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ABSTRACT

The current research aims at studying the relation between the quality
standards of the educational organization - with its attributes - and the
academic achievement motivation - with its attributes - among secondary
school students. Where, the quality standards of the educational
organization included two major attributes for the organizational ability
and the educational effectiveness. The organizational ability attribute
consists of five secondary attributes (Vision & Mission — Leadership &
Governance — Human & Material Resources — Communitarian
Participation — Quality Assurance & Accountability); whereas the
educational effectiveness attribute consists of four secondary attributes
(Student — Teacher — Educational Curriculum — Educational Climate).
Moreover, the academic achievement motivation included seven major
attributes (Self-motivation for education — Ambition — Perfection —
Perseverance — Taking Responsibility — Realizing importance of time —
Work tendency).

The research sample included 250 of the employees (teachers and
administrators) from schools (Banha secondary school for girls— EIShimaa
secondary school for girls— AlRamla mixed secondary school-AlSalam
private school- The Muslims Shuban and MostafaKamel experimental
school) where they were exposed to The “General Data for Employees”
form and the “Quality Standards of the Educational Organization for
Employees” questionnaire to identify the quality level of their
organizations while indicating their differences in the realization for its
attributes according to research variables (Social Status— Schools
Variation— Type of Education in the Organization— Place of Residence
“Country/Urban”- Educational Level- Income— Sources of Income-
Years of Experience and finally the Attended Training Courses).
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The research sample also included 250 female students of the secondary
schools of Banha educational administration (of the same schools), where
they were exposed to the “General Data for Students” form, the “Quality
Standards of the Educational Organization for Students” and the
“Academic Achievement Motivation for Students” questionnaire
according to the research variables (Family Size— Education of Father and
Mother—Mother’s Job—Place of Residence “Country/Urban”— Family
Level of Income— Variation in Schools and Variation in Education Type).

The research came to the following results:

1. There is a positive correlation relation between the quality standards of
the educational organization — with its attributes — and the academic
achievement motivation — with its attributes — among secondary school
students at significance level 0.001.

2. There are differences of statistical significance in the quality standards of
the educational organization — with its attributes — according to the
awareness of (employees/students) at significance level 0.001in favor of
employees.

3. There are no differences of statistical significance between the awareness
of students for the quality standards of the educational organization —
with its attributes — and the academic achievement motivation — with its
attributes — among them and Mother’s Job and Place of Residence
(Country/Urban).

4. There are differences of statistical significance in the awareness of
students with the quality standards of the educational organization — with
its attributes — and the academic achievement motivation among them —
with its attributes — according to Variation in Schools at significance
level 0.001.

5. There are no differences of statistical significance between the awareness
of employees with the quality standards of the educational organization —
with its attributes —according to Variation in Schools.

The study recommended that the administrators to expand establishing
experimental and private schools due to distinguish in applying the quality
standards. In addition to paying more attention for the application of Total
Quality standards in public schools and updating curriculums to include subjects
for improving the academic achievement motivation. Moreover, the study
recommended also that there is an important need for facilitating healthy
educational climate where the distinguished teachers and students are properly
motivated, and increasing the cooperation between parents, teachers and school
administrators.
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ACTIVITIES AND BEHAVIOR OF MICE AFTER TREATMENT BY WATER WITH
HYDROGEN AS INDICATOR TO ITS PSYCHOLOGY STATES.

M.S. Khalil * & M.M. Soltan **

* Faculty of Science, Menofia University. Egypt.
** Faculty of Theology and Islamic Dawa, Menofia, Al-  Azhar University, Egypt.

English Summary:

Addition of hydrogen to distilled water increase the ability of treated male and
female mice to climbing up to higher levels than untreated one due to the
increasing in its activities. This water improved also behavior and psychology.
Both male and female mice were affected, but male mice were more affected
and more sensitive to this water than female. This water also increased the
longevity of treated mice than untreated one.
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Was taken and adjusted from Chanan, A et al: http://www.upo.es/econ/IIOMMEQ8, A Role for
Input-Output Analysis in Urban Water Policy Decisions in Austral,2008.
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Total CAPEX is about
2,800,000,000 € for 2,100 MWnet
electric

An estimation of
the total cost of
coal — solar project
2000 MW.
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Hybridization is THE approach to
convert fossil fuel power economy
to a sustainable affordable and
environmental friendly one.
Efficiency of hybridization would
be high, because large scale coal
power plants benefit from high
efficiencies in the power block of
more than 40% + - when injecting
solar produced steam in the life-
steam path of the coal fired facility,
the solar steam is then converted at
high efficiency, e. ¢g. 40%
depending on the cooling. However
solar field too close to the coal fired
power plant would suffer from the
blocking of the water steam clouds
coming out of the cooling towers-
best would be to cool with Nile-
water.

The efficiency of
hybridization
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Total Project volume for the solar
tower would be approx.
4,200,000,000 € for the solar steam
production (to produce solar steam
at 700 MWel equivalent-share for
the power block of the coal plant at
max. capacity of 2,100 MWhnet) +
2,800,000,000 € for the coal plant
(making at peak 2,1 GW when
some days are without solar) =
7,000,000,000

Generating approx. § Total annual
electric energy: 15,400,000 MWh
8 Levelized Cost of Electricity:

65 — 90 €/MWhel (Depending on
financing, coal price and carbon
credits)

8 Emission:

650 t_ CO2/MWhel

580-

Your opinion about
the ratio of 65%
coal and 35% of
solar.
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For the water desalination this fully
depends on the local conditions, but
would be commercially beneficial
for the project, so levelized cost of
electricity could be decreased
additionally significantly.

The positive effect
of the project from
the side of water
desalination
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Thank you, but | mean process heat in sense of heat in form of e. g. steam

to run industrial processes at temperatures >100°C or waster water
treatment or desalination at 80°C or else demands...- if there is a need for
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process heat close to the solar site, this will increase economics
significantly.
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Attn.: Mahmoud Sayed Ali
e-mail sadk1010@yahoo.com
2013-05-22

Dear Mr. Mahmoud Sayed Ali:
Thank you for your inquiry.

KATZEN has a distinguished history of process engineering and design for
biofuels plants and industrial chemicals derived from agriculture and vegetation. Since
our founding in 1955, we have completed more than 140 ethanol projects in 36
countries on every continent. KATZEN associates are a group of highly experienced
process designers, engineers and consultants d edi cated to developing first of kind
concepts in ethanol and biofuels production. We specialize in custom plant designs that
meet the unique requirements of each client.

Our largest client in Europe is Abengoa Bioenergia of Spain. KATZEN has designed
five ethanol plants for Abengoa, including the Galicia, Salamanca , Lac ( France ) and
Rotterdam plants which are considered by many to be the most sophisticated ethanol
production plants in the world. The Rotterdam facility is the largest single-line
wheat/corn ethanol plant in the world. Other European clients include companies such
as Agrana ( Austriag, Alco Bio ( Belgium ), Bioagra ( Poland ? and Ensus ( UK).
KATZEN was the first to design commercial-scale "flexible feedstock™ plants with
feedstocks such as wheat, corn (maize), grain, sorghum, barley, field peas, cassava,
sugar beet juice, sugar cane juice, potatoes, cane or beet molasses, cheese whey
permeate and more. Several KATZEN-designed plants routinely combine feedstocks to
maximize economic opportunities of feedstock availability.

