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Abstract: In past years, banks of country have not considered customer-centering and its components due to
different social and economic problems and dependency of banks on the government and more important due to
excess of supply on demand, then couldn’t use modern marketing well. People don’t have any motivation to go to
banks since that no one considered them and their needs and also because all branches of banks offer same services.
So, they have to go to banks just to supply basic needs and in other words it can be said that now customers offer
service to banks not banks to customers. According to environmental changes we will face, banks should consider
some issues beforehand such as equipping themselves, recognizing customers’ expectations and needs, and even
market condition, because each bank which can recognize these needs and meet them sooner than the competitors
will be success in this competition. In this article it was tried to assess role of Customer Relationship Management
and its weakness and strengths in Banks of Iran then finally some recommendations are offered in order to modify
and improve quality of services in Bank.

[Ali Sorayaeiand Vahid Khalatbari Limaki. Customer Relationship Management (CRM) in Banking System.
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Introduction:

One century ago and before Super market,
market and automobile evolution, people went
shopping form public markets next to their houses.
Retailers knew customers by name and were aware of
their needs. Customers also kept their loyalty to those
markets and repeated their shopping. This ideal
relation with customer was changed by economic
growth of countries, migration to cities from villages
and increase in competition, then the customers were
more dynamic and many chain shops and
supermarkets were built in result of Benefit due to
mass marketing. In such conditions the prices were
low, quality of goods was high and similar but
customer relationship was established without name
and personal confrontation.

Consequently, customers were disappointed and
inclined toward those suppliers who offer intended
goods and services by lower prices and by most
desired specifications. In current years and after
occurred revolutions in the field of IT, we have seen
rise of Customer Relationship Management concept
(CRM) as an important approach in business, which
its intent was to refer to individual marketing. This is
a simple concept which states that different
customers claim different productions and services

and we should seek to market each individual
customer instead mass marketing. In this person to
person approach, data obtained from each customer
(such as previous purchases, needs and requirements)
will be used for framing used goods and services
which finally increase probability of acceptance. This
approach is the result of progresses in the field of IT.
Necessary and basic point which should be noted
here is that CRM means Customer Relationship
Management not customer relationship marketing.
Management includes more extensive concept
than marketing and contains production, human
resources, management, services, selling and
inspection and development thus CRM requires
organizational approach over all levels of business
that should be customer-centering for conducting
business not for simple strategy of marketing. CRM
includes all functions of organization (marketing,
production, customer services and etc.) which
requires direct and indirect contact with customers.
Transiting from traditional economy and
removing geographical boarders for business and
consequently increased competition caused that the
customer as basic component being represented as
central focus of bank activities. In other words,
marketing is now in its evolutional path it means that
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finding new customers isn’t its only goal and the
main focus is on the demand management through
growth and directing customers toward loyalty ladder
of Banks.

Nowadays, customers’  satisfaction isn’t
sufficient for them to be loyal to banks and in
addition their confidence also should be established.
In this communication, the aim is to establish long-
term and mutual connections with bank stakeholders
and specifically the customers so that more customers
being maintained and less leave bank and the result is
more market share and profitability for bank [2].
Definitions for customer
management:

CRM includes three main components:
customer, relationship and management. Here
customer is final user who plays role of supporter in
value-maker relationships. Relationship means to
establish more loyal and beneficial customer through
learning communication and finally the management
means creativity and leading one customer-centering
business process and putting customer at the center of
processes and experiences of organization.

Today, strategic importance was given to
Customer Relationship Management in organizations.
In hard competition conditions, on time and
organized relationship with customer is the best way
for increasing customers’ satisfaction, increased
selling and decreasing costs as well. According to
this, CRM is considered as kind of commercial
strategy [1, 3].

To recognize customer; factor for strengthening
relationship:

Previous ideas about customer relationship
considered CRM as a factor for satisfying customer,
in other words this assumption existed that when
customer face with best type of services will choose
it and won’t refer to other competitors, in simpler
words customer satisfaction which is the result of
service quality equals customer loyalty.

But the fact is that customer satisfaction isn’t
always equal to loyalty and there are some
probabilities as following:

e About 40% of satisfied customers change
their selections without any reason and
doubt.

e Between 65% through 85% of customers
that select new manufacturers claim that
satisfied with previous selections and had no
problem.

e 85% of satisfied customers however incline
to other manufacturers.

relationship

Certain services for specific customers:

Customers’ data gathering process for providing
preliminaries of recognizing customers usually face
with certain issues. Naturally, question-answer
process by organization will create some
considerations about customers’ privacy and shared
area. This question will be presented that how we can
collect customers’ databank without any violation. In
other words aim of accessing to planning goals of
customers databank is presence of confidence in data
security and organization trusteeship is considered
important by customers. At the other hand it can be
said that all customers also won’t affect organization
in a same way and certainly attracting key customers’
satisfaction contains higher sensitivity.

In psychology perspective, customers are
classified to 4 main groups:

1) Loyal customers: those who recognized
organization services totally better than
other organizations

2) Relatively loyal customers: those who
recognized these services a little better than
other competitors

3) Unfaithful customers: those customers who
didn’t recognized organization services
better than other competitors

4) Loyal customers of competitors: those
customers who recognized competitors’
services totally better than organization
services.

So it is necessary to plan and implement
efficient system for attracting and keeping key
customers in addition to recognize each group of
customers so that especial program being planned
and finally organization can change lower customer
groups to higher ones during evolution process of this
communication.

Establishing loyalty is process which will be
created through progressive process. Yet, certain
services are offered in order to keep key customers.

