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Abstract

The current solid waste management in Palestine is unsustainable due to inefficient resources
recovery, weak institutional capacity, limited financial resources and severe environmental
impacts. To achieve sustainability in Palestinian communities and enhance the protection of
environment, recycling of organic waste using windrow composting warrants further
exploration. Windrow composting of domestic organic waste forms an environmentally sound
technology to alleviate the challenges facing waste management in Palestine. The specific aim
of this research is to operate and evaluate two composting experiments including assessment

of finished products.

The conduction of composting pilots was performed in two stages. The first stage was during
the winter season. Five composting piles with different mixtures (ratio 2:1 wet weight) were

prepared as follows:

- Pile No. 1 (2 Domestic organic waste + 1 Horse manure and saw dust spared through
laying the mixture), pile No. 2 (2 Domestic organic waste + 1 Horse manure), pile No. 3
(2 Domestic organic waste + 1 Sludge and saw dust spared through laying the mixture),
pile No. 4 (2 Domestic organic waste + 1 Sludge) and pile No. 5 (Domestic organic waste
only and saw dust speeded through laying the mixture). All piles were prepare inside soil

trenches.

The second experimental run was made during the summer period. Carbon to nitrogen ratios

(C: N) were tested for four mixed samples as follows:

- First (1 Organic+ 1 Horse manure+ 1 Sludge), Second (1 Organic+ 2 Horse manure+ 1
Sludge), Third (1 Organic+ 1 Horse manure+ 2 Sludge), Fourth (2 Organic+ 1 Horse
manure+ 1 Sludge).

Two mixture samples with the highest C:N ratios were selected to conduct the second
experimental trials. The mixtures formed two compost piles: Pile No.1 (2 organic + 1 horse
manure + 1 sludge) and pile No.2 (1 organic + 2 horse manure + 1 sludge). The various

mixtures were processed using plastic containers in the greenhouse at university campus.

The composting process was controlled regularly (moisture content, temperature and pH). In
both experimental stages, no major deviations in moisture content and pH values, but larger

deviations were recorded in temperature measurements. Over the 100 experimental days
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during winter first composting stage, the temperature ranged from 7 °C to 41 °C. Through
summer second composting stage, the temperature ranged from 23 °C to 66 °C and at the end
of composting process temperature values dropped down to be close from ambient

temperature which considered indication of finishing composting process.

Lab analysis for compost quality parameters were made at Birzeit University Central Labs,
tested parameters included heavy metals, nutrients and pathogens for the raw and finished
compost. Compost maturity was performed for finished compost obtained from the first and
second composting experiments. Results for heavy metals contents revealed that the compost
quality for the both experimental stages complied with US EPA regulations. All samples of
raw and finished compost were free from the Salmonella. For the first experiment there were
no major differences in the content of microorganisms (fecal coliforms and E. coli) in the
finished compost obtained from all compost piles which were less than 100 CFU/g except pile
No. 3 (Organic + Sludge with Sawdust), this might be attributed to a low degree in sludge
stabilization reflected in a higher microbial indicators content. For the second experiment,
pathogens content in the finished compost were match US EPA standards were the fecal
coliform less than 1000 CFU/g and Salmonella absent in the produced compost from the two
piles. E.coli was within the international limits in the second pile but not in the first pile
which could be affected by moisture content and nutrients content. Reduction in mass weight
of raw compost materials reached to 58% for pile No.2 during summer experimental stage, for

winter experiment pile No.5 presented 56 % weight reduction.

Pile No. 4 (2 Domestic organic waste + 1 Sludge) that processed during first experiment and
pile No. 2 (1 organics, 2 horse manure, 1sludge) which processed during second experiment,
presented results more comply with USEPA 40 CFR Part 503 standards than other piles in

two the experiments.

This research study demonstrates operational methods that will aid in the design, operation
and control of diverse windrow composting piles, especially those treating organic mixtures
of different origins. To promote an integrated solid waste management in Palestine, the results
obtained showed that windrow composting is an environmentally sound technology for
resource recovery and waste reduction considering using compost for land reclamation and

limited capacity of current landfills.
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1. Chapter One - Introduction

1.1. Background and Problem Definition

During the decade, last community and business clients believed that the waste materials, as
of remaining organic foods, grass, animal manure and biosolids is a problem that needs to be
solved. After deep research and experiments many of environmental agencies and
businesspersons are converting this former problem into an environmental friendly income

resource.

Accumulating large amounts of urban solid waste which is causing environmental pollutions
have promoted researches into waste recycling (Kérner et al., 2003). The organic waste
fraction can be used as fertilizers for agricultural land and bioremediation of degraded soil
(Garcia et al., 1991). However, direct use of urban waste streams may cause short and long
term environmental problems pertinent to heavy metals and pathogenic microorganisms,
mischievous odors or phytotoxic organic compounds (Diez et al., 2001; Garcia et al., 1991).
These risks can become less by stabilizing the organic matter founded in these wastes by

composting (Pascual et al., 1997; Tognetti et al., 2005).

The current solid waste management in Palestine is unsustainable due to technical, financial,
socio-cultural, management and political issues. This current situation, urges for pollution
sources control to reduce annual pollution loads caused by wild dumpsites and illegal waste
disposal on land, seasonal wadis, and uncontrolled dumpsites. Achieving an integrated solid
waste management forms one of the main challenges facing sustainability for Palestinian
communities, where only 65% of population are served by centralized joint service councils
(Mafarjeh, 2011). Due to the high organic content of municipal solid waste that reach up to

70 %, composting remains an interesting treatment option (ARIJ, 2006).

Improper waste management in Palestinian communities pose adverse impacts considering
the heterogeneous composition with hazardous materials. Diaz et al., (2003) reported that
uncontrolled waste disposal with poorly controlled intermediate decomposition products
contaminated natural resources (air, water and soil). Composting is an environmentally
sound treatment technology for municipal solid waste, where finished compost can increase

the quantity of the soil organic fertilizers, hence protecting the environment. However, to



get high compost quality, composting techniques have to be improved efficiently. Therefore,
the manipulative measures of the nutrient element used in the composting are an important

approach to improve the agronomical compost value (Hua et al., 2006).

Worldwide, urban centers and suburb areas, like The Sustainable City in Dubai, are
envisaging zero waste emission considering solid waste recycling. Establishing recycling
facilities through waste reuse, repair, retrieve, and recycling promote environmental
protection, and waste reduction and health risk reduction also integrated waste
management strategy for any given community. A research team (Pandey et al., 2014) are
developing a supply chain model aiming at the determination of available organic waste
fraction, conversion efficacy (from feedstock C, N, P to C, N, P of digestate), soil amendment

yield and demand of The Sustainable City, Dubai, engaged in urban agriculture.

Composting is the aerobic biological degradation of organic materials to produce a stable
humus-like product (USEPA, 1993). Naturally biodegradation is a biological process. Food
scraps rotting in a trash can be an example of natural and slow uncontrolled decomposition.
Controlling environmental conditions during the composting process can enhance the rate of
degradation and derive the most benefit from this natural process to obtain high quality of

finished compost (lllmer and Schinner, 1997).

The finished product of the windrow compositing process is called compost, in addition to
water and carbon dioxide as by-products. Weed seeds and pathogens should be absent in
the finished compost. Temperature needed to reduce pathogens is 55 °C or over for 15 d at

least, according to USEPA’s recommendations (Yaghmaeian et al., 2005).

In Palestine most of Wastewater treatment plants throw periodically dewatered sludge into
an uncontrolled dump sites. Also households produce daily 2,551 ton of solid wastes which
represents 79% of all generated wastes (PCBS, 2015), most of generated household wastes
are organics accumulation of these wastes causes a lot of environmental problems, such as

odors, pathogen insects and sometimes affect shallow ground water aquifers.

