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  Foreword 

Foreword

Continuing the annual display of faculties research activity and accomplishments through the RS 
organized posters events for scientific and humanities faculties,  this document presents the current 
outlook of the scientific faculties research momentum during the academic year 2012/13 as an 
attribute to the spirit of scientific openness, knowledge sharing and interdisciplinary exchange.  
The year’s most significant development is the inclusion of newly established faculty of Computer 
Science & Engineering, making its debut  with one poster, as a prime move towards joining 
mainstream faculties, and registering  its small, albeit significant presence among the scientific 
faculties. Viewers, reviewers and participants would thus have a wider, more representative canvas 
of scientific faculties’ creative outputs on display, bringing together four participating faculties 
on a common posters’ platform.  The event, held Under the Patronage of Kuwait University 
President, Prof. Abdullatif Al-Bader, reflected how the scientific current flowing across faculties 
was increasingly involving the academic, teaching and graduate students in the joint display of 
their ongoing and accomplished research, providing nurturing grounds for new ideas to germinate, 
and new ventures to evolve through deliberations, discussions and  shared interests.

The event, held on March 18, 2013, displayed a cumulative total of 53 posters, reflecting the 
creative input of the faculties of Engineering & Petroleum (13), Science (34), Women’s college (5), 
and  the new Computer Science & Engineering (1)  faculty, with concerned researchers briefing 
the viewers on  their respective research objectives and outcomes, often stimulating  discussions 
and scientific exchange. RS believes that such interactions are vital for energizing the institutional 
research process, creating scientific vibes across disciplines for the joint pursuit of studies in areas of 
priority significance for long-lasting solutions in the service of the State and society.  This strategy 
dominates RS current policy of advocating joint and collaborative studies for addressing real issues, 
in search of empirical solutions  through the scientific route. 

Given this intent, the annual holding of Scientific Posters Day events marks RS genuine efforts 
in offering opportunities to faculties for scientific exposure, knowledge sharing and visibility, 
within the existing RS research support system, for growth and collaboration. The annual holding 
of such scientific poster events are, therefore, aimed at enlisting the faculties and graduate students  
participation in bringing their scientific accomplishments to  the attention of their colleagues,  other 
faculties, top executives and observers, and  benefitting from diverse views expressed, to further 
improve and excel.  

For faculties’ information, scientific poster day events are tied to a system of awards in recognition 
of distinguished research on display.  The award recipients are selected from three participating 
categories—faculty members, teaching assistants and graduate students, with awards going to 
the top three posters selected in each category.  The awards system is RS motivational factor for 
encouraging researchers to aim at high quality scientific pursuits, and strive for excellence.  

Prof. Hasan Al-Sanad                                                                                         March 2013
Vice President for Research   
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The cause of dental abrasion
Peter Lucas1, Khaled Al-Fadhalah2, Abdulwahab Almusallam3, Ridwaan Omar4,

Amanda Henry5, Jörg Watzke5, Shaji Michael6, Lidia Thai6 & Tony Atkins7

1Bioclinical Sciences, 2Mechanical Engineering, 3Chemical Engineering, 4Restorative Dentistry, 
5Max Planck Institute for Evolutionary Anthropology (Leipzig), 6Kuwait University Nanotechnology Research Facility, 

7Imperial College (London) 

Results
1. Phytoliths are much less hard, stiff and tough than either dust or tooth enamel.

2. Dust is 2.5 times harder than enamel, leading to rigid plastic contacts when the two
are pressed together, i.e., the enamel deforms plastically, but the dust particle does not.

3. Contact of enamel against itself, or against a phytolith, involves mutual deformation.

Table 1. Comparison of mechanical properties

4. Each of these contacts leads to a different type of wear mark on teeth:

Researcher contact details: Prof Peter Lucas 2498-6762 (peter.l@hsc.edu.kw) 

Objectives
• To measure the properties of silica particles that can wear

teeth,
• To show the effect of these particles in sliding contacts with 

enamel. 
• To compare these marks with sliding enamel-enamel 

contacts. 
All experiments utilized the nanoindentation, SEM and AFM

facilities available in Kuwait University Nanotechnology
Research Facility.

Abstract
Tooth wear limits the lifespan of mammals by making 
chewing so inefficient that their rate of food intake suffers 
and they become unfit. Dental enamel is the hardest tissue 
made by the body, but two types of hard particle in natural 
environments seem capable of damaging it: silica dust 
(quartz) and plant silica (phytoliths). 

Conclusions Only silica dust abraded enamel, producing sharp V-
shaped scratches. In contrast, both phytoliths and enamel chips rubbed the 
enamel surface. Phytoliths produced U-shaped grooves, while enamel chips 
produced shallow flat troughs. 

This study should permit the cause of the wear of individual teeth to 
be determined from an examination of their surfaces.

We gratefully acknowledge General Facilities Project GE01/07 from Kuwait
University to establish Kuwait University Nanotechnology Research Facility.

Material Er (GPa) H (GPa) KIC (MPa.m0.5)

Phytoliths
(from a grass)

21.6 3.0 0.22

Silica dust
(from Kuwait)

94.9 13.5 0.68

Enamel
(from an orangutan)

94 5 0.7-2.0

Current  Research!
We are investigating the forces at 

which phytolith and silica dust 
particles break in compression 

and also which food components 
(particularly seed shells) may be 

hard enough to mark enamel 
surfaces. 
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INSITU HYDRAULIC CONDUCTIVITY TESTS FOR COMPACTED CALCAREOUS SAND 
(GATCH) LINERS IN MUNICIPAL SOLID WASTE LANDFILLS IN KUWAIT

Dr. Anwar Al-Yaqout
Department of Civil Engineering, Faculty of Engineering & Petroleum, Kuwait University

Introduction
Waste disposal in Kuwait does not meet the
minimum international criteria for municipal solid
waste landfills (MSWLFs) that ensure the
protection of human health and the environment.
Liner systems are one of the main components for
safe disposal practices. Compacted soils are
generally used for lining landfills, and their
effectiveness is controlled by its hydraulic
conductivity, which is usually restricted by
environmental protection agencies. In this study,
field permeability values of calcareous sand
(gatch) were evaluated by using SDRI equipment.

Results (Arial Bold 40-44)

Conclusion
The results show that gatch soils can be used
as liners with consistent compaction efforts.
Further, the SDRI equipment can be allowed to
progress for a long period of time to assess the
saturated hydraulic conductivity.

Researcher’s Contact details

Objectives
 Determine the soil properties of the selected

liner system.
 Assess the permeability of gatch soil with in-

situ test method.
 Study the effect of compaction methods on

gatch permeability,
 Check the applicability of gatch soil as liner

system.

Experimental Work
In this study laboratory tests were conducted to
calculate the properties of the locally available
gatch soil. The laboratory testing included: (1)
Soil classification as per Unified Classification
System; (2) Atterberg limits tests; (3)
Compaction tests (both Standard and Modified)
(ASTM D 698 & ASTM D 1557) ; (4) Direct shear
tests comparable to field densities and water
content; and (5) Permeability test by variable
head method.
Five bulk disturbed samples of gatch soils were
collected from different areas in Kuwait, and
were subjected to laboratory testing. Tables 1
and 2 represent the summary of laboratory
testing program for the soil samples. Based on
the test results, soil sample S-5 was selected for
the construction of four test pads for field testing.

Abstract
Compacted soils are widely used for lining landfills to isolate hazardous and other waste materials
from the surrounding environment. In this study, soil samples were collected locally and were tested
in the lab for their geotechnical properties. The soil type with least permeability has been selected
for the construction of four test pads at Al-Qurain landfill site, Kuwait, to estimate the hydraulic
conductivity of calcareous sand (gatch) by installing Sealed Double Ring Infiltrometers (SDRI)
equipment. The results suggest that gatch soils have low permeability values under controlled
conditions of compaction.

Acknowledgment: This study was supported by 
Research Administration, Kuwait University.

Sample 
No.

USCS 
Classif-
ication

F200  

(%)
LL PI Permea-

bility (cm/s)

S-1 SM 12.9 NP NP 1.11E-07

S-2 SM 12.3 NP NP 1.18E-07

S-3 SC 29.2 40 22 4.35E-07

S-4 SC-SM 16.3 25 6 1.63E-07

S-5 SC 19.7 32 11 1.06E-07

Table 1. Summary of the soil properties. 

(Note: LL = Liquid limit;  PI = Plasticity index; F200 = % passing # 200 sieve).

SDRI Test Method
Field hydraulic conductivity measurements were
carried out by installing Sealed Double Ring
Infiltrometers (SDRI) at the center of each test
pad. The SDRI are double ring for standard
testing of soils with low infiltration rates. They are
constructed of durable aluminium outer ring
(3.66 m X 3.66 m) and a steel inner ring (1.5 m X
1.5 m) as shown in Figure.

Sampl
e No.

Proctor test Direct shear test

Standard Modified 95% MDD
(Standard)

95% MDD
(Modified)

MDD
(g/cc)

OMC
(%)

MDD
(g/cc)

OMC
(%)

C
(kPa)

φ C
(kPa)

φ

S-1 1.85 13.5 1.98 9.5 10 34 25 34

S-2 1.89 12.5 1.98 9.9 21 30 26 35
S-3 1.41 13.2 2.00 11.2 45 33 89 34
S-4 1.79 11.1 1.97 10.4 22 31 8 43
S-5 1.89 12 2.03 9.9 18 33 44 34

Table 2. Summary of compaction and shear tests. 

(Note: c= cohesion ; φ = angle of friction;
MDD = Maximum dry density; OMC = Optimum Moisture content)

Test Pad Construction
Four test pads were constructed at Al-Qurain
landfill site, which is located in Al-Adan area,
Kuwait. The landfill site was closed in 1985 after
being utilized for about 10 years. Each test pad is

approximately 12 m long and 10 m wide. After
leveling the base of the excavated pits for the
test pads, a free-draining sand layer of 20 cm
thick was placed to provide a known hydraulic
boundary condition for the hydraulic
conductivity computations. The permeability
of the draining sand was measured in the lab
as 1.74 x 10-3 cm/s. Each test pad was
constructed of four compacted 225 mm lifts to
a thickness of 910 mm. Selected gatch soil
was placed in all the four test pads. Field
measurement of water content and dry unit
weight (ASTM D2922 and D3017) was
conducted using the sand cone apparatus at
a rate of one test per 8 square meter per lift
(i.e., 15 tests per lift).
Table 3 shows the respective compaction
efforts achieved and the water contents
maintained for each test pad. The low
standard deviation values of the compaction
efforts show that the compaction is carried out
closely to uniformity.

Table 3. Compaction effort and water content 
evaluated for the test pads.

Test Pad 
No.

Compaction effort achieved Water 
content 

(%)Minimum (%) Maximum 
(%)

Mean (%) Standard 
deviation

1 96.5 98.5 97.29 0.608 12.84

2 98.2 98.2 97.13 0.677 11.1

3 95.1 97.6 96.41 0.836 10.7

4 95.5 97.4 96.33 0.547 8.9

The rings were embedded in the trenches
excavated and were sealed with bentonite mud.
The test consisted of maintaining a constant
water elevation in the rings. The volume of
water added over time is a measure of soil
infiltration. The SDRIs were operated according
to ASTM D5093. The rate of flow was measured
by connecting a flexible bag filled with a known
weight of water to a port on the inner ring.

Results
Measurement of infiltration rates in the filed was
conducted in two stages. First stage was
conducted immediately after installing SDRI
equipment, and second stage after a gap of 6
months. The infiltration rates at the start of first
stage ranged from 1.08 X 10-8 m/s to 1.58 X
10-8 m/s. As the layers became saturated the
infiltration rates were decreased and were in the
range of 1.08X 10-10 m/s to 1.89 X 10-10 m/s.
During the second stage the infiltration rates
obtained were as low as 8.97 X 10-11 m/s.
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GCC Best Practice of Incubators Model 
Dr. Hanadi Mubarak Al-Mubaraki and Dr. Michael Busler*

Department of Civil Engineering, Faculty of Engineering & Petroleum, Kuwait University,

*Finance Department, Richard Stockton College, USA

Research Methodologies
The research methodology that has been used in this research study
is compromised of desk-research, interviews and case study of 6
incubator organisations in GCC such as:
1) Bahrain 
2) Saudi Arabia 
3) United Arab 
4) Emirates ADU Enterprise
5) Qatar
6) Kuwait 

Table 1 shown the variables of case studies 

Abstract
Purpose: The purpose of this paper is to discuss and analyze the outcomes of successful implementation of incubator program. It will focus three specific outcomes:

1-innovation,
2-entrepreneurship,
3-job creation, and
4-economic development.

• Design methodology/approach: The research methodologies adopted in this research study is qualitative such as compromised of desk-research, interviews and
case study of 6 incubator organisations in GCC.

• Finding: The finding of this research can help academia and practitioner as well as government for successful implementation.

• Originality/value: This paper contributes to the current literate review on the best practices worldwide. Furthermore, it presents future perspective for academicians
and practitioners.
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Objectives
To discuss and analyze the outcomes of successful implementation 
of incubator program. 

It will focus three specific outcomes: 

1- innovation, 
2- entrepreneurship, 
3- job creation, and
4- economic development.

Introduction
Incubators define by (Info Dev, 2009), an arm of the World Bank 
Group 
As a physical location that provides a defined set of services to
individuals or small companies for example office space, flexible
lease terms, access to technology, financing, and technical
assistance, such as marketing, legal, finance, HR, and other
business development services.

Functions of Business Incubators
■ commercializing new technologies from universities,
■ diversifying local economics,
■ serving minority entrepreneurs, and 
■ creating jobs by grow companies for different sector

Types of Business Incubators
■ Profit organization: generally have missions that focus on

economic development outcomes,
Non profit organization:
■ most for-profit programs are set up to obtain a sizeable return on

investments for their share holders.

No Case

VARIABLES 

Goals Types Services Age
No. of 
Client 
Firms

No. of 
Graduate 

Firms

1 Bahrain

− Entrepreneurship awareness 
− Export revenues 
− Job creation 
− Policy impact 
− Profitable enterprises 
− Research commercialization 

Government

− Facilities
− Finance
− Business information 
− Advisory services 
− Virtual incubation
− International business services 
− Networking
− Commercializing technology 

2003 35 30

2
Saudi 
Arabia 

− Entrepreneurship awareness 
− Job creation 
− Profitable enterprises 
− Research commercialization 

Government

− Facilities
− Finance
− Incubation and Business Development
− Networks and Synergy
− Technology Transfer
− Other: Access to IP support, R&D support

2009 6 0

3

United 
Arab 
Emirates 
ADU 
Enterprise

− Entrepreneurship awareness 
− Income generation 
− Job creation 
− Research commercialization 
− Entrepreneurship education

Academic
− Incubation and Business Development
− Networks and Synergy
− Technology Transfer

2010 0 0

4 Kuwait

− Entrepreneurship awareness 
− Job creation 
− Profitable enterprises 
− Research commercialization 

Government

− Facilities
− Finance
− Incubation and Business Development
− Networks and Synergy
− Technology Transfer
− Other: Access to IP support, R&D support

2003 24 12

5 Oman 

− Entrepreneurship awareness 
− Job creation 
− Profitable enterprises 
− Research commercialization 

Government
− business information finance 
− incubation development 
− technology transfer

2004 0 0

6 Qatar

− Entrepreneurship awareness 
− Export revenues 
− Job creation 
− Profitable enterprises 
− Research commercialization 

NGO (This 
incubator is 
associated with 
a technology 
park)

− Facilities
− Finance
− Incubation and Business Development
− Networks and Synergy
− Technology Transfer
− Other: Office and research services

2008 0 0

Table 1
shows the variables of case studies 

Results
A Table 2, all six cases presented here underscore the value of the
Incubators in supporting the technological innovation through jobs
creation and companies as well as through the nurturing of
entrepreneurship spirit in a local community.
Table 2 presents the ratio of performance over the number of years a
particular incubator has been in operation.

Table 3:
Case 1- Bahrain Business 
Incubator Center, Bahrain

Case 1: Bahrain Business Incubator Center, Bahrain 

O
bj

ec
ti

ve
s 

 

1- affect policy making,                                                          
2- commercialise research,             
3- create companies that export revenues,                         
4-create jobs, and
5- develop profitable enterprises and raise the awareness of potential 

entrepreneurs.

Ty
pe Mixed use and governmental non-profit type. 

Fi
gu

re
 

•Client firms #35 with 265 employees                    
•Total Graduation Firms 15

Table 4:
Case 2 - Badir-ICT Technology 

\Incubator, Saudi Arabia 

Case 2: Badir-ICT Technology Incubator, Saudi Arabia 

O
bj

ec
ti

ve
s 

 

Key strategy are focused on the best practice, incubation finance and 
sustainability; quality clients and investor relations.     

Ty
pe

The BADIR – ICT facility based in Riyadh               

Fi
gu

re
 

• Comprises # 30 suites with over 100 rooms for up to 30 incubator business
tenants.

• Number of clients 10
• Number of employees in client firms 20

Table 5:
Case 3 - Qatar Science and Technology Park, Qatar

Table 6:
Case 4 - Business Incubator Center, Dubai 

Case 4: Business Incubator Center, Dubai 

O
bj

ec
tiv

es
  Foster the development of technology venture involving the internet, information 

technology and other related technology sectors.

