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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
asummary 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 (B. Diez, 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



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
2



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:

e Is there an optimal solution to Palestine's problems of Sewage Sludge it uses
safety?

e Which operational parameter will influence compost duration and finished product
quality?
e Which optimal mixture produces the highest quality of finished product?

e Will sewage sludge have an impact on the composting process and finished
product?

e 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:

e Analysis of Sewage Sludge

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

e Monitor the composting process by measuring physical, chemical, and
biological parameter

e Examine the quality of the compost at its various phases and compare it with
Palestinian composting standards.



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.



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 3x*
*unit /g

** hacillus/ 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



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



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
0.5t01.5mg O, g ' OM h™' are deemed stable, while values exceeding 1.5 mg O, g ' OM
h™' 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).



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 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
(iti) 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 commaodity, 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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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°5023 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 3.3: The drying beds of the sludge at IWWWTP
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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)

Study area Jericho

Location 8.7 km North Dead Sea
Altitude 260 m sea level

Mean annual rainfall 166 mm

Average annual temperature 39.6°C

Average annual humidity 55%

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*\day
(Municipality, 2024).

The daily return sludge flow has been operated manually and is in good condition with
1,700m*/day of volume on the current inflow condition.
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A single sludge treatment process is applied to around 1,000 m* 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 pm Millipore membrane filters and the filters were incubated for 24 h at 370 C for
TC and 44.50 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:
e ferric sulfate solution (FeSO4)
e digesting solution (K2Cr207, H2S04)
e sulfuric acid reagent (H2SO4)
e potassium nitrate (KNO3)
e Hydrochloric acid solution HCI (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) / QL(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).

Sewage Sludge
( Source of
Humic Acid)

Palm Leaves
( Source of
carbon)

Azolla ( Source
Nitrogen)

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.

. . Method of Time of Compostin
Experiments Waste Mixture (Kg) composting Process (Mopnths) g
Sewage sludge + palm leaves+ Azolla Open air turned wind
Exp. 1 P o 33
1:2:1 W
Sewage sludge + palm leaves+ Azolla Open air turned wind
Exp. 2 3
1:1:0.5 rows
Sewage sludge + palm leaves+ Azolla Open air turned wind
Exp. 3 P s 6.3
0.5:1:1 W
Sewage sludge + palm leaves+ Opuntia Open air turned wind
Exp. 4 . 3
1:3:2 rows

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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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) = Y 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.

Parameter Sewage sludge Azolla (wet) Pal(nsrls)a ve O(%Jrr;t)ia (er:dp;:) aggield

EC (uS/cm) 1192 147 369 2.59ms 1137 101.97
pH 6.60 7.05 6.05 5.90 5.65 8.21

MOI%ZURE 16.53 88 14.4 12.95 11.11 10.3

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.
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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

24



1.8

1.6

14
1.2
1
0.8
0.6
0.4
0.2
0 —

Sewage sludge  Azolla (wet) Palm leave (Dry) Opuntia (Dry) added soil

Concentration %

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)

0.45
0.4
0.35
0.3

0.25

Humic Acid g/Kg

Sewage sludge

Figure 4.4: The concentration of humic acid (g/kg) for sewage sludge from Jericho
WWTP
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41.25SAR:

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

Table 4.2: SAR Calculation of Raw Materials

Sewage | Azolla Azolla | Wood IF;ZIVrE Opuntia Compost added soil
Materials | Sludge | (Dry) (wet) chips (Dry) (©ry) (standard)
SAR 13.465 | 14.029 0.449 0.400 0.246 0.005 2.213 0.066

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).
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Table 4.3: known weight of the Exp. according to C: N ratio

Sewage Azolla Palm leave Opuntia
sludge (wet) (Dry) (Dry)
Materials
Moisture 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

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).
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Table 4.4: A spreadsheet to track the various parameters
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Exp. | 25.2 | 27.5 | 29.1 | 326 | 39 43 40.9 | 37.1 | 36.7 | 295 | 25.7 | 26.7 | 26.4 | 26.9 | 25.2 | mature

—
o 1
-rgn Exp. | 26.7 | 276 | 27.3 | 31.1 | 33.1 | 356 | 40.6 | 434 | 40.1 | 36.4 | 33.7 | 305 | 26 254 | 25 mature
3 2
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_E: Exp. | 255 | 285 | 28 36.2 | 423 | 438 | 405 | 38.1 | 359 | 338 | 30.8 | 29 27.1 | 26.2 | 26.3 | 26.6-
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Exp. | 30.2 | 329 | 38.8 | 42 413 | 423 | 383 | 36.8 | 357 | 344 | 319 | 296 | 223 | 19.2 | 17.9 | mature
4
o 15°-40° 40°-65° 15°-40° Ambient temperature
@
Qo
° o
S
=}
- | Exp. | 348 | 324 | 291 | 385 | 39.8 | 39.2 | 333 | 355 | 425 | 405 | 374 | 315 | 29.9 | 333 | 32.9 | mature
c 1
% Exp. | 36.8 | 36.1 | 40.9 | 35 369 | 34 325 | 317 | 315 | 30.1 | 36.2 | 335 | 33.2 | 36.9 | 30.6 | mature
g 2

Exp. | 31.2 | 40.2 | 37 319 | 308 | 347 | 322 | 388 | 369 | 32 347 | 40.2 | 329 | 36 32.8 | 33.3-
3 29.9

Exp. | 29.7 | 345 | 31 324 | 315 | 325 | 31 327 | 33.7 | 344 | 348 | 357 | 327 | 35 29.6 | mature

~

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

Anpiuny Joy

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).
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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.
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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).
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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 °C, water content in %, and Water quantity in liter (according to
the measurements).

Experiments | Monthl Month2 Month3 Month4 Month 5-7
P Exp. 1 28.6 40 29.65 26.1 mature
3
2 Exp. 2 28.2 38.2 35.2 25.5 mature
QD
§ Exp. 3 29.5 41.1 324 26.5 25-21
@
Exp. 4 36 39.7 329 19.8 mature
Refgf mp 15°-40° 40°-65° 15°-40° Ambient temperature
< T Exp. 1 33.7 37 38 32 mature
g 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 31.9 319 34.7 32.4 mature
Ref . - . .
humidity Variable depended on the humidity of input material (30%-60%)
?, Exp. 1 12 6 75 6.5 mature
§ Exp. 2 12 5 75 7 mature
c
El Exp. 3 14 6.5 55 55 +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.

. . Remainin Decomposed %
Pan No. Initial Weight weight ) Weightp 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

ACCORDING Compost
TO (PSI, sludge Facility
use of treated Operator
Parameter Exp. 1 Exp. 2 Exp. 3 Exp.4 sludge and Manual
sludge disposal, | (Geesing,
2010) 2009)
EC (us/cm) 337 260.3 3433 344.6
PH 7.24 7.18 7.5 8.44 5-8.5 45-85
MOISTURE | 34 275 22.0 325 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).
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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).

TN
0.45 ~
0.4 4
0.35 A
X
c 0.3 A
.°
w® 0.25 -
2
S 0.2 4
£ 0.15 -
8 .
0.1 4
0.05 A
0 .
Exp. 1 Exp. 2 Exp. 3 Exp. 4

Experiments

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

ACCORDING Compost
TO (PSI, np

Parameter Exp. 1 Exp. 2 Exp. 3 Exp.4 | Sludge use of (F)acellgér

- - - . treated sludge P

and sludge Manugl
disposal, 2010) (Geesing, 2009)
MIN 35

OM% 28.9 32.46 25.15 23.04 >20%
MIN25

TOC% 16.76 18.83 14.59 13.36

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+/ V(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)

units Result Limits Limits of
of | compost(PSI,
Sludge | Exp.1| Exp.2 | Exp.4 sludge 2019)
(PSI,
Lime 2010)
273 [16.33 | 11.9 | 7.66 Max Max 600
Copper Cu mg/kg 1500
Lead Pb 58.2 | 545 [53.26 | Max Max 300
mg/kg 65.93 300
Cadmium 0.00 | 0.00 | 0.00 |Max 40 Max 10
Cd mg/kg
0.00
Zinc Zn 63.33 |22.66 | 30.2 | 114 Max Max 2500
mg/kg 2800
Chromium 5.2 3.86 | 3.86 5.0 Max Max 200
mg/kg 900

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

Materials Compost
Total 49*100 60*1000 2*100 46*1000 100*3
coliform
fecal 0 0 0 0 0
coliform

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
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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

7

=N

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:

e Exp. 1: (1Sludge:1Azolla:2Palm:10%soil)
e EXp. 2: (2Sludge:1Azolla:2Palm:10% soil)
e EXxp. 3: (1Sludge:2Azolla:2Palm:10% soil)
e 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.