Recycling and composting have not been applied to any significant levels in Palestinian cities
that under occupation (ARIJ, 2005) also Palestine territories are suffering from shortage of

land spaces and insufficient funds to create health landfill sites .Therefore, strategies that



reduce waste volume, protect natural resources and less energy consumable are needed, as
of composting researches may be significant solutions to deal with these pollutants and to

produce organic, safe and cheap fertilizers.

Particular emphasis should be given on type and mixture of waste feed, proper height and
volume of the composting pile, C:N ratio, moisture content, aeration, and turning frequency
when designing windrow composting facilities in Palestine. Footprint is a crucial design
parameter for windrow composting technology due to land scarcity required the
establishment of composting facilities in most urban areas in the country. Innovative design
of the composting plant should consider a rapid decomposition of waste materials to ensure
less land demand for the compost plant. The above design parameters are very useful in
space requirements determination and for preparing effective layout plans of the
composting facility envisaged. Therefore, innovative and optimized design procedures for
windrow composting technology are needed to promote sustainable waste management in
Palestinian communities. To the best of our knowledge, there are neither single
comprehensive design procedures nor a unified quality criteria for finished compost. Large
scale projects are still lacking in Palestine, where few industrial attempts failed due to week
public awareness (Hmaidi, personal communications). This research study aims at exploring
the main design parameters, process operation and quality of finished compost using

windrow pilots of different organic mixtures at Birzeit University campus.

1.2. Aim and Objectives

The major aim of this study is to identify proper design and operational parameters for

windrow composting pilots using domestic waste mixed with horse manure and biosolids.
This study aims at achieving the following specific objectives:

e Identify optimal process design and operation of windrow composting pilots

e Understand, observe and elucidate the factors that affect composting process

e Evaluate amount of reduction of waste due to this type of composting.

e Assess the quality of finished compost for land use considering USEPA compost quality

guidelines.



The finding of this research study will provide guidance for waste policy makers and
farmers, especially for projects which are planned to use organic waste stream, animal

manure and biosolids as soil amendment for agricultural land.

1.3. Research Approach and Methodology

Mix of material consisting of dewatered sludge obtained from AL Tireh — Ramallah WWTP and horse
manure obtained from Horses farm in Abu Qash village — Ramallah in addition to organic wastes
obtained from the university cafeteria and vegetables peels. Several windrow composting piles were
constructed inside the Birzeit university greenhouse (Figure 1-1), which’s located 10 Km north of
Ramallah city. Five windrow composting piles were operated through winter season and two

through summer with different percentages from raw materials mentioned above.

Birzeit has Mediterranean climate. In winter temperature ranges from 0 to 10 °C and
reaches to 30 °C through summer. Location of the study selected to protect the piles from

rain. Figure 1-1 shows the green house from inside and outside.

Figure: 1-1 Study Location



1.4. Research Questions

e Which operational parameter will influence compost duration and finished product
quality?

e Using different organic fractions of different origins (Domestic waste, horse manure,
biosolids), which optimal mixture produces the highest quality of finished product?

e Will stabilized biosolids have impacts on compost process and finished product?

e What impacts will diverse C/N ratios have on composting process and finished product?

1.5. Thesis Outline

Chapter One — Introduction
This chapter Identifies problem definition, objectives of the study, research approach and

research questions.

Chapter Two — Literature review

This chapter identifies composting Municipal solid waste management options (MSW)
definition and classification of composting, impact of composting process on microbial
activity, and the impact on chemicals also this chapter included composting methods
,phases and operation process and discussed quality factors of finished compost also uses

of the finished compost.

Chapter Three - Research Methodology
This chapter clarifies the procedures and period used for preparing and controlling also
assessing the quality of the compost process and this chapter clarifies parameters tested

and lab analysis procedure for the study.

Chapter Four - Results and Discussion

This chapter includes analysis of the lab tests results and periodic filed measures.

Chapter Five — Conclusion and Recommendations

This chapter summarizes main conclusions with recommendations.

Chapter Six — References

This Chapter depicts all the references cited.



2. Chapter Two - Literature review

2.1 Municipal Solid Waste Management Options

To dispose from municipal solid wastes through efficient and health manner, protection
agencies proposed some options as of EPA proposed integrated solid waste management
options, some of them land filling, waste combustion and composting. Also (ISWM)
principles recycling, reusing, reducing and recovery which are attractive and costless options

to deal with municipal solid wastes (Yaghmaeian et al., 2005).

2.1.1 Land Disposal

It's a place to dispose from produced wastes by burial which consider the ancient form of
waste disposal. Historically, landfills have been the most common method of organized
waste disposal and remain in many places all around the world. Landfilling is easy method
for waste disposal .Modern landfills developed to control the emissions and waste leachate
to minimize negative impacts on the public health and environment whereas these

techniques require additional costs (Sida, 2006, USEPA, 1995).

2.1.2 Combustion (Incineration)

Incinerating is a waste disposal process that includes burning organic materials contained in
waste stream Knox et al., (2005). Method of using high-temperature for waste treatment is
called "thermal treatment". Waste Incineration converts the waste into ash, flue gas, and
heat, Incineration reduces the wastes volume by 90% and 20-30% of the original waste
weight is left as ash Sakai et al., (1996). In some cases, the heat produced by incinerators

can be used in producing electric power.

2.1.3 Reduce, Reuse, Recycle

Waste reduction is avoidance of generating wastes at source; EPA describes waste reduction
as the design, manufacture, purchase or use of materials to decrease their amount or

toxicity prior reach the waste stream (USEPA, 1995).

Reuse is using the products another time after it has been used the creative reuse is to use

the product for a different purpose, Recycling is the process of converting waste materials



into reusable objects to prevent waste of potentially useful materials, Recycling comes from
converting wastes as of glass, paper and metal into a material that can be used again may
be as a raw material for a new products. (The League of Women Voters, 1993). Composting
also can be considered as a reuse and recycling since it works to biodegrade organic wastes

to produce organic fertilizers.

2.2 Composting Definition and Process Characteristics

Composting is a managed technique for the biological decomposition and stabilization
process for organics and Biosolids, composting has grown due increases in other solid waste
management options like incineration, landfill, ocean disposal. Most solids composted in U.S
are used as organic soil amendment and fertilizer (WEF, 1995). Some principal objectives of
composting are, biological conversion of organics to a stabilized form, pathogen reduction
through heat generated during composting, mass minimization through moisture and
volatile solids removal and finished compost can help in reduction costs of using chemical
fertilizers. According previous study carried by Sherman (1997) preferred characteristics to

start composting process are listed in Table 2-1.

Table 2-1. Preferred values to start Composting Process (Sherman, 1997)

Characteristic Practical range Favored range
Carbon to nitrogen 20:1-40:1 25:1-30:1
Moisture content 40% - 65% 50% - 60%
Oxygen content >6% 16% - 18.5%
pH 5.5-9.0 6.5-8.5
Particle size 1/8 - 2 inches diameter Varies*
Temperature 110 - 140° F 130-140°F




2.3 Objectives of Composting Process

Irrespective of the composting process, the finished product should comply with local and
regional public and environmental requirements. Biosolids and animal manure with organic
waste impair the finished product. Therefore the composting process should achieve

pathogens reduction, maturation and drying (WEF, 2010).

2.3.1 Pathogen Reduction

According to a study prepared by Gong et al., (2005) through analysis of some composting
samples, pathogenic bacteria were detected which were coliform bacteria, Salmonella and
E. coli. The number of coliform bacteria reached to 2.5 x 10® CFU/g dw and for Salmonella
reached to 6.0 x 103 CFU/g (dw). The analysis presented that the moisture content was a
main reason to the heat sensitivity of pathogenic bacteria in compost. As of E.coli will be

more sensitive in moisture conditions than dry ones.

Temperature is key parameter to evaluate the level of elimination of pathogenic
microorganisms and weed seeds which cause diseases for human and plant. Temperatures
higher than 55 °C have been attributed to the removal of pathogenic microorganisms
(Joshua, 1998). Composting operator has to take in consideration excess raise of
temperature because the increment above 60-65 °C, may kill the beneficial microorganisms

(Trautman et al., 1997).