KATZEN's core business is the development of a Process Design Package (PDP) that
includes all the information required for the client or project developer's EPC
(Engineer, Procure, Construct) or ECPM firm to arrive at a rational project cost
estimate. The full PDP is the basis for the EPC or EPCM firm to produce the detail
design, procure equipment and materials, and construct the facility. In this way, the
client/project developer can optimize use of regional supply of labor and materials
while and controlling plant CAPEX cost through construction. KATZEN then serves
as liaison for the client/project developer to verify the EPC/EPCM's construction
compliance to the plant design within the process battery limits. KATZEN assists the
client/developer in plant commissioning, employee training and plant start-up and
provides guarantees and warrantees for KATZEN design work within the process
battery limits of the plant.

You asked what will be the plant cost. We are not contractors and we have no

construction and equipment purchasing experience in Egypt. A price for the plant
would best be ascertained from a reliable contractor capable of building an ethanol
plant in your region. This approach usually results in the lowest cost.
You asked what will be the product and co-product? Since no sugar is to be produced,
all cane juice would go directly to the ethanol plant to be fermented, No molasses
would be produced and the very expensive sugar cane mill would be avoided. Given
that all ethanol would be used as fuel, there would be no need to operate molecular
sieves to completely dry (de-water) the ethanol. This will save investment and energy.
The product would be 92-96% ethanol. The co-product is bagasse (50% moisture
crushed sugar cane stalks and leaves). The bagasse is typically used as a biofuel in a
bagasse boiler. These are the two primary products produced.

A third co-product will result from left over stillage (sometimes called slops).
The stillage may be concentrated to make “CMS” animal feed concentrate or sent to a
anaerobic digester to make some biogas or merely irrigated to the cane fields. It is also
possible to burn CMS as a fuel.

The amount of ethanol produced from a metric tone of cane is subject to the
°brix (sugar content) which tyi)ically ranges from 11 to 14%. Also, ethanol yield and
fermentation concentration will largely depend on natural salt content of the cane in
your region. This depends on your cane growing soil, salt content of irrigation water,
cane cultivar, each year’s weather and other natural conditions which can not be
controlled. We must rely on your local agronomy experts to tell us what the tons of
sugar per hectare and salt content would typically test.

If your agronomists provide us with the tons of sugar that will be in the cane

ey
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and the rate at which you anticipate supplying cane to the plant, then we can calculate
the required capacity. It is very important to determine how many months the plant will
operate based on cane harvesting schedule. _

145 kg of ethanol per metric ton of cane is a reasonable generally accepted
worldwide figure. If this figure works for your situation, then 200 000 tons would
produce approximately 36 million liters per harvest and 400 000 tons of cane would
produce 72 million liters per harvest season. Since your plant would only operate about
6 months in conjunction with cane harvesting, the daily capacit){l is designed
appropriately. Because cement kiln heat recovery would supply waste heat generated
steam, it would be possible to evaporate the cane juice so that some could be stored to
allow operation of the plant most of the year. This would allow you to build the ethanol
plant at half the daily cane harvest capacity. An evaporator would concentrate some of
the cane juice to storage concentration to be utilized after the harvest season is over.
You asked the BTU value of ethanol. Denatured USA ethanol tests 76,100 BTU per
USA gallon. This is the same as 20,106 BTU per liter. Diesel #2 fuel oil is 34,214 BTU
per liter. We do not burn heavy oil or mazut here. Since it is not required to dry the
ethanol to 99.8%, your ethanol would be slightly less. For example, if your ethanol is
94% ethanol, then the BTU value would be 94% x 20,106 per liter = 18,900 BTU.

~ Since you are not looking to produce sugar, it is possible to operate a cane
milling operations dedicated to only ethanol production using a combination of sugar
cane and/or sweet sorghum. Sweet sorghum would extend your harvest season and
sweet sorghum produces a greater biomass content per ton of ethanol as compared to
sugar cane. We recommend you investigate this possibility further with Egyptian
agronomy experts.

KATZEN has worked with numerous EPC/EPCM firms on many successful projects
throughout the world. We can work with MISR Cement Co.(QENA) E.S.C.'s preferred
Egyptian or other EPC or in the alternative; we can suggest other EU EPC/EPCM firms
such as DeSmet Engineering and Construction or whomever you may choose to
manage the project.

Based on our depth of experience and dedication to continuous improvements
in ethanol production, KATZEN is highly qualified to assist MISR Cement Co.(QENA)
E.S.C. in development and design of the ethanol portion of this project.

I propose a conference call at your convenience to discuss your project and KATZEN's
qualifications in greater detail. Kindly let us know when would be a good time to open
a teleconference. We stay late into the night, so it is easy to match an evening call here
with a morning call in your time zone.

Sincerely,

Peter Sandfort,

Business Development Manger
KATZEN International, Inc.

2300 Wall Street, Suite K

Cincinnati, OH 45212

Office: 513-351-7500

Cell: 5154501030 E-mail: sandfort@katzen.com
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ABSTRACT

A framework of industrial ecology in the planning of the

energy problem and achieving sustainable development
Development project in the governorates of (Qena - Red Sea - Luxor)

Dr. Mahmoud Sayed Ali ALsadk

Researcher in Industrial Ecology and material and Energy flow management

The objective of this research is to use industrial ecology concepts in the
planning of the energy problem and the achievement of sustainable
development in the desert region located between the governorates of
Qena, Red Sea and Luxor. The structure of the research consists of
industrial ecology thinking to help government and companies to discover
financial, environmental and social features. It also benefits from a new
and clear vision through methods to better incorporate concerns about
environmental and social issues into design decisions from the level of
products and manufacturing in factories and material flow analysis. The
research presents a proposed solution to construct a hybrid coal — solar
electric power station, which will generate the same amount of energy as
using the same amount of coal in the cement companies with a big
percentage share of solar radiations. This would avoid a lot of negatives
such as the economic and environmental use of coal in cement kilns. It
will also lead to comprehensive sustainable development and the creation
of many industries in Upper Egypt. The research aims to use the fiscal
policies of the state and the relationship of negotiating with the cement
companies and involving them in the construction hybrid coal — solar
electric power station by ownership through methods of innovative
financing.
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Some of Socializing Institutions and it's
Relationship of Some Wrong Behaviors
Amonge Adolescents”

Prof./Mohja Mohammed Ismail Muslim, D/Noha Abdel- Sattar Abdel-Mohsen
and Aya Ahmed Ismail

*College of Home Econmics Menoufia University
Abstract

The study mainly aims to study the relationship between some
socialization institutions misconceptions and behaviors that are issued for
teenagers through to identify the following: detection of the most
important  socialization institutions influencing the behavior of
adolescents, identifying the wrong behaviors that are characterized by this
age, disclosure of the relationship between some these institutions (family
- school - peer group - houses of worship) and some wrong behaviors
among adolescents (violence - aggression - lying - theft), disclosure of the
differences between some socialization institutions and some wrong
behaviors depending on some economic and social variables .

And included a sample of basic study on 180 students from middle school
and high school students the first band from the College of Home
Economics Menofia sample was chosen deliberate manner object-where
required to be a student in adolescence (12-20 years) and after data
collection has been discharged, classifying and scheduling and analyzed
statistically using Spss program, and keep track of this study, analytical
approach to the description .