Goals of CRM:
Goals of CRM in Noll’s perspective:

Noll (2000) stated that key point of CRM is to
identify things that make value for customers, then
offering them. In this perspective, while customers
held different attitudes toward value but there are
many ways to satisfy them. So the goals of CRM are:

e Identifying certain values of each part of

customers

e understanding relative importance of those

needs for each customer part

e Determining whether offering such values

will be effective in positive way
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e Communicating and offering suitable values
of each customer in a way that they want to
receive data

e  Measuring results and proving efficiency for
investment

Main goals of performing CRM in financial institutes
and banks are:
1) Identifying certain values of each part of
market and customers
2) Offering customers desired values in their
requested way for receiving data
3) Dividing different parts of market and
improving process of target customer
relationship
4) Increasing income obtained through
commission fee for delivering services
5) Increasing satisfaction and customers loyalty
6) Optimizing canals for delivering services to
customers
7) Attracting new customers based on obtained
experiences with previous customers
8) Obtaining customers comments and interests
in order to optimize strategy and operation
process

Strength and weakness points of CRM in Iranian
banks:
Strength points:
1) Savingin time
2) Offering services fast and accurately
3) Improvements in staff treatment with
customers
4) Offering certain services to key customers
5) Offering consultation services
6) Having databank of customers’ history
7) Increased profitability
8) Increased customers satisfaction level
9) Establishing useful and
communication
10) Increased customers’ values and greatness

mutual

Weakness:

1) Time consuming and costly

2) Lack of accepting CRM implement by
managers, personnel and customers

3) Lack of proper infrastructure for
implementing CRM

4) Time and place conditions of branch which
affect possibility of customer access to bank

5) Offering certain services with higher quality
by peer banks

6) Presence of unfaithful customers and
presence of loyal customers of peers

Conclusion:

CRM system can help to keep current customers
and attract new ones. One of the most important
customers’ expectations from banks is speed and
decreased waiting time. Obtaining customer and
keeping them aren’t easy task. Clerks of bank
consider bank services asker as client not customer
and if customer being considered as client such as
many organizations, so personnel know them who
need to clerks and treat in every way they want and
even they don’t answer them, and never people’s
confidence means customers who are sources for
obtaining profit. Whenever we consider them as
customer whom our life depends on them, so
marketing and ways of dividing market will finds
meaning. In banking system, customers are at main
focus and all jobs will be done to satisfy them and
attract them. Therefore, those banks will be success
in computational space among banks, who can gain
more customers loyalty. At the other hand, according
to more sensitivity of customers against service
delivery by banks, they always ask better services.

Suggestions:

1) Establishing data bank of key customers:
preparing one data bank of fixed and key
customers history

2) Offering extensive and needed educations to
bank personnel (especially to cashiers) about
how to treat customers cashiers are
personnel of bank frontier so it is necessary
to educate them when face with customers in
certain circumstances

3) Use active experts personnel in banks

4) Use more developed and advanced
equipment

5) More control personnel performance

6) Establishing workgroups and/or committee
which deal with customers’ demands and
complaints which requires time and
investment

7) Imagine yourself as a customer in order to
better understand his/her type of feeling
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Abstract: This study aims to inspect the Commitment of internal audit units in the Saudi Commercial Banks with
the control requirements on e-commerce activities, including administrative and legal requirements and the
requirements of security, protection and technological requirements. Researchers have adopted on specialized
literature review pertaining to accounting and e-business to formulate the conceptual framework. The data were
collected through a questionnaire designed for this purpose and distributed to external audit offices to review Saudi
commercial banks. The researchers distributed 50 copies; however there were 45 copies received and valid for
analysis. Researchers have found a statistically significant relationship between internal control requirements in
terms of administrative and technological requirements and the requirements of security, protection, and compliance
with control over electronic commerce activities. Moreover, legislative and legal requirements for e-commerce
activities in the Saudi commercial banks are still inadequate and there is no obligation to those requirements where
you need those laws to keep pace with rapid developments in the area of electronic business development. In the
light of the conclusions of the study, the researchers recommended that Saudi banks to develop regulatory systems
to keep pace with the rapid developments in information technology and miscellaneous uses in banking industry,
legal, structural and technical requirements of security and protection for electronic commerce activities.
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1. Introduction 1.1 The problem of the study:

The spread of electronic commerce and its This study attempted to measure the compatibility
practice by enterprises and entrepreneurs impose a set of internal control systems currently applied in Saudi
of challenges to internal and external audits in a banks with internal control requirements on
similar way. Especially when the business risks e-commerce activities from the viewpoint of the
resulting from exercise were taking into account as external auditor. It aims to answer the following
well as to strengthen confidence in the systems and questions (from the viewpoint of the external auditor):
methods, websites, Particularly since the belief in the 1. To What extent do SCB be obliged to the
idea of security of websites devoted to the exchange of legislative requirements for the control of
information related to e-commerce is still surrounded electronic commerce activities?
by uncertainty and fear of inadequate security 2. To What extent do SCB be obliged to
precautions designed to protect data across the Web, protection and security requirements for the
where it often may not match the internal control control of electronic commerce activities?
systems and security procedures followed in these 3. What is extent of the obligation of SCB to the
facilities and developments in the area of electronic technological requirements for the control of
commerce. This Make auditors face significant electronic commerce activities?
challenges relating to development audit procedures 4. What is extent of the obligation of SCB to the
when dealing with these changes, to allay these fears, administrative requirements for the control of
(International Federation Of Accountants) issued e- commerce activities?
statement No.9 (1013), on the impact of electronic
commerce on the audit of the financial statements, 1.2 Objectives of the study:
which focused on the level of scientific knowledge to The aim of this study is to review the internal
the references, and know-how, and risks of the control requirements on e-commerce activities
customer, internal control and security considerations. including:  (legislative requirements and the

requirements of the protection, security and
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technological requirements and administrative
requirements) and measuring the commitment of
Saudi commercial banks.

1.3 The significance of the study:

This study is thought to be significant due to the

following:

1. Description of the basic requirements for
internal control over e-commerce activities
and commitment of Saudi commercial banks
from the viewpoint of the external auditor.

2. Description of the role of the external auditor
in the control process on the work of the
internal auditor regarding the electronic
activities within commercial banks to ensure
neutrality and independence.

3. Emphasizing the need for all control
requirements for internal references to
e-commerce activities such as requirements
for protection and security and legislative
requirements, technological and
administrative requirements.

1.4 Hypotheses of the study:

This study seeks to test the following hypotheses:

1. SCBs do not comply with the legislative
requirements for the control of ecommerce
activities.

2. SCBs do not comply with the requirements of
protection and security for ecommerce
activities control.

3. SCBs do not comply with the technological
requirements for controlling the ecommerce
activities.

4. SCBs do not comply with the administrative
requirements to control over ecommerce
activities.

2. Literature Review "theoretical framework':

Due to the continuing evolution in the concept of
business and internal control concepts, many terms
have emerged that must be completely understood and
discriminated because it is associated with a research
theme. In this regard the researchers provide the
following procedural definitions of concepts:

1. E-business: This concept was first introduced by
IBM in 1977 to distinguish between e-business
and e-commerce activities. IBM recognized
e-business as an integrated and flexible access
for distributing business value through
distinctive link systems operations conducted
through core business activities in a simplified
and flexible using Internet technology (Amour,
Daniel 2000). The concept of e-business using
online techniques work and networks to
develop existing business activities or to create
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a new default business activities (2000
Greenstein and Marilyn Fein man).

