبة التخلص منهابسبب الضر  البيئ

، 4في التجربة  .تحتوي على عناصر غذائية مهمة تساعد النباتات على النمو، مثل البروتينات والفيتامينات والمعادن

ستخدام اسب متفاوتة من حمأة الررف الرحي وقد تم ا. تمت إضافة الربا  إلى الخليط السابق بدلاً من الأزولا

على أساس  طب بمحتوى  طوبة )والأزولا ( ٪5-14على أساس جاف إلى محتوى  طوبة )وأو اق النخيل والربا  

تكمن الأهمية الغذائية لنبات الربا  في قد ته على تحسين جودة التربة ودعم امو النبات، والذي حيث (. 88-8٪

بنية التربة، وتوفير العناصر الغذائية، وتحسين التهوية، والحماية من الأكسدة، وزيادة كفاءة  يتضمن فوائد مثل تحسين

 .قاستخدام المياه في ظروف الرياح المفتوحة والهواء الطل

تم مراقبة عملية التحضير . يعتمد هذا البحث على منهجية تحليلية صا مة تد س جميع العناصر اللازمة بشكل منهجي 

، والموصلية الكهربائية، pH حيث د جة الحرا ة ومحتوى الرطوبة، في حين تم تقييم المادة العضوية، والـ للسماد من

أظهرت اتائج تقييم المعايير التشغيلية أن أعلى مستويات تحلل المادة العضوية و. بعد عملية التحضير C/N واسبة

( أشهر 2)، وفترة التحضير (د جة مئوية 44)، ود جة الحرا ة C/N (1/25.8) ، واسبةpH (7.18) ، و%(22.5)

أيضًا اجاحًا من  4والتجربة  1بالإضافة إلى ذلك، أظهرت خلطات التجربة . 2تم تحقيقها باستخدام الخليط في التجربة 

 C/N (1/25) .، واسبةpH 5-8.5، %35 <المادة العضوية )حيث هذه المعايير التشغيلية وفقًا للمواصفات الفلسطينية 

يعد استخدام حمأة الررف الرحي في إجراءات التسميد أمرًا مهمًا لإدا ة النفايات الز اعية وفعالية التكلفة وكفاءة 

وينطبق هذا بشكل خاص على أو اق النخيل أيضًا، والتي لم يتم استغلالها بشكل كافٍ في السابق كسماد ولكنها . العملية

 .في هذه الد اسةأظهرت اتائج مشجعة 

ً في زيادة النمو والإابات وطول الساق وكثافة الجذو  2في التجربة  أن الخليط ت النتيجةوكاا  . كان الأكثر اجاحا

تعكس هذه النتائج تأثير المكواات المختلفة . ة الأولىثم التجرب. فعاليةمن حيث الوكاات التجربة الرابعة هي التالية 

حظة أن النتائج في هذه الد اسة مستمدة من التجا ب العملية، مما من المهم ملاو. على امو النباتات وتطو ها سمادلل

 .مرداقية النتائجمن يعزز 

 

 