Table 7:
Case 5 - Knowledge Oasis of Muscat, Oman

Table 8:
Case 6The Public Authority for Applied 

Education and  -Training, Kuwait 

Discussion
Incubators best practice model developed based on the analysis of
GCC case studies and finding from current literature review. The
guidelines of incubators implementation have been identified as, which
may include:

1- Long-term Economic development
2- High Technology Corridors
3- Sustainability
4- Dynamic Model
5- Generate Jobs
6- Fostering, Supporting Enterprise and Innovation
7- High Value-added Business
8- Platform for Policy Decisions

Case 6: The Public Authority for Applied Education and Training, Kuwait

Ty
pe Government

Fi
gu

re
 

Incubator Shuwaikh Craft

•No: 23 workshop 
•Sizes: 65 - 198 square meters, 
•Type of project : Office Advertising, Tourist office, manufacturer 
of plastic and computer repair workshop, 
• Incubator is now running at full capacity.
•Number of entrepreneurs enrolled in the incubator 24
•Graduate entrepreneurs 12

Conclusion
1. Business Incubation (BI) are potential tool for contributing to 

economic development, by evidence of job creation, increment of  
survival rates and increased technological innovation. 

2. Business Incubation (BI) play an important role as a significant 
impact on economic development as long term investment led to self-
sustainability.  

3. The diversification of economic growth. 

Innovation & entrepreneurship are  critical drivers of social and Business 

incubation outcomes have been  identified:

1- Creating jobs and wealth
2- Fostering a community's entrepreneurial climate
3- Business creation and retention
4- Financial module

Table 2:
Ratio of performs can be seen in ance

indicators for developed countries cases studies

Case 3: Qatar Science and Technology Park, Qatar

O
bj

ec
ti

ve
s 

 

Commercialise research, 
Creating companies that deal in export and create jobs.
IT manages to develop profitable enterprises and raise the awareness of 
potential entrepreneurs to promote applied research technology development, 
and
Commercialisation in Qatar. Also, to support the diversify of Qatar’s economy 
through application of technology which accelerates the formation and growth of 
start up technology companies. 

Ty
p

e

governmental not-for profit

Fi
gu

re
 The space of business incubator is 12,301 square-meters

3,043 square-meters which are rented by client firms. 

First book in Business 
Incubation Middle East (2008)

Publisher: Melrose Books 

www.melrosebooks.com
www.nbia.org
www.amazon.com 

Case 5: Knowledge Oasis of Muscat, Oman

O
bj

ec
ti

ve
s 

 •Business incubation programs as joint venture with the U.K. technology park 
programs.

•The main services are business information finance and incubation 
development with technology transfer.

Ty
pe A non-profit governmental model
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Incubation Landscapes in the United States and Asia: 
A Comparison Study

Dr. Hanadi Mubarak Al-Mubaraki and Dr. Michael Busler*
Department of Civil Engineering, Faculty of Engineering & Petroleum, Kuwait University, 

*Finance Department, Richard Stockton College, USA

Research Methodologies
The study employs a case analysis comparison technique which describes a
number of aspects of business incubation in the United States and Asia and
then compares the two.

This study is also based on a study of the current academic literature and
work currently being undertaken with funding in the United States and Asia
(see figure 1).

Furthermore, the case study method is recognised as the most effective
research strategy to capture the “rich” experience of complex projects
(Eisenhardt, 1989 and Yin, 1994).

Abstract
Purpose: The purpose of this paper is to describe the incubators’ landscapes in the United States and Asia focusing on four dimensions:

1) strategic focus,
2) entrepreneurship,
3) incubator’s services, and
4) innovation.

Design methodology/approach: The research methodologies adopted in this research study employs a case analysis comparison technique which describes a
number of aspects of business incubation in the United States and Asia also, current academic literature being undertaken with finding in the United States and
Asia

Finding: The finding of this research can help academia and practitioner as well as government for successful implementation.

Originality/value: This paper contributes to the current literate review on the best practices worldwide.

RISK

Pre-Investment Phase
Pre Incubation

Operational Phase 
Incubation

The International  figure of incubators
 U.K. 300 (12,000 companies,50,000 jobs)

 Germany 350 (9000 companies,140,000 jobs)

 Middle East & GCC 21

 Asia                           1,000

 North America          1,400

 Europe                     1,800

 Latin America           400

 Through the world +7,000

 Over 60 national or regional business incubation associations 

Incubators can be a source of:
• Information for policymakers on barriers to

entrepreneurship and SME growth

• Potential lower risk investment opportunities for Banks
and financiers

• Innovative ideas for larger companies

• Clients for technology parks

• An environment for professors and graduates to start a
business

U.S&.  Asia 

Strategic 
focus

Incubators 
services

Innovation

Entrepreneurship

Four Dimension  

Knowledge

RISK
COMPETITION Knowledge

INNOVATION
Entrepreneurship 

And Enterprise

COLLOBORATION

BUSINESS 
INCUBATION

Knowledge Knowledge

Dimension U.S Asia 

1. Strategic focus
1-Mixed type
2-Transfer technology
3-Economic development

1-Mixed type
2-Foster entrepreneurship
3-Jobs creation 
4-Transfer of technology

2. Eentrepreneurship Very active Very active

4. Incubators services Tangible and intangible Tangible and intangible 
(weak)

6. Innovation Very active Very active

Table 1: Summarizes the six key dimensional differences between 
the incubation approaches in the United States and Asia

Acan be seen in Table 1, both countries are
presented s with four key dimensions. 

Results

Incubator 

Entrepreneurs 

Policymaker
s 

Regulators 

Financiers Academia 

Technology 
parks 

Business 

Conclusion
• Incubators are critical drivers of social & economic

development.

• Incubations are powerful tools for economic development in
both countries.

• Incubators offer many benefits, such as jobs creation,
technology transfer, fostering entrepreneurship and
innovation.

First Book In the Middle East About Incubators 
Publisher:  Melrose Books-United Kingdom  

Available  online:

www.melrosebooks.com

www.nbia.org

www.amazon.com 
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Objectives
To describe the incubators’ landscapes in the United States and Asia  focusing 
on four  dimensions: 

1) strategic focus,
2) entrepreneurship,
3) incubator’s services, and
4) innovation 

Discussion
1. Strategic focus: Economic development, technology transfer,

jobs creation.

2. Entrepreneurship: Very active in both the U.S. and Asia.

3. Incubators services: Both countries provide tangible and
intangible services.

4. Innovation: Very active in both the U.S. and Asia.

Introduction
Incubators Definition:

Business incubators act as a strong tool to support the structure of
new businesses and give them the assistance and support they
need to grow and used as tools for economic development by
almost all countries.

Business Incubation Phases see figure 1

Where is Business Incubation see figure 2

Source of Incubators see figure 3

RISK
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The Limitations of the BP Algorithm for Counting Cycles in 
Random Networks

Ibrahim Sorkhoh 1, Khaled Mahdi 2 and Maytham Safar 3
1,3 Computer Engineering Department, 2 Chemical Engineering Department

Faculty of Engineering & Petroleum

Abstract
We explore the capabilities of the the BP algorithms to 
calculate cycles in random networks by computing the 
maximum error threshold hence the maximum speed of the 
network. The algorithm can not calculate the cycles for 
every given length but showed a determinism in finding the 
proper error threshold.

Introduction
Erdšs-RŽnye network model is one of the basic models 
introduced in 1959. N nodes that have connectivity between 
them decided by a probability p. An important and hard 
problem is to count all the cycles in such networks. An 
algorithms that approximate effectively a solution for this 
problem is the belief propagation algorithm. Our work here 
is to explore the limitation of the BP algorithm by finding the 
maximum number of points the algorithm can find in the 
cycles length distribution.

Figure 1. Random network.

The Belief Propagation Algorithm
The BP algorithm uses the Belief Propagation equations 
and an approximation method to approximate the statistical 
mechanics model and find the cycles distribution. Two 
methods can be used as approximation algorithms, Monte 
Carlo simulation and Bethe approximation. Bethe I s used 

here because of the well-known correspondence between 
both Bethe and Belief Propagation.The input to the 
algorithm is an undirected graph, and the output is the 
cycleÕs distribution of the graph. Each edge of the graph is 
initialized with a random positive value y. Each edge is 
iterated from its initial value until convergence reaching to a 
fixed value of y*. The value y represents the probability that 
the edge is present in a cycle c.
The convergence is reached when the error between the 
new value of y and previous y become less than certain 
fraction called the convergence error. The procedure 
explained above is repeated starting from an initial value of 
u = u0 to u = umax. Where u0 and umax are greater than 0. At 
each iteration step, a new distribution point (L, CL) is 
produced.
Our work is about estimating the convergence error required 
to find all possible points in the distribution that the BP 
algorithm can calculates.

Figure 2. The Belief propagation algorithm.

The Experiment
The experiment starts by generating a random network, 
then we collect the possible points using the current 
convergence error. if number of points is not the maximum, 
the error will be increased and points are recollected. This is 
applied to all random networks for given number of nodes. 
see Table 1 for results.

TABLE 1. THE EXPERIMENT RESULT

Network 
size

Average 
error 

threshold

Variance 
of error 

threshold

The 
average 
number 
of points

Variance of 
number of 

points

50 0.05 1.43E-17 47.06 2.51E+00
60 0.05 1.43E-17 56.33 3.07E+00
70 0.05 7.28E-18 65.55 3.53E+00
80 0.05 7.36E-18 73.78 3.53E+00

Figure 4. The experiment ßowchart.

Conclusion
The convergence error required to find the maximum 
possible number of points is almost the same. Also, The 
possible number of points is almost the same whatever the 
connection probability of the network is. The algorithm 
shows a weakness that it can not generate a point for every 
possible cycle length. However, It also shows a determinism 
in the convergence error required to collect maximum 
number of points. The algorithms can be more explored by 
considering larger networks from other  types.

Figure 3. The New Belief propagation algorithm.
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Advanced Generation NIOSH Automatically deployable 
Rollover Protective Structure (AutoROPS)

1. Industrial and Management Systems Engineering Department, Kuwait University.
2. Mechanical and Aerospace Engineering Department, West Virginia University.
3. The National Institute for Occupational Safety and Health (NIOSH), Morgantown, West Virginia.

Alkhaledi, K.1, Means, K.2, McKenzie, E.3, Smith, J.

ABSTRACT 

Safety is the most important aspects in every 
society and it is a major issue in the agricultural 
industry, which continues today as one of the most 
hazardous industry in the world with comparatively 
high fatality rates.  Hundreds of farmers die each 
year due to tractor rollovers despite the fact that a 
highly effective safe guard is available in the form 
of a rollover protective structure (ROPS).  

Many tractors come with the ROPS factory 
installed; however, many ROPS were apparently 
removed by the tractor’s owners due to the high 
clearance zone for the tractor’s ROPS.  For 
example, while working in an orchard, an improper 
housing area may cause the ROPS to hit damage 
produce located on low hanging tree branches and 
that may cause a loss of money.  

The new NIOSH third generation AutoROPS 
with low clearance prototype zone was structurally 
simulated and analyzed using a computer-aided 
design program (ANSYS) to insure the compliance 
with the SAE J2194 standard requirements.  

The results proved that the third generations of 
the AutoROPS did absorb all applied loads in 
sequence and thus satisfied the SAE J-2194
standard test requirements.

Each year many farmers were killed in agricultural 
tractor rollover accidents.  ROPS structures were 
available as retrofits for virtually every tractor 
manufactured but there are numerous tractors 
without a ROPS still in use.  These tractors were 
either had the protective structures removed or built 
before Oct. 25, 1976 - the date that all tractors with 
more than 20 PTO horsepower were required to be 
equipped with a ROPS. (see Figure 1)

Figures 1: Bulky ROPS mounted on a farm tractor

These deaths have continued to occur despite 
the implementation of ROPS in all new tractors 
being sold in today’s market.  The ROPS is 
designed to work in conjunction with the use of a 
seat belt.  Some of these deaths were due to the 
removal of the ROPS from the tractor, and/or from 
the driver not using a seat belt, because without 
fastening the seat belt, the operator may not remain 
in the safety crush zone of the ROPS.

The question is why would someone remove 
the ROPS, which could save his life? One answer 
would be because the size of the ROPS housing 
area is too big for some farmers, since farmers 
want to drive their tractor conveniently below low 
hanging tree limbs without knocking some crops 
out of the trees.  

The need for a more convenient ROPS with 
low clearance zone to fit the farmer’s requirements 
becomes more important than ever.  The automatic 
deployable ROPS (AutoROPS) will perform the 
same task of a conventional ROPS, but instead of 
having the post as one solid part as with the ROPS, 
the AutoROPS will have the post as two 
telescoping parts,.  The deployable part of the 
AutoROPS will only deploy at the event of tractor 
rollover to protect the operator from fatal injury.

The new third generation AutoROPS prototype 
consisted of two telescoping rectangular tubes. 
The upper tubes were 3.5”X3.5” connected with 
the horizontal 3.5”X3.5” tube, and two 2”X3” 
inside posts welded to the base which has a 2
plate connected around the axle four grade 8 bolts
(see Figure 2).  The rectangular tubes were 
connected to the base which was mounted on the 
tractor rear axle base.  The tires were removed and 
the axle bases were fixed.

Figure 2 : 3rd Generation AutoROPS layout

AutoROPS must be able to withstand the four 
series of applied static loading, which were pointed 
in four different directions and magnitudes.  The 
AutoROPS must fulfill the performance 
requirement of this SAE J-2192 standard. 

First Longitudinal Loading 
The load was applied horizontally and inward 

from the rear upper outside corner plane of the 
AutoROPS which would touch the ground first in 
case of an overturn.  The required energy for this 
impact was calculated by:
E=1.4 mt (Joules) ……………………. (1)
Where: mt is the mass of the tractor.
E = 46,188 in-lb. (1 Joule = 8.851in-Lb).

Second Longitudinal Loading
The load was applied to the opposite direction 

and at the other corner from the first longitudinal 
load.  The required energy for this test:
E = 0.35 mt (Joules) ………………... (2)
Which resulted in E being 11,547 in-lbs.

Side Transverse Loading
The second load on the AutoROPS was applied 

from a different direction at the point of loading 
which would touch the ground in case of sideways 
overturn.  The required energy was calculated as 
following: 
E =1.75 mt (Joules) …………………. (3)
For this case E resulted in 57,735 in-lbs.

Vertical Loadings
The crushing beam was positioned across the 

rear upper most structural member.  Force of 
16,700 lb. was applied over that point which would 
support the rear of the tractor when completely 
overturned. 

The rate of deflection due to static loading 
should not be any more than 5mm/s based on 
ASAE standard 1997.  The determination of the 
occupant clearance zone was an important process.  
Success was measured by the ability of the ROPS 
to absorb the required amount of energy without 
intrusion in to the clearance zone (see Figure 3).

INTRODUCTION

STATEMENT OF THE PROBLEM  
The first objective of this study was designing 

and analyzing a new cost effective AutoROPS, 
which satisfy the SAE J-2194 standard 
requirements using a finite element analysis (FEM) 
for the AutoROPS base.

EXPERMENTAL METHOD 
Description of the 3rd Generation AutoROPS

Procedure 

First Longitudinal Test Results
The load on the first longitudinal test was 

gradually increased until it reaches the maximum 
required load of 4,630 lb., with the maximum 
deflection being 11.72 inches. The 3rd generation 
AutoROPS did withstand the applied load and 
absorbed a total energy of 46,203 in-lb. without 
any intrusion into the clearance zone.  Stresses 
were the primary aspects studied in this design.  
The maximum stress of 64,044 psi was found at 
the lowest 10 inches the inside fixed post height of 
the AutoROPS. (see Figure 4)

Figure 4: Top View for the First Longitudinal Test

Second Longitudinal Test
The maximum force applied on the second 

longitudinal test was 4,250 lb., thus causing the 
AutoROPS to deform 4.0 inches.  The AutoROPS 
absorbed 11,581 in-lb of energy (see Figure 5)

Figure 5: Top View of the Deflection for the Second 
Longitudinal Test

Side Transverse Test
A force of 8,450 lb. was applied on the side of 

the AutoROPS.  And deformed 7.8 inches and 
absorbed a total energy of 57, 962 in-lb. The 
deflected AutoROPS did not intrude into the 
clearance zone. (see Figure 6)

Figure 6: Rear View for the Side Transverse Test Load

RESULTS 

DISCUSION AND CONCLUSION 
The first part of this study focused on using 

finite element analysis to predict the behavior of 
that third generation AutoROPS.  All of the loads 
were applied in sequence on the AutoROPS.  

The results met the requirements of SAE J-
2194 standards; the AutoROPS absorbed all of the 
required energies and did not intrude into the 
clearance zone.  Since the fixed inside post for the 
third generation AutoROPS had smaller tube size, 
the ability of that posts to withstand the sequence 
of loading was questionable, but the results came 
positive, the post did withstand the applied loads. 

The second part of this study focused on using 
finite element analysis to analyze the stresses on 
the base.  The results were positive and determined 
that the base did take the entire load being applied 
to it. Maximum stresses found on bolts were way 
below the minimum proof yield stress for the grade 
8 bolt.  The base did show a good factor of safety 
during loading sequences.

The redesigned version of the third generation 
AutoROPS has 10 inches of overlapping room 
between the posts, which met the design criteria 
and gave enough room for the spring to fit.  This 
design also allows the deployable post to retract all 
the way down to the base of AutoROPS and to 
have a height of 39 inches only. 

CONCLUSION 

Vertical Crush Test
The vertical load was applied on the 

AutoROPS.  No latching mechanisms were 
considered in this study, Therefore: a perfect 
contact in the overlap area was assumed.  The 
force applied was 16,700 lb. The AutoROPS had 
relatively no deflection during this test and no 
intrusion was recorded into the clearance zone.

The results showed that the base would easily 
take the entire load being applied to it.  Maximum 
stress of 38,593 psi was found on bolt number 5,
which is below the minimum proof yield stress of 
120,000 psi for grade 8 bolt, the bolts safety factor 
was 3.1.

Figure 3: Clearance Zone Occupancy

Howard, S., “A Study of Impact Using 80-
dermometer Rubber”.  M.S.    Thesi, West Virginia 
University, Dept.  of Mechanical and Aerospace 
Engineering 1998.