Among the most important results of the study, there is a positive
correlation between some socialization institutions (family - school - peer
group - houses of worship) and some wrong behaviors among adolescents
(violence - aggression - lying - theft), there is a correlation between some
influence on adolescents variables such as (hnumber of family members
and enact teenager and parental education) and the wrong behaviors
Bmahorha (violence, aggression, lying and stealing), no statistically
significant differences among adolescents affected institutions upbringing
Bmahorha (family - school - peer group - houses of worship) and the
wrong behaviors have Bmahorha (violence - aggression - lying - theft)
depending on the stage of the school, there are statistically significant
differences between upbringing institutions and between the wrong
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behaviors in adolescents according to the profession father differences, no
statistically significant differences between upbringing institutions and
between the wrong behaviors in adolescents according to the work of
Mother differences, there are significant differences between upbringing
institutions and between the wrong behaviors in adolescents according to
the housing, no statistically significant differences between upbringing
institutions and the wrong behaviors among adolescents, depending on the
type of differences, no statistically significant differences between
upbringing institutions and the wrong behaviors among adolescents
differences depending on the type of study, no statistically significant
differences between institutions differences upbringing and the wrong
behaviors among adolescents, depending on income.
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Investigation of the Thixotropy Behaviour of Three
Different Waxy Crude Oils Using Shear Step Function
Method

A. Abdelrahim®’, H. Benkereire?, and R. Patl?

¥ petroleum Department, Faculty of Engineering, Omar Al-Mukhtar University Tobruk, Libya.
ahmaedsalam@yahoo.co.uk

2IRCin Polymer Engineering, School of Engineering, Design and Technology, University of
Bradford, Bradford, United Kingdom

Abstract

This paper presents an investigation aiming to determine the
thixotropy behavior of three different waxy oils. Wax crystal
precipitation is shown to be the main cause of pipeline chocking or
blockage when the oils have a sufficiently high content of wax. The
problem, which is fundamental to the entire world oil industry, is put
in the context of the Libyan oil industry which serves as a case study
for this research. Three waxy crude oils have been used in these
experiments: One provided by BP (British Petroleum) and originating
from the Azeri Well BooZ 2 in Azerbaijan, one by ENI Oil Company
of Libya and originating from their Remal well and the third one is
model oil referred to as MIX, produced in our laboratory. A new
method called shear step function for determining the Thixotropy
behavior was applied in this research. The results indicate that these
oils response adequately within the limits of processing parameters
being used.

Key words: Waxy crude oils, Rheology, Thixotropy, Yield stress, shear
rate, pour point, and Gelation point.

I. Introduction

Thixotropic behavior is related to the materials which become less viscous
over time when shaken, agitated, or otherwise stressed (Mezger, 2006) for
example, the waxy crude oils.

Crude oil is a naturally occurring petroleum liquid found in rock
formations (Bell, 1963) in a number of reservoirs throughout the world. It
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may contain some waxes (paraffins); in this case, it is called a waxy crude
oil. Waxy crude oils are the most common types of crude oils and are very
important from an environment viewpoint since they have low sulphur
content (Rashidah, 2005). The percentage of wax in some areas rather
than others refers to the nature of the oil and not the structure of the rocks.
The quantity of wax in crude oils differs by less than 1% wt to more than
30% wt (Mohamed, 2003).

Wax is a solid or semi-solid material consisting of a mixture of
hydrocarbons, while paraffin waxes consist mainly of saturated
hydrocarbons. The paraffin waxes in crude oil are valuable sources of
refined production ranging from engine oil to jet fuel. However, there are
many problems that arise with the waxy crude oil (Becker, 1997). The
build up of paraffin and asphaltenes represents the organic equivalent of
scale, and their presence in formation, tanks, and pipelines can lead to
serious problems over time (Becker, 1997; Benallal et al., 2008). Clearly,
in pipelines, if allowed to form in their solid state, they will restrict the
available cross sectional area for flow and consequently impede pumping
of the oil, sometimes causing complete blockage that can last several
months before being removed (Guo and Prud’homme, 2005) with serious
economic costs. This is precisely the topic of the research presented in this
paper.

Figure 1 illustrates such precipitation blockage in pipelines, aggravated
when the waxy crude oil has high viscosity and high pour point (Irani and
Zajac, 1982; Guo and Prud’homme, 2005) and the ambient temperature is
low, as is the case in Russia’s oil fields where the temperature often falls
below -20°C (Fusi, 2003). It is important to note however that such
extreme temperatures are not always necessary for wax to precipitate.
Indeed in the case of the present research with waxy crude oils commonly
found in Libya, wax precipitation can occur at 15-30 °C, which are
“normal” conditions in Libya.

Il. Experimental Method

2.1. Physical characteristics of the three waxy crude oils used
in this study

The pour points, API gravity and wax content of the three oils studied in
this program are presented in Table 1 This data show that the wax contents
are in a good range for experimental studies, 15, 25 and 35% as are the
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corresponding pour points 20, 37 and 42 °C. It is interesting at the outset
to remark that these pour points are high but not abnormal and stress the
observation that gelling of waxy crude oils occurs commonly at normal
temperatures and not below zero as it may be presumed.

Figure 0: Deposition of wax in oil pipelines
Source: http://tigger.uic.edu/~mansoori/Wax.and.Waxy.Crude_html (09/08/2010)

Table 1: Physical characteristics of the three waxy crude oils used in this study

Character Method BP Mix Remal
Sample | Sample | Sample
o Measured
SG@60°F in the Lab 0.8795 | 0.8766 | 0.8770
o Measured
API@60°F in the Lab 29 30 30
Pour Point °C IP 15/D97 20 37 42
UOP
0,
Wax Content (wt %) 16/64 15 25 35

2.2. SAMPLES PREPARATION

As the rheological properties are the key to this research, it was necessary
to organize the samples in a systematic manner so that no previous
rheological history could affect the measurements planned and also to
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facilitate repeat comparative testing. To that effect, all the oil samples
were preheated to remove the memory effects of thermal and shear history
on waxy structure. The preheating was carried out “slowly” in a water
bath, bringing the temperature from room temperature to 80 °C, gradually
over a period of 2 hours, whilst also stirring at 80 rpm using an anchor
agitator (see Figure 2). Once the 80 °C temperature was reached, stirring
at 80 rpm and at this temperature was maintained for 2 hours, before
storing the samples in sealed jars for 48 hours ready for rheological testing
thereafter.

Figure 2: Photograph of the mixer used in this study

Note that this 80 °C temperature is well above the g)our point temperature
of the samples indicated in Table 1 (20, 42 and 37 “C respectively for BP,
Remal and Mix). Such a method of preparation is widely used for
rheological testing of waxy crude oil (Lie and Jin, 2007).

As stated at the outset, this programme of research is concerned
essentially in the measurement of the yield stress as it is this equivalent
pressure that must be overcome when starting a pipeline that has had the
oil it transports allowed to precipitate its wax and gel into a semi-solid
plug and also for thixotropic behaviour measurements of Libyan waxy
oils. Performing rheological testing in the appropriate mode of operation
is necessary if an accurate determination of the yield stress is desired. This
requires rheological equipment that can be operated in controlled stress,
oscillatory or creep modes, the three techniques most appropriate to
measure Yield stresses and the yielding process of gels and materials that
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contain solidifying particles such as waxy crude oils. The laboratories at
Bradford University are equipped with the latest such equipment, the
Physica MRC 501 Anton Paar (see Figure 3), which can operate both at
constant shear stress and constant shear rate and under rotational and
oscillatory modes.