2. E-commerce :The concept of ecommerce ad

defined by Information Systems Auditing &
Control Association (ISACA) indicate any trade
done electronically between organization and
clients, suppliers or common people who use
internet service for this purpose )"'(B to C)
E-commerce Reviews 2003.

3. Internal control: A series of methods, procedures

adopted by administration to exploit the
supplies of banks adequately to protect against
misuse, assuring accuracy and integrity of
accounting  entries. It includes four
requirements — (the requirements of protection
and  security, legislative  requirements,
technological requirements, and administrative
requirements). The international statement
auditing ISA No. 1008 in paragraph (5) said:
"internal control based on computer processing
that help to achieve the overall objectives of
internal control, both on manual procedures or
procedures designed software and its impact on
the environment of electronic information
systems in the Organization (General controls)
or affect certain control on accounting
applications (application control). The above
means that controls is divided into three main
types: General controls, applied controls, end
user controls (Mahmoud Anbar 2003). The
study released by the Committee of the
information  technology  Information of

International ~ Federation of Accountants

Committee(IFAC) in February 2002 entitled

E-Business and the Accountant indicating risks

of information technology environment

include:

a. Infrastructure Risk and inadequate
procedures pertaining to security of
information technology infrastructure.

b. Inadequate security procedures to prevent
natural illegal access to sources of
information.

c. Risks of inadequate  information
technology applications and processing
controls input and output designed on
applications of information technology),
IFAC ITC, 2002).

Electronic Data Exchange: It is the process of

transferring data to and from the information

system of electronic methods using the
technology  linkage between  various
electronic units.

Internet: a global information network

associated with the use of computers on a

broad level, where the user is provided by a
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great deal of information on all topics and
fields.

6. Encryption: the process of encoding data in
order to prevent people from looking at it
without authority by using many complex
codes that are hard to decode only through
special programs.

7. Access to the network: a privacy level
enjoyed by the user when accessing private
data network.

2.1 Internal control requirements on e-commerce

activities

2.1.1 First: security and protection requirements:
Basel Committee approved a set of requirements

for security control electronic banking (Basel

Committee on Bank Supervision):

1. Banks should take appropriate measures to
verify the identity of customers who provided
them with services online and the character
of their authorization.

2. Banks should use methods of verification of

the  transactions and to  promote
(Non-Repudiation) and to  determine
accountability  for electronic  banking
transactions.

3. Banks should ensure the availability of
appropriate controls for authorization of
access to electronic banking systems and
databases and applications.

4. Banks should ensure the availability of
appropriate actions to protect the credibility
of data for electronic banking records and
information.

5. Banks should ensure a clear validation of
paths for all electronic banking transactions.

6. Banks should take appropriate measures to
protect the confidentiality of information on
electronic processes and these procedures
must be consistent with the degree of
sensitivity of the information to be
transferred or stored in databases.

2.1.2 Secondly:
requirements

It is a set of software and hardware equipment
and Internet sites, electronic business banking. The
technological developments have increased the need
to take advantage of these rapid developments of
intense competition between banks, which kept pace
with these developments to achieve competitive
advantage and employing this technology and
technical progress in favor of customer service.
Therefore technical and technological requirements
should be studied in terms of the availability of
adequate infrastructure for the application of

technical and technological
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e-commerce activities at banks. It must apply many
controlling measures on technology used in the work
to ensure continuity of work optimally to minimize the
possibility of failure or failures by conducting ongoing
preventive maintenance operations (Al-' ammuri
2006).

2.1.3 Thirdly: legal and legislative requirements

Basel Committee approved a set of requirements
for legal and reputation risks of electronic banking
(Basel Committee on Bank Supervision). Some of
these are:

1. Banks should provide appropriate
information in their websites to allow
potential  clients to reach informed

conclusions about the identity and legal
status of the Bank before entering
transactions conducted through electronic
banking.

2. Banks should adopt appropriate measures to
ensure fulfillment of the requirements of
confidentiality of customer by country where

bank products and services based on
electronic banking.
3. Banks should effective authority and

continuity of activity and contingency
planning processes to help ensure the
availability of systems and services through
electronic processes.

4. Banks are required to prepare appropriate
plans include responding to accidents and
limit (control) and reduce the problems
arising from unforeseen events (including
external and internal attack types) that may
hamper the supply of systems and services
based on electronic banking.

2.1.4 Fourth: administrative requirements
It is represented in good planning and appropriate
regulation, particularly the use of electronic commerce
in business that eliminates many of the traditional
functions of the separation of duties. Administrative
requirements include description of Organizational
structure and characterization of powers and
responsibilities. The requirements define the action
and separation of opposing positions in management
of information systems and the formulation of
supervision mechanism for board of directors and
senior management on electronic banking (Basel
Committee on Bank Supervision).
3 .Previous studies
1. The study by (Zhao Ning & others, 2004),
focused on audit in ecommerce period where
researchers confirmed that the audit has
developed in many financial firms, especially
after the lack of audit revenues period. As the
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result of this situation, the American Institute of
certified public accountants (AICPA) had select
continuing review process as a service needed
for the development of audit companies. This
has a positive impact and assists professional to
move towards a positive trend of defining a
general framework for the concept of ongoing
external audit (Ning Zhao 2004).

(Nearon, 2000), dealt with the journey of
Internet evolution's till it has been used in the
area of ecommerce, and the size of this trade
and great increase in media attention. But the
review lists of e-commerce and the application
of the General auditing standards (GAAS), face
substantial ~ challenges for  accountants.
Although he doubts the degree of application
review criteria for planning, audit manual, and
adequate professional training, independence
and internal control considering they don't
apply equally to electronic commerce under
transfer data electronically, as applied in
conventional audit. Invited researcher to
develop these standards to suit the information
technology, because the services provided by
the assurances needed for rehabilitation of
offices audited and may affect the
independence of reviewers (Bruce H. Nearon
2000).The researcher calls to develop these
standards to suit the information technology,
because the services provided by the audit
offices needed for improvements and may
affect the independence of reviewers (Bruce H.
Nearon 2000).