Gillispie, A. “Optimization of Rollover 
Protective Structure (ROPS) Using  Nonlinear 
Finite Element Analysis”, M.S. Thesis, West 
Virginia University, Dept. of Mechanical and 
Aerospace Engineering 2000. ASAE Standards “ 
Roll-Over Protective Structures (ROPS) for 
Wheeled Agricultural Tractor”,  December 1997.
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This study showed that the deployable 
AutoROPS is a novel idea to protect tractor 
operator in the case of a tractor rollover, also it met 
the need of having a low clearance zone while 
operating in the farm.  AutoROPS cannot be 
expected to protect a tractor operator in the event 
of a rollover without a seatbelt to hold the operator 
in the protected clearance zone.

Although the third generation AutoROPS has 
proven effective in this research, it is necessary to 
continue research on future improvements of the 
AutoROPS.  The possibility of saving even more 
human lives makes the continued research worth 
looking at Since the third generation AutoROPS is 
a new design, there are other criteria that need to 
be studied. An example would be: The latching 
mechanisms and how it can be fitted in the overlap 
area between the two posts.  
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Introduction
The production of bulk ultra-fine grained materials has been
possible by applying a severe plastic deformation process
such as high-pressure torsion (HPT) [1]. In such method, a
disk is subjected to a compressive pressure of several GPa
and concurrent torsional straining that occurs by rotation of
the lower anvil while the upper anvil is kept fixed (Fig.1). The
process causes large shear strain without any significant
changes in the disk dimensions, resulting in grain refinement
in the microstructure with an average grain size in the
submicron level (0.1-1 μm). This provides an excellent
combination of strength and ductility in metals and alloys [1].

Objectives
• To investigate the evolution of microstructure and micro-
hardness of high purity copper subjected to HPT.
• To provide some insight into the recrystallization process
observed at the early stages of HPT straining.

Results
Figure 2 presents EBSD maps of grain boundary
reconstruction, illustrating evolution of microstructure at three
radial positions (center, mid-radius and near-edge) with
increasing N. In the early straining stage (N = 1/4 turn), grain
refinement and concurrent recrystallization occurred at the near-
edge position, producing large fraction of Σ3 twin boundaries.
Recrystallization shifted toward the center of the disk upon further
straining. Full grain refinement was first observed in the near-
edge position for N = 1 turn. More homogeneous and stable grain
structure was achieved at N = 5 turns. At this level of high
strain, the grain size reaches a minimum of about 150 nm.
Moreover, the microhardness results in Fig.3 suggest the
occurrence of recrystallization at initial stages of HPT as
observed by the drop in the hardness values near the edge.
Such drop shifts toward the disk center with increasing N. At N =
5 turns and higher, more homogeneity in microhardness is achieved.

Methods
High purity copper rods were annealed for 1 hr at 400 °C and
later cut into disks with diameter of 10 mm and thickness of
0.8 mm. The disks were HPT processed for number of turns
N = 1/4, 1/2, 1, 5, 10. Compressive pressure of 6 GPa was
applied and each disk was strained in torsion at rotational
speed of 1 rpm. The microstructure were examined by Electron
Back Scattered Diffraction (EBSD) technique equipped in
Scanning Electron Microscope (SEM). Vickers microhardness
was made under a load of 200 gf and dwell time of 15 sec.

Conclusion
• Recrystallization occurs initially at early stages of HPT

straining, followed by homogeneous grain refinement at higher
strains.

• Drop of microhardness at near-edge indicates softening by
recrystallization; furtherstraining results in hardness homogeneity.

References
1. Zhilyaev and Langdon, Prog. Mat. Sci., 2008, 53, 893.
2. Xu, Horita, and Langdon, Acta Mater., 2008, 56, 5168.

Abstract
The evolution of microstructure and microhardness in high purity copper subjected to high pressure torsion (HPT) has been 
examined. Copper disks were processed in HPT for 1/4, 1/2, 1, 5, and 10 turns under a pressure of 6.0 GPa. Results indicate 
the formation of Σ3 twin boundaries by recrystallization before complete microstructural refinement. A gradual increase in the 
homogeneity of the microstructure and microhardness occurred with increasing numbers of turns, reaching stabilized ultra-fine 
grain structure at 5 turns with minimum grain size of 150 nm and maximum hardness of 157 Hv.

Fig.1 Schematic illustration
of HPT processing [2].

Fig.3 Microhardness plots of HPT copper samples 
processed at N = 1/4, 1/2, 1, 5, and 10 turns .

Acknowledgment
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Fig.2 Grain boundary reconstruction from EBSD mapping for 
samples processed at N = 1/4, 1/2, 1, and 5 turns. Grey lines 
denote LABs, black lines denote random HABs, and red lines 
represent Σ3 boundaries.
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Introduction 
 

Two-phase flow is a common occurrence in the petroleum 
production and transportation in wellbores and pipelines, 
respectively. Two-phase flow pattern is the spatial distribution of 
gas and liquid across the pipe cross section area. Different flow 
patterns impact the production system design, operation and 
safety. Therefore the flow pattern must be accurately predicted in 
order to efficiently and safely design surface facilities; such as 
separators, slug catchers, piping components, etc.. The prediction 
of an accurate two-phase flow regime is of immense importance in 
the petroleum industry, due to the high capital expensive invested 
in the surface facilities. Flow pattern is an essential step in 
predicting the pressure gradient. The flowchart below shows the 
sequence of pressure gradient calculation where flow pattern is the 
first essential step in the two-phase calculation scheme. 

Results 
 

Plotting the three models transitions with the experimental 
data showed which transition in which model is reliable to be 
used for predicting the flow regime patterns for the high 
viscous two-phase flow system. Figures 1-4 show the flow 
pattern maps of the experimental high viscosity data (180-
580 cp) and the predictions of the three low viscosity 
mechanistic models. The flow pattern maps revealed that 
OLGA  is the most accurate in predicting the 
stratified/intermittent transition boundary of the experimental 
data, while T&D is the least accurate. All three models failed 
to predict the annular transition accurately. The dispersed 
bubble transition overlapped for all three models indicating 
accurate prediction of all models with experimental data. 
Tables 1 and 2 summarize the quantified accuracy of each 
model prediction for both intermittent and annular flow 
regime. 

Conclusion 
 

OLGA model accurately predicted the stratified/intermittent 
transition  for all range of viscosity data, while Taitel and 
Dukler model was the least accurate not only for stratified/ 
intermittent transition but also the other transitions. All models 
failed to predict the annular flow pattern transition indicating 
the need to improve the annular transition modeling for high 
viscosity data.  

Email: e.alsafran@ku.edu.kw  /  kalqenae@hotmail.com  

Objectives 
 

The objective of this study is to compare the two-phase flow 
pattern predictions of the existing low viscosity mechanistic 
models with high viscosity experimental data in horizontal pipes 
to identify the possible improvement areas in these models. 
Future objective is to modify these models to be applicable for 
high viscosity two-phase in pipelines.  

Methods 
 

The flow pattern prediction of three mechanistic two-phase flow 
models were compared with high viscosity two-phase 
experimental data. The comparison results identified the degree 
of accuracy of each transition in each model. Taitel & Dukler 
(1976), Zhang et al. (2003) Unified model and OLGA 
commercial transient multiphase flow simulator are the three 
models compared in this study. Each model was cross checked 
with experimental data acquired by Gokcal et al. (2008) using 
the same input data and the predicted transitions were 
generated and compared with experimental flow pattern maps. 
The percentage of success in prediction for each transition was 
reported for a final comparison. 
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Correctly Predicated Experimental Data for the 
Annular Transition (%) 

Case No. of Points T&D Unified Olga 
1 8 0 12.5 N/A 
2 10 0 40 N/A 
3 8 12.5 25 N/A 
4 7 0 57.1 N/A 

 

Figures 

 

Correctly Predicated Experimental Data for the 
Intermittent Transition (%) 

Case No. of Points T&D Unified Olga 
1 32 62.5 96.9 100 
2 36 63.9 86.1 100 
3 35 54.3 88.6 100 
4 35 51.4 88.6 97.1 

Case 3  

Table 2: Correctly Predicated Experimental Data for Annular 
Transition  

Table 1: Correctly Predicated Experimental Data the Intermittent 
Transition  

Case 2 

Case 4  

Acknowledgment 
 

I would like to thank my family for their support and my professor 
and advisor Dr. Eissa Al-Safran for his continuous support and 
academic help in all ways to make this research possible. 
 
 
 
 

  
  

Abstract  
Due to the increase in demand and the decrease in supply of energy, the oil and gas industry shift its attention towards unconventional energy resources such as 
heavy oil. However, heavy oil production and transportation remains a challenge to the industry due to the lack of understanding the behavior of heavy oil flow under 
two-phase oil and gas condition. Although the prediction of flow pattern in horizontal pipelines is well understood for low liquid viscosity condition, it cannot be applied 
for high viscosity two-phase flow condition. The objective of this research is to compare the flow pattern predictions of the existing low viscosity two-phase flow 
mechanistic models with high viscosity experimental data of 180-600 cp in horizontal pipes to identify the improvement areas of these models to be applicable for 
heavy oil condition. Results show that the flow pattern maps predicted by the commercial transient multiphase flow simulator OLGA is the most accurate in predicting 
the heavy oil stratified/intermittent experimental transition boundary followed by the prediction of the Unified model (2003). Taitel and Dukler (1976) is the least 
accurate model in predicting the stratified/intermittent transition boundary. In addition, all three mechanistic models failed to predict the annular flow transition of heavy 
oil accurately.   
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MATERIAL and METHODS

• Fuhrman, J. A. (1999). Nature 399:541–548.
• Fuller, N. J., W. H. Wilson, I. R. Joint, and N. H.

Mann. (1998). Appl. Environ. Microbiol. 64:2051–
2060.

• Proctor, L., Fuhrman, J. (1990).N 343, 60-62.

• This work is supported by Kuwait University
Grant number SL01/10.
• For the general facility projects: GS01/02

and GS01/01.

• To Investigate the phylogenetic diversity of cyanophages
communities in coastal waters of Kuwait at three
locations at the Coast of Kuwait: 1) Al-Sabbiya 2) Al-
Bida’a 3) Al-Nuwaiseeb using g20 capsid protein gene.

Viruses are the most abundant biological entities in the marine
environment (Suttle, 2005). Surface seawater samples typically contain
1010 viral particles per liter (Fuhrman, 1999). Viruses contribute
significantly to the mortality of marine bacteria and phytoplankton thus
facilitating nutrient cycling, influencing bacterial and algal biodiversity,
mediating microbial mortality and genetic transfer (Suttle, 2005).
Cyanophages are a group of viruses capable of infecting cyanobacteria
(Proctor and Fuhrman, 1990) and have an effect on regulating the
densities, distribution and species composition of Synechococcus. The
g20 encoding gene of bacteriophage T4 (Fuller et al, 1998) has been
developed as a diversity marker to investigate the genetic diversity of
marine cyanophages targeting specifically cyanomyoviruses group
(Sullivan et al, 2008).

OBJECTIVESINTRODUCTION

REFERENCES
ACKNOWLEDGMENTS

• Sea water sample collection and filtration.

• Tangential Flow Filtration and DNA extraction.

• PCR of g20 capsid protein genes, clone library and

sequencing.

• Phylogenetic analysis of obtained sequences.

RESULTS

DISCUSSION
• Relatively few sequences from the three sampling sites
grouped within clusters that contain cultured representative
from the database suggesting that these sequences are
extremely unique to the coast of Kuwait.

• The non-random distribution of the g20 sequences pattern
from the three sites reflects a connection between the phages
community composition in each site and the site habitat
properties (chemical and physical) and its microbial
community structure.

Figure 1. Neighbor-joining tree showing the phylogenetic relationships of cyanophages clones from the three smapling sites (A) Al-Sabbiya, B) Al-Bida’a, C) Al-Nuwaiseeb, D) Unique sequences from the three
sites) and selected cyanophages sequences from the databse. The tree is based on the alignment of 143-amino acid sequence of the viral g20 gene with T4 as the outgroup. Bootstrap values are indicated at the
nodes with more than 50% support.

• Sequences from Al-Bida’a area showed separate seven new
monophyletic clusters and Al-Sabbiya area showed a
characteristic unique sequence that fell individually into a long
branch.

• The g20 clustering patterns from the three sites were independent
from the host strains of the cultured cyanophages representative
from the database.

• The isolated cyanophage Ku-Cyn9 grouped with other cultured
representatives from the database.

• Sullivan, M. B., Coleman, M. L., Quinlivan, V., Rosenkrantz, J.
E., DeFrancesco, A.S., Tan, G., Fu, R., Lee, J. A., Waterbury, J.
B., Bielawski, J. P., and Chisholm, S. W. (2008).
E l Microbiology 10: 2810-2823.

• Suttle, C. (2005). N 437, 356-361.

A.
Al-Sabbiya

B. 
Al-Bida’a

C.
Al-Nuwaiseeb

D.
Unique 

Sequences

Phylogenetic Diversity of Cyanomyoviruses In Coastal 
waters of Kuwait
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Photosynthetic Pigments as Potential Biomarkers in 
Wheat Under Salinity 
Al-Mansour, N1. and Tomos, D2
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INTRODUCTION
Physiological changes in light harvesting complexes (PSI and PSII)
and associated pigments can lead to alterations in photon absorption
and fluxes across thylakoid membranes. Therefore reduction in
photosynthetic capacity of leaves under stress (Zheng et al., 2008;
Sikuku et al., 2010) can be detected from changes in contents of
pigments with either photosynthetic (chlorophyll-a/b) or antioxidant
(carotenoids) significances. Variable NaCl levels produce varying
effects on photosynthetic apparatus and presumably reduce efficiency
of PSII repair cycle mechanisms which normally operates to replace
damaged protein subunits in reaction centers of thylakoid membranes
(Nixon et al., 2010). High salt stress induces irreversible damage to
PSII subunits and this inhibits disassembly of damaged proteins from
PSII complexes. Therefore one major objective of the current project
was to understand the relationship between salinity tolerance and
photosynthetic capacity of leaves.

ABSTRACT Stimulatory effects of moderate NaCl stress level (80
mM) were observed on carotenoids contents in leaves of WSO-B and
WSK-A wheat cultivars. Cultivars can be arranged from highest to
lowest leaf total chlorophyll contents in response to high NaCl stress
level (120 mM) as follows: WSK-A, WGW-A, WSO-B, WGI-B and
WGZ-A. Data suggested both treatment and varietal differences
among wheat plants in salinity tolerance.
OBJECTIVES
The main objectives of the current study were to quantify
photosynthetic pigments in wheat cultivars under different salinity
levels and evaluate their role as potential biomarkers for salinity
tolerance mechanisms.

MATERIALS AND METHODS
Tissues were extracted twice in cold 80% acetone and filtered through
Whatman No. 1 filter paper. The light densities of pigment extracts
were read using a Genesyst 5 spectrophotometer (Thermo Spectronic)
at 480, 510, 645 and 663 nm and pigment concentrations were
calculated as described by Lichtenthaler (1987a & b). Ultra-thin
sections of selected areas in leaf sections were cut and collected on
150-mesh copper grids. Sections were then stained with uranyl acetate
and lead citrate and examined with a JEOL's JEM-1200 STEM.
RESULTS
Pigments quantified in control and NaCl stressed leaves revealed
significant treatment effects on photosynthetic capacity of leaves.
Under control conditions, cultivars WGW-A, WSK-A and WGI-B
measured highest values of Chl a, Chl b and total chlorophyll contents
among other tested wheat cultivars (Figure 1a). Exposure of wheat
cultivar WGW-A to moderate NaCl stress level reduced total
chlorophyll contents to 1.09 ± 0.017 mg g-1 FW compared to controls
(Figure 1b). Significant treatment effects of high NaCl stress (120
mM) level were also observed in pigment contents (One-Way ANOVA
- P < 0.05) among tested cultivars (Figure 1c). The decline in leaf
pigment contents was more pronounced under 160 mM) NaCl. In
leaves of WGW-A seedlings, concentration of Chl a decreased from
0.879 ± 0.041 mg g-1 FW in control to 0.758 ± 0.029 mg g-1 FW in
160 mM NaCl stressed tissues (Figure 1d). Control leaves of WGZ-A
showed intact and normal chloroplasts with conspicuous
plastoglobuli, but high NaCl stressed leaves showed deformed
chloroplasts with swollen prothylakoids (Figure 2).

Figure 2: TEM 
micrographs of 
chloroplasts in  (a, 
b) control and (c, 
d) 140 mM NaCl 
stressed leaf of 
WGZ-A wheat 
cultivar.

Figure 1: Concentration of pigments (mg g-1 FW) in wheat cultivars grown under
(a) controls, (b) 80 mM NaCl, 120 mM NaCl and (d) 160 mM NaCl conditions.
Data points are sample means ± SEM (n =6). Data subjected to ANOVA test.

DISCUSSIONS
Photosynthetic capacity of leaves is highly related to pigment contents
and the elegant energy transduction reactions in photosystems (PSI
and PSII) of thylakoid membrane, it is reasonable to expect that these
two regulatory machinery of photosynthesis to be most sensitive to
alterations in ion homeostasis and water relations induced by severe
salt stress. Stimulatory effects of moderate stress reported in current
study could indicate protective roles of carotenoids against salt-
induced oxidative stress (Simova-Stoilova et al., 2008) or synthesis of
new proteins protecting biochemical machinery of pigment
biosynthesis under stress (Sairam and Tyagi. 2004).
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CONCLUDING REMARKS
Genotypic variations in pigment contents were correlated with
reductions in total chlorophyll contents and degree of damage to
chloroplasts. Pigments can be used as potential biomarkers in salt
tolerance studies.
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OBJECTIVES
Understand effects of salinity on (1) water relations of wheat

leaves using sucrose immersion technique and (2) determine whether
varietal differences in Na+ tolerance is correlated with differences in
cellular growth by quantification of relative cell growth rate (RCGR)
and displacement velocities.