Figure 3: The Physical MCR 501 Anton Paar Rheometer

2.3. Test Theory Details

Whereas the constant shear rate mode can give information about the
behaviour during large deformation such as pumping, stirring the constant
shear stress mode can be used in a ramp up-down mode to track the onset
of yielding. The oscillatory tests exploit the concept of viscoelasticity in
material deformation which is measured by subjecting the sample to an
oscillatory deformation and measuring its response in time which in the
presence of a solid component of flow will show a phase shift. Also,
instead of ramping up and down, it is possible to carry out similar
controlled stress experiments by imposing different constant stresses for a
creep time over a period of time and then removing the stress abruptly
while recording the resulting strain recovery over time. These three
techniques allows not only to determine the yielding process and relevant
yield stresses but also enable to analyze the structure of the material at rest
and give information about storage stability, elasticity over long time
scales.

The Rheometer MCR-501 can accommodate two measuring systems, the
cone and plate and the plate and plate systems and operate in the rotational
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or oscillatory modes. Both systems are described below such flow
situations in both the cone and plate and the plate and plate systems.
As established from in other researches, waxy crude oil yield stress which
develops strongly upon cooling when at rest is the result of structure build
up due to crystallisation. Clearly, at restart, the application of a force
equal or greater than the yield stress will result in flow. Because of the
cost of pumping, restarting flow with minimum pressure requires
application of a pressure force just equivalent to the measured yield stress.
When this yield stress is applied, the structure will gradually break in time
until flow commences. Therefore a study of the thixotropic behaviour of
the waxy oil is required. In shear flows, this can be achieved either by the
application of a constant stress equivalent to the yield stress or by the
application of the lowest permissible shear rate (depending on the
accuracy of the rheometer).
In these experiments, the measurement of thixotropy was achieved by
using the lowest shear rates permissible, typically 0.1s™. If at this shear
rate, very close to the restart (when the oil is constraint to move in the
pipe), the oil is observed to drop significantly in viscosity with time, then
the pressure can be reduced below the start-up values to maintain a desired
flow rate in accordance with pipe flow theory (Hagen-Poiseuille equation
for laminar flow) which links flow rate, Q pipe diameter D and length L
with pressure drop, i.e.

AP 7D?

Q=" 128,

This equation strictly applies to a Newtonian fluid in laminar flow but can
be relaxed by using an apparent viscosity which can be measured from test
data. Therefore in this section, we present data on the variation of the oil
apparent viscosity with time at the lowest shear rate that happens
immediately after start-up. Also and in order to measure thixotropic
behaviour and illustrate the extent in the range of viscosities that can be
attained after start-up, it is necessary to also observe the behaviour when
the shear stress is increased drastically to a high value, say 1000 s™ which
will be typical of a full flow and brought down back to 0.1 s™. This will
give the spread of the viscosities and are the necessary values to guide the
setting up of pressures until full flow is reached. Because clearly,
maintaining the pressure to the highest value is not only not necessary but
also very expensive.

In order to complement the thixoropic data, it is also useful to measure the
variation of apparent viscosity at constant temperature with shear rate
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when the shearing time is varied. Such information will provide a
complete picture of the oil behaviour and will enable an optimisation of
the pressure during start-up.

2.4. Measuring Technique

The technique used for thixotropic measurements here is simple and it
seeks to mimic the gradual development of shear rate with time at the
beginning of re-start from shutdown. Again a controlled cooling is
applied to the samples which are brought down below the gel point to a
test temperature. These conditions are similar to the one studied above.
Therefore using a modern rheometer, one can programme first the control
cooling of the sample from a high temperature to the test temperature, then
set for the shear rate to be maintained at a very low value, 0.1 s™and
measure the reduction of apparent viscosity in time. A step increase
thereafter to 1000 s would show the extent to which the apparent
viscosity can really drop to and this will allow calculation of a whole set
of pressures possible to operate the pipeline for a set flow rate. Also by
programming a step decrease back to 0.1 s™, thixotropy and the increase in
viscosity after shutdown can also be measured.

As for the measurement of time dependency at all shear rates, it was a
simple matter to impose a shear rate and measure the variation of apparent
viscosity in timer.

I11. Results and discussions

Figures 4 to 27 present the data for the three oils studied in this research
with tests conditions as follows:

First interval: shear rate y=0.1s" for60s

Second interval: shear rate 7= 1000 s™ (or another large value 3000 s™)
for 60 s

Third interval: shear rate 7 =0.1s™ for 600 s

All samples as explained earlier were cooled in the rheometer to a set
temperature as was done in the tests described above.

This test attempted to ascertain the amount of residual wax that is retained
after application of shear rate ranging from 1000 1/s — 3000 1/s ; (1000 1/s
for BP oil sample and 3000 1/s for Remal and Mix).
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In the first interval the applied shear rate was 0.1 1/s at temperature 5 °C,
thereafter a shear rate of 1000 1/s is applied to the BP sample. Afterwards
at the second interval the viscosity was recorded at almost zero.

At the third interval the load was withdrawn and the applied sheer rate was
maintained at 0.1 1/s in order to see if the viscosity value would revert to
the reference/ residual value obtained from the first interval.

The test results are plotted in three different graphs in order to
demonstrate the data in sequencing order with a view illustrating the
viscosity at various shear rate in given intervals.

The benefits of these tests can give the pipeline operator the required data
regarding stress and viscosity to be able to operate the pipeline optimally
from Health and safety and budgetary consideration.

In order to derive the utmost benefit to the pipeline operator from this test
results (thixotropy), it can provide us with the yield stress that is needed to
re-start the pipeline and furthermore if flow is curtailed for any reasons, it
is possible to get the maximum shear stress that can be applied to re-start
the pipeline is thus identified as the highest sheer stress repeated in the
third of Table 2.

It is evidently shown in Figure 5 for the first interval that the viscosity of
the BP sample is thinning drastically; falling from approximately 795 Pa.s
to a low figure of 755 Pa.s.

Similarly, at the second interval, when the load of 1000 1/s, the viscosity
is relatively thinner in comparison with the initial viscosity obtained from
the initial phase. The low viscosity shown in Figure 6 illustrates that the
oil flows easily.

Correspondingly, in the third interval the same slow rate of 0.1 1/s that
was applied in the first interval gave the possibility to the wax
structure/composition to re-formed, however it will not revert back to its
initial viscosity as shown by the results in Figure 7. Accordingly, the same
process is repeated at different temperature of 10, 15 and 20°C.

At the same instance, the same effect was considered and applied to the
two other oil samples; (Mix & Remal) at different test temperatures below
the gel point temperature with similar characteristics exhibited in the
results recorded. This is illustrated in more details in Table 3 for the
sample referred to as Mix; the same results recorded are equally
represented in Figure 12 and up to Figure 19 for the temperatures under
consideration; namely 5 and 10 °C.