44



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 Azolla (wet) Palm leave Opuntia (Dry) compes Azolla water | added soil
sludge ©ry) (standard)
pH 6.60 7.05 6.05 5.90 5.65 7.60 8.21
EC (ps/cm) | 1192 147 369 2.59ms 1137 2.21ms 101.97
pH, EC Measurements for Samples
Exp.1 Exp.2 Exp.3 Exp.4
Materials | (1sludge:1Azolla | (2sludge:1Azolla: | (1sludge:2Azolla: | (1sludge:3Palm:2
:2Palm:10%soil) | 2Palm:10% soil) | 2Palm:10% soil) | Opuntia:10% soil)
pH 7.24 7.18 75 8.44
EC 337 260.3 34323 344.6
(us/cm)

2. Measure Moisture content

stepl: 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% = ((ml-mz)/ml) = 100%
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Moisture content Measurements for Raw Materials

. Sewage | Azolla Palm Opuntia Compost | 54ded
Materials lud t leave D i
sludge | (wet) ory) | ©OY) (standard) | SO
Moisture | 1653 | gg 14.4 12.95 11.11 10.3
content %

Moisture content Measurements for Samples

Exp.4
i Exp.1 Exp.2 Exp.3 :
Materials (1sludge:1Azolla: (2sludge:1Azolla: (1sludge:2Azolla: _(le‘CI)Udugnet'ig!Dgy
2Palm:10%soil) 2Palm:10% soil) 2Palm:10% soil) | psoil) -10%
Moisture
content % | 34> 27.5 21.2 225
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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 0.45um 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 200ml V.F for both sodium and potassium:

M1V1I=M2V2

1000ppm * V 1 = 100ppm * 100ml

V 1=10ml
Dilute 10ml of the 1000ppm stock solution to 100ml with D.W

50



- 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 | Azolla (Dry) | Azolla (wet) Wood Palm leave | Opuntia (Dry) Compost added soil
sludge chips (Dry)
(standard)
EC (us/cm) 1192 6.68ms 147 462 369 2.59ms 1137 101.97
Wt. Sample 5.01 2.00 5.03 5.00 5.00 4.94 5.01 5.01
(@)
VvV ml 50 50 50 50 50 50 50 50
nm 48.7 37.3 11.4 10.8 30.8 8.8 57.3 16.7
Mg/l 10.26 7.85 2.40 2.27 6.49 1.75 12.07 3.03
Mg/l * D:F 102.6* 785.49** 24.01* 22.74* 64.86* 1.75 120.67* 3.03
Na g/Kg 1.02 19.64 0.24 0.23 0.65 0.02 1.20 0.03
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Na+ Measurements for Samples

. Exp.1 Exp.2 Exp.3 Exp.4
Materials | 15ydge:1Azolla:2Pal | (2sludge:1Azolla:2Palm | (1sludge:2Azolla:2Pal | (Lsludge:3Palm:2
m:10%soil) :10% soil) m:10% soil) Opuntia:10% soil)
EC
(us/cm) 337 260.3 343.3 344.6
Wi,
Sample 5.01 5.2 5.00 5.01
()
vV ml 50 50 50 50
nm 711 52.5 93 275
Mg/l 12.89 9.52 16.86 4.99
o 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 | Azolla (Dry) | Azolla (wet) Wood Palm leave Opuntia (Dry) Compost added soil
sludge chips (Dry)
(standard)
Wt. Sample 5.01 2.00 5.03 5.00 5.00 4.94 5.01 5.01
(9)
VvV ml 50 50 50 50 50 50 50 50
nm 68.4 139.1 48.1 76.2 46.9 91.1 69.75 13.2
Mg/l 4.95 10.07 3.48 5.52 3.40 6.60 5.05 0.55
Mg/l * D:F 49.54* 1007.39** 34.83* 55.19* 339.66** 6597.62*** 505.14** 5.49*
K+ g/Kg 0.50 25.18 0.35 0.55 3.40 66.78 5.05 0.05
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K+ Measurements for Samples

Materials Exp.1 Exp.2 Exp.3 Exp.4
(1sludge:1Azolla:2P | (2sludge:1Azolla:2Pal | (1sludge:2Azolla:2Palm (1sludge:3Palm:2
alm:10%soil) m:10% soil) :10% soil) Opuntia:10% soil)
Wit. 5.01 5.03 5.00 5.00
Sample
(9)
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 * 49.54* 1007.39** 34.83*% 55.19*
D:F
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 HCI 0.25 mol/L until the solution becomes slightly violet.

2- Use the volume and concentration of HCI consumed to calculate the nitrogen content
and then the % of protein in the sample.
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TN Measurements for Raw Materials

Compost added soil
Materials Sewage Azolla (Dry) | Azolla (wet) W(?Od Palm leave Opuntia (Dry)
sludge chips (Dry) (standard)*

Wt ?;mp'e 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/I*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
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TN Measurements for Samples

) Exp.1 Exp.2 Exp.3 ) )
Materials | (1qydge:1Azolla:2P | (2sludge:1Azolla:2P | (1sludge:2Azolla:2P EX%4 uﬁ??fg;ii?:)mz
alm:10%soil) alm:10% soil) alm:10% soil) P S

Wt ?S‘)mp'e 0.501 0.501 0.500 0.503
abs 137 1.092 1.48 125
Mg/l 30.44 24.26 32.88 2777
TN(g/kg) 3.65 2.91 3.94 3.33
N % 0.93 0.73 1.05 0.82

TN (g/kg) = (N-ppm * VV *D.F) / (Wt * 1000)
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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 K2Cr207 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
Y 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 K2Cr207
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

0.0.C %= ((Vblank-Vsample) *0.3*M)/Wt
TOC% = 1.334 * O0OC%
OM%=1.724 * TOC%
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TOC Measurements for Raw Materials

Materials Sewage Azolla Azolla (wet) W(.JOd Palm leave Opuntia (Dry) compost added soil
sludge (Dry) chips (Dry) (standard)

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 mi 10.3 7.5 114 5.3 11.8 8.5 9.9 154
0.0.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

Exp.2
Exp.1 Exp.4
. . (2sludge:1 Exp.3 : .
Materials (.1sludge..1AzoII_ Azolla:2P | (1sludge:2Azolla:2Pa (1s|udge_.3.PaIm.2
a:2Palm:10%so0i ) g . Opuntia:10%
alm:10% Im:10% soil) .
1) . soil)
soil)
Wt ?S‘)mp'e 0.145 0.126 0.168 0.113
V blank ml 20.5 20.5 20.5 20.5
V sample ml 8.1 8.4 80 12.8
0.0.C% 12.57 14.11 10.93 10.01
TOC % 16.76 18.83 14.59 13.36
O.M % 28.91 32.46 25.15 23.03
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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 5ml),

2. Add distilled water to make the volume to 20 ml.
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 H-O and 4 mlI of reagent B.

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.H20 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.