ABSTRACT
Inhibition of leaf relative cell growth rate (RCGR) under NaCl stress was positively correlated with reductions in leaf elongation rates

(LER) and shortening of growth zones. Genotypic variations among in RCGR can indicate differences in the ability of plants to transport water
and allocate carbon in growth zones under stress.

INTRODUCTION
Improving crop tolerance to salt stress in arid areas is regarded as a

major agricultural issue in developing countries including State of
Kuwait. Technically the proportional relationship between Q (i.e.
water flow into cells across membranes) and cellular growth can be
quantified by the use of localize growth velocity (Equation 1) and
continuum growth model (Equation 2 & 3) equations as developed by
pioneer researchers in literature (Philip, 1958; Silk and Wagner,
1980):

………………………………. Equation1

............... Equation 2

…………. Equation 3

where A is the cross-sectional area of the cell face perpendicular to
the flow, g is the cell growth velocity, and J is the water flux
(volumetric flow rate/unit cross-sectional area), J1 and J2 are water
influx and efflux rates at cell wall "1" (Q1 water flow into cell no.1)
and cell wall "2" (Q2 water flow into cell no.2), respectively in an
expanding tissue. Influx of salts into plant cells inhibits cell growth
(Kramer, and Boyer, 1995) but the minimal changes in relative cell
growth rate (RCGR) can be calculated using data on time course
changes in size of a material segment moving along a growth only
zone of a leaf. This is best investigated by the classical use of
Lockhart (1971) equation 4:

……………………………….. Equation 4

The slope of time invariant, displacement velocity (DV) curves can
be used to estimate the intensity of deformation in growing parts of
the plant (Equation 5) or the so-called relative cell growth rates
(RCGR) according to the following formula:

……………………………. Equation 5

Since displacement velocity (DV) is a time invariant growth
parameter, the trajectory function (Equation 6) can also be derived
from the integral of reciprocal DV as described by following formula:

....................................................... Equation 6
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MATERIALS AND METHODS
Kinematics of leaf growth was determined using pinning

method and growth displacement data was used to calculate the
RCGR profiles (REGR, mm mm-1 h-1) along growth only zone as
described by Hunt (1982). Data were subjected to polynomial
regression & ANOVA. Significance was tested at the 0.05 level.
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Figure 1:
Percentage  
change in 
segment 
weight of (a) 
WGW-A and 
(b) WSK-A
wheat 
cultivars.  

Figure 2: Relative cell growth rates (RCGR, mm mm-1h-1) under salt stress in LGZ (a) WGZ-A
and (b) WSK-A wheat cultivars. Data points are mean ± SEM of 6 independent measurements.

DISCUSSIONS
Loss of weight in 80 and 160 mM NaCl stressed tissues can be

attributed to water efflux from leaf segments. This presumably
caused significant loss of cell’s turgor pressure. The decrease in
RCGR with increasing salt stress level can therefore be best linked
with significant generation of negative water potential (Ψw) values in
growth-only zones. This was supported by decline trends in RWC
values. For example, the RWC of wheat cultivar WGZ-A leaves
measured as 98.69 ± 0.448 (SEM) at 40 mM NaCl growth
conditions, but significantly (One-Way ANOVA P < 0.05) decreased
to 72.82 ± 0.712 (SEM) and to 66.63 ± 0.629 (SEM) at 140 mM and
160 mM NaCl growth conditions, respectively.
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CONCLUDING REMARKS & RECOMMENDATIONS  
Data suggests that reductions in the membrane hydraulic

conductivity of growing cells cause alterations in cell expansion
processes.
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RECOMMENDATIONS

CONCLUSION

MATERIALS & METHODS

RESULTS

INTRODUCTION

ABSTRACT
Cucumber mosaic virus (CMV) is one of the most damaging plant viruses in the world.  A novel technique to protect plants and improve yield of tomato plants against the damages  incurred by the lethal CMV virus strain CMV-16  
was evaluated in green house experiments. The treatment method consists of inoculating tomato plants with a mixture of plant growth promoting rhizobacteria, namely Pseudomonas aeruginosa and Stenotrophomonas rhizophilia, 
combined with a benign strain of cucumber mosaic virus (CMV) referred to as the KU1 strain which is associated with a protective viral satellite RNA (Patent no. US 8 138 390 B2). The results have indicated that  use of PGPR  and 
CMV-KU1  together as a biological control agent  successfully promoted vegetative growth and fruit yield in tomato plants to values equivalent to that of the healthy controls even in the presence of CMV-16 infection. The 
combination used also enhanced overall protection of the plants against the severe CMV-16 virus with about 91.3% disease prevention.  Serological analysis using enzyme-linked immunosorbent assay (ELISA) have also  indicated a 
lower incidence of CMV-16 infection in protected test plants. 

I

Cucumber mosaic virus (CMV), belonging to the genus
Cucumovirus of the Bromoviridae familiy, is considered to be one of
the most economically damaging virus among the field grown
vegetables worldwide (Montasser et al., 2006a; Roossinck et al., 1997).
CMV causes systemic mosaic, yellowing, ringspots, deformed fruit
and poor fruit set of tomatoes. Some strains of CMV contain viral
satellite RNAs while others such as CMV-16, is a satellite RNA-free
strain which causes severe stunting, chlorosis, and malformation of
fruits in tomato plants (Sayama et al., 1993). Attempts to control the
virus by conventional methods have proven a failure (Montasser et al.,
2006a; Raupauch & Kloepper, 1998).

Satellite RNAs are capable of altering the viral phenotype to
such an extent that they can modulate − attenuate or exacerbate − the
symptoms caused by their cognate helper viruses (Hu et al., 2009).
KU1 strain is a mild strain associated with a benign satellite RNA
(345bp long) that is symptomless on tomato (Montasser et al., 1991).
Its presence in these plants can be detected only by a slight decrease
in vegetative growth and a significant yield loss of about 15-20%
(Montasser et al., 2006a). Plant growth promoting rhizobacterium
(PGPR) is a mixture of beneficial microorganisms which increase crop
yeild, plant growth and also protect against pathogens (Nelson,2004).
Many PGPRs protect plants by at least one of the following
mechanisms: suppression of plant disesase by induction of systemic
resistance or antibiotic production (Bioprotectants), improved
nutrition acquisition ( Biofertilizers) and production of phytohormones
( Biostimulants) (Nelson, 2004).

OBJECTIVES

The major objectives of this study were to i) Investigate the efficacy of
applying PGPRs combined with CMV-KU1 associated with viral satellite
RNA to enhance plant protection, and ii) to investigate the
effectiveness of PGPRs in compensating for vigor loss caused by
both CMV-16 and CMV-KU1.

.

Evaluation of plant growth characteristics and PGPR levels in the soil
Forty two days post inoculation with the different treatments,

the plants were harvested by following the procedure demonstrated
by (Radwan et al.., 2007). Growth parameters such as their heights
,fresh weights, dry weight and fruit yield were measured. PGPR levels
in the soil was determined by the pour plate technique and by electron
microscopy (Montasser 2006 a). Both scanning and transmission
electron microscopy were used in the study.
Disease Assessments and statistical analysis

The CMV-16 accumulation in the foliar tissue of untreated and
treated test plants was investigated using the indirect ELISA method
(Clark & Adams 1977). Based on the visibility of symptoms appearing
on the plants, the plants were also scored from a scale of 0 to 10
where, where 0 = no symptoms and 10 = severe symptoms) (Zehnder,
2000). A logistic model was fitted to assess disease intensity , area
under disease progression curve and disease prevention. Analysis of
variance (ANOVA) at P = 0.05 was performed on all the data using the
SPSS (Statistical Package for Social sciences) –PASW statistics 18
software and the means were separated with Duncan’s Multiple Range
Test (DMRT) using PASW statics 18 and the Michigan University
Statistical Package (MSTATC) software. The Graphs were constructed
using the Slidewrite program.

Source and Inoculum preparation

CMV-KU1 was isolated locally in Kuwait (Montasser et al., 2006a) . The
challenge virus,CMV-16 is a japanese isolate kindly provided by H.
Sayama (Kikko Foods Corporation) (Sayama et al., 1993). Two strains
of PGPRs were used in this study: Pseudomonas aeruginosa and
Stenotrophomonas rhizophilia. When the cultures reached log phase ,
each of the strains was adjusted with distilled water at A420 giving a
cell density of 108 CFU /ml. Equal volumes (1:1) of the two strains
were mixed and allowed to stand approximately for half an hour at
room temperature without shaking.
Greenhouse set-up

Surface –sterilized seeds were planted.Three independent
experiments were conducted. Plants were divided into 3 different
treatments: a) Plants treated with satellite virus CMV-KU1 alone (
referred to as KU1), b) Plants treated only with PGPR mixture (
referred to as PGPR) and c) Plants treated with a combination of CMV-
KU1 and the PGPR mixture ( referred to as PGPR+KU1) . One control
treatment without any bacterial or viral inoculations was also
included. Treatments were arranged in a randomized complete block
design with 20 plants of each treatment. Each of the three treatments
and the control treatment were divided into two subgroups, one
challenged with CMV-16 and the other one without CMV-16 at 21 days
post- inoculation (dpi) with treatments . Both the PGPRs and the
satellite associated CMV-KU1 viruses were applied to the plants at the
dicotyledonary stage. The PGPRs were applied directly to the roots.
The virus was applied onto the plants by mechanical sap transmission
(Montasser, 2006a). Plants were maintained at a temperature of 25° C
.Plants were scored for symptoms at 28, 35 and 42 days post
inoculation with the biological treatments

Efficacy of using a combination of CMV-KU1 and PGPRs in enhancing 
protection against CMV-16

All PGPR treated plants showed a lower disease severity rating 
compared to the control plants challenged with CMV-16 (Fig 1). The 
resistance against CMV-16 infection was the highest for plants treated 
with PGPR and CMV-KU1.The disease prevention capacity of the 
combination was 91.3 % . In comparison, the plants treated with either 
PGPR or CMV-KU1 individually prevented the disease by 83.3% and 76.2
% respectively (Table 1 & Fig 2). CMV accumulation determined  by 
ELISA showed that the absorbance values at 405 nm observed at 42 dpi 
was significantly lower  in the case of treated plants compared to the 
positive controls (Table 1). The percentage infection indicated that 
percentage of plants infected when protected by a combination of 
PGPRs and viral satellite were  lower than those protected by one of 
them alone or the untreated controls. 

PGPR  ability to compensate for growth loss  in CMV infected plants
The growth of plants treated with a combination of PGPR and 

CMV-KU1 in the absence of CMV-16 was much higher than that of the 
healthy controls. In the presence of the virus, there was small decline in 
growth. But these were comparable to the growth of the healthy 
controls. Treatments containing PGPR showed a significant rise in fruit 
yield (Fig .3). These values were higher significantly than the healthy 
controls

Detection of PGPR s in soil
Plate enumeration at different dilutions indicated that the PGPR levels in
the test plant rhizosphere have decreased from the original count of 108

cells/ml to105 cells/ml.. Electron microscopy studies have revealed a
large population of PGPRs are present both epiphytically and
endophytically in the tomato roots (Fig 4).

Table 1. Effect of PGPRs and Viral Satellite RNA combinations in lowering disease severity 
based on Enzyme linked immunosorbent assay and symptom scoring

Treatmentsu

ELISA Readings

Bioassay

Absorbance Valuesa Diseased/ Healthy Ratio Virus Titer Percentage infection c

(%)

AUDPCd

(Sq.cm)

Diseasee prevention
(%)

H 0.32 (+ 0.01) df 1 - b N/A N/A
N/A

16 1.97 (+ 0.12) a 6.15 ++ 100 a 120.28a
0

PGPRs/16* 1.20 (+0.20) b 3.75 + 60 bc 25.69 b
83.33

PGPRs+KU1/16 0.49 (+ 0.08) c 1.31 - 30 c 10.36 c
91.3

KU1/ 16 1.21 (+ 0.18) b 3.8 + 70 b 29.4 b
76.2

u : Data collected 42 days post-inoculation with PGPR &CMV-KU1; Means are the average of three experiments (n = 10) H: healthy control plants; PGPRs 
used: a mixture of plant growth promoting Pseudomonas aeruginosa and stenotrophomonas rhizophilia;   KU1: CMV-KU1 associated with satellite viral 
RNA; 16: Challenge virus CMV-16.
*: CMV-16 was challenge inoculated 21 days post inoculation with protective treatments

a: Average of absorbance values measured at 405nm, from the different treatments + numbers in parenthesis =standard error 
b: Positive reaction is defined as an absorbance greater than twice that of the healthy tissues; - = no virus ,  +  =  virus titer more than healthy control (The 
more +s the higher the titer of the virus)
c: Percent infection is based on the number of CMV-16 infected samples based on ELISA per 10 samples of each treatment per experiment. Different 
letters represent a significant difference of the means within like treatments at P<0.05 according to Duncan’s Multiple range test. N/A-not applicable
d: AUDPC= area under disease progression curve; calculated using the formula : Σ (0.5) (Yi+ Yi+1) (Ti+ Ti+1) where Y = disease severity at time T, and i =
the time of the assessment in days . N/A-not applicable
e: Percent disease prevention was calculated using the formula 100([C – T] /C), where C = disease intensity of positive controls inoculated only with CMV-
16 and T= disease intensity of  plants inoculated with protective treatments and challenged with CMV-16; N/A = not applicable.
f : Different letters next to the values indicate differences (P<0.05) between means. Means with same letter are not significantly different at probability level 
P < 0.05 according to Duncan’s multiple range test (DMRT)

Fig. 1.Representative tomato plants from different treatments showing the relative 
differences in height 7 days after challenge with virulent CMV-16 (from left to right) 
H: healthy control plants; PGPR: plants treated with PGPR mixture alone; KU1:
plants preventively inoculated CMV-KU1; PGPR+KU1: plants preventively 
inoculated with PGPR mixture and CMV-KU1; KU1/16: plants preventively 
inoculated CMV-KU1 virus and challenged with CMV-16; PGPR+KU1/16: plants 
inoculated with PGPR mixture and CMV-KU1 and challenged with CMV-16 virus; 
16: positive control plants infected only with CMV-16. CMV-16 was inoculated at 
21days post-inoculation (dpi) with protective treatments. 

Fig 2. Mean disease severity values for different treatments at 28, 35
and 42 dpi (days post inoculation) respectively. 16: Control plants 
challenged with virulent CMV-16; PGPR/16:  PGPR treated plants 
challenged with CMV-16; PGPR+KU1/16: plants preventively 
inoculated  with a combination of PGPRs and CMV-KU1 associated 
satellite virus ,challenged with CMV-16; KU1/16: Plants inoculated 
with CMV-KU1 associated satellite virus and challenged with CMV-
16. Plant growth promoting rhizobacteria used: A mixture of 
Pseudomonas aeruginosa and Stenotrophomonas rhizophilia. Three 
independent experiments were performed. Standard error (n=3)
represented by error bars. 

Fig 3. Differences in the various growth parameters between treatments A) Shoot 
length of tomato plants from different treatments in the presence and absence of the 
CMV-16 virus respectively B) Fresh weight of tomato plants from different treatments 
in the  presence and absence of CMV-16 virus respectively. C) Dry weight of tomato 
plants from different treatments in the presence and absence of CMV-16 virus 
respectively. D) Fruit yield of tomato plants from different treatments in the presence 
and absence of CMV-16 virus respectively. Plant growth promoting rhizobacteria 
used: A mixture of Pseudomonas aeruginosa and Stenotrophomonas rhizophila.
Control: control plants without any protective treatments; PGPR: plants preventively 
inoculated with the PGPR mixture alone; PGPR+KU1: plants preventively inoculated 
with PGPR mixture and CMV-KU1; KU1: plants preventively inoculated with CMV-
KU1 virus. Standard error represented by error bars.

Fig 4. Detection of Plant growth promoting rhizobacteria (PGPRs) using Electron 
Microscopy. (Top) PGPRs attaching and colonizing the roots surfaces of tomato 
plants (Solanum lycopersicum) as seen by Scanning electron microscopy.(bottom) 
Transmission electron micrographs showing ultra-thin sections of tomato root 
tissue containing PGPRs cells stained with 2% uranyl acetate. 

The results of the study has revealed that combining PGPRs
with CMV-KU1 associated with a viral satellite RNA can both enhance
protection against severe viral infection, and compensate for vigor
and yield loss in tomato test plants. To our knowledge, this is the first
report showing the use of PGPR-viral satellite RNA combinations as
effective biological control agents for disease prevention against
virulent viral strain infection as well as yield increment.

The effectiveness of the PGPRs-viral satellite combination have 
to be further investigated on a large scale in field experiments for a 
potential commercial implementation. 
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Importance of studying size-frequency distribution of the endemic 
crab Leptochryseus kuwaitense in Kuwait mudflats 

1Sattari, Z., 1Behbehani, M. and, 2 Al-Musawi, L.
1Department of Biological Sciences, Faculty of Science, Kuwait University

2 Regional Organization for the Protection of the Marine Environment (ROMPE), State of Kuwait

Introduction
Leptochryseus kuwaitense (Fig. 1) is an endemic species restricted
to Kuwaiti shores (Jones and Clayton, 1983 and Al-Khayat, 1996).
The crab builds a semi-permanent mud structures at the entrance
of its burrow, known as hood (Clayton, 1988). Al-Zaidan (1999)
had estimated the density of L. kuwaitense in Doha during June-
August 1998 by counting burrows where the highest recorded
density was recorded during the spring tides in August. However,
little is still known about the biological characteristics of L.
kuwaitense. Therefore, an attempt was made to characterize the
population size along North Kuwait Bay.