Composting in the thermophilic range remove practically all viral, bacterial, and parasitic
pathogens (WEF, 2007), some fungi (e.g., Aspergillus fumigatus) are the most tolerant and,

therefore, stay alive.

Salmonella can regrow in finished compost. However, parasite ova and virus cannot.
Regrowth can be reduced by not using the same equipment to handle both raw feed and
finished compost or by cleaning the equipment before handling finished compost. Many
microorganisms can function as secondary pathogens, although composting conditions
favor the growth of some more than others, where a fungus A. fumigatus has been isolated
at relatively high concentrations from finished compost and from compost-pile zones at less

than 60°C (WEF, 2010).



During composting operations of windrow and reactor studies at the Los Angeles County
Sanitation District in California (WEF, 2010), it was found that compost feedstock contained
1000 to 10 000 CFU/g; after composting, biosolids contained 10 CFU/g. Exposure to airborne
spores can be minimized by controlling dust. So, compost should not be allowed to become

too dry, and workers should be provided with dust masks when working in dusty areas.

2.3.2 Maturation

Maturation is conversion of the mixture’s rapidly biodegradable components into materials
as of soil texture, which decomposes slowly. Insufficiently mature compost will reheat and
generate odors when stored and rewetted. It also may inhibit seed germination (by
generating organic acids) and plant growth (by removing nitrogen as it decomposes in soil).
Stability refers to the reduction in microbial-degradation rate of the mixture’s
biodegradable components. Cellulose materials (e.g., wood and yard wastes) take longer to
decompose than wastewater residuals, so screening out the bulking agent may improve
stability. Mature compost should have a carbon-to-nitrogen ratio less than 20:1 (WEF,
2010). Compost curing usually takes three to four months to produce biologically stable

humus (USEPA, 1995).

233 Drying

To dry compost, operators have to provide enough aeration or agitation to facilitate the
removal of water vapor. This increases the solids content from 40% to 55% or more. Drying
is critical activity that includes screening, since the screens do not perform well if the

compost contains less than 50% to 55% solids (WEF, 2010).

2.4 Composting Methods

Degree of control imposed on a system can range from periodically turning a pile or
windrow to the more involved enclosed or in-vessel system with mechanical recirculation

and forced aeration.

To satisfy global requirements, a number of composting methods have been developed.
These methods offer the following benefits: accelerating a naturally occurring biological
process, providing process control variables such as moisture, carbon, nitrogen, and oxygen,

containing odors and particulate, reducing land area requirements; reliably producing



consistent product quality, and integrating aesthetically pleasing facilities into local and

regional sites (WEF,2010).

24.1 Windrow Composting

In windrow composting, the raw mixture is formed into long parallel windrows whose cross-
sections are either trapezoidal or triangular (Figure 2-1). The material then is turned on
detected time by a front-end loader or a dedicated windrow-turning machine to control the

moisture, and for aeration (WEF, 2010).

movement through the windrow.

\ @ AERATION TRENCH & PIPE OPTIONAL
CROSS SECTION

Figure 2-1- Schematic of a windrow composting system (WEF, 2010).

In the aerated windrow method, windrows are constructed over air channels to protect
aeration piping from the turning equipment. Air can either be forced up through the
Windrow or pulled down through the Windrow into the channel. The windrows are turned
frequently to expose more particles to air. Aeration and turning optimize the composting

rate and release of moisture.

Windrow composting occurs at open outdoor sites or covered sites. This system needs more
space than other composting technologies because of pile geometry and the room needed

to maneuver a windrow-turning machine (WEF, 2010).
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2.4.2 Aerated Static-Pile Composting

Aerated static-pile composter is also called the Beltsville Method this composter involves
aerating piled feedstock (Figure 2-2). This flexible method is popular in the United States. In
this method, the mixture is constructed into a (2 to 4 m) deep pile over an aeration floor
and then covered with a (150 to 300 mm) deep insulating blanket of wood chips or
unscreened finished compost to ensure that all of the mixture will meet the temperature

standards for pathogen reduction.

Small operations may construct individual piles, while large ones may divide a continuous
pile into sections representing each day’s contribution. The mixture typically remains in the
pile for 21 to 28 days while the plenum forces air through the material to provide an aerobic
composting environment. Then the piles are broken down, and the material is either moved
directly to a curing area, or screened and then moved to the curing area. Compost must
contain at least 50 to 55% solids before screening. In some facilities, an intensive drying step
precedes screening. Some facilities screen the compost after curing (rather than before

curing) (WEF, 2010).

WOODCHIP BASE LAYER
AND PIPE BEFORE ADDITION
OF INITIAL COMPOST MIXTURE

NON-PERFORATED
PIPE

PERFORATED
AERATION PIPE
IN BASE LAYER
OR IN TRENCH

COMPOST COVER

INITIAL
FINISHED  coupost

HEIGHT OF
COMPOST v ruRE

VIR~ N

]

LAYOUT AND SEQUENCE OF OPERATION

Figure 2-2: Aerated static-pile composter (WEF, 2010).

Aerated static-pile composter originally was developed for outdoor sites, but many systems
are either partially or fully enclosed to control odors or facilitate operations during

unfavorable environmental conditions as of temperature and / or rainfall extremes.
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243 In-Vessel Composting

According to WEF (2010), in-vessel systems typically combine aeration with some type of

automated material movement in a reactor.

The solids retention time inside the composter ranges from 10 to 21 days, depending on
system-supplier recommendations, regulatory requirements, and costs. It also should be
based on desired product characteristics and take into account the overall solids residence
time in the entire composting operation (al process phases). Once discharged from the
reactor, the composted biosolids typically must be further stabilized for 30 to 60 days to

achieve the desired product stability.

According to lyengar et al., (2005), there are basically three types of in-vessel composting
systems: vertical plug-flow reactors, horizontal plug-flow reactors, and agitated bay
systems. Vertical plug-flow reactors are made of steel, concrete, and/or reinforced fiber-
glass panels (Figure 2-3). A mix of dewatered cake, amendment, and recycled solids is
loaded in the top of the reactor, where it is aerated but not mixed. It moves as a plug to the
bottom of the reactor, where it is removed via a traveling auger. Horizontal plug-flow
reactors are similar to vertical ones, except that the solids— amendment mixture is moved

laterally through the reactor by a hydraulic ram.

Agitated-bay reactors are open-topped bays with, with blowers and piping systems that
supply air from the bottom (Figure 2-3). Unlike plug-flow reactors, they also have
mechanical devices that periodically agitate the mixture during its stay in the reactor. These
systems are designed to function much like aerated windrows. A variety of methods are

used to transfer compost from the reactors (lyengar et al., 2005).

The most commonly used in-vessel system is the horizontal agitated-bed reactor. These
reactors are rectangular, aerated from the bottom with independently programmable
aeration zones, and enclosed in a building. A loader places the solids—amendment mixture
into the front end. The agitation device operates only in agitation mode, and typically makes
one pass through the reactor each day. The composting material is dug out and redeposited
about 4 m (11 ft) behind the machine until it has moved through the entire length of the
reactor (WEF, 2010).

12
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Figure 2-3: Cross-section of a vertical plug-flow reactor (WEF, 2010).

2.5 Composting Quality Control Factors

In a study by Naylor et al., (2004) biodegradable (compostable materials) are affect by
environmental conditions some of them important for the growth others for sterilize as

clarified

2.5.1 Particles Size and Composability

Naylor et al., (2004), reported that particle size, surface to volume ratio and shredding are
main physical items need consideration to increase piles porosity, when using large particles
the porosity will be less so its preferred to use small particle size to increase the voids, to get

good biodegradability, the preferred particle size is 1/8 to 2 inches diameter.

2.5.2 Temperature

Preferred temperature during operation has to include thermophilic temperatures due to
some organisms in the process have their optimal level in thermophilic temperatures, to
reduce weed seeds and pathogen as high part of them cannot resist exposure to
thermophilic temperatures. Temperature isn’t preferred to 60 °C in order to prevent

inhibition of some microbes.
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Figure 2-4: Temperature changes during composting (Trautman et al., 1997).