62



PO4 Measurements for Raw Materials

*D.F (1:10)

Materials Sewage | Azolla (Dry) | Azolla (wet) Wood Palm leave | Opuntia (Dry) Compost added soil
sludge chips (Dry)
(standard)
Wt. Sample (9) — 5.02 2.99 5.02 5.06 1.2 5.00 5.01 0.5
/50ml D.W
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:

Exp.2

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

Exp.3

(1sludge:2Azolla:2Palm:

Exp.4
(1sludge:3Palm:2

10%soil) soil) 10% soil) Opuntia:10% soil)
Wt. Sample (g) - 0.5 0.5 0.5 0.5
/50ml D.W
Abs at(882nm) 0.007 0.03 0.016 0.027
P mg/l 0.351 1.50 0.80 1.35
P g/Kg 0.035 0.15 0.080 0.135
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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) % WI/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

Materials Sewage sludge Compost
(standard)
Wt. Sample (g) /50ml NaOH 0.5 5 5
Abs at(450nm) 0.62 0.057
Humic Acid mg/I 0.418 0.0381
Humic Acid mg/l * D.F **41.87 **3.816
Humic Acid g/Kg 0.418 0.0384

**D.F (1:100)
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Humic Acid Measurements for Samples

Degree

Exp.4
Exp.1 Exp.2 Exp.3 (1sludge:3
(1sludge:1Azolla:2Pa | (2sludge:1Azolla:2 | (1sludge:2Azolla:2 Palm:2
Im:10%soil) Palm:;10% soil) Palm:10% soil) Opuntia:10

Materials % 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/I 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/Il 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/I 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 1.63 1.60 157 1.63

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

e 25 ml sample

25ml D.W

e 2 ml of Ammonium buffer

e 1-2 drops of Erichrome blake T indicator

e Titrate with 0.01N EDTA

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

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

Calculations:

VMg=VTH-VCa

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 Azolla Azolla (wet) qud Palm leave Opuntia (Dry) compost added soll
sludge (Dry) chips (Dry) (standard)
Wt. Sample (g) 5.01 2.00 5.03 5.00 5.00 4.94 5.01 5.01
AV Tigation 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

0/Kg

Exp.4
Exp.2 Exp.3 ) .
. Exp.1 ) ) 100 ) i 100z | (1sludge:3Palm:2
Materials (1sludge:1Azolla:2Palm:10%soil) (Zsludge.lAigliII:;l.2Palm.10/o (1s|udge.2A§inI|¢)a.2Palm.10A) Opuntia:10%
soil)
Wi.
Sample 5.01 5.03 5.03 5.01
(9)
AV 11 0.4 0.4 0.5
Titration Ml
B:V
sample 10 10 7 10
ml
E'\[')ng 0.1 0.1 0.1 0.1
r':}"g%t 133.65 48.6 69.4286 60.75
Mg+ 1.334 0.483 0.690 0.606




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
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Ca+ Measurements for Raw Materials

Materials SsTl\j\:jzgee '?é?g? Azolla (wet) \é\(ﬁgg Pal(rgrls.)a ve Opuntia (Dry) compost added soll
(standard)
Wt. Sample (g) 5.01 2.00 5.03 5.00 5.00 4.94 5.01 5.01
AV Tigation Ml 1.5 19 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

Exp.4
Exp.1 Exp.2 Exp.3 (1sludge:3Pal
Materials | (1sludge:1Azolla:2Palm: | (2sludge:1Azolla:2Pa | (1sludge:2Azolla:2 m:2
10%soil) Im:10% soil) Palm:10% soil) Opuntia:10%
soil)
Wt. Sample 5.01 5.03 5.03 5.01
(9)
AV Tiation 16 0.7 0.4 1.4
ml
B: V 10 10 10 10
sample ml
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'/ V(Mg + Ca*? 2)

SAR Calculate for Raw Materials

Palm Compost
Sewage Azolla Azolla Wood leave Opuntia
sludge (Dry) (wet) chips D (Dry)
Materials (Dry) (standard)
EC
1192 6.68ms 147 462 369 2.59ms 1137
(us/cm)
Na+ 10.25 19.64 0.24 0.23 0.65 0.02 1.2
mg/I
Na+
0.4458 0.8542 0.0104 0.01 0.0282 0.0008 0.0522
mequ/l
Ca+2 0.601 0.761 0.28 0.32 6.62 21.09 0.2
mg/I
Ca+2
0.0599 0.0759 0.0279 0.0319 0.6606 2.1047 0.0199
mequ/l
'\r"n%’;lz 0.558 3159 | 0291 | 034 | 729 | 6123 | 0.388
Mg+2
0.0917 0.5195 0.0478 0.0559 1.1990 1.0070 0.0638
mequ/l
SAR 1.619 1.566 0.054 0.048 0.029 0.001 0.255
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SAR Calculation of samples

Mix1 Mix2 Mix3 Mix4
H . . . 0 . . . 0 . .
Materials (1sludge:1Azolla:2Palm: 10%soil) (25Iudge.lAzoI_Ia.2PaIm.10A) (1s|udge.2AzoI_Ia.2PaIm.10A) (15Iud'g?.3PaIm._2
soil) soil) Opuntia:10% soil)
EC 337 260.3 3433 344.6
(us/cm)
Na mg/I 128.9 95.18 168.6 49.85
m;‘t I 5.606785559 4.140060896 7.333623314 2.168334058
?Ti;/f 32.064 14.028 8.016 28.056
Cat2 32 1.4 0.8 2.8
mequ/l
'\41%75 133.65 48.6 69.42857143 60.75
Mg+2
mequ/| 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(mgl/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

75




AppendixC:

4.1..:—..-\"-&
uL&m\ 341‘ 1 .. H | &A.“ ’LLA\ < N
. A il unlial) g cilisal gal) dwisa
daiiantdl) . I
P SI Palestine Standards Institution
PS-898-2010 2010-898 i a

e Galdl) g Aalleall slaad) claziu) — slaal)
Sludge - Use of treated sludge
and sludge disposal

allal) Ciaanl) (4) claial) 20
13.030.20)
Liquid wastes.
(Sludge

12 el dsia 2010-898

NRTRRFEA 0

76



Y1 dxakall Aandaals Adal
L) S
2010-898 < .

leie alailly Aalleall sleal) @Y laxind —slaal)
Sludge — Use of treated sludge
and sludge disposal

b giall

dndn ) ol ge ) o)
2 PSSR Y el

2 sl 1-1

2 bl xalyal 2-1

2 Canylailly allaadl) 3-1

4 Sl cdallicadly §5a 4-1
4 Aadl iz S oadl

4 Aalall iyl 1-2

6 Ailly Rl cALIRSY) 22

7 L) el iy 3-2

9 slaall Aallee cilisiea 4-2

9 I Cinall sleall dalles (gsinne 5-2

10 S Gl sleall dalles (giine 6-2

10 At il sleal) dalles (gine 7-2

11 clasadll el Joadl 7-2

11 Fae gl 38, 1-3

11 Aalled) sleall 305 Jana 2-3

12 (02 daia 2010-898 i~

(RTARFRRE ANV

7l



12 bl 4

dle :Jg¥) Juadl

Jaddl 1-1

Cayeall olie dallas cillina e a3l slaal) 8 bjas cal gl ol idYl Zacal gl 238 aia
S el (Sl (gpme S A Galid et (G Lealadind sale) ahdly Ajd) el
Abalgal) 038 8 Aanall AV Cang cbliall e 3 Leayha alall

Aluesil) gahyall 2-1

Al Slaalee —
2003 - 742 < o Aallaall Zaslel) 5L
1 1 1 | | . ] [ |
Al palye -
A5l Lmanlly Aalall Aaall K58 nead) (o alall Aaslall by olial) andl Lol (3l S
2001 ¢lghsh 1la)5 el sy 354N

solaal 5l il peily el adl) aadns Aaalsall o2 ol 2Y

slall 1-3-1
Ji ) ol Gipall slie Aalles ciblee e Aaalil Glal) Sl sl i Al sl
Agallea

diahyl sleall 2-3-1
sina zshi Alls il aall Gapal) sl dadles cibiles ge A3l o)l al@l @l sl
%89 % 50 (e led liall Nsd

sl slaall 3-3-1
e 1 Y Ay Al aal iyl sla Aallee e e 3530l Galal) gl 3 sl
10 (o Led Aysh)l

12 (03 dain 2010-898 i »