Tucker, (2000) pointed to the impact of
information technology on internal control and
the methods used by the audit to examine of the
internal control system and control of
information technology is one of the important
factors for review. It is also noted that the
reviewers should use highly skilled persons
who have absorption capacity when preparing
reports (Tucker, George 2000).

The study by (Lee & Mayer & Chen, 2001) has
focused on the impact of security control
techniques in ecommerce, by studying the
techniques of Authentication, encryption,
Electronic  Payment Systems and the
Department  of internal  Security and
Non-Electronic Payment Options. The study
was conducted through a survey of students at
three universities in different states in the
United States. the study found that students
who understand security techniques of business,
but they are unfamiliar with electronic payment
systems, and they Prefer to enter credit card
information online when decide to purchase a
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product through the Internet (Lee 2001 &
Mayer & Chen).

The (Jabali, 2002), studied the recent trends in
audit under technological variables in
accounting information systems and indicate
whether these trends positive or negative in the
light of recent developments in information
technology variables and what the size or
orientation of the necessary developments and
target in the audit, and the composition and
qualify references to keep abreast of
developments and changes in information
technology systems, focusing in his study on
the improvement of auditor. The study found
that there is a real desire in development. The
reviewers desire to develop their skills and
abilities to cope  with  technological
developments. Although there is still a
considerable gap need concerted efforts until
the upgrading scientific level profession. There
are many topics that need further qualification
and practice of external and internal auditors to
keep abreast of developments, notably the
electronic =~ commerce.  The  researcher
recommended that accounting curricula
development, including adequate reference to
the different methods of information
technology and e-commerce systems, which
will represent reality. Moreover, further theory
and practice researches associated with
information technology are recommended too
to highlight the implications for audit (Jabali
Mustafa, 2002).

In his study, (kahosh, 2002), reviewed the
issues and legal requirements for Internet
banking, and challenges facing this kind of
work that requires the transfer of data by
electronic means, and efforts at the
international and domestic levels to overcome
those obstacles. The research have concluded
that electronic trading is growing through
Internet invasion of all areas of daily life for
individuals and institutions, as there is
international  attention on privacy data
transmission by electronic means. there are
countries like the European Union regard
privacy data as the basic requirements of
electronic commerce, dealing with external
parties. There is no Arab country has laws on
confidentiality and data privacy (especially data
transmitted by electronic means). The research
recommended that work should be as quickly as
possible to establish National laws to assure
confidentiality and privacy of data transmitted
by electronic means (Nader kahosh 2002).
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4. Data Analysis and Hypothesis Testing:
4.1 Methodology of the study:
4.1.1 Data sources:

The researchers adopted the literature review in
the area of accounting and e-business for the
formulation of conceptual framework. The
Preliminary data were collected for the study through
questionnaire prepared for this purpose to cover and
answer the questions posed in the problem and
hypotheses.

4.1.2 Population and the sample of the study:

The study population includes the external audit
offices on commercial banks in Saudi Arabia where
100 questionnaires were distributed. The researcher
Retrieved 96 copies and only 90 copies are valid and
can be analyzed. Therefore the percentage of valid
copies is 90%.

4.1.3 Statistical Methods:

The appropriate statistical analysis of the data has
been used in this study. The substantive goals within
the framework of this study have been reached as well.
The level of significance was (0.05) of the

Table No. (1) Demographic data of the study sample

corresponding trust level (95%). To interpret the
results of tests conducted by researchers, the following
are the most important statistical methods that were
used:

4.1.4 Alpha Reliability Analysis:

Cronbach's Alpha Coefficient was used to
measure the degree of reliability of the study sample
to answers questions of the questionnaire. This
coefficient depends on measure of the consistency of
questionnaire and its ability to provide compatible
results. Alpha can be interpreted as the correlation
coefficient between the answers, thus alpha values can
range between 0 and 1 and alpha value statistically
acceptable is at least 60% of the results.

4.1.5 Descriptive statistics:

Some statistical methods that related to
measurements of centralization and dispersion have
been used. These methods include mean, Standard
Deviation and The One-Way Analysis of variance.

4.2 General information:

CHARACTERISTICS CATEGORIES PERCENTAGE
Bank Annual Age less than 10 years 16%
10-20 years 35%
20-30 years 27%
Greater than 30 years old 22%
Number of years of application of e-commerce less than 3 years 18%
4-6 years 22%
7-9 years 22% 31%
Greater than 9 years 29%
Average years of experience of workers in the | less than 5 years 9%
Internal Audit Department in the bank 5-9 years 53%
Greater than 9 years 38%
The efficiency of workers in the Internal Audit | Very Poor 9%
Department Poor 9%
Average 31%
Strong 35%
Very strong 16%
The independence of the internal auditor Very Poor 9%
Poor 20%
Average 42%
Strong 13%
Very strong 16%
The degree of familiarity with auditing standards | excellent 7%
adopted internationally Very Good 40%
Average 29%
Good 20%
Poor 4%
http://www.sciencepub.net/academia 22 aarenaj@gmail.com
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4.3 Preliminary data for the study questionnaire:

Preliminary data have been divided into several
factors, some of these factors are linked to legal and
legislative requirements, and each linked to the
requirements of protection and security. And some are
linked to the technological requirements and others
associated with the administrative requirements.
Moreover, other factors that may the extent of
commitment to control e-commerce activities. The
researchers have developed several questions on each
of the factors. The above-mentioned results are as
follows:

Table (2): the factors of legislative and legal requirements

4.3.1 The factors
requirements:

Table (2) summarizes the results taken from the
views of respondents. Each worker is indicated with
arithmetic mean and standard deviation. The
researchers study the degree of influence of special
factors associated with all requirements, whether legal,
legislative or protection and security. Also the
researchers referred to a very great influence with the
number 1 and the degree of influence of great with
number 2 and degree of influence medium with
number 3 and the degree of poor influence with
number 4 and the degree of influence is very poor
with number 5.

of legislative and legal

STATEMENTS MEAN STANDARD
DEVIATION
The Bank provides appropriate information in its website to allow potential | 2.20 1.14
customers to reach the identity of the bank and its legal status.
The bank allows the customers to conduct financial transactions through electronic | 2.38 1.15
banking to provide adequate safeguards for them.
The bank shall maintain the confidentiality of customer data from the legal aspects. 2.27 1.03
The Bank is committed to legislation and regulations necessary to implement | 2.24 1.03
e-business within the scope of Saudi law.
The Bank is committed to legislation and international laws concerning | 2.36 .98
e-commerce applications in banks.
Bank copes with the rapid developments in legislation on e-commerce 2.67 .90
The internal auditor is familiar with the basic criteria in determining the 2.71 .99
Legislative and legal actions with regard to electronic banking.
The bank provides the customer with clear legal texts and determines the nature of | 2.78 .85
the legislation of e-business.
The appropriateness of current legislation and laws for the control of e-business. 2.67 1.09
Bank is committed to perpetuating the records of electronic transactions 2.73 1.05
to identify clear Tracks for auditing used to settle conflicts.
Bank is committed not to use customer information for purposes beyond what is | 2.62 1.05
allowed Specifically for the purposes of or exceed what the customer has
authorized.
General average 2.49

4.3.2 The factors of technological requirements:
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Table (3) shows the same components as the previous tables which can be developed for descriptive decisions
related to mean and Standard deviation. for each of the factors mentioned in the same table.