According USEPA, (1993) Part 503 regulations, the optimum temperature range for volatile
solids destruction and pathogen removal is about 55 to 60°C. At the same time, pile
temperatures excess of 70°C inhibit the biological decomposition process. Also, if high
temperatures keep for periods longer than several weeks, the potential of spontaneous

combustion can occur in very dry material (>75% solids).

In turned windrow operations the temperature and oxygen content are controlled by the
porosity of the windrows and the frequency of turning. Initial porosity is controlled by
thorough blending of the feedstock and having the proper bulking agent to biosolids mix
ratio. Once the windrows are in place both temperature and oxygen content are controlled
by turning of the windrow. Turning incorporates oxygen, and releases heat and moisture.
Although turning releases heat, the pile temperature will raise upwards shortly after turning

(WEF, 2010).

2.5.3 Moisture Content

Water, reflecting the moister content (MC), is essential for microorganisms metabolic
processes also help them move about. 40% to 60% moisture is preferred for most material

mixtures. Below 40 %, microbial activity become slow and sometimes stops when MC less
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than 15 %. When moisture content exceed 65 %, air may be displaced by water in the pore
spaces of the raw materials, that cause anaerobic conditions produce odors and weak
decomposition. Since the amount of water produced from the decomposition process is less
than that evaporated, water must be added to keep moisture at ideal levels EPA, (1995) or
turning over the piles when moisture content exceed the specified limits Edriss et al.,
(2006). Minimizing evaporation should be managed by controlling the piles size, larger

volume has less evaporating surface per unit volume than smaller volume (EPA, 1995).

2.5.4 Mixing

Good mixing accelerates degradation which helps in producing high quality homogenous
compost which’s better for use and marketing (Schneider et al., 2001; llimer et al., 1997).
Dewatered solids must be well mixed with a bulking agent to ensure uniformity and good
airflow characteristics during composting. Therefore, mixing system should be taken in
consideration in the design. A good mixture consists of bulking agent particles uniformly
coated with solids containing no balls of dewatered solids that are more than 126 mm (5 in.)
in diameter. Mixing dewatered solids with a bulking agent minimizes storage-facility size
and possibility of odor generation. A solids and bulking agent mixture can be loaded and

conveyed more easily than dewatered cake alone (WEF, 2010)
2.5.5 Carbon to Nitrogen Ratio

Sine carbon consider as of energy source and nitrogen as of nutrient source so
concentrations of those two items affect the value of the compost Willson, (1989) whereas
desirable ratio to start composting range is 20 to 30 Sadaka et al., (2003), . If the ratio is less
than 25:1, excess nitrogen will be released as ammonia, reducing the compost’s nutrient
value and emitting odor. If the ratio exceeds 35:1, organic material will break down more
slowly, remaining active well into the curing stage (Poincelot, 1975). Calculating the C:N
ratio is complicated, because some of the carbon becomes available more slowly than the
nitrogen (Kayhanian and Tchobanoglous, 1992). If sawdust is the bulking agent, for example,
only a thin surface layer of the wood provides available carbon. The carbon in sawdust, on

the other hand, is more readily available to degradation.
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According to a previous study carried by Sadaka et al., (2003), C: N reduction in summer is
higher than in winter. So the decomposition and stabilization through summer is higher than

in winter.

256 pH

According to USEPA (1995), the preferred pH range is 6 to 8 to keep availability of nutrients
the enzymes which work for controlling the metabolic activity. Results of past studies
(Trautmann et al., 1997; Schneider et al., 2001) showed that the organic acids accumulated
caused a pH decrease and stimulated fungi growth, oxygen was adequate to facilitate
microbial degradation of organic acids. If the oxygen isn’t be in sufficient quantity pH value
may become less than 6 which will affect the decomposition process. To adjust pH value in
the composters lime and sulfur can be used , lime works to increase the pH and sulfur to
decrease it (USEPA, 1995), finished compost have to not exceed 8 because it may kill some

plants if it used in large amounts.

2.5.7 Oxygen

If the composting process oxygenation isn’t sufficient, the process become slow, and
nuisance odors produce. Sufficient oxygen needed for composting process range (16% to
18.5%) is ideal, when the percentage becomes less than 6 % odors will produce. To aerate

composting process, the piles can be turned or aerated by blowers (McFarland, 2001).

2.5.8 Curing

Curing is the process in which compost becomes biologically stable, this stage needs longer
time, in which rapid decomposition takes place resulting in significant lost in compostable
materials weight, the microbial activity continued in the curing phase slowly to complete
maturation. Curing stage usually takes several weeks to six months; typical period for curing

is three to four months to obtain a fine texture and stable product (USEPA, 1995).

2.5.9 Screening

Screening is to separate compost from non-composted materials, and to reduce compost’s
particle size. Compost is screened before or after curing. The moisture content of the
compost being screened should be less than 40 %. Except for leaves and sawdust, bulking

agents can be separated out of the finished compost and reused. This reduces bulking agent
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costs by 50% to 80%. Screening also produces more uniform. Vibrating screens and rotating
screens typically are used. All screens should have a self-cleaning feature (e.g., rotating
brushes in rotating trammel screens or a layer of balls between the decks of a vibrating deck
screen). Vibrating screens and rotary trammel screens can separate material into multiple

sizes, which can be useful if some markets demand a product with fine particles.

2.6 Finished Compost Quality

Several parameters determine the quality of compost, including particle size, pH, soluble
salts, stability, pathogens content, heavy metals, weed seeds, glass, and plastic. Materials
age and storage conditions also affected compost quality. In curing phase most of available
nitrogen converts from ammonium-nitrogen to NO3-N. End compost must be stored as small
piles in an aerated dry location, to allow aerobic respiration and prevent anaerobic
respiration which produces odors, alcohol, and organic acids that are damaging plants.

Figure 2-5 shows an overview of the major compost quality criteria.
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Figure 2-5: Major Compost quality criteria (Rothenberger et al., 2006).

Curing or maturing finished compost is an important factor for planting, finished compost
has to not release any acidic substances as of ammonia that affects plants growth,
immature compost cause adverse effects on plants roots that transport nutrients for the
yield growth, there’s no detected test to analyze the maturity but some indicators were
used as of color to be dark, no bugs or insects and smell close to earthy one, temperature
should not exceed ambient temperature if measured into the compost heap and the pH
reading should be around 7 + 0.5 (Rothenberger et al., 2006). According USEPA (1994),

chemical pollutants in MSW produced from batteries, motors oil, cleaning products, paints,

17



solvents which all these contains heavy metals have to be taken in consideration in
composting quality analysis , limits of heavy metals content of compost (dry matter; DM) in

some countries are listed in Table 2-2.

Table 2-2: Heavy metals limits for compost standards (mg/kg DM) (Hogg et al., 2002).

Country Cd Cu Ni Pb Zn
Austria 0.7 70 25 45 200
France 3 - 200 800 -
Germany 1.5 100 50 150 400
Greece 10 500 200 500 2000
Italy 10 600 200 500 2500
Spain 40 1750 400 1200 4000
UK 0.7 70 25 45 200
Canada 3 100 62 150 500
New Zealand 15 1000 200 600 2000
USA 39 1500 420 300 2800

According to a previous study (Rothenberger et al., 2006), the conventional (traditional)
compost contains about 1 to 2 % of natural nitrogen content, which is low when compared
to chemical fertilizers to get compost with high NPK ratios as compete chemical fertilizers.
Compost can be supplemented with additives such as potash or chicken manure. Table 2-3

shows a comparison of nutrient contents for conventional and enriched compost.

Table 2-3: Nutrients contents in conventional and enriched compost of waste concern

(Rothenberger et al., 2006).