Similarly, the characteristics of the sample referred to as Remal is
illustrated in tables 4, Figure 20 up to figure 27 for temperature under
discussion/consideration 5 and 10 °C.
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Figure 4: Time vs. viscosity: thixotropy phenomena test for BP sample under 0.1, 1000

and 0.1 1/s shear rates at 5 °C
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Figure 5: Magnification of the data shown in Figure 4 from time interval 20 to 80 second
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Figure 6: Magnification of the data shown in Figure 4 from time interval 80 to 100
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Figure 7 Magnification of the data shown in Figure 4 from time interval 100 to 580
second
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Figure 8 Time vs. viscosity: thixotropy phenomena test for BP sample under 0.1, 1000
and 0.1 1/s shear rates at 10 °C

—t— | Nnterval 1, At 10 °C

398
<4
394 \

390 \

bt
I \
(=
= 386
B L
g 382
=
378 ~_
374 T T T T T T T T T 1
30 35 40 45 50 55 60 65 70 75 80
Time, s

Figure 9 Magnification of the data shown in Figure 8 from time interval 20 to 80 second
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Figure 10 Magnification of the data shown in Figure 8 from time interval 80 to 100
second
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Figure 11 Magnification of the data shown in Figure 8 from time interval 100 to 580
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Figure 12 Time vs. viscosity: thixotropy phenomena test for Mix oil sample under 0.1,
1000 and 0.1 1/s shear rates at 5 °C
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Figure 13 Magnification of the data shown in Figure 12 from time interval 20 to 80
second
—e+—Interval 2. At 5 °C
1.3
1.2 \\
b 1.1
o \\
=
= 1 \
[=]
<
2 0.9
= "“*\__.
0.8 T T T T T T T T T T
80 82 84 86 88 90 92 94 96 98 100 102
Time. s
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Figure 15 Magnification of the data shown in Figure 12 from time interval 100 to 580
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Figure 16 Time vs. viscosity: thixotropy phenomena test for Mix oil sample under 0.1,
1000 and 0.1 1/s shear rates at 10 °C
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Figure 18 Magnification of the data shown in Figure 16 from time interval 80 to 100
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Figure 19 Magnification of the data shown in Figure 16 from time interval 100 to 580
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Figure 20 Time vs. viscosity: thixotropy phenomena test for Remal oil sample under 0.1,
1000 and 0.1 1/s shear rates at 5 °C
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Figure 23 Magpnification of the data shown in Figure 20 from time interval 100 to 580
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Figure 24 Time vs. viscosity: thixotropy phenomena test for Remal oil sample under 0.1,
1000 and 0.1 1/s shear rates at 10 °C
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Figure 26 Magnification of the data shown in Figure 24 from time interval 80 to 100
second

—e—Interval 3, At 10 °C

430 {*ee
410
390
370 $

350 \M
330

310 T T T T . . .

100 105 110 115 120 125 130 135 140
Time, s

Viscosity Pa.s

Figure 27 Magnification of the data shown in Figure 24 from time interval 100 to 580
second

Yvy



AY Y (AN g Y oY) () asl)

48 gial) daala — A3Uall g dsinal) & gand) ddaa

e

Table 2 Results of measurements of shear stress and viscosity obtained by the
shear function step to measure thixotropic behavior of BP oil sample

Interval I Interval III
Test @ @ @ @ (&) (©)]
Temperature
Reference Yield Apparent Shear Highest Highest Steadwy Steadw
oC WViscosity Stress Viscosity Stress Viscosity State Vis. state
Stress
Stress
Pas Pa Pas Pa Pas Pas
Pa
Pa
5 796 199 6.07 1.52 98 103 50.6 12.6
10 396 991 1.47 0.368 68.7 172 272 6.79
15 62 155 0.192 0.048 31 7.76 195 4.88
20 4.08 1.01 0.258 0.064 3.63 0.9 3.63 0.9
25 1.56 0.39 0.125 0.059 0.68 0.17 0.2 0.69

Table 3 Results of measurements of shear stress and viscosity obtained by the
shear function step to measure thixotropic behaviour of Mix oil sample

Intervallll
Intervall (L) (1) (2) (2) (3 (3
Test Reference Yield Apparent | Apparent Higheszt Highest Steady Steady
Temperature | Viscosity Stresz | Viscesity Shear Viscosity st State state
ress
& She
=C Pas Pa Pas Stress Pa Pa.s Viscosty -
Pa -
Strass
Pa.s
Pa
5 1520 1674 418 104 763 192 122 304
10 1360 1140 203 309 341 852 104 239
135 690 175 30.8 17 917 23 383 0.82
20 324 309 6.51 1.63 485 121 27.8 6.96
25 474 11.8 2.16 0.185 231 576 224 5.59
30 7.09 2 0.66 0.028 7.27 1.37 6.46 1.61
33 33 0.643 0114 0.0283 2 0501 2 0.301
40 0.161 0.0403 00456 00374 0.0797 0.01599 0.139 0.0347
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Table 4 Results of measurements of shear stress and viscosity obtained by the
shear function step to measure the thixotropic behaviour of Remal oil sample

Interval I Interval ITT
Test 1y 1y (2 2y 3 3
Temperature — -
Reference Yield Apparent Apparent Highest Highest Steady Steady
aC Viscosity | Swess | Viscosity Shear Viscosity Sh State state
ear
Pas Pa Pas Biress Pas Stress Viscosity Stress
Pa Pa
Pa Pas
3 1600 1700 671 168 1220 306 o970 243
10 1420 1373 390 973 302 879 208 521
13 1260 816 485 121 000 225 363 144
20 783 196 439 110 592 148 525 131
25 375 58.8 741 15.6 941 3.58 76.2 16.5
30 115 201 63 151 662 17.8 63 1351
35 522 13.1 2397 0.0904 10.6 2.69 10.6 2.69
40 46.7 11.7 1.68 0419 15.9 3.48 129 322
45 10.7 2.43 0.141 0.0332 479 12 34 0.85

IV. Conclusion

This section presents the conclusions derived from the work that has been
shown above in three points:

e Thixotropy measurements have been used for the first time in this field
by using the shear step function to understand the flow behaviour of
the waxy oils in the transportation pipeline.

e The shear step function method was used in this research to study the
thixotropic behaviour of the oil samples. The results of this test showed
a very clear thixotropic behaviour for all the oils tested. The viscosity of
the oil in first two intervals decreases with the increasing of the
temperature. However, in the third interval the viscosity reverts back to
a value which is the reference viscosity of the first interval.

e Also, most of the test results show that the oils exhibit a shear thinning
behaviour in the beginning of the first interval.
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Evaluation of the Biosolids Compost Maturity in Tobruk
Wastewater Treatment Plant

I. M. Abou EI Leil and A. M.A. Abdelrahim

Faculty of Engineering-Tobruk, Petroleum Engineering Department,
Omar Al Mukhtar University. ahmaedsalam@yahoo.co.uk

ABSTRACT

The composting process is a useful method of producing a stabilized
material that can be used as a source of nutrients and soil conditioner.
Maturity of compost is essential for its optimal use as a soil
amendment and a source of plant nutrients as well. Immature composts
pose problems of malodors and flies and phytotoxicity and pollution
during use. Stability and maturity both are required for compost
quality control. Compost maturity tests can be classified into physical,
chemical, plant, and microbial activity assays. In this study, different
methods of evaluating the stability and maturity of composted
biosolids were compared based on physical, chemical and biological
properties. The sludge used of composting was obtained from the
windrow of Tobruk wastewater treatment plant. The results showed
that, C/N ratio after 42 days of composting reached to 27/1 for the
mixture ratio 90-10 (w/w). The numbers of fecal coliforms and E. coli
in the initial sewage sludge compost show high contents and at the end
of composting were low contents, and the compost process provided
class A pathogen criteria. Use of physical, chemical and biological
parameters exhibited three phases: rapid decomposition (1% two
weeks), stabilization and maturation (day 42-45) in biosolids compost.
Thus, the biosolid compost was mature and ready for use as an
agricultural substrate after about 45 days of composting.