FACTORS MEAN STANDARD DEVIATION
The bank infrastructure is appropriate for the practicing the 2.38 1.05
activities of ecommerce.
The Bank uses sophisticated systems commensurate with the 231 1.00
activities of e-commerce
The banking system provides 2.44 1.08
high-speed access to the applications of electronic transactions.
The internal auditor is familiar with the nature of the work in 2.42 1.12
electronic applications and heir trendiness in the bank.
Bank is committed to follow developments in hardware, software 2.58 1.16
and techniques for e-commerce work
The current available software in the conduct of the audit process to 2.58 1.10
periodically and continuously.
General average 2.45

4.4 The administrative requirements factors:

Table (4) shows the same components as the previous tables which can be developed for descriptive decisions
related to mean and Standard deviation for each of the factors mentioned in the same table.

Table (4): The administrative requirements factors

Factors Mean Standard Deviation

Senior management h is committed to designing a system of administrative 2.53 1.04
supervision with concerning e-commerce activities.
Senior management is committed to the design and determines the policies and 2.60 .89
methods for risk management control pertaining to e-commerce activities.
Senior management is committed to providing strategic plans for e-commerce 2.58 .97
operations.
The Bank has the experience and adequate managerial competencies to 2.76 1.15
practice new electronic business or adopt new techniques.
Senior management provides sufficient support for the development and 2.58 1.14
utilization of modern techniques.
senior management Have high dynamic to oversee electronic commerce 2.62 1.05
operations and rapid intervention to address any emergency problems.
Senior management is committed in audits of the essential aspects of Bank 2.44 94
security control operations and accreditation
Senior management is committed to ensure the adequacy of security controls 2.24 .96
and protection for electronic commerce.
senior management Provide comprehensive and continuous formulation 2.56 .94
process to support the adoption of new technologies in the banking industry.
Senior management is committed to provide adequate autonomy of action of 2.38 .96
internal auditor regarding auditing
e-commerce activities.
Senior management is committed to the training and qualification of human 2.64 1.19
resources to keep pace with rapid technical

developments regarding the work of the Bank electronically.
General average 2.54
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4.5 Inferential Statistic

This part of the research demonstrates test and
analyze the hypotheses By reviewing the factors
affecting commitment to e-commerce activities
control and track the views of respondents, these
factors have impact may have a direct relationship to
the phenomenon. This impact is indicated by the view
of the sample of the study. The research displayed the
impact of various factors on phenomenon to control
e-commerce activities. The inferential type of statistics

is used to test hypotheses as follows:

4.5.1 The first hypothesis:

This hypothesis formed by statistical zero as
follows:

Saudi commercial banks SCBs do not comply
with the legislative requirements for the control of
ecommerce activities.

Table (5) indicates using regression analysis to
analyze the data associated with the commitment to
control e-commerce activities with the dependent
variable and the factors associated with legislative
requirements as an independent agent to test the extent
of the impact of the factors associated with legislative
requirements to comply with control over electronic
commerce activities. The value of testing is (2.454)
and error amount 0.125. This explains the principle
accept zero hypothesis and alternative hypothesis is
rejected because the error amount greater than 0.05
level of significance (alpha value standard). This
shows lack of commitment of Saudi commercial
banks legislative requirements for the control of
electronic commerce activities.

Table (5) testing the first hypothesis

sum | Mean | Calculated | sig Result
F
1.869 | 1.869 2.454 125 No
difference
2.742 | .761 - - -
34.611 - - - -

4.5.2 The second hypothesis

SCBs do not comply with the requirements of
protection and security for ecommerce activities
control.

The regression analysis is used in table number
(6) in which the data associated with the commitment
to control e-commerce activities with the dependent
variable and the factors associated with security and
protection requirements as an independent agent. They
used to test the extent of the impact of the factors
associated with protection and security requirements
to comply with control over electronic commerce
activities. The value of testing was (5,271) and error
amount was (0.035). This explains the zero hypotheses
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are refused
because the

to accept the alternative hypothesis
error amount less than the level of
significance 0.05 (alpha value standard). This
demonstrates the commitment of Saudi commercial
banks with protection and security requirements for
the control of electronic commerce activities.

Table (6) testing the second hypothesis

Sum | Mean | Calculated sig Result
F
3.632 | 3.632 4.763 0.035 No
difference
32.791 | 0.763 - - -
36.423 - - - -

4.5.3 The third hypothesis:

SCBs do not comply with the technological
requirements for controlling the ecommerce activities.

With reviewing the table (7) regression analysis
was used and the data associated with the commitment
to control e-commerce activities was analyzed. The
dependent variable and the factors associated with
technological requirements were regarded as an
independent agent to test the extent of the impact of
the factors associated with technological requirements
to comply with control over electronic commerce
activities. The value of testing was (4.116) and error
amount was 0.049. This explains the zero hypotheses
that refused to accept the alternative hypothesis
because the error amount less than level of
significance (0.05) (alpha value standard). This results
Demonstrates the commitment of Saudi commercial
banks with the technological requirements for
controlling the electronic commerce activities.

Table (7) testing the third hypothesis

Sum | Mean | Calculated sig Result
F
3.190 | 3.190 4.116 0.049 No
difference
33.324 | 0.775 - - -
36.514 - - - -

4.5.4 The fourth hypothesis:

SCBs do not comply with the administrative
requirements to control over ecommerce activities.