Nutrient Traditional Compost Supplemented compost
Organic matter (35-40) % 30 %
Nitrogen (1.0-2)% 7%
Phosphorus (4-4)% 7%
Potassium (.5-2.6)% 14 %
pH 7.8 7.5

2.7 Composting Impact on Microbial Activity

Pathogens that are found in organic materials, animal manure and biosolids will cause

diseases if it's not treated properly (Pell, 1997). Pathogens as of Salmonella and E.coli
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0157:H7 may be found in crops that are exposed to animal manures which consider as of
source for fecal contamination (Wang et al., 1996). According to a previous study on a
municipal solid waste composting carried by Watanabe et al., 1997; Deportes et al., (1998),
temperatures more than 50 °C for 10 days and >60 °C for 5 days were adequate to eliminate
Salmonella and minimize fecal coliforms from 8.96 log cfu/g dry to <2 log cfu/g. and
according research on sludge composting with wood by-products. Shuval et al., (1991)
reported that temperatures more than 55 °C reduced fecal coliforms (from 105 to 101

CFU/g), and Salmonella (from 103 to <0.1 CFU/g).

Microbial activity during composting occurs in three basic stages: mesophilic, when
temperatures in the pile range from ambient to 40°C ; thermophilic, when temperatures
range from 40 to 70°C ; and a cooling period associated with a reduction in microbial activity
and the completion of composting. The optimum temperature in the thermophilic range
seems to be between 55°C and 60°C where the maximum rate of volatile solids destruction
occurs. Biological solids, newly harvested wood wastes, and yard wastes provide a diverse
population of microflora that can respond to changes in temperature and substrate. Under
most circumstances, an inoculum of pure cultures does not significantly enhance
composting. Sawdust decomposition, however, can be accelerated by inoculating a

cellulose-decomposing fungus and adding nutrients.

In a composting study by Cekmecelioglu (2005), the fecal coliforms were in the range of
>377- in winter and >365-460 MPN/g in summer, analysis showed that summer windrows
sustained thermophilic temperatures for longer duration than winter, existence range 19-53
MPN/g compost on the 28 and 66 days, which verify the requirement of precise monitoring

composting process.

Russ and Yanko (1981) reported that Salmonella growth in sludge composting happened in
the mesophilic (temperature range 20-40 °C) when the moisture content was more than 20
percent and Carbon to Nitrogen ratio more than 15/1.

2.8 Finished Compost Uses

Based on previous studies (Farrell et al., 2010; Hargreaves et al., 2008; Mylavarapu et al.,

2009; Semple et al., 2001; Weber et al., 2007), compost can be used for soil improvements
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as organic fertilizer, nutrient source, and for land remediation also control erosion, reduce
the bulk density, destroy pathogens, compost can be used to adjust soil temperature and
may improve the water draining. According to Mafarjeh (2011) using composts as a fertilizer
have several benefits as nutrient release take long time and compost contains

micronutrients that not found in fertilizers.
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3. Chapter Three - Research Methodology

3.1 Introduction

This Chapter presents design and setup for two composting experiments for pilot scale trials
using different mixtures of organic materials. The first stage was in winter through a joint
research project between Birzeit University (BZU) and University of California Davis (UCD),
and American University of Beirut (AUB) and the second one was through summer season.

All compost piles were conducted inside the greenhouse at BZU campus.
3.2  Trial Mixtures and Compost Piles Designs

This research was executed during two different seasons; the first stage was conducted
through winter season. Sampling, monitoring, controlling and analysis activities started was
on 26™ November 2014 and finished on 9™ March 2015 and second composting stage
conducted through summer starting from 13™ August 2015 and finished on 15t November,

2015.
3.2.1 First Stage

Based on previous studies, five mixed materials were prepared with a ratio (2:1) (Nikaeen et
al., 2015). Weight of each pile using different mixtures of organic materials was (10 kg
vegetables, 5 kg of horse manure or sludge) as following in Table 3-1:

Table 3-1: Summary of 1%t stage piles content

Pile No. Pile 1 Pile 2 Pile 3 Pile 4 Pile 5
Mixture 2 Organic +
2 Organic+1 2 Organic+1 2 Organic
content / 1 horse Organic
Horse manure Sludge + 1 sludge
Ratio manure
Saw dust Saw dust Saw dust
Notes speeded through speeded through speeded through
laying mixtures laying mixtures laying mixtures

Prior and after composting process, heavy metals, pathogens, organic matter and total

nitrogen were tested as following for each piles mixtures as in Table 3-2.
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Table 3-2: Tested parameters for each 1% stage piles content

Heavy metals pb, Zn, Cd, Cu, Ni

Nutrients Nitrogen , Phosphorus, Potassium

Periodic tests | Temperature : Daily, pH: weekly, Moisture: weekly

Pathogens Total Coliform , Fecal Coliform , E.coli, Salmonella
C/N Tested for raw mixtures and for finished compost
Total Nitrogen Tested for finished compost

Each mixture was spread in a trench, the dimensions of each, were length 25cm x width

20cm and depth 50cm. Each pile was covered by plastic sheet as in Figure 3-1.

Figure 3-1: One of Piles used in 1st stage

Initially each pile has been turned twice a week for 2 weeks using a fork, then once a week
for the remaining duration to aerate the mixture EDRISS et al., (2006). The temperature was
recorded daily inside each pile. Also ambient temperature was recorded until the pile
temperature stopped decreasing. Moisture content kept under control through periodically

measurements which calculated through the following equation:

Wet Weight —Dry Weight
Wet Weight

MC =

x100%, where dry weight measured after drying the mixtures

in oven at 40 °C for 24 hours. Moisture content maintained within the specified range
through adding water and turning when the moisture content became less than

recommended limit.
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The pH was monitored once a week using electronic pH meter as shown in Figure 3-2.

Figure 3-2: Monitoring pH values

Compost was produced approximately after 15 weeks from beginning of the experiment
which was through winter season. The finished compost was screened using a manual sieve
of (0.4 cm pore size), also representative sample from each pile was taken from the finished
compost to make the tests mentioned in Table 3-2. The results were compared with USEPA

standards in order to verify the quality of finished compost.

3.2.2 Second Stage

Through this composting stage, carbon to nitrogen ratios were tested for four mixtures that
were selected randomly, the two samples that have higher C: N ratios were selected to be

composted this experiment as following in Table 3-3:

Table 3-3: Selection of 2" stage piles content

Mixture No. Mix 1 Mix 2 Mix 3 Mix 4
10rganic: 10rganic: 10rganic: 20rganic:
Mixture content
Ratio 1Horse manure: | 2Horse manure: | 1Horse manure: | 1Horse manure:
/ 1Sludge 1Sludge 2Sludge 1Sludge
Selected
Mixtures for 4 v
Composting
Saw dust spread Saw dust spread
Notes through laying through laying
mixtures mixtures
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After analyzing C/N for the above mixes, mixtures [2] and [4] were selected due to having
higher Carbon to Nitrogen ratios, a total of 100 Kg of each mixture was used, divided as the
percentages mentioned before, each mixture spread loosely in layers of 15 cm inside each
composter between each layer saw dust used for ventilation and as carbon source.

Two composters were prepared, which were two plastic barrels with distributed
penetrations all around each barrel shown in Figure 3-3, the height of each one was 1.2 m

and the diameter was .75 m.

Figure 3-3: Piles used in 2" stage

According USEPA, (1993) Part 503 Heavy metals, pathogens, organic matter and total
nitrogen were tested prior and after the process to be compared with Quality limitations.
Piles and ambient temperatures were recorded daily; moisture content and pH were

measured weekly, Figure 3-4 presents monitoring periodic parameters.

Figure 3-4: Monitoring moisture content, pH and temperature

Composting process was considered finished when decomposing the raw materials was no

longer active and is biologically and chemically stable. This was after 12 weeks from
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beginning of the experiment. According Mafarjeh (2011) Produced compost was spread
under sun and air, and screened using 0.4 cm pores manual sieve to separate finished
compost from impurities, and to reduce compost’s particle size. Representative samples
were taken to retest mentioned quality parameters as clarified in Table 3-2. Results were

compared to US. EPA standards in order to verify the quality of finished compost.