(RTRTFRME ANV M

78



sdalledl slall 4-3-1
Ayl 03 clllill giad o 5)alally Al 3yl (gaaY caiayed ) sleall
:ialdl sl 5-3-1
S Bl e calss f cam aads S Ll Al e dge Jaks 3L sl b
Adbadl elisd) st
sl slaldl oy 6-3-1
O35 M Isasll (6105 () 7103 ) s Ao e slaall Caind e 30 3ol dlsall 3

L}
sl 7-3-1
slaall ol oaal) Cipeall slia Aallae o Agjasall gal)
g)sall 8-3-1
cpaaid) ) sleal) Jisg a3 e Aggesall 22l
tpasid) 9-3-1
slaall (genting cplll I S cileal)
ieanill 10-3-1
1 1 (| Nealatninliddy Wialles Smalaadhpas cillesy

syl slasdidalg11-3-1
Aoy sleall Lls A sl casslad) i L mha e sleall 5 dde
3yl iyl 12-3-1
@l DUl Hld qas A el
saiall Jualadll 13-3-1
el ST saaly 5ye saas A GV upall Jaalae
toasiyil Aga 14-3-1
slaall oty as gl xia GV Al el
) cdeall 15-3-1
L) g Ralall RDLly aal) 5 Bl pealic 15 A Rua )l Sl jally )
sl Al lalailly ol sl
ellall el<, 16-3-1
AL Al Sl 2k sl clgall J8 e 320d) pdlsal
sleall e SV Canall 17-3-1
Lo i 3 il Aialall 03n Gty Aalaidl) VLol AS 3 Lealadily e ) slaal)
SAdalsall 03a (e (2) sl (B Al 505 ULl (cagially (Shaslly Sl Wigine

12 g Taka 2010-898 i »

(RTRTFRME ANV M

79



sslaall G Lé_‘.t\.\l Cauall 18-3-1
G Al il @l€e 3 leajh ey Ll patlad (et 3 leahatinl ma ) sl
Adalsal) 03 e (2) Jsaall (B ) 381l esially (Sally S5 g e 5
slaall e bl Ginall 19-3-1
aslly A5l Wl finay Lo 55 Gl iy ok il a8 gl ransy il slasd)
Adalsall 03a e (2) sl A Ad) 5Kl Sl e stiall
tgeha) oali 20-3-1
el eyl /5 Lalell Jaalaal) ey aasd) (s )

spciial) clallaadly jee )l 4-1

S el (1) dsaad) 8y5Saall peaiaall clalladll Jead daalpall a2y
aalpall (8 Lartidl clalladally jea )l (T)dsaal)

L LT L b .
Arsenic As
Cadmium Cd
Chromium Cr
Copper Cu
Mercury Hg
Molybdenum Mo
Nickel Ni
Lead Pb
Selenium Se
Fecal Coliform FC
Zinc Zn

Al clllad) @ S8 Jadl)
Aala) cllal 13y 1-2

b T Al sleal) pladn) piey 1-1-2

12 565 Anica 2010-898 i »

(RTRTFRME ANV M

80



odgs ldle [ pemiall bl AN 33a o Lo Aalledl) sleal) Jladiily oid 2ea 49 s ¥ 2-1-2
Adalsal)
Lon e Al slaadl Jlas 505 (a5 (3505 LulE ) cleally pasiedly (md il Agad i) o3k 3-1-2
Adalsl o3 cilfn (35 Badien
LU ULl S g5 gl il e DA e APl it il o Jpanl) pasiid) e 4-1-2
85e (o3 Bl G g Al olaal) jaliany Aadlaall sleall plasiudy 2] ase 2a3 L Leo
LBl cleally (i IS 0pe (il 038 2353 Canay LS gl ) g (A Jaalaally alasiuy)
cslillie 3 dla A el diaes 5 ol 3
ol slaall e 5 e (i g (ead e JB Y 2y Bald cOlay BlEaY) il e 5-1-2
Adalgall 2da il Cuiagy llall vie Wil Ledglans ialles §yhs
alaall alatin) g 5 pand allse 3 Aald) LS amy aadieudly miidl e 6-1-2
Aol I3y sllaka adlge S elld 2y O cendd (alasiy1 U8 Aalled) slaal) el ) Gl 13 7-1-2
Gy Al Bl pealic oy lealid o Lla 55 Y Baphasy Tiba 5f /533 2 cilyag
Ll EDB LgrseniBae HolaT Y
alalaallyigl Syy blindll L paal) wilsally L) a b Aadled sleall puess gie 8-1-2
1 1 b iadadly L gl glaall o Llu gl sl sl 1
Oty IS 0l (e Pl (= Gl Lelialedl dallad) sl dlasisbails 3 9-1-2
Ja ¢ gebally Lliall Jualaall J3¥1 cpptiy Joll 9red Py dpaiall Lty Alls 3 S
gyl Glaliall 8 g ganls a3l ddee
Ghaally clagind) ISy ccly sl Ao gyl (b Y1 spedd Aalledl slaall platinl e ¥ 10-1-2
s Yy LS Alal) Lol 8 ) gy A€l ileantl (e Rl shymil) iladaneally A3l
il ol Wyt s Ualladly 5 3ally Jadll (ie )ds Jrealae Aoy 3e ol daand A Lealatnly
Adphae s JSH
tshyslaall Ui ol Loy Jganall Atally Laal) AL el 2l gh5al e 11-1-2
sl S Aadleall slaall i Wil le e oms 1-11-1-2
el e slaal) il Jaal) sy e Jilpad (38355 apeiil pia 2-11-1-2
AL Al Al 8 Jad) il Laia 3-11-1-2
Silus colpa o Aalled) slaall B ol @llin 050 Y Gany i) e Jlaall) ppen 3idats 4-11-1-2
LJall
Llee 3 golpy Rbalpall 02 chiina ey Adlatie Aalledl slaall il Alee (65 o ey 12-1-2
:&Aﬁ L adlayl

12 (306 4 2010-898 i »

(RTRTFRME ANV M

81



O Fondand) B3kl pa alag Aoyl daghad e Ay pall hlial) 8 Aalled) sleal) il 1-12-1-2
LD dna By agn Y Ael) 3l (n gsand Uy (pe 20 — pas 10) 0 Bl
Al Ll (U el e oy ) HUaa) pnige 8 Ljlaal) slaliall 3 Aalledl) slaall il 2-12-1-2
%5 (e G s w Y o el dadad)
Lk Lalssy (Ul 0t m o ) SUadl) pssa U8 eyl paml 3 Aalladdl sleal) il 3-12-1-2
Al (e Ronad) Bl e Jalasg Ay € Bl (S5 () ool g Aunlad)
raliall o ot s ikl jealial 5805 o Gl dnllaal sleall diln) Jona 2siny 13-1-2
Jaalsall 0dgs 3yl ailiadll
3l patlaslly posliall (e oy Lkl poaliall SIAl 4 2 sansal) Y 2l oy 1-13-1-2
Sl gall 21
cJpeanall Loia Tuladll Aalally LSl e gl (sina a i) Aalladl sleal atine Lo 2-13-1-2
A ALY ey )3l Jualaally cilasiall 2apU) clagmdl) shal 8 Gall 2080 cleall  14-1-2
et Al S ey jall clatiall Al e B @lldy Aalled) slaall e caesinl
Aadly Aalal) AL Al o 55 Y Ly sl A (e ST @l Aalledl) sleall Lo
Lale U<
: 3 pedd gl eleal Lo galaall s )y Tnsalae)mindl o (k5=1=20
oLl 33 3laliag A1y Joadly Al iladasadl 3 Lol muany slaall pplimdly ) 16-1-2
il cligiae Jiid A Lala gl cllan @IS e By anall Cipeall Sy 3d gl
LA ) dualaiay)
Alall ol Ay Aaidall Ll cleal) Bailsa Jajidh ol LG Lty slaall dallee Jls & 17-1-2
Aallall Aaal) Adiie 5 g y¥) ety oY) Al) Ales S, bl L3N e
s Jaalisale] Ju) Aaalpall ol B33y e pahe¥ Aaled slaal) dasiul 220 Jls & 18-1-2
5 A leall Leaaing AlalSia 438 iy el phaan1 8 Sy (Lajaey palially alladl)
lede dalsall e pll dead