With review the table (8) regression analysis was
used and the data associated with the commitment to
control e-commerce activities was analyzed. The
dependent variable and the factors associated with
technological requirements were regarded as an
independent agent to test the extent of the impact of
the factors associated with technological requirements
to comply with control over electronic commerce
activities. The value of testing was (4.349) and error
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any new technology in terms of hardware and
software. That helps the banks c to provide high
quality electronic services continually and
ensure the obtaining of rapid updates in that
area.

The commitment of banks to administrative
requirements for electronic business was
average for the inability of some departments to
keep abreast with technological development in

amount was 0.043. This explains hypothesis is
rejected and the alternative one accepted of zero

because the error amount less than level of
significance 0.05 (alpha value standard).  this
Demonstrates the commitment of Saudi commercial

banks with the administrative requirements for control 7.
over electronic commerce activities.

Table (8) testing the third hypothesis

Sum | Mean | Calculated sig Result the field of electronic commerce besides the
F limitation of administrative policies and
3.312 | 3.312 4.349 0.043 No procedures related to the control of electronic
difference business.
32.750 | 0.762 - - -
36.062 - - - - 6. Recommendation:
Based on the foregoing findings the study
5.Findings: recommends:
In the light of the results of the statistical 1. Commercial banks need to keep abreast of

analysis of data for the study and based on the
literature review and previous studies, researchers
have reached the following findings:

legal enactments relating to electronic business,
especially domestic legislation and
international legislation for competition among

1. Experience in internal audit section and banks in the context of globalization and
competence have a significant impact on the electronic commerce.
control and reviewing activities on electronic Departments of banks need to focus on
processes and efficiency of the internal audit policies,  regulations  and  procedures
department personnel is strong enough to concerning the work kept pace with the rapid
qualify them to achieve the required jobs. development in information technology and
2. The independence level of the internal auditor the Internet and the need for structural change
from the viewpoint of external auditor is to keep up with the work the banks of these
average and below due to the influence of senior developments.
management on objectivity and independence. the need for continued attention in providing
Therefore, an external audit process is needed adequate  infrastructure  to  implement
for neutral opinion and objectivity of financial programmes on c-business in terms of
statements because these are the concern of providing appropriate equipment and software
Bank shareholders and customers and decision for modern developments.
makers at the senior management level. The banks need to keep pace constantly with
3. There is Suitable knowledge and interest to security and protection that related to the
review global criteria used by auditors in security and confidentiality of electronic
commercial banks. business information to protect the rights of
4. The commitments of banks with specific factors customers, ~employees, sharcholders and
of legal and legislative requirements are achieve competitive advantage, given the
inadequate due to the lack of keeping pace with urgent need in this area.
legislation of rapid growth in e-business. There Special budget for banks should be allocated
is no e-commerce so far of a comprehensive to  follow  technological ~ developments
international legal framework and efficient regarding e-business with the need to develop
infrastructure to support such framework. an apparent policy on the introduction of any
5. The banks are significantly committed to the new technology.
specific factors of protection and security. As a Continuous training of all workers in banks is
result these banks desire to provide maximum needed. Particularly those working in internal
protection and security to achieve competitive audit unit, technologically and technically to
advantages and prevent of the risks posed by keep up with developments in the area of
e-commerce-related activities such as virus electronic business. This enables the bank to
attacks and fraud information and hackers and keep abreast of developments relating to the
unauthorized access. work of the internal auditors and providing an
6. The banks are significantly committed to encouraging environment to the so-called

technological requirements to keep pace with
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electronic audit.
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Abstract: Operations at gas plants and flow stations in Nigeria involve flaring of excess gas on twenty-four hourly
basis. Combustion of associated gas contributes to the atmospheric content of carbon, nitrogen, sulphur and total
hydrocarbon with its resultant effect that cause damage to the environment due to acid rain formation, global
warming and ozone depletion. This study evaluates the challenges of gas flaring, spatial propagation of emissions
and atmospheric conditions that affect their spread using the Idu Obosi in the Niger Delta of Nigeria as a case. The
AirWare Model was used in the process of determining the distribution. The results showed that at higher wind
speeds (5-8m/s), emission concentrations increases at closer distances (300m-1km) and decreases at increased
distances. While at lower wind speeds (1-3m/s), high concentrations are experienced from 0-8km. Emission
concentrations were more prevalent at closer range under the very unstable atmospheric condition, while under the
stable and neutral conditions, concentrations are at farther distances. The trajectory of the study settlement relative
to the flare shows that the habited area is well within the distance range (8km) of the modeling results. It is clearly
shown from the study that meteorological factors such as atmospheric stability, wind speed and direction play an
important role in predicting the behavior of pollutant plumes. The dominant wind direction was south-westerly
meaning that pollutants will be transported to the northern and north-eastern direction of the study area. Oil
companies should endeavor to reduce gas flaring by capturing the extra gas during oil production and channeling it
to useful purposes or re-injection.

[Edokpa DO, Ede PN. Challenge of Associated Gas Flaring and Emissions Propagation in Nigeria. Academ
Arena 2013;5(3):28-35] (ISSN 1553-992X). http://www.sciencepub.net/academia. 4

Key Words: gas flaring, emission propagation, Niger Delta.