3.3 Laboratory Analysis

For the raw materials ten samples from each raw mixture and finished compost were
collected from different locations and depths of each composting pile and mixed well
together to be more homogenized then the samples were placed in a labeled plastic
container and transported to laboratory at the same day of sampling. (Ryan et al, 2001). All
collected samples were analyzed at Birzeit University testing labs according to official
methods and the parameters analyzed included pH, moisture, total nitrogen, total Kjeldahl
nitrogen which is the summation of ammonia and organic nitrogen. Heavy metals: (Pb, Zn,
Cd, Cu, Ni), organic matter (N: P: K: C) and pathogens (total coliforms, Salmonella, E. coli,

and fecal coliforms). Quality of finished compost was verified using USEPA (1993) standards.

Heavy metal and minerals values for composting mixtures were analyzed using Inductively
Coupled Plasma Optical Emission Spectrometry (ICP-OES) according to the Standard Method
(ICP multi element stander solution 4 certiPUR lot- No. HC957274). Total nitrogen was
determined by analyzing the organic and ammonia nitrogen using Kjeldahl method and the

inorganic nitrogen was analyzed capillary ion analyzer (CIA).

Total coliform was analyzed according to horizontal method for the enumeration of
coliforms-colony technique, ISO 4832:2006 with 2009 corrigendum. Fecal coliform was
analyzed according standard method of U.S. Food and Drug Administration (FDA).
Escherichia coli was analyzed according to Horizontal method for the enumeration of beta-
glucuronidase-positive E. coli, ISO 16649. Salmonella sp. detected according to ISO
6579:2002 microbiology of food and animal feed stuffs—Horizontal method for detection of

Salmonella spp.
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4. Chapter Four - Results and Discussion

4.1 Periodic Tests Results

Along the study some parameters were measured daily as the temperature and others
measured weekly as of moisture content and acidity (pH) and others tested one time
before and after the study as of pathogens content, heavy metals and nutrients. Following

sections shows those results

4.1.1 Temperature measurements during the first experimental stage

According Stentiford (1996) proposed that temperatures higher than 55°C maximized
sanitation, those between 45 and 55°C maximized the biodegradation rates, and between
35 and 40 °C maximized microbial diversity in the composting process. According to Strauch
and Ballarini (1994) only the thermophilic range of 55 °C is sufficient to destroy pathogens
(Strauch and Ballarini, 1994). The EPA recommended exposure standard of 15 days at 55°C
in the windrow or piles (U.S EPA, 1984). Through the first composting stage which
conducted during a period experienced along day of cold fronts ended with a snow fronts
where the ambient temperature reached -1°C which’s a reason of the low temperature of
the compost piles and explains the instability in the temperature increase trends also low

decomposition rate, where the experiment took 100 days until curing indications appeared.

Daily measurements of temperature inside the compost piles and the ambient temperature
inside the greenhouse were recorded as shown in Annex 1 Table 1. Figure 4-1 below clarifies
variation in temperature with time for all composting piles. Pile No.4 reached thermophilic
phase after 70 days since the process start which can be considered a cause for pathogen
removal achieved where Fecal coliform, Salmonella and E.coli content less than USEPA
standards limitations. For other piles the temperature kept within the mesophilic range but
recorded pathogen removal which could be done due to consuming the nutrients required

for pathogens growth.

26



45

== (Pile 1) 2 Or : 1 HM: SD === (Pile 2) 20r:1HM

40
==é=(Pile 3) 2 Or : 1 SI: SD == (Pile 4) 2 0r: 1Sl

w
w

(Pile 5) Organics & SD = Amb

w
o

-\ A
i TN A s ¥
. J__L‘,"

------

N
(%}

[EEN
(2}

Temperature (°C)
N
o

=
o

(2}

S ﬁg # Time (Day)

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97

Figure 4-1: Temperature (°C ) change during 15t composting experiment

4.1.2 Temperature measurements during the Second experimental stage

Through the second composting phase which was conducted during summer season a rapid
increase in temperature was recorded during the initial days of composting. Temperature
reached the thermophilic phase in the third day and kept more than 55°C for 28 days in the
two composting piles which comply EPA recommendation for pathogens and weed seeds
removal through exposure windrow pile 15 days at 55°C (USEPA, 1984). Initially, the
temperature of the composting pile gradually increased to reach 65°C at the end of the first
week, then ranged from 65 to 40 °C beginning from the second and ending by fifth week
where the maximum biodegradation rates occur according Stentiford (1996) which clarifies
less duration for finishing composting process through summer season, then it began to
decrease gradually in the beginning of the sixth week to become close to the ambient
temperature 20 °C to 26 °C at the end of the 11™ week, which consider indication for finish

composting process as of Rothenberger et al.,, (2006). Figure 4-2 shows temperature

variations in 40 cm depth of the two composting piles and the ambient temperatures.

Water vapor volatilization was observed during turning of the compost pile. This can be
explained as the ambient temperature was 40 °C and microbial community in the pile

produced heat as a by- product because of intensive metabolic activity.
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Daily measurements of temperature 40-50 cm inside the two composting piles and turning
frequency for aeration purposes according EDRISS et al., (2006) were recorded in annex 1 in

Table 2.
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Figure 4-2: Temperature (°C ) change during 2" composting experiment

4.1.3 pH measurements

The pH of the compost usually has to be within a range of 6 to 8. The pH affects the growth
and productivity of plants and vegetation, therefore the recommended range pH for potting
soil is 6 to 8 for soil amendments (Nilsson, 1994). The pH values decreased in the beginning
as a result of organic acids build-up that was produced by bacterial digestion to organic
matter (Trautmann et al., 1997; Schneider et al., 2001). Thereafter, the pH began to increase
by the second week end as of organic acids decomposition or volatilization. According to
Mafarjeh (2011), pH decreased at the end of the first week down to 6.3 then has increased
up to 8.2 on the day 15™. This drop in pH may assist the growth of fungi, hence aid in the
degradation of cellulose and lignin; slow degradable organic materrials. All The pH values
measured weekly by electronic meter for first and second stage composting piles, where the

results within the US EPA limitations.

The experiment experienced a consistent value of pH by performing proper monitoring and
control, Figure 4-3 and Figure 4-4 show variation in pH values along the first and second

stage
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4.1.4 Moisture Content

During the two composting experiments, moisture content were monitored and controlled
according to the lab results, as mentioned in chapter three. Turning the piles was done as
required to keep MC within the optimal limits 55% - 65% (Cronjé et al., 2004; Gajalakshmi
and Abbasi, 2008; Kumar et al., 2010). Due to the temperature increase during the active
phase moisture content started to release from the piles so water has been added along
with turning. Figure 4-5 presents measured moisture content values for 1% composting

experiment where they was high at beginning of composting process due to higher MC in
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raw mixtures and cold weather conditions that assist to conserve moisture from
evaporation. By monitoring and prober controlling through turning, MC values came back to
the specified limits as in EPA, (1995). Figure 4-6 presents moisture content values along the
second experiment, most of the values for the two piles kept within the specified limits
whereas pile No.2 presents better moisture content values match with the optimal

standards 55% to 65%.
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Figure 4-6: Moisture content variations during 2"¢ experiment composting

4.2 Chemical and Biological Laboratory Results

The following parameters were measured for the final product of the two composting
experiments, after 3.3 months for the first stage and after 2.5 months for the second stage
since start of each experiment. These parameters were compared against the US EPA 40 CFR
503 standards to make sure that the final product is an environment friendly product for

land application.
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In addition to the regular measurements (Temperature, pH, Moisture Content) which
controlled to keep the finished product quality comply with the international standards.
Biological and chemical quality parameters monitored and recorded prior and after the two

composting experiments to evaluate the final produced compost quality.