Aflly Aaaaal) il iyl 2-2

Ay L Aadadly A gall oluad) Ao e Tl 35 ) @) 8 dadled) slead) plasi) aiey 1-2-2
slilimdl) mjed) (sllially AL Slasll aylie &)

o3 3y KAl apill el o Adlin) gl e Aalall YLD (e B A6 cdeall Gay 2-2-2

Aalall ALl Fdly Aaall e aleall Uy olld o cliy) 13 dialsall

12 307 dnia 2010-898 i »

(RTRTFRME ANV M

82



gl Al Aalall RSl s 3aSly L) g Rl 5 aasidlly miall e Cay 3-2-2
sleall ae cplalanal

2 calalall (gy5ally ) pandally 351 Lmal) ule )l cllbiias AN paial) 5 giid) e 4-2-2
cllll e Bl cleall I3 31l A1y Gl

clpliall I aiad Ll Cagyl g o) Aalledl slaal) datily pest cllee F ely 5-2-2
.alyeoll Al

LY 2o ge g e 9T Y B30 P8 L Aalled slaal) LIS Ciay 6-2-2

o lajlass) eV awe 35 A Gl a2l Ll Al slaall alasi) aie 7-2-2
%15

5o o ML) JB Y o s LK) claaail) e B hlie B Aalled) slaall dila) Ala 3 8-2-2
2250 (e RSl cilaanlly L)

e Aslledd slaall Rila) cads A Q) el i LA DLl s ¥ 9-2-2

Aallaa) sleal) dila) e e 358 55e U8 Rl oy e ¥ 10-2-2

gy L Aalled) slaal) Bilaa) cuss ) a1 e Aule Rald) Y pag AN Gy 11-2-2
el dsa A B)ghad LAl A s (s

1 sl Aallaall plasdl 28l) o ()Y hipad LSuSalhGphallplasind ol ak2m2=2

agdl) ) fiy1 3-2

3adine Ayl 4y Zaalpall 036 350 Aallaal Gyl s Lealitind Jd sleall Zadles iay 1-3-2
Al

Aialall 038 dag b Ll e G lgie palaall o A slaall gaas o ey 2-3-2

oIV 5yall Anlleal) slaall Adlia) J8 Dl (ailad asd oy 3-3-2

Aty o3 Gudd L (Bl Citay (8 Ciiay o Ciia s Gl 38 ) slaall G 4-3-2

a3 b Ay ey (e S (gume Slans€ JSY) Ciiaall il slaal) asinls many 1-4-3-2
R

L Bl et e A Cial) @3 sleal) pattul may 2-4-3-2

L) S adlge By S V) Gl cillliie gaad ) slaal) oy ey 3-4-3-2

| e ol 6) Hslam e ara (2) sandl (A saane Lgilaalsa ll5 Aalleall slaal) 2alz) e 5-3-2
(b Jesa

12 (308 daia 2010-898 i »

(RTRTFRME ANV M

83



bl @AY dladlly jealiall S geenill 35aall sl e gl (3) Jsaadls (2) Jseadl 6-3-2
ealiall Z8LY AuaSIl 3gaally Ayl (gpeadl) ¥ anall BLYL Aslladl slaall i ajils

g 3agasall
slaall 3 s zpamsal) (gpumil 250l (2) Jganl
slaall Cina [ 5S5 ol GAY aladly ezl
s Oy paSfpale
(L) Lottty
S Caall S canall | J V) il
75 75 41 As Ay
85 40 40 cd a3l
3000 900 900 er oS
4300 3000 1500 Cu el
57 57 17 Hg a3
75 75 75 Mo JR)
420 400 300 Ni J<al
1 100 b ] 00 1100 Se )
840 840 300 Pb b
7500 4000 2800 Zn i yal
e *50 10| —- Goshll (gfine
e **2000000 | **1000 FC bl Ol Ly,
o = wee3 = gl
S e s3] ——— | Al gl Gl en
- ___ e ol gl
(2) I e cllaadle
g L

ohe [ speniadl agisang g aha [ Ylas) AYI anl) #

wila i [ dpae *ee

ala ?‘)é 4 / Bang HAE

Aalledd sleall 3 sapnpall pualiall 8Ly Al 3paally L gl (sl N2l (3) Jpoal

D501 3 syl RSl 320 |

12 49 dsia

(RTRTFRME ANV M

rainll (ggiod) F2Y) Jna | e |

84

il |

2010-898 i »




Db fahe s 252365 [ ,bSa [ ahesls

20 1 As é‘-ﬁ)).n
20 1 Cd assadlsl
500 25 Cr a0
700 35 Cu el
17 0,85 | Hg a5l
18 090 | Mo o sialsal)
100 5 Ni J<al
40 2 Se o sl
220 11 Bb | el
1000 50 Zn | uaal

slaall dallee cilisive 4-2

S £ M U Lo o PO | P S WO ) e

2l Gyl ol sleall Aallas 1

: el 1-5-2
e g Adoal) S a5 oSl i sloal) rmgs S Rugel dgem 48 sl platinly Adeall ol
(o 60) 33 sall s Aayy 5 (s 5) 32d (F40) e JB Y Bbs Aap

i) Gl 2-5-2
(%10) (N Lokl G (bl Eumy Bl L aladily Leta Jilsud) AL sleal) Cinins
2oeadl Adee Ales G (%p 80) (M slaall 3))a Ay Joa oy F

tlsel) Casiatll 3-5-2
¢ (= 25) oo slaadl dhes wy ¥ Gumay Ay algal (G cains 5 mdin ol AL slall e
(p2245) oo JB Y sad alal) ol i slall a8 o ey

tghal) Gsed mamgll 4-5-2
Hha Aoy v (pl1 10 Jsad Aslsedl gyl ol e Abdladl o cnnSY) g sleal) i
-sulaiall Llall slgall e (%38) e J2 Y L (=is ga (%0 60 () %5 55) e

12 (5010 4 2010-898 i »

(RTRTFRME ANV M

85



Ayl 03 o))yl Al LAY ans e 5)08 Al Bayl 4 5-5-2
L_&_ﬂﬂ\ iall o slaall dalles g5ine 6-2

2 Gyl gaals sleal) Aallas 2
s sl s 1-6-2
Ao e (p52 40 ) 52 Alsel) Cag Rl e Aldlad) ae clsgd) dsmss shead) dlian Llaell o2 3
il ALl Ssall (%38) oo Jo Y L ais pe sall 3
s slsel) Cindll 2-6-2
O oy (25) sleall e 305 ¥ Gunay ey a8 Caind i) 5 i ol slaall e
(p3230) 0= JB Y sad palallod slall a5
: S angll 3-6-2
oe JBY Hha Lo vie (ap 15) e JB Y sad slaall ol oy elyel) 35m pre Buleal) 038 o
e JB Y L pais me (%0 24) 0o UB Y B e e (a5 24) 0o JB s S (%6 37)
! ! | \ Sptand) lall Mgl e (%38)I
Ayl o3 b 535l Asdl) cTRAY) (33 e 5,08 (Al dayl 4 4-6-2

Gl Canall slaall dallae (s5iie 7-2

(%3) celed Al Sodl S5 o Yty sleall g 1-7-2

Aalgall 03gs 53lsl) Al LAY 3aa3 e 306 gal Lyl 40 2-7-2

il gadll GG Lol

12 5011 dsin 2010-898 i »

(RTRTFRME ANV M

86



e 5l 38150 1-3

s (fonaant ) Aien (il Gandll (mhel leaan g ) Aallaad) sheal) clie 038 of e 1-1-3
Aadleall Jaba e dlsje A

O i Lagally Banglpnd) iliapaills (3l Loy L Adlsy Aadhs i) s Shane 058 of o 2-1-3
<Al U Addee Laial) ‘_;-.\,i) Sl raa Sl 058

Ul 5 Lo i Banaa Lta) B30 IS Lebilaty Lelasy Lelaing Anlledl slaal) e pas o 3-1-3
Aol Agmaalls Aalel) Aauall 2501 dpeaal) o polall Aaslal) olaall Jubat) Aulall Gkl S
Al L ol (B i o 1) sadiee (a] Jilan Byl (gl elefish B85 slall Blay RS
(R Blead 300 AUSH e poliall slaald) sty pans palald) (il D)

o Al gas 3adin A e (cal Aallaall sleall cilie e 2adU) Apidl cla il sl 2 4-1-3
Al i) i sall e S

s Gl Gysall 38y Ly 3l Jaalaally lly Aadlaall slaall (e e Jhas 3080 el 3oy 5-1-3
.