Abstract Data indicated variability in the population structure
of Leptochryseus kuwaitense in Doha intertidal mudflat. Seasonal
differences in the sizes of carapace were found. The change could
be relevant to recruitment and settlement of juveniles

Objectives To determine the size frequency distribution of the
crab along Kuwait’s intertidal zones

Materials and Methods
This study was conducted from March 2008 to December 2009 in
the intertidal mudflat at Doha in Kuwait Bay (N 29o 21` 117`, E
047o 49` 507). Crabs were collected (to a depth of 1m) monthly
from three representative transects: A, B and C (12 m apart)
perpendicular to the shoreline randomly using 1m2 quadrates. The
crabs were placed in labeled plastic jars and transported to
laboratory to be sexed and measured (carapace widths (CW)) using
a digital vernier caliper. Data generated were subjected to One-
Way-ANOVA tests at a significance of 0.05 level.

Results
Both males and females exhibited a unimodal size distribution
(Fig. 2). Means of carapace width varied significantly through
seasons (n=12, P<0.0001). Males of all sizes were present during
most of the year, except for March and August, where the samples
were dominated by male crabs of larger sizes, ranging from 19.85
mm to 30.7 mm (Fig. 3). Females of the largest size, ranging from
19.4 to 28.19 mm, were present mostly during April, June and
December (Fig. 4). Juveniles (CW less than 1.2 cm) were difficult
to be sexed and were absent in the samples collected from March
and August (2008-2009). These juveniles were present from
September to November and April to July. Conclusions and recommendations

Further studies must be conducted to explore both ecological and
biological significances of L. kuwaitense, and related species in
Kuwait mudflats. The better understanding of the ecological and
biological aspects of this crab will further enable decision making
bodies in the country to develop conservation strategies and
protective measures for endemic and endangered species.
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Figure 4: Seasonal
variations in frequency
distribution of carapace
widths in unsexed
juveniles, males and
female.
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Figure 2: Carapace width frequency
distribution of unsexed juveniles,
males and females.

Figure 3: Seasonal
variations in frequency
distribution of carapace
width in unsexed
juveniles and males.

Discussions
Overall the analyses of the frequency distribution of carapace
widths in L. kuwaitense are uni-modal in males and females.
There were higher proportions of larger individuals amongst male
populations leading to a larger mean CW values compared to
females. Work done on Ilyoplax stevensi populations revealed that
the CW frequency distribution was more significant in females
than males (Snowden et al., 1991). Data indicated that values of
the frequency and abundance of the juvenile sizes can be taken as
valuable indicators for reproductive seasons of the crab
populations. This is supported by Isa (2006) who demonstrated
similar variations in the abundance of the various size-age
categories of Uca lactea annulipes.

Figure 1: Endemic crab
Leptochryseus kuwaitense.
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SAMPLING
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OBJECTIVE
To isolate and identify epiphytes and endophytes from the leaves of Bougainvillea and Conocarpus. 

ABSTRACT
Epiphytic and endophytic fungi were isolated from the leaves of two commonly grown plants in Kuwait: Bougainvillea glabra and Conocarpus lancifolius. One
hundred and seventy strains of fungi were isolated and identified by conventional microscopic methods as well as molecularly by DNA sequencing. The
isolated strains belonged to sixty one different filamentous species and two yeast species.

Phyllosphere Fungi from Plants in Kuwait

INTRODUCTION
Phyllosphere microflora are either epiphytes or endophytes of plant leaves and they play a variety of roles as potential plant pathogens, biological control agents, plant
growth promoters, or primary colonizers during leaf litter decomposition. While epiphytes are those microorganisms living on plant surfaces, endophytes live within
healthy plant tissue asymptomatically. Apart from their effects on plant growth, many endophytes are investigated due to their ability to produce metabolites which are
useful either in the pharmaceutical or agricultural industry (Schueffler and Anke, 2011). In Kuwait, there are scarce reports on the phyllosphere microflora and literature on
local foliar endophytic fungi is lacking. Therefore, in this study phyllosphere fungi from two different commonly grown shrubs in Kuwait were investigated.

RESULTS
• 170 fungal isolates were identified belonging to 63 different 
species, two of which were yeasts.

• Most species were strict epiphytes.

• Some species  were both epiphytes as well as endophytes.

• Only Candida parapsilosis was isolated as a strict endophyte 
from both Bougainvillea as well as Conocarpus.
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DISCUSSION
• There are no previous reports on phyllosphere fungi of

Bougainvillea and Conocarpus in Kuwait, and many of the
isolates have not been previously reported in association with
Bougainvillea and Conocarpus elsewhere either.

• Many of the isolates are common soil fungi of Kuwait, except for
some species of Acremonium, Chaetomidium and Chaetomium
which have not been previously reported from Kuwait .

• A novel finding was that of C. parapsilosis, a known
opportunistic human pathogen, which was isolated as a strict
endophyte from Bougainvillea and Conocarpus.

METHODOLOGY

Dunia H. Al-Gharabally, Azza A. Al-Musallam, Sini Sebastian
Dept. of Biological Sciences, Faculty of Science, Kuwait University

Fungal isolates Bougainvillea Conocarpus Fungal isolates Bougainvillea Conocarpus

1 Acremonium butyri  34 Curvularia lunata  

2 Acremonium cerealis   35 Drechslera stenospila  

3 Acremonium fusidiodes  36 Drechslera sp. 

4 Acremonium kiliense  37 Embellisia chlamydospora 

5 Alternaria alternata   38 Emericella nidulans  

6 Alternaria chlamydospora  39 Emericella regulosa 

7 Alternaria citri   40 Emericella sp.  

8 Aspergillus fumigatus  41 Humicola insolens  

9 Aspergillus niger (1)  42 Melanocarpus albomyces  

10 A. niger (2)   43 Monilia sp. 

11 A. niger (3)  44 Oidiodendron griseum  

12 Aspergillus terreus (1)   45 Penicillium chrysogenum 

13 A. terreus (2)   46 Paraconiothyrium brasiliense 

14 A. terreus (3)   47 Phialophora richardsiae  

15 A. terreus (4)  48 Phoma sp.  

16 Aspergillus sydowii   49 Preussia polymorpha 

17 Bipolaris australiensis   50 Talaromyces trachyspermus 

18 B. hawaiiensis   51 Thermomyces lanuginosus (1) 

19 B. spicifera   52 T.  lanuginosus (2) 

20 B. subpapendorfii  53 T.  lanuginosus (3) 

21 Chaetomidium arxii   54 Thielavia subthermophila  

22 Chaetomidium pilosum  55 Thielavia terrestris 

23 Chaetomidium sp.  56 Thielavia sp. (1)  

24 Chaetomium arcuatum  57 Thielavia sp. (2) 

25 C. atrobrunneum  58 Tomophagus sp. 

26 C. chiversii   59 Ulocladium botrytis  

27 C. irregulare  60 Westerdykella cylindrica 

28 C. luteum  61 Xylaria sp. 

29 C.  thermophilum 

30 Chaetomium sp. (1)  62 Candida parapsilosis  

31 Chaetomium sp. (2)   63 Rhodotorula minuta 

32 Chaetomium sp. (3) 

33 Chaetomium sp. (4)  Total number of different species isolated 51 39

27
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PCR-based molecular discrimination between Maritrema
eroliae and Probolocoryphe uca (Digenea: Microphallidae) in 

Kuwait Bay 
Wafa Y. Al-Kandari∗, Suzanne A. Al-Bustan, Majed Alnaqeeb and Asha Merine Isaac

Department of Biological Sciences, Faculty of Science, Kuwait University 
Abstract 

Microphallid trematodes are common parasites in marine snails and crustacian hosts at Kuwait Bay. The larval stages of two microphallids, Maritrema eroliae and Probolocoryphe uca, are difficult to differentiate morphologically. In this 

study, two PCR- based techniques were established for quick and accurate discrimination between the larval stages of the two microphallid species employing Restriction Fragment Length Polymorphism (PCR-RFLP) and species-specific 

primers. Both techniques utilized nucleotide differences in the second internal transcribed region (ITS2) of the ribosomal DNA (rDNA) in the two species. For the PCR-RFLP technique, restriction enzyme AvaII was selected and it generated 

different restriction profiles among the two microphallids. In addition, species-specific primers were prepared for each microphallid species that amplified distinctive fragments. Both techniques showed that the larval stages of the two 

microphallid species can be identified accurately. However direct PCR amplification using species-specific primers was more advantageous than PCR-RFLP technique since it allowed rapid and specific discrimination between the two species. 

This technique provides a useful tool that can be used in future studies for the study of the distribution of microphallid species and their definitive hosts at different localities of Kuwait Bay. 

Introduction
Maritrema eroliae and Probolocoryphe uca (Digenea: Microphallidae) are considered to be the most common

microphallid infections parasitizing the snails Clypeomorus bifasciata and Cerithidea cingulata respectively at Kuwait

Bay (Abdul-Salam & Sreelatha, 1998; Al-Kandari et al., 2000; Al-Kandari et al., 2007). Their larval stages utilize co-

occurring snail intermediate hosts from Prosobranchia. The discrimination of adults of both genera is easy because

of significant differences in size, shape and several other morphological characteristics (Abdul-Salam & Sreelatha,

1998; Al-Kandari et al., 2007). Unlike adult worms, intramolluscan larval stages of both microphallids are

morphologically similar and almost indistinguishable (Abdul-Salam & Sreelatha, 1998; Al-Kandari et al., 2011).

Therefore, proper identification of the larval stages of M. eroliae and P. uca is desirable for ecological studies (Hust et

al 2004) as well as for understanding the transmission dynamics between primary, secondary and final hosts. Since

morphological examination could not provide reliable differentiation of M. eroliae and P. uca in infected molluscs,

molecular techniques have been developed for that purpose (Al-Kandari & Al-Bustan, 2010; Al-Kandari et al., 2011).

Recently, the authors deposited the complete sequences of the ITS1 and ITS2 rDNA of M. eroliae and P. uca in

GenBank (HQ650133 and GQ377842). These sequences have been used for the accurate identification of both

microphallids as well as in phylogenetic studies (Al-Kandari & Al-Bustan, 2010; Al-Kandari et al., 2011). Although

DNA types based on sequences of ITS2 regions are of value to accurately discriminate between M. eroliae and P.

uca, DNA sequencing is costly, time consuming and needs a sophisticated setup. Therefore, the development of a

quick and cost effective techniques is required for the accurate discrimination between the larval stages of the two

microphallid species from Kuwait Bay. To the best of our knowledge, molecular discrimination between M. eroliae and

P. uca microphallids has not been described to-date.

Objectives
• Molecular discrimination between the larval stages of M. eroliae and P. uca using PCR-RFLP and PCR with

species-specific primers.

• Develop molecular techniques that allow quick and accurate discrimination between the larval stages of M. eroliae

and P. uca.

Methods

Collection of 1000 snails of Cerithidea cingulata and Clypeomorus bifasciata

Infected with P. uca  and M. eroliae

Isolation of sporocysts 

Genomic DNA extraction

PCR-RFLP for rDNA ITS2 region rDNA ITS2 Species-specific primers

PCR

M        1      2        3      4      5       6      7

440bp
357bp
284bp

156bp

M        1        2      3       4      5       6       7

388bp
320bp

Figure 1. RFLP patterns of ITS2 PCR products of 
Maritrema eroliae and Probolocoryphe uca from Kuwait 
Bay after digestion with AvaII enzyme and visualized 
on a 3:1 Nusieve-agarose gel stained with 10 µg/ml 
ethidium bromide. Lane M: 50 bp DNA marker; lane 1: 
PCR products of P. uca; lanes 2-3:  PCR products of P. 
uca after digestion with AvaII; lane 4: AvaII enzyme 
reaction with no DNA; lane 5: PCR products of M. 
eroliae; lanes 6-7:  PCR products of M. eroliae after 
digestion with AvaII.

Figure 2 PCR amplification of genomic DNA of 
Maritrema eroliae and Probolocoryphe uca from Kuwait 
Bay using species-specific ITS2 primers and visualized 
on a 1.2% agarose gel stained with 10 µg/ml ethidium
bromide. Lane M: 50 DNA marker; lane 1: PCR 
products of P. uca with trematode specific primers; lane 
2:  PCR products of M. eroliae with MeR1-MeR2
primers; lane 3: PCR products of P. uca with MeR1-
MeR2 primers; lane 4: reaction with no DNA; lane 5:  
PCR products of M. eroliae with trematode specific 
primers; lane 6: PCR products of P. uca with PuR1-
PuR2 primers; lane 7: PCR products of M. eroliae with 
PuR1-PuR2 primers.

Primer Primer Sequence
MeR1 5’GCCAACTGTGTGAATTAATGTG3’
MeR2 5’AATGAACCGAACAACCAGTGA3’
PuR1 5’CTGTGTATATGTGACTGC3’
PuR2 5’CAGGCCCTAAAGCGCACA3’

Table 1. The designed species-specific primers used for PCR which target unique sequences in the ITS2
region of M. eroliae and P. uca. 

Discussion
The approach for the molecular discrimination of M. eroliae and P. uca was twofold, either by PCR amplification

of the complete ITS2 and its consequent RFLP analysis, or by PCR amplification of the selected ITS2 region with

highly species-specific primers. The PCR-RFLP based approach has successfully differentiated between the larval

stages of M. eroliae and P. uca. The AvaII digested the ITS2 sequence of M. eroliae and produced two easily

visualized bands whereas the PCR products from P. uca remained uncut. However, this method does not seem to

be suitable for surveying snails infected with other digenean parasites such as Cerithidea cingulata and

Clypeomorus bifasciata because the primers used for the retrieval of the complete ITS2 region appears to anneal

to highly conservative regions of 5.8S and 28S of most digenetic trematodes (Karlova-Hromadova et al., 2008)

and as such, it amplifies the ITS2 region for all digenean parasites infecting the same snail host. This called for the

more rigorous second approach proposed in this study that used PCR with species-specific primers. The designed

primers do not show any similarity to the ITS2 sequence of the unclassified microphallid species available in

GenBank (accession number FJ966111).

This is the first report of molecular discrimination between M. eroliae and P. uca using PCR-RFLP and PCR with

species specific primers. Amplifying the ITS2 region with species-specific primers allows quick and reliable

differentiation between M. eroliae and P. uca from Kuwait Bay where both microphallids coexist, eliminating the

need for sequencing.

Results
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The characterization of solid surfaces is of vital importance to many areas of chemistry, including

heterogeneous catalysis, chromatography and separation, and adsorption. The Empirical "solvent" parameters of Ceria

surfaces are determined by means of solvatochromic dyes; Reichardt’s dye is a useful indicator of solvent polarity.

ET (probe), kca/mol = 28591.5 / λmax (nm)

Solvatochromism is defined as the pronounced change in 

position and sometimes intensity of an electronic absorption or 

emission band accompanying a change in the polarity of the 

medium [1]. Solvatochromic shifts result from the difference of 

solvation energies between the two electronic states involved in 

the observable absorption or emission transition. The probes 

exhibit a medium dependent intra-molecular charge transfer 

band, whose energy (ET(probe)) is employed as an empirical 

parameter for medium polarity: 

Calculations were carried out by using Gaussian 03, studying

two different aspects: (i) the geometries of the probes in gas

phase were optimized, without constraints, using B3LYP⁄6-

31+G(d,p); (ii) The HOMO and LUMO energy gap.

Abstract

Introduction 

Results and discussion

Experimental and Theoretical measurements

Quantum Chemical Calculations

Figure 3. Electron distribution of the HOMO and LUMO energy levels of the RB dye. (1) 
At the gas phase, (2) In Dichloromethane

HOMO and LUMO distribution

- Solvatochromic parameters revealed that Ceria has a high

polarity , basicity and donor strength.

- Theoretical calculations on model systems are helpful in

probing dye adsorption on ceria.

- Further work on going to understand more about the surface

properties of CeO2.

The amount of Betane dye added was restricted to 2-3 mg of

the probe per 0.2 g of Ceria in 15 mL of the Dichloromethane.

UV/vis measurements.

Equations Used to Calculate the Solvatochromic Parameters:

α = -7.90 + (0.45υmax x10-3) + (0.02υmax x 10-3) 

βSurf = 3.06 + 0.17 υmax x10-3 – (0.33υmax x 10-3)

π* = 13.89 - (0.251υmax x 10-3) - (0.32υmax x 10-3)

Where α (acidity); βSurf (basicity); π * (dipolarity/polarizability)

From UV-Vis spectra, the values are αSurf = -7.75 , βSurf= 3.01

and π *Surf = 13.70. Solvatochromic parameters revealed that

Ceria has a high polarity , basicity and donor strength [2].
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HOMO LUMO

Figure 1. UV-Vis spectra of Ceria NPs 
adsorped on  RB dye .

The redistribution of the electron density during the HOMO-

LUMO electron-transition determines the influence on the color

properties of Reichardt dye.

Figure 2. Optimized structure of   RB dye. 
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Objective

Experimental

Catalytic Activity, Suspension Stability and Magnetic 
Studies Of Iron Oxide Nanoparticles.

Iron oxide-hydroxide (α-Fe2O3; Fe(OH)3) nanoparticles have 

been prepared by microemulsion route gave highest surface 

area (315 m2g-1), when the smallest W (=20) and highest S

(=0.20 M) were employed. Kinetic studies of nanoparticle 

formation in microemulsion was also conducted. It was found 

that the stability  of microemulsion mixture and particle size of 

Fe(OH)3 formed were a function of the rate constants. 