For the first compost stage, all of heavy metals analyzed (Cd, Cu, Mg) as listed in table 4-1
and table 4-2, analysis results were within the limits of (EPA 40 CFR 503), same results
noticed for the second stage. These were expected due to lack of industrial sources.
Accordingly, heavy metals content in finished compost qualify it to be used to the land with

no any toxic impacts.

Fecal coliform, total coliform, Salmonella and E.coli, are considered as indicators for
compost pathogenicity (Sahlstrom et al., 2004; Gerba and Smith, 2005; Sidhu and Toze,
2009). According to a study by Haug, (1993) fecal coliforms can stay present under aerobic
and anaerobic conditions and are usually found in all starting compost piles. Since the fecal
coliform is responsible for some human diseases were analyzed to evaluate if the used
method for pathogenic reduction (Heat from compost) is efficient in fecal reduction that
qualify the compost match with the international standards. The pathogens will be
considered eliminated when the fecal coliform becomes less than 1000 CFU/ gram dry wt.

(Thompson et al., 2003).

Pathogenic analysis for the first composting experiments presented in Table 4-1 shows that
fecal coliform, E. coli and Salmonella content in finished compost of piles No. (1,2,4,5) <100
CFU/g these results comply with the EPA, (1993) where the temperature which consider the
main factor for pathogens removal kept within the mesophilic range although the
pathogens content comply with the international standard, which could be resulted due
consuming required nutrients for pathogens growth. For pile No.4 its exposed to
thermophilic range which could be a reason for pathogens removal. For pile No.3 (Organic +
Sludge + Sawdust) pathogens content exceeded EPA, (1993) which could be resulted by
insufficient temperature values (Trautman et al., 1997) or because pH value (6.4) difficult to

control the reduction of fecal coliform, Adela Fernandez et al, (1992).

For the second composting experiment pathogenic analysis presented in Table 4-2 shows

that fecal coliform and Salmonella content in finished content of the two piles <1000 CFU/g
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these results confirmed that the temperatures range during the composting process were
enough to decrease those pathogens. For E.coli analysis pile No.2 showed results match
with EPA, 1993 40 CFR section 503 whereas pile No.1 not which could be resulted from low
moisture content in comparison to the pile No.2 and physiological aspects of bacteria
(stationary phase) could explain part of the prolonged survival of E. coil in compost

according Environ et al., (2005).

Results of C/N analysis for the first stage raw mixtures ranged from 23% to 36% as listed in
Table 4-1, that’s match practical range to start composting according (Sherman, 1997) and
results of C/N for finished compost of piles No. (1, 3, 4) less than 15% which consider

indication for compost has good curing van Heerden et al.,( 2002); Kim et al., (2008).

For the second composting stage C/N ratio for the raw mixtures were around 11% for the
two piles as in Table 4-2, which’s possible to start composting according (Kumar et al.,
2010). Where C/N for finished compost from pile No.1 was 7% and 5% for pile No.2 which’s
consider indication for good curried compost where the preferd range of finished compost
is less than 15% van Heerden et al.,( 2002); Kim et al., (2008). 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 the compost had high organic-matter content which’s
considered as indicator for high quality compost. The ratios of nitrogen, phosphorus, and
potassium (NPK ratio), was analyzed and recorded in table 4-1 and table 4-2. Analysis results
were complying with (NPK ratios) of fertilizers content, according (Thompson et al., 2003) a
sum more than 5 consider as indication for nutrient rich compost, so can be used safely to
amend soil by nutrients. Compost has (NPK) summation less than 2 indicate poor nutrient
content, so the addition of organic matter can be used to improve the soil structure, usually

compost range between 2 to 5.
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Table 4-1: First composting phase lab results of quality parameters (chemical, biological and nutrients)
2 Organic+ 1 Horse 2 Organic + 1 horse 2 Organic + 1 Sludge
2 Organic + 1 sludge Organic with saw dust
manure with saw dust manure with saw dust
USEPA max
Parameter* L. Pile 1 Pile2 Pile 3 Pile3 Pile 4 Pile4 Pile 5 Pile5
limit Pile 1 Pile 2
Finished Finished Raw Finished Raw Finished Raw Finished
Raw Mat. Raw Mat.

Compost Compost Mat. Compost Mat. Compost Mat. Compost
Total nitrogen 0.351% 0.72 % 0.345% 0.46 % 0.208 %
Nitrates 400 1429.3 % 840.8 788.8 448.3
Kjeldahl-N 0.3418 % 0.6867 % .3255% 4221 % 0.1975 %
C/N 30.1% 11% 23.2% 22.4% 36% 12% 31.5% 7.2% 34% 33%
Pb <300 7.6 3.8 5.3 5 6.4
Zn <2800 49.8 71.8 68.5 68.8 55.7
Cd <39 - - 0.35 0.3 0.24
Cu <1500 12.5 23.3 100.6 83.5 19.3
Ni <420 31.2 22.5 24.3 27.3 31.2
P 1425 5256 2294 2475 1555
K 6535 9970 5760 5309 4885
Salmonella** <3 MPN/g Absent Absent Absent Absent Absent Absent Absent Absent Absent Absent
Total coliform™** 35x10° 2x10° 5.7x10° 2600 73x10° 34x10* 55 x10° 32000 186 x10° 140000
F. Coliform** <1000 MPN/g 1168 x103 100 47 x10* Absent 15 x103 3200 15 x103 50 24 x10* 70
E. coli** <100 22 x10* 60 16 x10° Absent 5 x10° 1700 1x10° 10 1x10° 30
pH 6-8 7.26 7.02 6.46 7.16 6.96

*Units are in

mg/L; otherwise stated, ** CFU: colony forming unit per gram (CFU/g)
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Table 4-2: Second composting phase lab results of quality parameters (chemical,

biological and nutrients)

Parameter US EPA max Pile 1 Pile 2 Pile 2 Pile2
limit (Raw (Raw
Mat.) Mat.)

Total nitrogen 23138 25082
Nitrates 641.62 334.3
C/N 10.5% 7% 10.81 % 5%
Pb <300 1.48 .94
Zn <2800 106.1 57.9
cd <39 0.23 0.13
Cu <1500 189 89.8
Ni <420 3.24 34
Selenium <36 Not Detected Not Detected
Molybdenum <75 1.33 0.55
Arsenic <41 Not Detected Not Detected
P 78.4 49.8
K 7.71 6.32
Salmonella** <3 MPN 260 Absent 120 Absent
Total coliform** 33.6x10° 3200 2.7 x10° 4100
Fecal Coliform** | <1000 MPN 14x10° 330 4.6x10° 200
E. coli** <100 3.82 x10° 310 2.52 x10° 100
pH 7.78 7.91

*Units are in mg/L; otherwise stated, ** CFU: colony forming unit per gram (CFU/g)

Composting was demonstrated to be a sustainable technology for stabilizing the different

mixtures and reducing the volume and the need for the landfilling of solidwaste. The two

composting phases showed efficient organic solid waste reduction, percentage of compost

yield from for the first phase ranged between 43% to 50 % Table 4-3, and the second stage

presented higher weight reduction especially pile No.2 which could be resulted from higher

temperature values recorded where the percent of yielding was from pile 48 No.1 and 42 %

from pile No.2 as in Table 4-4 below. Results of waste reduction could be considered
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feasible when comparing to other waste reduction methods as of combustion, although it’s
sometimes reduce the wastes up to 90% Sakai et al., (1996) but don’t benefit from the
wastes as a source, in contrast with composting that produce organic fertilizers, also when
comparing to landfilling, this method consumes lands and other costs without benefiting

from the wastes (Sida, 2006, USEPA, 1995).

Table 4-3: Weight of compost produced from 1st Composting experiment

Pile No. Raw Mixture Weight (kg) Finished Compost Weight (kg)
1 15 7.4
2 15 7
3 15 7.5
4 15 6.9
5 15 6.5

Table 4-4: Weight of compost produced from 1st Composting experiment

Pile No. Raw Mixture Weight (kg) Finished Compost Weight (kg)
1 100 48
2 100 42
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5. Chapter Five - Conclusions and Recommendations

This section summarizes the major conclusions and main recommendation elucidated from

this research study.