KEY WORDS
Biosolids, sewage sludge, compost, wastewater, pathogens, Tobruk
treatment plant.
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I. INTRODUCTION

Most wastewater treatment processes produce a sludge which has to
be disposed of. Conventional secondary sewage treatment plants
typically generate a primary sludge in the primary sedimentation
stage of treatment and a secondary, biological, sludge in final
sedimentation after the biological process. The characteristics of the
secondary sludge vary with the type of biological process and, often,
it is mixed with primary sludge before treatment and disposal.
Approximately one half of the costs of operating secondary sewage
treatment plants in Europe can be associated with sludge treatment
and disposal. Land application of raw or treated sewage sludge can
reduce significantly the sludge disposal cost component of sewage
treatment as well as providing a large part of the nitrogen and
phosphorus requirements of many crops. The sewage sludge
contains, in addition to organic waste material, traces of many
pollutants used in our modern society. Some of these substances can
be phytotoxic and some toxic to humans and/or animals so it is
necessary to control the concentrations in the soil of potentially toxic
elements (PTE) and their rate of application to the soil.

Sewage sludge also contains pathogenic bacteria, viruses and
protozoa along with other parasitic helminths which can give rise to
potential hazards to the health of humans, animals and plants. The
numbers of pathogenic and parasitic organisms in sludge can be
significantly reduced before application to the land by appropriate
sludge treatment and composting.

Residuals, biosolids, septage, sewage, and wastewater byproduct,
compost: there are many names for sludge and sludge products. The
term “sludge” is used as most people understand it: the sometimes
solid, sometimes liquid material generated by wastewater treatment
plants and used as fertilizer on fields, in gravel pits, and on forestry
lots throughout the state. Sludge may classified as “Class A” if it has
been treated to reduce germs to background levels (levels normally
found in soils) and “Class B” if it has been treated so that germs are
reduced by an estimated 90%.
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The nature of the sewage sludge depends on the waste water
treatment process and on the source of the sewage. In general it
contains both toxic and non-toxic organic wastes. Of the two, non-
toxic compounds are most prevalent comprising all materials of
plant and animal origin, including proteins, amino acids, sugar and
fats. Toxic organic compound comprises Poly-nuclear aromatic
hydrocarbons (PAHSs), alkyl phenols, polychlorinated biphenyls
(PCBs) organo-chlorine pesticides, monocyclic aromatics, chloro-
benzenes, aromatic and alkyl amines, polychlorinated dioxins,
phenols etc. In addition to this organic waste material sewage sludge
also contains traces of many pollutants like Copper, Zinc, Nickel,
Cadmium, Lead, Arsenic, Chromium, Selenium etc. Some of these
substances can be phytotoxic and some toxic to humans and / or
animals, so it is necessary to control the concentrations in the soil of
potentially toxic elements and their rate of application to the soil.
Sewage sludge also contains pathogenic bacteria, viruses & protozoa
along with other parasitic helminthes which can give rise to potential
hazards to the health of humans, animals and plants. Apart from
those components of concern sewage sludge also contains useful
concentrations of N, P and organic matter. Each component of the
sludge has its own environmental impact, which must be taken into
account when choosing the disposal route.

Increasing urbanization and Industrialization have resulted in a
dramatic increase in the volume of waste water produced around the
world. The waste water treatment step concentrates the various
pollutants (up to 90%) in the waste water into sludge, normally
containing between 1% and 2% by weight dry solids.

The benefits of sewage sludge for agricultural land could include:

* Valuable agricultural nutrients like Nitrogen, Phosphorus,
Potassium and Sulphur can be returned to the land

* Soil organic matter levels have been increased to 12% — 15%

» Ground water and surface water quality are maintained

* Decrease bulk density and increase the non-capillary pore space

* Improve the aggregation of soil particles

* No significant health or nuisance problems occur
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II.  MATERIALS AND METHODS

The sludge used in this study was obtained from the drying beds of
wastewater treatment plant in Tobruk. In this study, composting was
performed to stabilize the mentioned sludge by mixing it with saw
dust of different ratios as an organic material (bulking agent)
through an incubation periods. The mixture content of sludge is
ranging from 40-65%. To control and adjust the moisture content to
60%, sludge was mixed with the sawdust at different ratios (90-10
w/w, 80-20 w/w and 70-30 w/w). The composite samples were taken
from five different points of windrow. Total carbon content was
determined through combustion in ovens at 750°C for 2hr. Total
nitrogen was measured by the Kjeldhl digestion method where the
sample was pretreated using salicylic acid and thiosulphate. C/N
ratio was calculated by dividing the amount of total carbon to the
amount of total nitrogen.

Fecal coliforms and E. coli were determined according to the
technique, which is presented in part 9221E of Standard methods for
examination of water and wastewater (APHA, 1992). The duration
of composting biosolids was 42 days for unactivated sludge and 45
days for activated sludge.

IIl. RESULTS and DISCUSSION

The results of chemical parameters for the stability-composted
biosolids such as total carbon, total nitrogen, C/N ratio, pH values,
moisture content, organic matter and nitrogen contents, heavy metals
and their changes during incubation period of compost are analyzed
during this study.

The sewage can be converted into compost, composting may be
divided into two categories by the nature of the decomposition
process. In aerobic composting takes place in the presence of
oxygen. In this process, aerobic microorganisms break down organic
matter and produce carbon dioxide (CO,), ammonia, water, heat and
humus, the relatively stable organic end product. Composting
objectives may also be achieved through the enzymatic degradation
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of organic materials as they pass through the digestive system of
microorganisms. This process is termed vermicomposting.

The aerobic composting and vermicomposting processes have been
carried out through this study, where the sludge was mixed with
sawdust as organic material (Bulk agent) (Table 1), at different
ratios (90:10 w/w, 80:20 w/w and 70:30 w/w). The incubation period
of composting is ranging from 0 to 42 days. Where, the mixture at
the end of this period is a fine dark texture which called mature
compost.

Table 1: Chemical properties of bulk agent added to sewage sludge

Characteristics Organic | Nitrogen | Phosphorus | pH | Ash

carbon (N%o) (P,05%) (%)
(OC%)
Bulking agent 55.12 0.22 0.010 519 | <1

(Organic matter)

Thus sewage sludge composting reaches the maturation between 42
to 45 days. All chemical and biological parameters exhibited three
phases:

e Rapid decomposition during the first two weeks
e Stabilization and maturation after 42 and 45 days for
unactivated and activated biosolids, respectively.

Hence, the compost in this study was mature and ready for use as an
agricultural substrate after about 42 days of composting.

The study shows that the organic carbon content decreasing with the
duration of composting, where the highest decreasing ratio reached
15.48% after the maturation period 42 days for the mixture 80-20
(w/w) (Table 2 and Figure 1), consequently the ratio of organic
matter content decrease at the mixture ratio 80:20 (w/w) (Table 2).