1. Introduction flare must have increased the evapo-transpiration rate
Nigeria’s petroleum endowment has been in sites closer to the flare, hence decrease in the soil
exploited for more than 50 years, but while oil moisture and relative humidity. Temperature was
companies gained from the resource, local found to have increased by 11.6°C at 500m from the
communities in the oil rich but conflict-ridden areas flare site, 9.2°C at 1km and decreased to 4.3°C at
live with the daily pollution caused by non-stop gas 2km. Also studies carried out by Ede (1995) in
flaring. It has been reported that Nigeria has one of Agbada, Bonny, Bomu, Obagi and Tebidaba areas of
the world’s highest level of gas flaring and flares Niger Delta have shown that the concentration of air
about 16 per cent of the world’s total associated gas borne pollutants were maximum at night and
(World Bank, 2002). In Western Europe, 99 per cent minimum during the day, and analysis of rainwater
of associated gas is used or re-injected into the samples collected at the Bonny site by the same
ground. Despite regulations introduced since 1969 to author showed significant concentrations of
outlaw the practice in Nigeria, most associated gas is sulphates, nitrates, total dissolved solids and total
flared, causing environmental pollution. Gas flaring suspended solids. Gas flaring is found to have
has been reported by many researchers to be a major significantly affected the health of the inhabitants of
cause of low environmental productivity in the Niger Otujeremu, Igbide, Olomoro, Ubeji, causing ailments
Delta, thereby impoverishing the inhabitants that affect the respiratory, eye, skin and intestines of
(Alakpadia, 2000; Daudu, 2001; Aregbeyen and people impacted (Efekodo, 2001; Odjugo, 2004;
Adeoye, 2001; Udoinyang, 2005; Akpabio, 2006; Otuaga, 2004).
Ologunorisa, 2001). Studies carried out by Odjugo Gas flaring is a widely used practice for the
and Osemwenkhae, 2009, have shown that higher disposal of natural gas in petroleum producing areas
temperatures and soil temperature (at 5-10 cm where there is no infrastructure to make use of the
depths) increases as one moves closer to flare site. gas. It is recognized as a waste of resources and an
Comparison with control sites, which is the added source of carbon emissions load to the
ecological climatic condition of the study area, shows atmosphere. Despite this recognition, there is
that flaring actually modify soil, water and air micro substantial uncertainty regarding the magnitude of
climate. The higher temperature generated by the gas flaring. Current estimates of gas flaring volumes
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rely on voluntary reporting made by corporations and
individual countries. There is very little independent
data on gas flaring volumes and it is known that some
of the reported volumes are low (NGDC, 2011). In
2004, Nigeria’s volume of gas flared was equivalent
to one-sixth of total gas flared in the world. Globally,
the volume of gas flared between 1996-2006 (during
which time awareness of the detrimental impact of
flare emissions on the global climate grew) remained
relatively constant, ranging between 150-170 billion
cubic meters (BCM). Nigeria’s share of the total
volume is approximately 24.1 BCM of gas. By
comparison, the U.S. flared 2.8 BCM during the same
time period.

Venezuela 4 2
S/Arabia 3
Lybia 3
Kazakhstan 3
Angola 3

Algeria ! 4

Iraq l 7

Iran T_'_' 8

Nigeria l ! ‘ 1

Russia 5 - 5 T y) 126

Percentage Distribution of 70 % of Flaring in the World's Top 10

Figure 1:
2011)

Top Flaring Nations (Data: Wikipedia,

Nigeria is the second biggest offending
country, after Russia, in terms of the total volume of
gas flared. Ironically Russia did announce it will stop
the practice of gas flaring back in 2007. This step was,
at least in part, a response to reports by National
Oceanic and Atmospheric Administration (NOAA)
that concluded Russia's previous numbers may have
been underestimated. The report, which used night
time light pollution satellite imagery to estimate
flaring, put the estimate for Russia at 50 billion cubic
meters while the official numbers are 15 or 20 BCM
(Wikipedia, 2011).

The first order to reduce gas flaring in
Nigeria was contained in the Petroleum Act 1969
where the operators were directed that:

“not later than five years after the commencement of

production ... submit to the Minister, any feasibility
study, program or proposal ... for the utilization of
any natural gas, whether Associated with oil or not,
which has been discovered in the relevant area.”

This order was ignored. Through the
Associated Gas Re-Injection Act No. 99 of 1979, the
Nigerian government required oil corporations
operating in Nigeria to guarantee zero flares by
January 1, 1984. Oil companies nonetheless have
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continued to flare gas, merely paying nominal fines
for breaking this law. The Act allowed some
conditions for specific exemptions or the payment of
a fee of US $0.003 (0.3 cents) per million cubic feet,
which increased in 1988 to US $0.07 per million
cubic feet, and in January 2008 to US $3.50 for every
1000 standard cubic feet of gas flared. This is still
considered meager and not a deterrent for companies,
which find it easier to just pay the fine. The
objectives of this study are:
a) To determine the spatial profile of flare
emissions and their concentrations at various
receptors (distances) using the Air Quality

Assessment and Management Model
(AirWare).
b) To analyze the various atmospheric

conditions that could enhance or worsen the
air quality within the flare impact area.

c¢) To assess the problem of gas flaring in
Nigeria and its implications.

2. Materials and Method

AirWare includes basic Gaussian model used in
determining the average concentration of emissions.
The accompanying 2D graphical interface generated
was developed between 2005 and 2010. This model
which was designed to support the FEuropean
Environmental Directives (EED) also accommodates
other broad range of applications and can be
configured for use in specific national regulations.
AirWare not only has a fully interactive, graphical
and symbolic user interface, but incorporates a rule
based expert system that can guide and control user
requests and assures the completeness, consistency,
and plausibility of data and scenarios assumptions.
The main function groups that the system supports
are:

e Data management and time series analysis
(emission inventories, monitoring including
real-time data acquisition).

e Planning, design impact
optimization (emission control).

e Scenario analysis, forecasting (regular or
event based).

e Communication:
information.

These groups are supported by a corresponding

set of main functions and numerous auxiliary generic
tools such as fully integrated GIS and the embedded
expert system, as well as data import and export
facilities. Basic models in AirWare also include a set
of fast and efficient screening/regulative level models
designed for fully interactive use, including
ISC3/AERMOD (short term, 24hours, and seasonal
long term), and the software can only be carried and
operated on internet platforms.

assessment,

reporting and public
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2.1 Model Basic Equations:

The notation used following X in parenthesis
is to give the three co-ordinates of the receptor
location according to a co-ordinate scheme.
Following a semi-colon, the effective height of
emission of the source is given. The equation is given
as four separate factors, which are multiplied by each
other. These four factors represent the dependency
upon emissions, or the source factor, and what occurs
in the three dimensions parallel to the three
coordinate axes.

X =(x,y,2;He) =

Emission factor=

Downwind factor = /U
Crosswind factor =
2
Yy

——— 0 €X

(272_)1/ 2 y p 2 Gzy
Vertical factor =

-(He-Zy -(He+Zy

12 O'Z cXp T + €X] =
(2r) 20" 20°:

The notations used are as in Oke (1987):

X — Air pollution concentration in mass
per volume usually gnf3

Q — Pollutant emission rate in mass per
time usually gs~'