O (2] Jyal ¢ 30l A il f»!ly-db Asladl ‘:t‘;ﬁﬂ‘ shals Sliall pes )1 LuSBI6—1—3 :
(4) Dl 3 (e p LS Biealgall o3
clagadl) ehal L5 Aatill sleall S (4) Jyaal)

LB el J8 e clagmdll shal 430

ol [grie o lealil sy slaall 2

‘l:\}.u ah\} 39

300 e

M&m;}sa.\;bok

1500 1 300

Ol S eaals 05

15000 ! 1500

e o2l 50

150000 ;e giSi

£
4;31:.4\3\ slaall Blen L.».a 2—3
o B Leblasy Aalled sleall (o cilie SO pany Albjag sadies A Slyiie DA (o p2iesd) o5k

Jalas it leal) Jas fiall adiags L asdiall Jlaaindd daalsall 0da coladas aa Leahal (g e 58
YL 1 Al Gl (mled el

gl — 4

12 5012 Gnica 2010-898 i »

(RTRTFRME ANV M

87



Anye ;‘nu..a\‘,.‘]\
gia alatlly Aallaall slaall ¥ lernad —sleal) — oliall 2006/1145 2531 diualsall

12 5013 daia 2010-898 i »

(RTRTFRME ANV M

88



Appendix D:

A 'pa
Sl gl i) gl g lial yall Ly
bl Ll gl el Lssaya
P Sl Palestine Standards Institution
PS-2652-2019 2019-2652 < »

Jall (g guimall andl
Compost
el Gl (9) ilaiall 3=
(3=~ 65.080)
ATRTR AR

89



2011-2652 < » 2019-2652 <

Juall @ gguand) slacd)

Compost
Sl ghaall

fade W Qs X
2 Jlaall =1
2 Agluasil) Ll -2
2 hy sl -3
2 il -4
3 Cuadlly Aadtl “5
3 iV s 6
4 agus Al Clalkial) -7
6 el ik -8
9 bl -9
9 Sladaal -10
9 g 11

Fion 1 3akca 2019-2652,

W

90



Jaall -1

L dep ij‘;.n alsd Gpmaall Ciliaall gpanll slacdly Uil g 21 ltiaial) Lol Adealsall s34 a3
MR J82 poay gl Glaaiall A colil sadde) 3 sl s puiluall ggudanl) sland) o Aduslsall 034 ol ¥
B e e ]

agliacill alall -2

.2010-898 i » s palidlly dalleal) slead) c¥laniui-3laall ~Aidauld dialga t 2
2001-609 i » Agdanll 5ran) — Aiiaodh dialze 2 2
= gaial a3 2

-Copyright 1982ASA-SSSA, 677S.Sego Red, Madison, W1 53711, USA.Methods of Soil
Analysispart2Chemical and Microbiological Properties ~Agronomy Monograph no.9 (2ndEdition)

-Schnitzer, M, and S.U Khan 1972. Humic substances in the environment. Marcel Dekker Inc, New York

-Schnitzer, M, and S.U Khan 1978. Soil organic matter.ElsvierNorth-Holland, Inc, New York

-Konova, M.M.1966. Soil organic matter. 2 nded.Pergamon Press, Inc, Elmsford, N.Y.P.544

o) sl delia 1-3
S A g U L gl (Al Augllly sl 5 Bball Al Aulne atad cig ks Asdaall Slsall (aglen Jlad Ales
.+ Cangpagll) zgudail AajSU S0aa Aia) 5300 Aygia A0 7060 ) (gl i)

Jual 2-3
sy Slapaal) (pa Allilly (ygaall Slgall aglpndl Jadll les (e Aaililly (o1 a1 203l Aallay Al A Apas Bala
sy
=il 3-3

ot aaa Jug VA e el Y (AN - Blaa ol LS ) e sl ala) ) S s 2 kel Bl 00 Ble (A
ke 5 aslazi

=t Borax S| sl 4-3
Saaad pgapall e sag Aagall Sausd) S Ga sager Al plall (B gy G3BN2LBLOS T0H,0 Abasl sha) mla 52
e
Pl A g gdalll A0 5-3
Alal) slpal) gaal JLaIS) Abjaa ANA G (Say oebia 8 BLe (A

habuall) —4
D AU el o Jaia g LS, ales Al i g gl Slaud) Cilay
bkl Gkl Claladin sall ggeand) sadi 1 4
AN Galsd Gaadl sl ggdandl sledi2 4

9 e 2Aaia 2019-2652 <,

O A

91



O"“’“J a ;. A -8

o Sy Al Aaglie . Slaga . sk salSl b ol s B L ol il 82 o gpdand) sl 393 1-5
el (3R (3 kg Asaalia Augg iy ABla (15 B sl dlanddl 30y 2-5

gV sy =6
T By g iy fealy peagy A Dala) UL el slandll Slatie G paie JS Bpe e Op ) B O e
g ad) A Gila ) R0 AR U RS a4 sl Sladiall L50ady) g /g dual) Aalllg Adaal) Siladiall
(oang 1) A Apasalldladl) aidey giiall acl 1-6
. Algieg 3 gially gilall pul 2-6
L Y Ay pandil Adke y (Audly gl ) gYI &G 3-6
. AT pgl) Janalis (98 08 wilida sl ClalSl B okl g ad " Bke 4-6
- Al oSy 7 i B Juabe g LS, (gpuanl) sland] Lo Sl Sgall 5-6
S 4 A s, ggdand) slad) Jas Aanhy cisgdl 6-6
(A ) ) gl el pas ) 3 76
DA gl e Jeala s LS ggunl) el pailad 8-6
gl Ay —
(PH) Lagasl A0 -
- (e O ) (A el -
(AL Al e % ) Aypand) Balal (s siaa
(A A e % ) S G A sgiaa -
- O A = sl A -
gl Aas -
(AR Bl a %) P05 s ale el [ sheadl) (g5t —
(A o e % ) KO sak e sal) asanlind) sgiaa -
(Al Sale pis JS pile ) aShgal! ggiaa -
(Aol 53lall 0 % ) pssigeal) (ssiaa =
0251 sl el aipall Aasiiea) duaSll piiall Al <) Adagallasas  9-6

e S A e (B A (Y g Al Ja) (e gl Slawdly pladiay) - 1 e

A pisall e je) apdal) slacdl aaB) paal) | IS Saseasend o)) Jrasdl

daglall Al Jualaa Aaglad) (e Aaluas Janalae (dS/m) s
Usin Usin

a2l dag Y Laad sag ¥ 0.2-0.0

60 15 0.4- 02

32 8 0.8-0.4

16 4 1.6 - 0.8

12 3 24-1.6

8 2 3.2-24

4 1 4.0 - 32

9 e 3 daio

LR R

92

2019-2652<»




Aladiuy) sy

aladiuy) By

4.0 ¢ 43

e ia g9 A1 = gl casa Ga 1 (A)

+ dsaall pagad; Aada

B Ao 20 (Bans A (B OB Ja) O sseand) dlanlly pladied) = 2 Jyadl

A pgsll e ) ) slanl] sl

i O Shagapas () gl

daglall Aaglia Jualaa Aaglal (4 Aulea Jualaa (dS/m)
24 8 0.4-0.0

18 6 5.0-4.0

12 4 6.0-5.0

2 7.0 - 6.0

1 7.0 o5 3

¢ Jsiall Gagady Aada

o a8 1= pipall cata a1 (A)