The nitrogen content has been decreasing from the first week of
composting period (1.32%). The lowest value of total nitrogen after
42 days has been detected in the mixture 70-30 (w/w), Table 3.

AR



aY Ve (AN g JgY laal) (il A 48 gial) daala — dBUal) g duinall &gl Alaa

Table 2: Total organic carbon change through incubation period of compost (%)

Biosolids Composting period (days) Decreasing
0 7 14 [ 21 28 35 42 ratio %o

Initial sludge 32.90 | 31.19 | 30.14 | 29.15 | 28.02 | 27.66 | 27.52 16.35

Mixture ratio 4551 | 4470 | 44.06 | 43.37 | 42.35 | 41.73 | 40.85 10.24

90-10 (w/w)

Mixture ratio 4792 | 46.70 | 45.14 | 4427 | 43.48 | 42.26 | 40.50 15.48

80-20 (w/w)

Mixture ratio 4953 | 46.80 | 45.15 | 4420 | 44.05 | 43.20 | 42.81 13.57

70-30 (w/w)

Table 3: Total nitrogen change through incubation period of compost (%)

Composting period (days)
Biosolids 0 7 14 21 28 35 42
Initial sludge 3.54 | 2.91 2.07 2.26 218 | 2.14 | 2.12
Mixture ratio 90-10 (w/w) 195 | 1.79 1.65 1.60 1.56 | 148 | 145
Mixture ratio 80-20 (w/w) 1.66 | 1.58 1.51 1.54 1.53 1.52 | 1.50
Mixture ratio 70-30 (w/w) 145 | 1.42 1.43 1.40 1.38 1.33 1.32

m Initial sludge

m90:10 w/w
N 80:20 w/w

Compost period (day)

Figure 1: Change of organic carbon ratio in the composting process

Figure 2 illustrates the change of nitrogen content through
composting process. This experiment regards as preliminary test to
choice the optimum mixture ratio, where the organic carbon content
was decreasing at the mixture ratio 80:20 w/w, hence the study of
the chemical and biological characteristics were carried out on
compost at this ratio in the presence of microbial activator.
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3
g2 = 90:10 w/w
N 80:20 w/w
1 N 70:30 w/w

@ Initialsludge

YA

£y

compost period (day)

Figure 2: Change of nitrogen ratio in the composting process

The C/N ratio is an indicator for compost stabilization and available
of nitrogen. The compost which have high content of nitrogen (> 25)
will tie the available nitrogen and make it unavailable for use, while
the compost which contain a low content of nitrogen (< 20) release
the organic nitrogen to be available for plants (Brodie, et al., 2000).
The C/N ratio of the composting materials was decreased to 27 after
42 days of composting, Table 4.

Table 4: Carbon-nitrogen ratio (C/N) during composting period

Biosolids Composting period (days)
0 7 14 21 28 35 42
Initial sludge 9.29 10.72 | 14.56 12.90 12.85 12.92 12.98
Mixture ratio 90- 23.34 2497 | 26.70 27.11 27.15 28.20 28.17
10 (w/w)
Mixture ratio 80- 28.87 29.55 | 29.89 28.75 28.42 27.80 27.0
20 (w/w)
Mixture ratio 70- 34.15 32.95 | 31.57 31.57 31.92 32.48 3243
30 (w/iw)

The maximum reduction in the C/N ratio happened during the
mixture 80:20 (w/w) of composting. The change in C/N ratio
illustrated in Figure 3.

Yry



aY Ve (AN g JgY laal) (il A 48 gial) daala — dBUal) g duinall &gl Alaa

7 @ Initialsludge
| H90:10 w/w
i 80:20 w/w
— m70:30 w/w
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Figure 3: Change of carbon and nitrogen ratio in the composting process

The effect of microorganisms

There are different types of bacteria that can be used as microbial
activator in composting process. Actinomycetes (Streptomyces sp)
and (Bacillus sp) are used in this study for the sludge at a mixture
ratio 80:20 w/w of bulking agent. The experiment has been carried
out on the sewage sludge with microbial activator and without an
activator for composting period 0 to 45 days. Organic carbon and
nitrogen contents have been determined for all samples in addition to
the following parameters:

pH value

The pH value is a measure of acidity in compost. According to the
experimental work, this value ranges from 5.0 to 8.5, but the neutral
value (7.0) is desired for all applications. The variation of pH value
during composting period in the investigated unactivated sludge are
ranging from 6.4 to 7.2 with an average 6.7, where in activated
sludge are ranging from 6.5 to 7.3 with an average 6.8 (Table 5).

The highest variation in the pH values has been recorded through the
20 days incubation period for the unactivated sludge (7.2), and the
period 30 days for activated sludge (7.3) (Table 5). This increasing
in pH values may be referred to the liberation of amonia and
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nitrification during the different stages of composting process. On
the other hand the pH values began to decrease at the end of
composting period after 42 days, 6.4 and 6.5 respectively. In general
these values of pH within the range of municipal compost 5.0 - 8.5
(Brodie et al, 2000). Figure 4 shows the variation in pH values.

Table 5: change in pH values and moisture content during composting period

Type of biosolids Composting period (days)
0 10 20 30 40 45 Range Average
Sewage sludge (SS) 6.7 | 6.6 7.2 6.5 6.6 6.4 6.4-7.2 6.7
Moisture content (%) 48.7 | 48.5 | 48.2 | 50.3 | 51.4 | 53.5 | 47.5-535 50.15
68 | 6.6 6.9 7.3 6.6 6.5 6.5-7.3 6.8

Sewage sludge with
activator (SSA)

Moisture content (%)

484 | 498 | 50.2 | 493 | 529 | 52.2 | 48.6-534 51.2

pH

" A\ “ L] T‘ L] t L] t e
Compost period (day) HSS mSSA

Figure 4: pH changes in sewage sludge (SS) and sewage sludge with activator
(SSA) in compost

Moisture content %

The mixture content in the compost is depending on the capacity of
water holding in the original substances. Materials that have high
content of organic material holding more water, hence they have a
high mixture content. The mixture content is ranging from 48.60 at
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the beginning of composting process, and 53.40% at the end of
process. The activity of microorganisms increases with increasing of
mixture content.

The results show that the averages of mixture content in the final
compost are 50.15% and 51.20% for unactivated and activated
sludge respectively (Table 5 and Figure 5).

- 54
§ 52
S 50
(4]
g as ESS
2
0 H SSA
Eo 46

44

Y. Y. r. £ to
Compost period (day)

Figure 5: Moisture content changes in sewage sludge (SS) and sewage sludge
with activator (SSA) in compost

Organic Matter (OM%o)

The organic matter content in the final compost was ranging from
30-70% (on the basis of solid weight). It prefers that the organic
matter content in the used compost more than 60% (Diaz, et al
2002). In this study the organic matter content in both unactivated
and activated sludge is 67.20 and 68.42 respectively (Table 6). The
content of organic matter has been increased after addition of the
saw dust as organic material and bulk agent. It is noticed that from
this study the decreasing of organic matter content through the
incubation period of composting (Figure 6).

Total nitrogen (N%o)

It includes all nitrogen forms e.g. ammonia, nitrates and organic
nitrogen. The total nitrogen in the final compost is ranging from 0.5
to 2.5% (on the basis of dry weight). The results show that the total
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nitrogen decreases from the first 7 days, and then increases through
the incubation period (Table 6 and Figure 7).