Catalytic activity of different types of iron oxide catalysts were 

prepared by different W, S, precipitant and calcination 

temperatures. The catalyst  prepared with lower W and higher 

S (having high surface area reported before) showed good 

catalytic activity compared to others except when TBAH used 

as precipitant. Magnetic property of iron oxide calcined at 

250oC, 800oC and 1200oC were tested and it was found that as 

the calcinations temperature increases, the crystal size 

increases and also the Hc(coercive force) and Mr/Ms 

(magnetization) are gradually increased showing an increased 

ferromagnetic character. The isolated and dried nanoparticles 

were tested for suspension stability in ethanol, methanol and 

water. Ethanol was found to give maximum extent of 

suspension. The suspension stability was comparable in all the 

3 cases.

The project aims to develop a novel method for the preparation of 

high surface area iron oxide of nano size dimension which can be 

used as a good catalyst for CO conversion to CO2 via oxidation. 

And also to study kinetics  of the formation of nanoparticles in order 

to reveal the role and/or effect of the microemulsion system. Also to 

obtain highly stable suspensions of iron oxide nanoparticles.

Results and discussions

Conclusion

Productivity
.
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Abstract

Microemulsion-containing 90 mol% DDAB and 10 mol% Brij35
was prepared by mixing appropriate amount of DDAB, Brij35,
n-heptane and ferric nitrate aqueous solution (overall
surfactant concentration = 0.1, 0.15 or 0.2 M), the ferric nitrate
concentrations = 0.05 M and water solubility W = 20, 35 or 50.
This microemulsion was mixed with another microemulsion
possessing the same composition except that the ferric nitrate
solution was replaced by 10% ammonia solution. The mixing
was done quickly (simply pouring one microemulsion into
another with stirring). The precipitate was centrifuged, washed
3 times with acetone and 1 time with water and dried in oven
for 24hrs at 100°C.

The kinetics of microemulsion was studied by stopped flow
meter SX-20.Catalytic activity was carried out by in-house
vacuum line and stability of suspension was studied by UV-Vis
NIR Spectrophotometer Cary 5 .

Fig 4:Iron hydroxide dispersion  in ethanol, 
methanol and water after 1 day as indicated.

Fig 5: Iron hydroxide dispersion  in ethanol, 
methanol and water after 70 days as indicated.

Fig 1: Conversion versus Temperature graph 
of α-Fe2O3 ( W = 20, S = 0.2-RT) showing 
complete conversion at 400oC

Fig 2: Conversion versus Temperature graph of α-
Fe2O3 ( W = 50, S = 0.1-RT) showing complete 
conversion at 300oC.
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Crystallite size of iron oxide microemulsion increases

when W(water to surfactant ratio) & S(surfactant

concentration) are increased .

Specific surface area (SBET) increases when S increased

but found to be independent of W.

Iron oxide can be used as environmental catalyst for

reducing the formation of toxic carbon monoxide, CO. It

was understood that surface area is not the only criterion

for catalytic activity, and other factors such as high

concentration of hydroxyl groups and densely populated

surface coordination unsaturated sites affects the

catalytic activity The absorbance of the suspensions

were maintained to a great extent even after 70 days so

iron oxide nanoparticle suspensions can be used in

biological application, such as in medical magnetic

resonance imaging (MRI).

Fig 3: Magnetization measurement of haematite
particles with 75.5 nm crystal size of iron oxide 
W20-S.1 calcinated at 1200oC

Bumajdad, A.;S. Ali, S.; Mathew, A.; 2011, A. J. 
Colloid Interface Sci., 355, 282.
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An eco-friendly process for facile synthesis of silver (Ag) and gold (Au) nanoparticles (NPs) has been achieved using extracts of fungi Trichoderma harzianum and Ulocladium
chartarum isolated from local soil. Extarcellular formation of stable colloid of Ag NPs gives mostly monodispersed particals : 7-9 nm diameter. Au NPs with diameter ranging from
25-40 nm were synthesized intracellularly. XRD study shows that both metals are crystalline with fcc geometry.

Abstract

Fungi T. Harzianum and U. Chartarum are isolated from Alabdali and Alkhairan soil
respectively. Incubated in PDA before cultivated for chemical test. 5-25g fresh
biomass of each fungus is mixed with solutions of 1-2.5 x10-3 M (AgNO3) and
(HAuCl4) separately with continuous shaking (200 rpm) at 25C for several hours/days
according to reaction progress. Biomass is separated from product NPs colloids
through filtration and centrifugation (5000 rpm).

Experimental

Colloidal NPs of Ag and Au are recognized for their electrocatalytic and medical
applications. Performance of NPs are critically size/ shape- dependent, hence,
controlling factors that affect nucleation and growth of NPs is a challenge. Various
techniques were developed to synthesize nanomaterials in which hazardous and
pollutant organic passivators are used. Currently, synthetic approach based on
natural biological systems provides a benign green alternative as many bio-
organisms are known to produce inorganic materials and secrete proteins that
serve as natural capping agent against NPs aggregation. The objective of this work
is to synthesize Ag and Au NPs using micro-organisms grown in local soils of
different areas in Kuwait and to characterize their physical and chemical properties.

Introduction and Objectives

Results and Discussion

Intracellular reduction of Au3+ ions to Au0 studied by XRD analysis of collected sample
of biomass/Au presents intense peaks corresponding to crystalline fcc Au.
Extracellular reduction of Ag+ to crystalline fcc Ag0 is also confirmed.

Fig.1 XRD spectra of NPs of Au and biofilms of Ag colloid on Si (111) wafer . 

Visual inspection indicated the clear external formation of silver NPs as the color
of reaction mixture change to bright yellow and gradualy to dark brown . For HAuCl4
it is mainly the biomass that change its color to dark pink of Au NPs synthesized
intercellularly. UV-Vis absorption monitoring provides absorption peak of Ag at 416
nm and Au at 555 nm assigned to excitation of surface plasmon vibrations of silver
and gold respectively.

Ag/U. Chartarum

AgAu

Fig.3 UV-Vis Absorption spectra of 10-3 M solutions of     HAuCl4 and AgNO3 with 20g U.Chartarum and T. Harzianum
respectively. Insets show samples of biomass in precurser solution at the beginning of reaction  and filtered sapmles
after 96 h of reaction. Unfiltered sample of Au/U.Chartarum intracellular reaction is illustrated   

Fig. 2. XPS of Ag 3d and Au4f fundamental bands recorded from Ag and Au NPs solutions on Si (111)
substrate.

Fig.4. TEM images of  Au and Ag nanoparticles formed by reduction of HAuCl4 and AgNO3 respectively by fungal 
biomass for 72 hours. Particle size distribution is shown for each metal.

TEM images illustrate spherical Individual Ag NPs with size 7-9 nm . Au NPs are
mainly accumilated within cell cytoplasm showing clear crystalline structures of
hexagonal pyramids , triangles and pentagons with average size 40 nm.

Conclusion

Present data demonstrate the ability  to involve and to consider the natural, locally 
occuring biological systems of Kuwait  as a green nanofactories for  crystalline NPs 
production.  
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Introduction
Radioactivity in the environment is caused mainly by natural sources. Common
natural radionuclides include the potassium isotope 40K, uranium 238U and its
decay series, and thorium 232Th and its decay series. In addition to being long-
lived (in the order of 1010 years), these natural occurring radioactive materials
(NORM) are typically present in air, soil, and water in different amounts and
varying levels of activity. Therefore, the presence of NORM in environmental
samples is inevitable.

NORM find its way to humans through a number of channels, one of which is
inhalation. In other words, radioactive exposure to the general public is directly
related to the kind and quantity of inhaled substances (1). This firm relation
raised interest and concern towards radioactive exposure from inhaled
pollutants, such as cigarette smoke (2).

Among the most polluting smoke is that of incense. Burning of incense, which is
popular in many cultures, is typically practiced in religious ceremonies, social
gatherings, aromatherapy, and meditation. Although incense smoke provides
pleasant scents and nice aromas, this elegance comes at a high price of health
risks. Indeed, studies have shown that incense smoke is a leading cause of
lung cancer and asthma attacks,in addition to being linked to brain tumors and
leukemia (3). These health hazards are primarily blamed on the chemical
toxicity of incense (4). Yet to better understand the composition of incense, it is
important to investigate its radioactive content, especially the presence of
NORM. Hence, the goal of this study was to quantify long lived gamma emitting
radionuclides in incense.

Objective
• To quantify long lived gamma emitting radionuclides in incense.

Results
All three targeted radionuclides were detected in all samples with varying
quantities. Figures 1, 2 , and 3 present the activity concentration (Bq kg-1 ) for
226Ra, 228Ra, 40K respectively

Methods
Incense samples were collected from the Kuwaiti local market. The collection
took place between April of 2012 and July of 2012. To ensure a comprehensive
and a wide-spread representation, 27 different samples that originated from 7
different countries were selected (Table 1).

All samples underwent gamma spectroscopy, where the targeted radionuclides
were 226Ra, 228Ra, and 40K.

Conclusion
The present study was the first to investigate radioactivity of incense. The
findings of this study will help in assessing health hazards caused by incense
smoke inhalation. Such assessment is only possible after calculations of
effective dose caused by radionuclides retained in the lungs. These dose
calculations, which are left for future work, will be more robust when more
radionuclides are measured, specifically alpha and beta emitters.
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Abstract
A study of long-lived gamma emitters in incense was performed. The incense samples originated from 7 different countries, and the targeted radionuclides were
226Ra, 228Ra, and 40K. Gamma spectroscopy revealed the presence of all three targeted radionuclides in all samples with the following activity concentrations (AVG ±
SD), 13.066 ± 12.34 Bq kg-1 for 226Ra, 9.63 ± 9.67 Bq kg-1 for 228Ra, and 323.042 ± 314.276Bq kg-1 for 40K.
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Autoionization occurs for many-electron atoms
in highly-excited configurations which lie above
the first ionization threshold. Even parity
autoionized levels of Ba above 6s ionization
limit have been investigated by two-photon
absorption technique. Most of the lines in the
5dns and 5dnd series have been identified
using MQDT analysis. The experimental set up
and the methodology are exactly same as in
the Ca work.

Results

Introduction & methodology
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Figure 3: Even parity autoionizing lines of Ba with 
effective quantum no n* (Wavelength range 429 - 431
nm).

Conclusion
We have presented experimental data for spectrum of Ba 
autoionizing states. Pressure effect on collisional shift and 
power broadening, saturation effects are also studied.  
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Femtosecond laser induced fluorescence spectroscopy in  
ruby crystal

G .Pichler , K. Afrousheh and R. Nair

( Atomic, Molecular and Ionic Physics Research Group, Department of Physics, Kuwait University)

We measured femtosecond (fs) laser induced fluorescence of the ruby crystal using well known absorption spectrum. We used two
kinds of the femtosecond laser. One is a low peak power mode-locked oscillator, and the other one is the amplifier with much larger
peak power. The oscillator was used at several wavelengths in the spectral region around 400 nm, and in the region of 800 nm. We
used one long artificial ruby crystal which was previously used as a laser gain medium. We show several laser induced spectra
induced by the 400 nm fs laser wavelengths. It is interesting that we obtained upconversion only with the fs laser amplifier, whereas the
oscillator was not revealing sufficient upconversion efficiency.
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Conclusion
Pumping the Cr3+: Al2O3 crystal with a femtosecond laser amplifier
at 800 nm leads to emission of two sharp bands at 694 nm and
692.7 nm which is the characteristics emission of a ruby laser.
Thus we have experimentally demonstrated the visible
upconversion luminescence in Cr3+: Al2O3 by focused infrared
femtosecond laser pumping. From the analysis it is evident that
the absorption of two photons is a concurrent process instead of
continuous absorption. The broad absorption bands of chromium
impurity in Al2O3 crystal was also verified by obtaining the mode-
locked femtosecond laser induced fluorescence at different
wavelengths.

Results

Introduction
Laser Induced Fluorescence (LIF) occurs upon the excitation of
molecules from a lower energy level to a higher energy level
followed by spontaneous emission of light toward other lower
levels satisfying the dipole selection rules. Laser induced
fluorescence was observed in Cr3+: Al2O3 (ruby) crystal in the
visible region under focused femtosecond laser irradiation. Ruby
has very broad and powerful absorption bands in the visual
spectrum, at 400 and 550 nm and a weak absorption at 694 nm.
The active part of ruby is the dopants which consist of chromium
ions suspended in alumina (Al2O3) crystal. The color of ruby is
either pink or red depending on the dopant chromium
concentration in the crystal. Each chromium ion has three unpaired
electrons, whose lowest possible energy is a ground state
designated 4A2 and the excited states : 2E, 4T2, and 4T1, etc. and all
these excited states have transition energies in the visible range
(Fig. 2). It is these electrons that can be excited and that cause
absorption of certain wavelengths of light, resulting in color.

Objectives
 To study femtosecond laser induced fluorescence.

 To study new possibilities of the upconversion efficiency.

 To investigate similar experiments with other laser crystals.

Methods

FIG.1 .Experimental set up for 
laser induced fluorescence in 
Ruby..

The ruby crystal was irradiated by a train of femtosecond pulses
at 400 nm so that the Chromium ions were excited to the higher
energy state and were relaxed rapidly to the ground state via an
intermediate state by the emission of two sharp emission bands
peaking at 694 nm and 692 nm. The same was repeated in the
neighboring regions of 400 nm fs pulses since chromium is having
a broad and powerful absorption profile. Thus the Chromium ions
were excited by pumping mode locked pulses at 390 nm, 395 nm,
404 nm, 409 nm and 418nm. The LIF intensity was found to be
the strongest in 409 nm fs (fig. 5).This is because the chromium
ion is having a broad absorption band peaking at 409 nm. The 2E-
4A2 visible emission of Cr3+ is one of the best representative
transition in optical spectroscopy of solids which is responsible for
the intense red fluorescence emission and this transition lies in
the visible spectral region. The 4T1 and 4T2 levels of ruby acts as
broad pumping levels since the transitions from 4A2 to 4T1 and 4T2
are spin allowed and the 2E is the narrow lowest excited band in
ruby which act as emitting level of red fluorescence.
When the ruby crystal was irradiated by focused femtosecond
pulses of 800 nm, a strong red emission light was observed on the
focused spot having sharp emission bands at 694 nm and 692 nm
which is a characteristics emission of Cr3+ ions. So femtosecond
800 nm irradiation on Cr3+: Al2O3 resulted in sharp emission
bands at 694 nm & 692 nm which can be attributed to the 2E-4A2
transition of Cr3+ ions, which is occurring in 400 nm violet light
irradiation on ruby crystal. From the absorption spectrum of ruby it
is clearly evident that there was no single photon absorption band
for ruby in the near infrared range (800 nm) [1,2].

FIG.5. LIF spectra of ruby at different pump wavelengths and
energies of Tsunami femtosecond laser.

FIG.6.Emission spectra of ruby at 693 nm induced by focused 
femtosecond irradiation at 800 nm 
But we directly obtain 2E-4A2 transition of Cr3+ ions, by pumping
intense 800nm femtosecond radiation. Thus we obtained visible
radiation by pumping infrared radiation which was normally
impossible by single photon process. So here we led to the
conclusion that two photon dominated fluorescence or
luminescence was taking place here, and it was verified by
varying the pumping power of amplified femtosecond laser at a
fixed point and comparing it with the intensity of fluorescence
spectra. The pumping photon intensity must be very high which
was acquired by focused regeneratively amplified femtosecond
laser. We tried to obtain this two-photon enhanced fluorescence
by using Tsunami oscillator at 800 nm laser directly to the
Cr3+:Al2O3 crystal. The effect was not observed which further
confirms the multiphoton excitation processes.

FIG.7.Fluorescence spectra of ruby at 405 nm and 532 nm with 
violet and green continuous laser.
The whole experiment was repeated with two additional pumping
continuous wave source. The cw violet laser at 405 nm of 6.5
mW power and a cw green laser at 532 nm with a power of 9
mW. The fluorescence spectra were recorded using the same
spectrometer and the fluorescence intensities were found to be
much stronger than with infrared light, which clearly shows that
single photon processes are much stronger than two photon
processes.

4 T
2

4T
1

2E

4A2

R1= 694.3nm

Red fluorescence emission

Fast nonradiative transition

R2= 692.7nm

Green Blue

FIG.2 .Energy level diagram of 
Cr3+: Al2O3.

The sample for LIF in our experiment was a ruby rod of length 10
cm taken from a high purity crystal of Cr3+: Al2O3 . Both polished
faces of the ruby rod were cleaned to allow the illumination by
the femtosecond laser. We used 400 nm blue femtosecond laser
beam obtained from the second harmonic generation device of
800 nm Ti:Sapphire laser (Tsunami, Spectra) beam. A mode-
locked femtosecond laser oscillator had a repetition rate of 80.4
MHz and the pulse duration of 120 fs. Here the higher 3d levels
of Cr3+ were populated via single photon absorption of the violet
fs laser pump. The fast relaxation towards the 2E state (narrow
lowest excited band in ruby) enables the spectral transition to the
ground state producing photons at 693 nm. The broad
femtosecond laser beam was focused on to the sample by a lens
of focal length 10 cm, thereby reducing the spot size below

several microns.The femtose-
-ond laser was focused in
order to increase pumping
photon density and thereby to
obtain increased signal. The
fluorescence spectra excited
by the focused femtosecond
laser was recorded at 90
degrees, by using a high
resolution Ocean Optics
Spectrometer HR 4000.
400 4000 CG-UV-NIR.

The upconversion lumine-
scence of Cr3+: Al2O3 was
also studied by irradiating
the ruby rod by Ti:sapphire
femtosecond laser amplifier
(Spitfire Pro, Spectra) at 800
nm. The laser pulses had 1
kHz repetition rate and the
pulse duration of 120 fs. The
highly intense amplified laser
beam was focused on to the

The whole experiment was repeated with two additional
pumping continuous wave laser sources that emit at
wavelengths of 532 nm and 405 nm. The absorption spectrum
of ruby rod was depicted in fig.3.

base of the rod by using an optical lens of 30 cm focal length.
Here the higher 3d levels of Cr3+ were populated via two photon
absorption of the red fs laser pump. The fast relaxation towards
the 2E state (narrow lowest excited band in ruby) enables the
spectral transition to the ground state producing photons at 693
nm and thus we obtained a visible radiation by pumping an
infrared radiation. This highly intense laser radiation facilitates
simultaneous multi-photon absorption which is responsible for
the conversion of infrared to visible radiation.