5.1 Conclusions

This research study demonstrates operational methods that will aid in the design, operation
and control of diverse windrow composting piles, especially those treating organic mixtures
of different origins. The finished compost from pile No. 4 (Domestic organics and Sludge) in
first phase and pile No.2 (2 organics, 1 horse manure and 1sludge) in second phase were the
best mixtures matching international compost standards where pathogens content and
heavy metals content within the accepted limits also the two piles exposure to
temperatures within the thermophilic phase which warrants pathogens, weed seeds

removal.

Moisture content control is very important since it affects the microbial growth responsible
for aerobic degradation of compost materials, also it affects the process temperature and

the quality of finished compost during the final screening process.

The duration to produce finished compost depends on several factors, the main of which is
the process temperature; composting process was more effective at high temperatures
during the summer periods, where the moisture content was controlled effectively.
Operational difficulties were faced due to conducting first experiment in winter days, where

the required process temperature of compost pile was delayed several days.

Heavy metals values in initial and final compost were within the limits of published
guidelines. This is due to the fact that domestic waste contains low heavy metals and no
industrial waste fractions were used. The only heavy metals sources might originate from

the horse manure and biosolids used in the mixtures.

The pilot trials using different C:N ratios revealed a finished compost of a high quality that
complied with international compost standards. Therefore, windrow composting can ensure
a compost of high quality and reduce environmental and health hazards. A sustainable

waste management shall consider composting as a resource recovery and waste reduction.
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5.2 Recommendations

Considering waste minimization, recycling, resource recovery, recycling and reuse as
strategic option for a sustainable waste management sector, composting programs
(decentralized or centralized) to recycle different organic fractions including domestic,
urban, agricultural waste, and biosolids are necessary to enhance the economic and

environmental development in Palestinian communities.

The feasibility of mono-composting or co-composting of sludge and biosolids, generated
from Palestinian WWTPs, warrants further studies at large scale pilots, since a successful co-
composting was achieved in this study. In doing so, composting removes large quantities
from municipal landfills. Sustainable biosolids disposal is, a high priority consideration, calls

for an immediate, sufficient attention by the responsible governmental officials.

International funding agencies, municipalities and local institutions should consider public
awareness and community outreach as integral parts of any solid waste management

program to ensure acceptance and cooperation.

Composting at household should be encouraged, where centralized large scale composting
facilities have a priority. Lessons gained locally should be utilized to promote and wide
spread composting projects for environmental and economic benefits. However,
composting programs should entail source separation of waste components, which should
be promoted, reuse and recycling of resource materials by the industry should be

encouraged, as well.

Government and local authorities should support and promote building capacity and public
awareness programs. Municipalities and Sloid Waste Joint Service Councils should consider
the involvement of the private sector in solid waste management, especially composting the
organic waste. Environmental health institutions, academic institutions and NGOs should be
encouraged to promote and support pilot projects to increase community participation to
develop compost facilities. Finally, the Ministry of Agriculture should encourage farmers to
use compost in order to improve soil properties, and explain the impacts of using fresh

manure or excessive amounts of chemical fertilizers.
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Table 1: Temperature measurements inside the first stage five composting piles.

Annex 1

Pile 1 Pile 2 Pile 3 Pile 4 Pile 5 Amb.
Day Turning
Temp. (°C) | Temp. (°C) | Temp. (°C) | Temp. (°C) | Temp. (°C) | Temp. (°C)
1 12 13 13 13 13 11.0
2 13 13 13 13 13 10
3 13 13 14 14 13 12.9
4 14 14 14 14 14 14
5 13 13 14 13 13 16
6 13 14 15 15 13 18
7 14 14 16 15 15 17 Done
8 15 15 16 16 15 18
9 16 17 18 17 16 18
10 18 19 20 18 17 13
11 18 20 22 20 20 9
12 19 19 21 19 18 13
13 17 21 20 21 19 14
14 14 18 18 17 16 11
15 13 16 16 15 15 12 Done
16 13 17 16 16 14 11
17 14 17 17 16 15 12
18 15 17 16 17 15 11
19 15 20 17 20 18 13
20 15 19 17 20 18 10
21 18 20 18 20 18 12
22 17 19 17 18 17 9
23 18 19 17 17 17 10
24 18 20 18 18 17 11
25 18 20 18 18 17 11 Done
26 15 16 16 16 16 7
27 15 16 16 17 17 9
28 12 14 11 14 13 3
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Table 1: (Cont'd)
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Table 1: (Cont'd)

62 23 20 23 28 20 18
63 24 20 24 31 20 18
64 25 20 25 31 20 16
65 25 20 25 32 21 18
66 26 22 25 33 22 21
67 28 25 27 34 25 22
68 29 25 27 37 25 23
69 29 26 29 37 25 22
70 31 27 30 38 27 25 Done
71 32 28 30 41 27 26
72 26 27 39 39 26 24
73 24 26 37 37 25 22
74 25 25 37 37 25 22
75 24 26 38 38 24 21
76 23 26 36 36 24 20
77 23 27 37 37 25 21
78 25 28 37 36 25 25
79 26 27 36 37 26 25
80 26 26 37 35 26 24
81 27 25 35 34 27 25
82 28 27 34 32 26 26
83 27 26 33 30 27 25
84 25 25 33 29 25 25
85 26 26 32 28 26 26
86 26 26 30 28 26 26 Done
87 27 27 29 26 27 27
88 26 28 29 27 26 26
89 25 27 28 28 25 25
90 26 25 27 27 25 25
91 26 26 27 25 26 24
92 27 26 27 25 26 26
93 27 26 25 24 27 27
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Table 1: (Cont'd)

94 25 26 25 25 27 26
95 26 27 24 25 26 26
96 26 28 25 25 26 26
97 26 27 25 26 25 27
98 26 25 26 26 26 25
99 26 26 25 24 24 26
100 26 25 25 24 23 25
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Table 2: Temperature measurements inside the 2" stage two composting piles.

Pile No. 1 Pile No.2 Ambient
Time (Day) Temperature Temperature Turning
Temperature (°C) pH . (°C)
°c) pH

1 46 49 36
2 51 50 35
3 59 60 38
4 61 62 41
5 61 7.5 60 7.1 40
6 62 63 40 Turning Done
7 61 60 36
8 65 66 37
9 65 64 36
10 66 66 39
11 62 60 35
12 64 65 32
13 64 6.5 63 7 29
14 63 62 30
15 64 65 30
16 61 60 31
17 63 64 32
18 64 64 27
19 63 64 24
20 61 7.9 60 7.7 25
21 61 61 27
22 59 57 27
23 59 60 26
24 56 55 27
25 56 55 28
26 53 53 29
27 51 52 27
28 49 8 48 7.9 30
29 47 48 29
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Table 2: (Cont'd)

30 48 49 27
31 46 44 26
32 47 48 29
33 45 44 31 Turning Done + water
34 44 43 29
35 44 44 29
36 43 41 26
37 42 43 27
38 40 39 26
39 38 8.1 39 7.9 25
40 39 38 26
41 38 38 27
42 37 35 27
43 36 37 27
44 37 36 27
45 34 33 25
46 32 32 26
47 31 29 27 Turning Done
48 33 32 24
49 34 7.9 33 8 25
50 33 34 25
51 31 29 24
52 32 33 25
53 32 31 24
54 30 29 23
55 30 30 19
56 28 26 18
57 30 28 19
58 31 32 20
59 31 30 22
60 32 31 25
61 31 31 24
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Table 2: (Cont'd)

62 30 8.2 28 8.1 24 Turning Done + water
63 29 29 22
64 30 29 23
65 30 31 24
66 31 30 25
67 28 26 24
68 29 30 24
69 27 8.2 26 8.1 23
70 27 26 24
71 28 28 24
72 26 27 26
73 26 29 27
74 25 27 25
75 24 25 21
76 23 24 22
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