3 dss

aasl) B 2B aylaaa 10-6
L3l A G g LS pugll B Bagagall a0 Al aaa 058

A G gl S5 a8 gaaa (A Bsl)

BEoa s S50 8 ol ara (A gl

IS T e LIl W) e pla S
SR e Al10 Gial) e oS Slaldl) A

058 -7 0SS Gl ” B pliIaly , ) o pla 2
LB e ala 4 el aaa cilalsl) ol B

Aus Al clgliaial) =7

o @ilas Clilia, oAl A Gliliag sl 355, Slilgall &y i0a gednl) sl g sy A AW Bl ¢ g8i 1-7
Lalpal) A Sl Ay g Al Al il (550 Aslia Glilia, GRY) dolie clilia, 48 Clilia

9 4 hmiem

93

2019-2652=,




s 4 el B Sl ga LS, gpdanll dlad) pailad (g5 2-7

9 5 Aniea

4 Js
G aadll ARIXN dagaiall Aualdl) A
e 2-4diiall 1-4 diiall
2-8 Jaad s Y b o, ale 20 Sl aaa 1-3-7
el 83l Jde e,
058 O e
byl i S el
%10 o8 w3y ol
gyand) sl O3y
3-8 bl a2 ala10 bl a2l 5 il ) Quilsdl) (g giaa 2-3-7
%5 b A %5 £ lans A L Ay (3-3 el
%) pla 5 (8 gara
(A3l salall
4-8 40 - 25 40 -25 a %) sk A 3-3-7
(Al 3l
5-8 A e LS oA Gl g LS (pH) Az saall 432 4-3-7
O 08 s sl | O OB G (Sl el
ouls 5 o Gl 8.5 Cansl pusly 5
8.5 (e s
6-8 e Gl s s Gl s s Jraglll 5-3-7
sl sl S s
(dS/m)
7-8 il 225 & 2235 Al Salal) (g gina 6-3-7
( Adladl salall 0a%)
8-8 Gadis Gl A s | e e g las A g A i 7.3.7
%25+l JNA %25+ gaidl JN& (A8 salall (a%)
9-8 1-25 1-25 Al = 0908 A 8-3-7
10-8 Oedde Glea g4 LS O dde Glaa gh LS (A) goaid) 430 =3
OSly gl DA | B e o8l ) DS
2 oa B o (B) 4 &
11-8 OaAds Olna 3A LS Oa A (na ga las %) (P) Jgheadl) (s siaa 10-3-7
%25+ gl g4 %25+ gaiall & [(EEENEF N
11-8 OaAls Glaa ga s Oadds Glaa gh LS pysmalipdl 5 giaa 11-3-7
%25+ gaiall & %25+ gl JMa (Al 5alall (%)(K)
11-8 il 1200 el 33200 | pile) ) sl sgiaa 12-3-7
((Adla 5ula pis gt
11-8 adie G A LS e die Gl g L (%) pgsdgall s sina 137
%25+ gaiall JMA %25+ gaial JN& (Adladt salal)
11-8 il 2 5 ol 25 il S5 14-3-7
Olaadl
2019-2652»

AVTRARTAT IR e

94




el 32 200 b 2a 200 pad s
O paly)
il 2 90 il 12 90 JSl | Bala pis
(A
4l 210 el 210 agaads)
<l 2300 i) a2 300 el
<l 2 600 il 12 600 ostadll
il 322500 el 3 2500 A
12-8 Jaia 54 salas Uagad; Jaia s LS
Oa iy A gy AU diiall ey asSaall S0 15-3-7
S ciial) clialga b
Clialga cylaiai-slaadl)e L
—slaatl)e lall oalidlly Aalleal) slaad)
slaad) cylaiu) (Sludge)\4s
alilly At
e
§ gl pagad; ciliade
Ll gl g ganl) el G 0 5 gl Aauag gl ssaaad sland) Ol i 1 gaadl L (A)
. Algaiall Clihll § el a5 pal (B)

vaaill 4k -8

—ihaladl paadl) Gladai]-8

) Glaa a2 ag AV Aleaial) lagadl) a Sy JS A (1 Galdl B0 Laaji ) clise § and o3 g ] Ly IS al-1-8
e Jpaadl 2 A

) whﬂwﬁa)h’iw\du\%,uj\ﬂﬁmh.mlm\ﬂuﬁ\h‘@ 2-1-8

D) e Gl shal sy sl Sl O Ga s sl B Gay S o Al 48 Bl Ggladan® (65 £ 5

AR O Gn S Ol O3S G AN 08 Y (A b b el b

Gl s 2-8

Ldadd 1.4 b:a;,.‘-.lu\...:u__.ig.,u..uns“

MG e Jand) 050, pla 20 AllalE aaa JuS DS Ge Jiky, 178 ) A Juaie ga LS, cila 3 (gguand) Slacd)

s Al s Blpdl A Gl JuB IS (e s g2 gadandl sland) 088 o

P Aday

9 e 64aba 2019-2652—,

95



220 G ) A A Dgiad) Slijal A - P
(pL8) SN B il N gpmal) sled) 03 - W
A(pl8) il Bl - R

sl sgiaa 3-8

e S Al s JUg IS (a o) plg 45 8 g s 108 ) (B Juale gh LS alaal) O il 31 g pandl sland) iy
(A Al aa ple 20 433 aaa JUE BE Ga se g2 gaaal) slaudl B A5 1-d paill e gA geaand] dlandl IS 1)) .
- Al dgag el ) Al Algy ciiest o

F A s Gl e Glaa o (ag ls GG

: Aday

Apall uilgldl Ausi = B

(ah8) 1-8 il Juaa g LS il 53] gpaand) slacd) (35 = W
(pL8) &) Slgall (Mg = R2

Aggh)ll Aud 4-8

18 A (A Jeaia gh LS gl dladl Giiag ¥ pasdll 13 Ja) (a

(3-8 a3l JB) ple 5 4 e JLf JNA Ga AT 2 ay lal) A G Gl oy, ggdandl sland) G plE SO gad 31 62y
< pbR 0.1 Ay g s & Gy

Ca o Ga ) g slacd) A e 5 Y Suay L ciggma G5 53 pitka plog (A g OBy gadanll sland gy

OO e 3l p L RSl 24 B0 Augia 43,30 (105 + 5) Wylaie Sla A3y cidad 08 (B gdanl) slacdl ga slogll iy
cpbE 01 G ) llsia Cubis O AN w3 Y A COR (A cdadl) (B L)l sl sha) oS (e L siSies

+ Alslaal) e Agha ) Al ilas 23

HE Y

Aghll Lgidll Aui- H

) chuiadll 8 ggudnll sland) G35 (sl - WI

(a8) dusia 43,3 ° 105 o ciuiadl) day gguandl Slacd) (59 — W2

(pH) Aol 43,55-8

O J Gl 081y, 10: T Ay Alall L), (3.8 i) I ) ale 5 agsll paa JUB (B e 1) gaaand) dlad) Y il
CARBA (5,90 125 Al Aoy 4 (A Aol 24 Saal iadll o ey, geas Slaw plE 20

1 gl Al g s P e Al b

© Al Adapantl Do syaad 0

A Jmasill6-8
0.05 4%hs (b Sl (A 5-8 i) B Juale 5a LS sppdand o3 1) adill Al g Adogall (ulis
- Fa J8 S

Agos 5ala sgiaa T8

Q 4 7 dnia 2019-2652 <,

96



Sl Jmde LS g (3.8 ) 0 ) ale 5 adladd aaa Juf O (e s el slacdl (s al 20 s Kl
o A by g 059 D3 58500 ey 1 el and Fa gl slanad) iy . a8 0.1 BBy e ) 32-1-8
2 48 Omg Uil Sl IR G 3l e ) e el 6 5580 Lt s © (550 5) S Aag 1 B s pdaall slandl
ALl a4y guaall Sl (s i cileaa A A