FIG.3. Absorption spectrum
of Cr3+:Al2O3 .

FIG.4 .Experimental set up 
for Upconversion 
luminescence in Ruby.
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Femtosecond laser fluorescence in dense 
potassium vapor
G. Pichler, J. Kokaj and R. Nair 

( Atomic, Molecular and Ionic Physics Research Group, Department of Physics, Kuwait University)

Femtosecond (fs) laser excitation of the dense potassium vapor has been studied. We investigated the spectral region around the
second and the first doublets of potassium atoms. Collisional redistribution from the K(4p) populations into the Rb(5p) population was
studied when the mode-locked femtosecond laser light was discretely tuned in the region of 770 nm and the first resonance line.
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Conclusion
Hot potassium vapor was studied with femtosecond laser light
at the first resonance line doublets of potassium at very high
densities and temperatures, enabled by means of the all-
sapphire cell. We observe several interesting spectral
features, which point out to a possible new laser effect if the
cell would be situated in the cavity. We also looked for the
conical emission when the fs laser was tuned in the blue wing
of the K D2 line and the effect was extremely small. This
indicates that the self-focusing in dense potassium vapor is
almost negligible.

Introduction
Spectroscopy on dense potassium vapor has a long history, but
since transparent sapphire cells became available extreme
temperatures were possible only by using heat-pipe ovens.
However, in such case the length of the homogeneous vapor
was not well defined. Laser spectroscopy of dense potassium
vapor in the heat-pipe ovens brought about many interesting
spectral features connected with either atomic line broadening
or satellite bands or molecular features[1]. Recently,
femtosecond lasers became available in many laboratories. The
classical spectroscopy in which such a laser is used for the
fluorescence measurements are rare, but the pump and probe
method became the most frequently used method of research.
However, if used just as a background light source the
femtosecond laser could reveal several interesting features.
First, it has broadband emission and second it is pulsed with
repetition rate of about 80 MHz, having about 100 femtosecond
long pulses. Used in the region of the first resonance lines it
may exhibit nonlinear behavior causing self-focusing (conical
emission) and self-defocusing.

 To study influence of femtosecond laser on the dense
potassium vapor.

 To investigate the possibilities of the new potassium vapor
laser.

Methods

FIG.5. Absorption spectra of potassium at 770 nm for
different temperatures..

750 nm and slightly beyond 790 nm. This means that the
dense potassium vapor is actually generating frequencies in
the two spectral regions 750-760 nm and 780-790 nm. Only at
the highest temperature of 700 oC we observed appreciable
absorption of the Rb D2 resonance line, stemming from the
inevitable Rb impurity.

In a separate experiment we illuminated hot potassium vapor
at 400 oC with a cw laser pointer at 655 nm and observed the
fluorescence at 90o. For comparison, we compare this LIF
spectrum with the absorption spectrum at the same
temperature.

Dense alkali vapor generated in all-sapphire cells offer many
interesting applications. However , they were not investigated
by means of the powerful mode-locked femtosecond laser in
the red spectral regions where usually the first principal series
doublets are located. Potassium vapor at high temperatures
offered us unique opportunity to use the fs laser in the region
of 770 nm using fundamental beams.

Our experiments consisted of a few various measurements. First,
we measured the absorption coefficient function of the dense
potassium vapor in the large spectral range using the
OceanOptics HR4000 spectrometer (fig.1). The result is shown in
Fig. 2 for different potassium vapor temperatures. The
corresponding potassium atom densities are also provided in Fig.
2. The line profiles together with molecular bands should point to
different spectral features useful for the laser excitation in the
region around 800 nm. Our sapphire cell was heated with an
oven consisting of two parts, as shown in Fig. 1. These two parts
were separated about 5 mm, in order to define the lowest
temperature, which was measured by using a thermocouple.
Within the heaters another thermocouple was measuring about
150 oC higher temperature. However, the potassium atom density
was determined only by the cell position in between the heaters,
where the temperature was the lowest. Laser induced
fluorescence was observed by means of the digital spectrometer,
and the temperature was measured in-between two oven heaters
and within the oven. In the second experiment we illuminated the
hot potassium vapor with the mode-locked femtosecond laser
(Millennia pumped Tsunami, Spectra). By changing the
wavelength in steps from 750 nm up to 800 nm.

FIG.2. Absorption coefficient profiles from 350 nm to 1000 nm at
different temperatures or densities of the potassium vapor.

Objectives

FIG.1. Experimental setup with oven and the sapphire cell
containing dense potassium vapor.

Results
We spectrally analyzed the fluorescence induced by the fs laser
beam passing through the hot potassium vapor at 380 oC, as
shown in Fig. 3. The LIF spectrum when the fs laser was
centered at 780 nm, 785 nm and 800 nm exhibits strong
absorption of both potassium resonance lines at 766 nm and 770
nm. However, the impurity rubidium resonance lines at 780 nm
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and 794 nm were observed in emission. This indicates the
possibility of using it for the amplification of Rb resonance lines
in the K-Rb mixture, which may lead to the laser emission at Rb
D1 and Rb D2 lines[2,3].

FIG.4. Transmission of the femtosecond laser peaking at 770 nm.

Transmission of the femtosecond laser peaking at 770 nm
through hot potassium vapor at various temperatures is shown in
Fig. 4. In Fig. 5. We present all these profiles together with the
profile of the incoming fs laser, which spans the spectral region
between 760 nm and 780 nm. From the inspection of both Fig. 4
and 5, we may readily see that the transmission spectrum at
higher potassium vapor temperatures is extended between

FIG.3.Laser induced fluorescence induced by femtosecond laser
peaking at 750, 760, 780, 785 and 800 nm through
potassium vapor column at 380 oC.

FIG.6. Comparison of the LIF spectrum using the red laser
pointer at 655 nm and the absorption coefficient at 400 oC.
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When we connected the two heaters the temperature in the
whole sapphire cell was uniform and it was much higher. We set
the heating power with a variable transformer so that the
potassium vapor was in between 600 oC and 700 oC.
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Analysis of public opinion on global environmental changes 
and potential  risks in the State of Kuwait

Abdirashid Elmi
Department of Environmental Technology Management, College for Women, Kuwait University, 

P.O. Box 5969 - Safat 13060 Kuwait

Abstract
The study reported herein seeks to define people’s
opinions on a host of environmental issues and
potential solutions in the Arabian Gulf region. We
developed 24 questions and presented them to
randomly selected individuals. The study was
designed to include as much information as possible
to cover a wide range of environmental questions. Our
findings indicate that only about 1 out 4 (24%) of the
surveyed individuals pay constant attention to the
issue of climate change. When asked how concerned
you are about the possibility of global warming and its
impact on water and other natural resources, 30%
declared they were either not concerned or have not
thought about it. These findings suggest that there is a
lot work to be done to raise public awareness about
climate change described by many to be the most
pressing environmental issue of our time.

Introduction
For the past few decades, surveys of public opinion
have been conducted to identify reasons offered by
members of the public for supporting or rejecting
certain proposed policies on environmental issues
and/or emerging technologies. The results of these
studies have revealed that intensity of public concern
vary temporally and spatially, depending largely on
education, gender, occupation, etc. [1, 2]. Shwom et al.
[3] reported that Americans considered climate change
as the country’s most challenging environmental issue.
This has symbolized a major shift from few years ago,
when Americans had ranked climate change as a
minor national issue.

Conversely, in 2007, the Pew global attitudes survey
[4] found that large majorities of respondents had
never heard of global warming in countries like
Pakistan, Indonesia, Nigeria, and Egypt. These
findings suggest that in large parts of developing world,
there is no solid concern about climate change,
particularly global warming [4]. Although none of the
Arabian Gulf countries, Kuwait among them, was
included in the study, there is nothing to suggest the
outcome would have been remarkably different.

The primary objectives of this study were to: (i)
measure current state of understanding on the critical
environmental issues, focusing chiefly on the issue of
climate change and (ii) assess opinions of Kuwait
residents on various aspects of climate change and
policies people are willing support.

Material and Methods
The results presented in this paper were obtained through survey that
included 25 questions designed to dissect opinion and views on pressing
global environmental issues such as climate change, global warming, and
adaptive and mitigation strategies. We have chosen to conduct the face-to-
face interview. A major advantage associated with this type of survey is that it
is possible to converse with the participant if the participant, for example, does
not understand a question, or needs further explanation on a particular
question or issue. Furthermore, the response rates for personal interview
survey are better than the mail /online survey because it allows the interviewer
to make personal contact with the respondent, to explain the importance of
the survey, to answer any questions or concerns the respondent might have.
Respondents were informed that they have been statistically selected to
complete this survey to represent their population. We designed the study to
include as much information as possible to cover a wide range of
environmental issues and potential economic, social, and health
consequences. Statistical analysis were performed to test the significance of
how differ in their perceived knowledge and concerns of climate change, using
Statistical Package for Social Sciences (SPSS).

Result and Discussions:
We began our interview questionnaire with basic questions on a range of general
questions such as educational/professional levels before turning to specific
questions on environmental issues of great concern towards the end of the
interview. After careful screening and quality control of the data collected, the
sample size (respondents) stood at 1099 individuals. Public opinion is not
something that is just formed spontaneously; it is shaped by a variety of factors,
education being among the most important ones. To test our hypothesis of the link
between education and climate change knowledge, we asked respondents about
their educational or professional level at the beginning of questionnaire. Statistical
significance of the main factors included in our study that may affect climate change
understanding is reported in Table 1.

Conclusions
In this study, we were interested in surveying people to better understand
their views of key environmental issues, and the factors affecting global
environmental governance. In summary, majority of the people sampled
believed that global warming is happening now and is primarily caused
by human activities. Consequently, most people accept that something
should be done to limit future GHG emissions which are the cause of
climate change. Caution must be exercised however, in interpreting the
results presented here, because investigation of the linkages between
climate and social factors in the gulf region is still at an early stage. To
monitor possible trends in public opinion evolution over time, we intend
to repeat this survey with replications in other GCC (Gulf Corporation
Countries) region.
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Younger (15-19 and 20-24 age groups) tended to be more informed of
climate change issue than older age groups, seemingly because they
have an access to more means of information. One striking finding of this
research is the statistically weak relationship between the level of
education and the basic knowledge of climate change science, its
causes, and strategies for mitigation; there was no apparent association
between education and climate knowledge (Table 1). This may raise
serious question of whether the education system is constantly updated
to meet current challenges, such as climate change described by many
scholars as the most pressing environmental issue of our time.
Looking more closely at how respondents view the issue of global
warming, we find high levels of agreement regarding the issue. Despite
this high level of concern, basic understanding of the causes of climate
change was limited. For example, less than half of the respondents were
able to identify greenhouse gases (GHGs) as the primary cause of
climate change (Fig. 1). Although large number of respondents said to
have heard of GHG, only very few of the respondents were able to
correctly identify the names of GHGs. Similarly, only one out four have
heard Kyoto protocol; a widely publicized treaty designed to reduce
GHGs, mainly carbon dioxide (CO2). Kyoto protocol, which came into
effect in February 2005, obliges developed nations (Annex I countries) to
reduce their GHG emissions by at least 5% below 1990 levels between
the periods of 2008-2012. Despite the significance of this international
climate change treaty to Kuwait, one of the highest emitters of CO2 per
capita, only 277 (25%) individuals declared they have heard the name
of the treaty, whereas the remaining 75% (822 individuals) said they
never heard of it. Similarly, although most respondents state to know a bit
or a lot about global warming, most respondents fail to correctly answer
some basic questions regarding the relationship between fossil fuel use
and global warming. This is not particularly surprising as it is consistent
with the results of studies in other countries where respondents have less
understanding of global warming than they seem to think [5].
Majority of the respondents believe that the Earth is warming and that
human activities have contributed to these changes. To further identify
areas with most pressing environmental concerns, we listed key
environmental issues and thoroughly recorded their elaborate responses.
As shown in Table 2, respondents are most concerned about the effects
of climate change on future generation, followed by threat of war and
unrest due to resource shortages, with future economy including loss of
jobs being third place. Women expressed more concern than do men
about environmental consequences of global warming to the community
(Table 2).
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Factor Statistical
significance

Explanation

Age * Age was a significant (p ≤ 0.05) factor in
people’s perception in regards to climate
change and its impacts.

Education NS Contrary to our expectations, we found
statistically weak association between
education and climate change
knowledge. This raises important
question about the kind of courses
offered in both high school and college
education.

Gender ** Female respondents express more
concern than males about
environmental problems that have the
potential to pose risks to future
generations.

Season *** Highly disproportionate number of
respondents chose global warming as
their major concern during summer
2010 compared to fall and spring. This
is a suggestion that people’s responses
were influenced by the season, because
summer in Kuwait is extremely hot.

NS; Not Significant (p > 0.05); *p < 0.05; **p < 0.01; ***p < 0.001.

Table 1. Summary of statistical significance of selected variables

Table 2. People’s views on the potential effects of climate change on six 
important aspects of human society based on five qualitative scales

Main issues of concern
Level of concern 
Very Quite Not Very Not At All Not

Sure
Future generations 516 341 75 24 35
More flooding, droughts 
and extreme weather

333 384 146 73 49

Water and food shortages 318 211 300 133 24
Spread of malaria and 
other diseases

434 215 130 158 35

Threat of war and unrest 
due to resource shortages

559 174 112 28 57

Future economy 
( loss of jobs)

688 287 41 32 31

This poster is partially extracted from a publication in press in the Journal of Energy Education Science and Technology Part A: Energy Science and Research, 2013, 31(1)
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Experimental Simulation of Vehicle Emissions in Street 
Canyon under Changes of Building Orientation and Aspect Ratio

Mohamed .F. Yassina,*, Masaake Ohbab

aDepartment of Environmental Technology Management, College for Women, Kuwait University, Kuwait
bWind Engineering Center, Tokyo Polytechnic University, Japan

ABSTRACT
To assist validation of numerical simulations of urban pollution, pollutant
dispersion in a street canyon was investigated using a wind tunnel as a
research tool under neutral atmospheric conditions. We used tracer gas
techniques from a line source without buoyancy. Ethylene (C2H4) was
used as the tracer gas. The street canyon model was formed of six
parallel building rows of the same length. The flow and dispersion field
were analyzed and measured using a hot wire anemometer with split
fiber probe and fast flame ionization detector (FID). The diffusion flow
field in the boundary layer within the street canyon was examined at
different locations, with varying building orientations (θ=90°, 112.5°,
135° and 157.5°) and street canyon aspect ratios (W/H = ½, ¾ and 1)
downwind of the leeward side of the street canyon model. Results show
that velocity increases with aspect ratio, and with building orientation
greater than θ=90°. Pollutant concentration increases as aspect ratio
decreases. This concentration decreases exponentially in the vertical
direction, and decreases as building orientation increases from θ=90°.
Measured pollutant concentration distributions indicate that variability of
building orientation and aspect ratio in the street canyon are important
for estimating air quality in the canyon. The data presented here can be
used as a comprehensive database for validation of numerical models.

OBJECTIVE

EXPERIMENTAL SIMULATION 

EXPERIMENTAL CONDITIONS EXPERIMENTAL RESULTS: POLLUTANT DISPERSION 

CONCLUSIONS
The results show that both building orientation and aspect ratio had a
strong influence on wind flow and pollutant behavior. Velocity increases
with aspect ratio, and with building orientation greater than θ=90°. Lower
longitudinal velocity was observed in the middle region with aspect ratio
W/H=1.0 and building orientation θ=135°. The lowest velocity was near
the ground surface with aspect ratio W/H=0.5 and building orientation
θ=90°. Pollutant concentration increases as aspect ratio decreases, and
decreases with building orientation greater than θ=90°. Pollutant
concentration on the leeward side with aspect ratios W/H=0.75 and 1.0
was higher than that with aspect ratios W/H=0.5. The highest
concentration was found at the corner of the down windward building side
with aspect ratio W/H=0.5 and building orientation θ=90

The objective of the present work is to explore the effect of building
orientation and aspect ratio on wind flow and dispersion of vehicle
emission in a street canyon, through wind tunnel experiments. For this
purpose, we analyzed mean flow, turbulence and mean pollutant
concentration fields at different locations in the street canyon center,
under various aspect ratio configurations of the canyon, W/H and
building orientation.

REFERENCES
Ahmed K., Khare M. and Chaudhry K.K. (2005) “Wind tunnel simulation
studies on dispersion at urban street canyon and intersections-A
review”, Journal of Wind Engineering & Aerodynamics. 93: 697-717.
Gromke C, Ruck B. (2007) Influence of trees on the dispersion of
pollutants in an urban street canyon –experimental investigation of the
flow and concentration field. Atmospheric Environment, 41, 3287–302.
Huang Y., Hu X. and Zeng N. (2009) “ Impact of wedge-shaped roofs on
airflow and pollutant dispersion inside urban street canyons” Building
and Environment, 44, 2335-2347.