Table 6: Organic matter and nitrogen contents during composting process

Biosolids Composting period (days)
0 10 20 30 40 45
Sewage sludge OM 71.75 67.83 67'9,‘1 70.06 69.16 67.20
(SS) N 1.80 1.70 1.83 1.91 1.85 2.05
Sewage sludge OM 72.30 72.15 70.62 69.46 68.89 68.42
with activator N 1.82 1.68 1.72 1.79 1.85 1.86
(SSA)
74
g 72
17}
7]
E 70
< 68 H SSA-OM
£
E" 66 H S5-OM
o]
64
. A\ A\ Y. £ te
Compost period (day)

Figure 6: Organic matter content in sewage sludge (SS) and sewage sludge with
activator (SSA) in compost
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Figure 7: Nitrogen content in sewage sludge (SS) and sewage sludge with
activator (SSA) in compost
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Changes in heavy metals

Table 7 illustrates the comparison between the concentration of
heavy metals in the sludge mixtures at the beginning and ending of
compost period, as well as EU, USEPA regulation for the sludge
application on the land (USEPA, 1994 & 1995). The results show
that the concentration of heavy metals in the sewage sludge with the
additional organic matter was lower than these values of EU and
USEPA regulation (USEPA, 1992a). Composting process can leads
to the increase or decrease the concentration of heavy metals in the
sludge (Zorpas, et al 2003). The decreasing of heavy metals content
depends on the loss of these elements through leaching (Canarutto,
et al 1999). The metal content can be decreases through leaching
process in composting during the rmophilic phase (Hsu, et al 2001;
Soumare, et al 2003).

Table 7: Compost content of heavy metals (mgkg-1 DS) USEPA. (1992a and 1993)

Composting (0 days) (45 days) Compost
Period application on land
sewage Sewage Sewage Sewage
Heavy metals | sludge | sludge with sludge sludge with USEPA EU
(SS) activator (SS) activator
(SSA) (SSA)
Co 115.4 102.2 112 110.4
As 10.5 9.4 11.5 8.4 - -
Cu 44.5 40.2 41.3 40.8 4300 1750
Zn 85.0 76.2 80.5 84.2 7500 4000
Ph 62.50 60.4 62.25 60.9 840 1200
Ni 45.8 46.2 443 40.1 420 400
Cr 234 22.5 23.2 20.5 3000 -
cd 0.80 0.65 0.40 0.33 85 40

The analysis show that there is no much differences in the heavy
metals concentration through composting process, except the
cadmium (Cd) concentration 0.33 mg/kg of dry solids at the end of
composting process (Table 7 and Figure 8).
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Figure 8: Changing of heavy metals concentration during composting process

Physical, chemical and biological characteristics of compost

It is necessary to convert the biosolids to compost to decompose the
organic matter by microorganisms action to lower the pollutants
content (Cooperband, 2000), in addition destroying many of
pathogenic agents. Hence the compost can be used as manure matter
to improve the soil because it has nutrient elements for crops. So it is
necessary to study the physical, chemical and biological
characteristics of the final compost. The results are presented in
Table 8.

Table 8: Chemical, physical and biological characteristics of compost

Chemical characteristics
TP e pH | ECanmh | OM | TN C:N TCa TMg TP NHyN | NO3N
(H:0) | os/cm) (%) | (%) Ratio gkel) | gkgh) | @/kg | (gkeD) | (gkegh

Characteristics | 6.9 24 64 | 1.22 27.5 119.9 48 1.25 440 320
Physical characteristics

(Particles size (mm) 9.0-12.0 6.5-9.5 4.0-6.5 2.0-4.0 =2.0
By weight % 0.0 7.5 6.8 19.2 66.5
By volume% 0.0 8.4 7.6 21.4 62.6
(Bulk density (g,’cm3) 0.0 0.23 0.23 0.19 0.26

Biological characteristics
(MPN/g )Pathogenic agenis in compost
Fecal coliform <102
E. coli < 84

All data’s except pH and EC are expressed on a dry weight.
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The physical characteristics are represented by the study of the
distribution of compost grain sizes and their volumetric density. The
compost can be classified according to the volumetric density into
light compost if the volumetric density less than 0.25 g/cm®, medium
if the volumetric density ranging from 0.35 to 0.60 g/cm® and heavy
compost if the volumetric density more than 0.60 g/cm®. According
to the obtained data from this study the compost can be classified as
light compost where the average value of the volumetric density is
0.22 g/cm® (Table 8).

From Figure 9, it is clear that the largest size which ranging from 15-
25 mm is representing the lower ratio, 1.1% and 1.2% by weight and
volume respectively. While the grains that exceed these diameter are
zero ratio. On the contrast for the grains of diameter less than 2 mm
are representing the highest ratio in the compost, 69.2% and 63.5%
by weight and volume respectively. On the other hand, the
volumetric density shows the highest value among the grains of less
than 2 mm (0.25 g/cm®).

The compost maturity depends on the chemical constituents present
in a compost feedstock. In this study several chemical and biological
parameters related to composted biosolids maturity were compared
and the stabilization and maturation time were determined.

70
60
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40
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20
10 0 23 21 -19
0 B> mll

VY,.a8,2 q,0.1,2 N, 0=, £,0aY,0 Yoo

M By weight (%)

H By volume (%)

Bulk density (g/cc)

Perecentage (%)

26

Grain size (mm)
Figure 9: Particles size and volume distribution of mature compost against bulk density

The number of pathogenic organisms in initial sewage sludge
compost was 2.5 x 10° and 3.6 x10° MPN/g of total solids for fecal
coliforms and E. coli respectively, at the end of composting was less
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than 102 and 84 MPN/g of total solids for fecal coliforms and E. coli
respectively, indicating that the compost process was extremely
effective in inactivating fecal coliforms and E. coli. Hence, the
compost can be applied on the land as a fertilizer for soil.

IV. CONCLUSION

The sewage sludge (biosolids) can be converted into compost. The
composting process is a useful method of producing a stabilized
material that can be used as a source of nutrients and soil
conditioner.

The sewage sludge composting reaches the maturation between 42
to 45 days. All chemical and biological parameters exhibited three
phases: rapid decomposition during the first two weeks, stabilization
and maturation after 42 and 45 days for unactivated and activated
biosolids. The compost was mature and ready for use as an
agricultural substrate after about 42 days of composting.

The study shows that the organic carbon content decreasing with the
duration of composting, where the highest decreasing ratio reached
after the maturation period 42 days for the mixture 80-20 (w/w),
consequently the ratio of organic matter content decrease at the
mixture ratio 80:20 (w/w).

The C/N ratio of the composting materials was decreased to 27 after
42 days of composting. The maximum reduction in the C/N ratio
happened during the mixture 80:20 (w/w) of composting.

The results show that the concentration of heavy metals in the
sewage sludge with the additional organic matter was lower than
these values of EU and USEPA regulation.

According to the obtained data from physical study the compost can
be classified as light compost where the average value of the
volumetric density is 0.22 g/cm®.

The number of pathogenic organisms in initial sewage sludge
compost for fecal coliforms and E. coli respectively can be lowered
at the end of composting to less than 102 and 84 MPN/g of total
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solids for fecal coliforms and E. coli respectively, indicating that the
compost process was extremely effective in inactivating fecal
coliforms and E. coli. Hence, the compost can be applied on the land
as a fertilizer for soil.
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