Ay

- Aggdant) ol g il = F

(AUR) e s ® 105 el sy gadaal) sland) 335 — O
< () Ausia 4330550 o ciiadl) sy sguand) slend) 35 - 02

S Gang Al s giaa 8-8
S O A s sl g (3-8 ) RN ) Al S Aadd aaa U JUA (a s s H) gaamndl dlad] (el 1 a3 Ay
-aaad AN ARkl oA Jaals Ak ol e LY B CBIGAY) Al 3L A AT Dk 38 e g JUALS ARk casa

A = Gl A -9-8

§ A e A g A g O G (580 o el aaand

C/N

B Y

(88 ) ) ) S Cung A giaa — N

. Aggaanl 3al ggaa- F

ALl s (778 ) k) Agpdall Salal) g siaa ta Gigeaal) gl sgiaa - C
C=0.58F

10-8-gsalll Aa
= A ALy jall s g galll 430 3083
alala¥) ) gl 465 Aasa sk e AJL Sl ikl (elale¥] A adidd Zua Visible Spectrum  aladiu)
E4/EG by cipl (Aly Sasili 665 Aasa Jsh Lo skl
8 0 & pH (sS5 0) (S109 0.05 N 5:S5NaHCO3 53l (a Jlaa (b sed) g (n pile 4-2 Ca il o3y -
Sl aggl) p2ala (A5 Ga B 098 ) s EA/EG A 0) 26665nm s465nm (5 sl (alualal) (ull;
B.5-0 (o aaa) LA vi,
Ly e ) iy sl 665 Aasa Jsha i U I Sagil 465 daga Jsb 2o Al (abaiel) dped o -
O T35 dagd) pland Ll 5 00 el 03 J5 Ziia LA lagigl (alasY el Ada 2y E4/E6
o) Cua Lillill yaaal 8.5 -6
Saagili 465 Aasa Jsb Lo alaid): B4 -
Sisagili 665 Aaga Jsb e palaid): E6 -

Wils uaaa 1 0 80 0 sS E4/E6 -

E4/E6 Ratio of Humic and Fulvic acids:

[ Acids [ E4/E6 Ratio |
[ Humic acids [ E4/E6< 5 |

9 e 8 aaia 2019-2652<,

O

97



Fulvic acids [ E4/E6  from 6-8.5

ALE Golaag pgsigeal) o Csly posmabind)  Ssiadll ssiaa 11-8

C4-8 4l B ke g LS ciiagg s Uak g gaanl) Slaud) ey

Cpile 1 4By gty ol 15 a3 810

Gaala (il e 6 Aila) 435 1.16 (Sl Adjs g3 Sl (1) HCOL &S5 0d) paala (a3 e 18 Ja) o
LA Al ) 1.42 el 4y 3 (1) HNO3, A

LA G100 ) Al Jpaad) g3 paall Juasly 42 sl (S g Bug P Oa gl 2

sasish i 4 b ol O lasdl Sl b ALK Golaally sl ashedll s pgligll s parisal ssine ek
| stiasish S BB On ppsalislly ppsigeal) ssina pand (Sl Ly

S8y 85 812
e palidlly Aadlaall slasd) oy lanid “3laadi- Lidacdil) Adualsall 3 Juaia g LS dlldy o0 S A oaad
2010-898 < »

-9

(Cnmgall) ggand) slacd) 2000 ~801 A ddalsd)  1-9

Sladdaal 10
Compost Juan
Spectrophotometer sl cighal) (uliia
Flame photometer sl cglll ulike
AtomicAbsorption S palaiay)
C/N Ratio Oina Al ) sl A
Sludge slaall
P 5 shaadll
OsP, ssbuadl] Sl als
k pypaligd)
K,O pgaall gl nsSi
NaHCO assaseall Sligs S
agadall —11

pasall cuild) Saedd) Liglaa - | alal)
@H@Ld,gzggu,xlssldglo‘.mghu-s ;,(S)uadaupsSs\,:,@,slooouhwg\:)i.mw
L assl) 5 Gaad s ) e pai20

a3y pisal o Jsandl gl o gl auuuua,mgyjau_d\dsy@bwg‘,m dand) sl T5a 2
BT RO

9 34 9 Aniea 2019-26523»

LR LR

98



105 e ) Al G all slaa Jogad

\A,.Ui gé gAaa.“ - _pal) slaa :\.Mla.A idasa ;:\,y.u\\).ﬁ\ adaly
Jbai dllals ol e zalae )
il Cpaa a) e 2 pal
roaddall
G O (S Opald (3 G ghs slaal) (ge Ui 6468 (N om 20 s S cbllaall a8 Bay ju 5305 ) llia
el g ¢l gall g dadaial) sluall Eugli Gl ‘55 Lo (Taa JSa Led ) ?ﬁ?j 13) dasa g iy JSLEL Blaal)
clielall LY GLaYh dgal Jhill e o yaliy alaall cilig Sl il a1 Uy g I il s

i sl 5l 03¢ Ay 1) Calaa W) CulS (planali 8 pladl) auza gl gl ALy sk Jlall Gl G 5 ApalaEY)
Adlad 4 53 Juadl g dalise Jal s alasialy sleall (e (5 sazandl dland] juzand 441K

Copall Bles e Jadd aladinly (4 ad) 3 & adl Q Apadl ] dedl) el el gl 6l a3
AT Ay AUCER) JaS Jaill 31,50 #1581 &5 Gm il mes 3 Jiadl) 31505 Y5515 Al ol
LY YY) Al e celld ) ALYl e (aliil) 4 graa s b )l Aaal agad 3 ) el o
4 4y il ‘_g Ol g calinaligll o i gyl Jie ¢ gadll Je clilall aelud dage 40132 palie e Sad
el Copall sles (e 49 ld00 o pladind 5 885 YY) e Yy il Lldll U lual) dili) s
Lsh ) s sina by Ol o) VW15 (75-14 Lsh s sine ) Gila Galal ey Jlaally Jaaall 3150
A5 el pai pens il Basa Cpmend o 458 (A lall clal A1) Laa¥) e Can (78-88
3el8S 30l ) g 3auSY) (he Alaall g A gl Guuad g A0ldR] pualiall 58 g3 Ao il Al Gawad (Jia 200 68 Cpanally

dun“ c\}@\}‘w%;).\s.d\ CQJ\&J}).E@::M\MM\

opaaill dlee 481 e ol agie JSG A O jualinll e (s )35 de s Al dagie o Canl) 138 adiay
Al S Ak sall 5 ¢ PHAI 5 ey pumal 5Ll o o5 s b eyl 1 (5 simas 5 pal) dn 3 G (o el
4 gl salall Jlad Gl gise e b o Al juleall apd 25 @ edal 5 | jucasll ddee 22y C/N Ao
(el 3) Dpanill 3 385 (5t da 52 44) 3,180 da 535 ¢ C/N (1/25.8)msis « pH (7.18) 5 «(%32.5)
e Al Uil 4 4 pnll 5 ] 4 el ala < jelll elld ) A8LaYl 2 A el 8 Jalall aladinly Lgiias o
. (1/25) C/Nazais pH 5-8.5 ¢> 3500 4 sumall s3ball) dsislansddl) lival gall 85 Abinzill yulaal) 034 Cua

3o S 5 A4Sl Alad g due ) 30 i) 5 oY g ) el apanll cile) ) (A aall Gyl slas aladin) aey
LS 5 alansS bl (8 CalS IS eIl oty ol )5 (gl Jiall ) )6l e (el (S5 138 (Gakaiy s Aoles])
:\.u\)ﬂ\ DMEMCJ‘” Q)@.ﬁ:i

sl AUy Gl Jshy Yl saill 33l & lalas YN IS 2 Al & L) o Al s
Aaliaall s Sl Ll il o3 el IV Ay el S Aledll Cum e 3G o eyl 1) A el S
Lo dglandl o laill (e Baaiose 4l all 028 8 il of Aaadle agall (o5 W sy il gai e slaudl

2 Adlaas (e ) ja

99