STREET CANYON MODELS

Diffusion experiments were performed in the boundary layer wind tunnel at
Tokyo Polytechnic University, Japan, under neutral atmospheric conditions.
A schematic diagram of the wind tunnel experiment is given in Fig. 1

EXPERIMENTAL RESULTS: WIND FLOW 

Fig.1 schematic diagram of the wind tunnel experiments

Fig.2 Vertical profiles of mean velocity and turbulence velocity in the simulated boundary layer

ATMOSPHERIC BOUNDARY LAYER

Fig.3 A photo of the street canyon with different building orientations

MEASUREMENT TECHNIQUES

Fig.4 Measurement locations in street canyon model
Flow structure was measured using a hot wire anemometer with split fiber probe, which had
sensors perpendicular to the probe axis and was set with the plane of split normal to the free
stream. Neutral buoyant ethylene C2H4 was used as the tracer gas. The line source strength
was monitored and controlled by Vol-U-Meter Automatic Gas Flow. The tracer gas was emitted
from double line sources collocated with the traffic lines. Tracer concentration was detected
with a high-response flame ionization detector (FID).

*Corresponding author: Department of Environmental Technology Management, College for Women, Kuwait University, E-mail address: m.yassin@ku.edu.kw , Phone (office): 24633131, Mobile:99820423

The mean velocity components were normalized by the mean velocity UH obtained, which
is the approaching wind velocity at building height H in the boundary layer. Velocity
increased up to the canyon roof, and decreased down to the ground surface. The velocity
increase at the roof level was from the flow shear. This shear may cause some sheltering
effect on vertical turbulent transport across the canyon top, thereby suppressing pollutant
removal from the canyon. The profiles of longitudinal velocity that increased were
directed upward starting from the half-height Z/H>0.5. The maximum longitudinal velocity
was observed at the canyon roof in the middle region (X/W=0.4 and 0.6) of the street,
with aspect ratio W/H=1.0 and building orientation θ=112.5°, because this is near the free
surface layer. On the other hand, the longitudinal velocity decreased downward starting
from the half-height, Z/H<0.5, to the ground surface. It reached a minimum in the middle
region of the street at X/W=0.4, with aspect ratio W/H=1.0 and building orientation
θ=135°, because of a steep gradient of longitudinal turbulence intensity near the ground.
Near the ground, a higher longitudinal velocity was observed in the middle region at
X/W=0.4 and 0.6, with aspect ratio W/H=1.0 and wind direction θ=112.5° . A lower
longitudinal velocity was observed in the middle region at X/W=0.4 and 0.6, with aspect
ratio W/H=1.0 and building orientation θ=135°

Pollutant dispersion in the street canyon was governed by wind flow characteristics in the
canyon, with pollutants re-circulating in the vortex formed there. These figures show that
pollutants were transported to the upwind side from the line source, and were further
dispersed in the street canyon. Pollutant concentration on the upwind side was higher than
that at the downwind side of buildings in the lower region of the street canyon. This is
because horizontal velocity in the lower street canyon region was negative, where the vortex
was clockwise. Pollutant dispersion was only removed vertically from the street canyons to
the free surface layer by the vertical mean flux and vertical turbulent flux. Pollutant
concentration on the upwind side with aspect ratios W/H=0.75 and 1.0 was higher than that
with aspect ratios W/H=0.5, because the main vortex was distorted along the street roof.
Pollutant concentration increased from top to bottom with aspect ratios W/H=0.75 and 1.0,
and the highest concentration was at the corner of the down leeward building side. The
highest concentration was found at the corner of the down windward building side, with
aspect ratio W/H=0.5 and building orientation θ=90°. The lowest pollutant concentration
appeared at the corner of the down leeward building side with aspect ratios W/H=0.75 and
1.0. Pollutant concentration on the leeward side was higher than that on the windward side.
This is because longitudinal velocity was smaller on the former side. Concentration in the
street canyon increased toward the ground surface and decreased upward to the canyon
roof.

 Power number

Atmospheric condition

Gaseous pollutant

The effluent velocity
 of the pollutant

The density of  the
 pollutant effluent

Wind direction
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*Specification of an Autonomic System for Environmental Monitoring 
with Wireless Sensors and Mobile Agents using SysML

Wireless Sensor Network
Wireless Sensor Networks (WSN) are heterogeneous networks of sensing
devices, which are either fixed or mobile [1]. They are spread over a large
geographic area, either inside the observed area or very close to it, and can be
used to collect and process environmental data like temperature, humidity, light
conditions, seismic activities, and images of the environment, etc. This data
can be used to detect certain events and to trigger activities.

Autonomic System
Just like the human body’s nervous system, that can act and react to certain
actions or events independently from the person’s conscious, an autonomic
computing system has the same ability that leads it to manage itself without
external help. A system is called autonomic [4] when it can self-configure:
adapts dynamically to changes in the IT environment, self-heal: detects
improper operations and initiate corrective actions before they occur, self-
optimize: system measure its current performance against the ideal
performance, and self-protect: system will defend itself from accidental or
malicious external attack. Those previous features can be achieved when the
system is aware of its internal state (self-aware), its current external
operating conditions (self-situated), and when the system can detect and
adapt to changing circumstances (self-monitor and self-adjust)

Mobile Agent-Based Computing 
Paradigm:
The mobile code (or agent) paradigm is based on the concept of ‘bringing
computation to data sources rather than bringing data to computing nodes’
[2]. A mobile agent is lightweight software capable of moving across a
network of computing nodes such as wireless sensors, host computers or
network switches. It carries inside it necessary code and data encapsulating
the business logic, an itinerary indicating the computing devices to be visited,
in addition to a buffer area to save filtered or preprocessed data while the
agent moves from one device to the other. Mobile agents have been used
recently in wireless sensor networks. [3]

Modeling using SysML
The System Modeling Language (SysML) [5] is a general-purpose language for
modeling systems engineering applications. It supports the specification,
analysis, design, verification and validation of a broad range of systems.
SysML contains different types of diagrams, the most important among which
are: the requirement diagram used to represent text-based requirements,
activity diagram describes the flow of control and data as the system executes,
sequence diagram describes interactions among system components, state
machine diagram represents behavior as the history of an object in terms of its
transitions and states, use case diagrams describes the usage of a system by
its actors to achieve a goal, that is realized by the subject providing a set of
services to selected actors, block definition diagram defines features of blocks
and relationships between blocks such as associations, generalizations, and
dependencies, internaal block diagram captures the internal structure of a block
in terms of properties and connectors between properties, parametric diagram
can be used to specify a network of constraints that represent mathematical
expressions, and finally the package diagram allows to group elements in a
hierarchical structure.

Abstract
For many years, projects of environmental monitoring took places to help monitor and control environmental indicators and their effects. Over the years many
researchers combined different technologies to develop a better environmental monitoring system, and the most used systems were using the wireless sensor network
technology. In our work, we introduce a hybrid system combining wireless sensor networks, mobile agents, and autonomic systems technologies using SysML in the
development process.
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System overview
Our environmental monitoring system is an autonomic system that uses mobile
agent to collect the data from the distributed sensor devices. We have several
sensors distributed over the area where we are interested to monitor some
environmental features (temperature, humidity, etc), and we have a main
computer that collects the readings from the agent after it reports back. Initially,
when the system is run, an agent is created at the main station and launched.
The agent carries the IP addresses of sensors or laptops they are attached to.
The agent travels to those sensors collecting the data they have sensed. The
agent then reports back to the launching station with the collected data. We
have also designed a website where the data is aggregated and displayed at
predefined regular time intervals. In addition, an SMS message is sent to the
appropriate parties when alarming environmental indicator values are collected.
The system is used by an admin, who runs the it and program the agents, and
the scientists who are responsible for data analysis and control.

Fig. 2. A mobile agent moving across a WSN..

Fig. 1. An infrastructure of a WSN.

Fig. 3. Use Case Diagram. Fig. 4. Requirement Diagram.
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An Efficient Task Scheduling Strategy for Data Parallel

Applications in Cloud / Grid / Cluster Environment
Kalim Qureshi and Mostafa Abd-El-Bar

Department of Information Science, College of Computing Sciences and Engineering, Kuwait University
Email: kalimuddinqureshi@gmail.com

ABSTRACT

In this study, we propose a Scheduler for Data Parallel
Applications (SDPA) which offers an efficient task partitioning
and load balancing strategy for data parallel applications in
grid environment. The proposed SDPA offers two major
features: maintaining job priority even if insufficient number of
free resources are available and pre-task assignment to cut
the idle time of nodes. The SDPA selects nodes smartly
according to the nature of task and the nodes’ resources
availability. Simulation results conducted reveal that SDPA
achieves performance improvement over reported strategies
in the reviewed literature in terms of execution time,
throughput and waiting time.

JOB SCHEDULING STRATEGIES

STEPS OF PROPOSED SDPA SCHEDULER

MEASURED RESULTS

CONCLUSION

SUMMARY OF OTHER RESEARCHERS WORK

JOBs QUEUING UNDER SDPA 

MAIN FEATURES OF SDPA  SCHEDULER

REFERENCES

First Come First Serve (FCFS)
Earliest Deadline First (EDF) Scheduling (Before)

Earliest Deadline First (EDF) Scheduling (After)
Aggressive Backfilling or EASY Backfilling

Flexible Backfilling Strategy (Before) Flexible Backfilling Strategy (After)

Earliest Gap-Earliest Deadline First (before)

Earliest Gap-Earliest Deadline First (After)

From the reviewed researcher work [9-19] we  are able to conclude the 
following key limitations:
• Some of the existing scheduling strategies [12] and [20] offer high priority 

to shorter jobs as compared to the priority offered to wider jobs. This leads 
to violation to jobs priority.

• The scheduling strategies based on intelligent systems has no support for 
runtime job set creation to achieve a good load balancing and itself takes 
long time  in making scheduling decisions [5].  This can lead to creating 
long idle time for some nodes [10].

• More research findings are still needed in terms of characterizing nodes 
and tasks in term of their CPU, I/O, and memory capabilities/requirements.

• Priority of jobs is not violated even if no enough resources are available.
• Nodes and task are categorized into three pools i.e. I/O, Memory and CPU 

capabilities/requirements. 
• Nodes are bench marked and ranked in each of the respective pool. 
• Node selection is made based on job nature (I/O, Memory, or CPU 

intensive). 
• Nodes contain buffers for the purpose of pre task assignment to reduce the 

idle time of nodes.

Application Level Component
Step 1: Identify task class (CPU or I/O or Memory)
Step2: Search for the appropriate resource (host) according the task class 
Step3: Create appropriate task buffer (for each host) (for pre-task assignment)  
Step4: Map tasks to the appropriate hosts
Step5:  Monitor the host resource and the task size for each host dynamically

System Level Component
Step1: Benchmark resources to identify (CPU or I/O or Memory)
Step2: Rank the resources
Step3: Update the pool 
Step4: Size the buffer for each node according to its performance

FLOW CHART OF SYSTEM LEVEL SCHEDULING IN SDPA

APPLICATION LEVEL SCHEDULING IN SDPA
Job Scheduling Strategies Performance degradation with 

respect to SDPA in term of 
percentage

FCFS 70.44
EDF 76.21
Easy Backfill 20.90
Flexible Backfill 17.83

Performance degradation in FCFS, EDF, Easy Backfill, Flexible Backfilling 
strategies with respect to SDPA strategy in term of percentage

[1] J. Yu and R. Buyya “A Taxonomy of Scientific Workflow Systems for Grid Computing”, 
Special Issue on Scientific Workflows, ACM SIGMOD Record, 34(3), pp. 44-49, ACM Press, 
New York, USA, Sept. 2005. 
[2] J. A. Torkestani, “A New Approach to the Job Scheduling Problem in Computational Grids”, 
Journal of Cluster Computing DOI 10.1007/s10586-011-0192-5, December 2011.
[3] K. Qureshi, A. Rehman and P. Manuel “Enhanced GridSim architecture with load 
balancing”, The Journal of Supercomputing 57(3): 265-275 (2011). 2010
[4] F. G. Khan, K. Qureshi and B. Nazir, “Performance Evaluation of Fault Tolerance 
Techniques in Grid Computing System”, International Journal of Computer and Electrical 
Engineering, 36(6), November 2010.PP??
[5] K. Qureshi, B. Majeed, J. H. Kazmi and S. A. Madani “Task partitioning, scheduling and 
load balancing strategy for mixed nature of tasks”, The Journal of Supercomputing 59(3): 
1348-1359, 2012.
[6] Y. Gao, H. Rong, et al. “Adaptive Grid Job Scheduling With Genetic Algorithms, Future 
Generation Computer Systems”, Elsevier Vol 21, pp. 151–161, 2004.
[7] B. Nazir, K. Qureshi and P. Manuel “Adaptive Checkpointing strategy to tolerate faults in 
economy based grid”, The Journal of Supercomputing 50(1): 1-18, 2009.
[8] K. Qureshi, A. Rehman and P. Manuel “Enhanced GridSim architecture with load 
balancing”, The Journal of Supercomputing 57(3): 265-275, 2011.

POSSIBLE  APPLICATIONS  FOR  KUWAIT
Whether forecasting / pollution monitoring. Remote sensing includes 
exploration of oil and gas. Medical Imaging applications. Real-time traffic 
management.

APPLICATIONS

Weather 
forecasti
ng

Search 
engines

Medical 
image 
processing

Chemical 
analysis

Video on 
demand

Genetic
engineeri
ng

PAPER SUBMITTED TO JOURNAL
• On 4th of November 2012 the paper is submitted to Springer Journal of 

SuperComputing.
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ألبــحــاث ا قــطــاع 

المقد مة      

المقدمة
قام قطاع األبحاث بتنظيم فعالية يوم الملصق العلمي للكليات العلمية واإلنسانية في سعيه الستمرار عرض نشاط 
العام  العلمية خالل  الكليات  الحالية لنشاط أبحاث  التوقعات  الوثيقة  الكليات سنويًا. وتقدم هذه  وإنجازات أبحاث 
الدراسي 2013/2012 كمبادرة لالنفتاح العلمي، ومشاركة المعرفة، والتبادل متعدد التخصصات. ويعتبر التطور 
األكثر أهمية لهذا العام هو انضمام كلية علوم وهندسة الحاسوب حديثة اإلنشاء ومشاركتها األولى بملصق علمي 
الكليات  بين  فيما  البسيط  وإثبات حضورها  األساسية  العلمية  الكليات  إلى  االنضمام  نحو  رئيسة  كخطوة  واحد 
العلمية. بناًء على ذلك يمكن للمشاهدين والمشاركين أن يكتسبوا رؤية أفضل وأوسع لمخرجات الكليات العلمية 
المبتكرة والمعروضة، والجمع بين أربعة كليات مشاركة لعرض ملصقاتهم على منصة مشتركة. ولقد تم عقد 
العلمي  التيار  تدفق  كان  كيف  تعكس  حيث  البدر،  اللطيف  عبد  أ.د.  الكويت  جامعة  مدير  رعاية  تحت  الفعالية 
الجماعي  العرض  في  متزايد  بشكل  العليا  الدراسات  وطلبة  والمتعلمين  األكاديميين  الطلبة  يضم  الكليات  عبر 
ألبحاثهم الجارية والمكتملة مع توفير أساسات رعاية األفكار الجديدة إلنشائها، والمشاريع الجديدة لتطورها خالل 

التشاورات والنقاشات واالهتمامات المشتركة. 

وقد تم عقد الفعالية في 18 مارس 2013، حيث تم عرض مجموع (53) ملصقًا علميًا يعكس المساهمات اإلبداعية 
لكليات الهندسة والبترول بمجموع  (13 ملصقًا) ، والعلوم (34 ملصقًا) ، وكلية البنات (5 ملصقات)، وكلية علوم 
وهندسة الحاسوب الجديدة (1 ملصقًا)، مع مبادرة الباحثين بالحديث عن أهدافهم ومخرجاتهم البحثية والعلمية 
للمشاهدين والتي عادة ما تكون عبر إثارة المناقشات والتبادل العلمي. ويؤمن قطاع األبحاث بأن مثل هذا التفاعل 
يعتبر حيوي لتنشيط عملية البحث المؤسسي، وخلق أدوات علمية في مختلف التخصصات للسعي المشترك وراء 
الدولة والمجتمع. وتسيطر هذه  األمد في خدمة  الحلول طويلة  الهامة إليجاد  األولويات  الدراسات في مجاالت 
اإلستراتيجية على سياسة قطاع األبحاث الحالية في تشجيع الدراسات المشتركة والتعاونية لمعالجة القضايا الهامة 

والبحث عن الحلول التجريبية من خالل المجال العلمي . 

ونظرًا لهذا ، فإن عقد فعاليات يوم الملصق العلمي ُيبّين جهود قطاع األبحاث الصادقة في توفير منصٍة مشتركة 
للكليات لتفاعل التخصصات واالهتمامات المختلقة من أجل العرض العلمي، والتبادل المعرفي، والرؤية الواضحة. 
ويعتبر ذلك أمٌر حيوي لمواكبة التطورات العلمية الحديثة وإدراك الفرص واألبعاد معًا للنمو ضمن نظام دعم 
األبحاث القائم في قطاع األبحاث . والهدف من عقد مثل هذه الفعاليات سنويًا هو إدراج مشاركة الكليات وطلبة 
التنفيذيين  والمسؤولين  أخرى،  وكلياٍت  زمالئهم،  انتباه  للفت  العلمية  إنجازاتهم  وإبراز  الفّعالة  العليا  الدراسات 

بالجامعة لالستفادة من وجهات النظر المختلفة من خالل النقاشات وتبادل الحوار لمواصلة التطور والتميز. 

هذا وتعتبر فعاليات يوم الملصق العلمي مرتبطة بنظام المكافآت والجوائز التشجيعية لتمييز الباحث المتميز في 
العرض، ويتم اختيار الفائزين من ثالث فئات مشاركة من أعضاء هيئة التدريس والمدرسون المساعدون وطلبة 
الدراسات العليا ، وتقدم المكافأة ألفضل ثالث ملصقات من كل فئة. من أجل تشجيع الباحثين على السعي العلمي 

الذي يتميز بالجودة العالية وتحقيق االمتياز.

أ.د. حسن السند                   مارس 2013 
نائب مدير الجامعة لألبحاث
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