U — Wind speed at the point of release,
-1

ms
Gy - the standard deviation of
concentration
distribution in the crosswind
direction, m1 at the
downwind distance x
o, - the standard deviation of
the concentration
distribution in the
crosswind direction, 71 at
the distance X
T —> the mathematical constant
Pi equal to 3.1415926
He - the effective height of the
centre-line of the pollutant
plume
zZz - Receptor distance above
ground (m).
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The concentrations at the receptor are
directly proportional to the emissions. Parallel to the
X  axis, the concentrations are inversely
proportional to wind speed. Parallel to the Y axis,
that is, crosswind, the concentrations are inversely
proportional to the crosswind spreading, oy, of the
plume; the greater the downwind distance from the
source, the greater the horizontal spreading, o, the
lower the concentration. The exponential involving
the ratio of Y to oy just corrects for how far off the
centre of the distribution the receptor is in terms of
standard deviations. The receptor is y from the
centre. Since the crosswind distribution centre is at
y = 0, i.e. directly above the x axis. Parallel to the Z
axis, i.e. vertical, the concentrations are inversely
proportional to the vertical spreading of the plume, o;
the greater the downwind distance from the source,
the greater the vertical dispersion and the lower the
concentration. The sum of the two exponential
terms in the vertical factor represents how far the
receptor height, Z, is from the plume centerline in the
vertical. The first term represents the direct distance
He-Z, of the receptor from the plume centerline; the
second term represents the eddy reflected distance of
the receptor from the plume centerline, which is the
distance from the centerline to the ground, H, plus the
distance back up to the receptor Z, after eddy
reflection. After doing the multiplication the above
relations simplify to:

Q ~H+2)

Xooyz:Hy= %} [ex;( 2022) J+exp %7

W2 8604

(equation 1)

Derivation of additional equations for specific
situations for receptors at ground level, z = 0,
equation 1 reduces to:

0 e"p[zoyz o1 ]

(equation 2)

X%y 0:H,)=

In order to make concentration estimates directly
beneath the plume centerline, y = 0, at ground level, z
= 0, the equation further reduces to:

0 [-H,’]

ex
27U0 0, P

X(x,y,0: He) =

(equation 3)
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To calculate concentrations at the plume centerline, y
= 0, z = H,, equation 3 becomes:

H?
X(x,O,He:)zL 1+ exp [ S ]
2700 0. 20°:
(equation 4)
To calculate concentrations along the plume

centerline at ground level from a ground level release,
y=0, z=0, H. = 0, equation 4 becomes:

X'(x00:0)=— 2

2700 0,

(equation 5)

2.2 Modeling Parameters: In the course of
modeling, the parameters considered were: the flare
stack height (30m); exit velocity of gas (13m/s); flare
stack diameter (0.85m); exit temperature of gas
(1015°C); average ambient air temperature between
(26 - 30 °C); flare gas heat rate (873mmBtu/hr);
natural gas heat value (48MJ/kg); average dominant
wind speed in the area (1, 3, 5 and 8m/s) and the
prevailing wind direction which is south-westerly

(SW).

3. Results

Figures 2 — 9 show the concentration results and
analysis of model outputs. Emission concentrations
were more prevalent at closer range under the “very
unstable atmospheric condition at wind speeds; 1m/s
(4.5 — 6.5km), 3m/s (1.2 — 2.2km), 5m/s (0.9 — 1.4km)
and 8m/s (0.5 — 1km), respectively (see Figs: 2, 3, 5
& 7). The higher the wind speed the closer the
emission impact under that condition. However under
the stable and neutral conditions, emission
concentrations are at farther distances i.e., from 6km
and over (Figs: 6, 8 & 9). In comparing the rates of
dispersion in the atmospheric stability categories, the
results clearly show the behavior of the plume in the
different conditions under various wind speeds. At
low wind speeds (1-3m/s), high concentrations are
experienced from 0 to 8km, while at strong winds
(5-8m/s), concentrations are high between 300m-1km.
At higher wind speeds, the concentration of the
pollutants decreases at increased distance (see Figs
2-9). This explains the consequence of turbulent
diffusion on the pollutants as they travel downwind
from the source. Unlike the unstable conditions, for
stable conditions at lower wind speeds, there are no
significant concentrations at receptors closer to the
emission source as it is beyond 8km (Fig. 4). These
stable conditions which are more prevalent at night
could be as a result of radiation inversion at the earth
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surface in which stability of the atmosphere switches
between the elevations of stacks. At elevated stacks
above inversion, close to the ground the air is stable
and this will inhibit dispersion around nearby
receptors. Well above ground, the air is unstable and
will cause the pollutants to mix with the air aloft,
thereby inducing greater dilution. In this situation the
ground will receive little or no surface impact;
emissions will rather remain at the upper levels and
be dispersed there. If eventually the stability of the
atmosphere changes, it will affect those living
downwind of the pollution source. The neutral
condition also showed similar trend at lower wind
speeds, but at higher wind velocity, concentrations
would be prevalent from 5.3km and beyond (Figure
9). In the neutral set up, the atmosphere neither
enhances nor inhibits mechanical turbulence.

Generally, buoyancy forces lift plumes and it
takes some time to reach the ground (by bending and
spreading). When there is no concentrations
observable in the immediate vicinity of the emission
source, then we can expect an increase for some
distances as the plume touches the ground. In all the
stability classes, ground concentration decreases
according to the order: unstable > neutral > stable
categories at lower and higher wind speeds (see all
2D outputs below). Stability assumes a critical role in
determining the amount of turbulence in the
atmosphere and thus directly affects the levels of
dispersion. Turbulence and mixing can increase as
well as decrease pollutants concentrations at certain
points. In unstable conditions, ground level pollution
is easily dispersed thereby reducing ground level
concentrations. Elevated emissions, such as those
released from a high stack, are returned more readily
to ground level, leading to higher ground level
concentrations and that is where emission pollution
matters most. It should be noted that stable conditions
means less atmospheric mixing and therefore higher
concentrations around ground level sources, but
better dispersal rates and so, lower ground level
concentrations for elevated sources. Ground level
sources are those according to U.S. EPA, defined for
stacks between 0 - 10m, while elevated sources are
those defined for stacks between 10 - 200m and
above. This leads us to the fact that concentrations of
pollutants also depend on stacks elevation as well as
the rate at which pollutants are being emitted from
the stacks. It should be noted that the emission source
stack for this study is about 30m.
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Figure 3: Very Unstable Atmospheric Condition at
3m/s Wind Speed.
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Figure 4: Slightly Unstable Atmospherlc Condition at
3m/s Wind Speed.
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Fig. 5: Very Unstable Atmospheric Condition at S5m/s
Wind Speed.
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Figure 7 Very Unstable Atmospheric Condition at
8m/s Wind Speed.
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Figure 8: Stable Atmospheric Condition at 8m/s Wind
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Figure 9: Neutral Atmospherlc Condition at 8m/s
Wind Speed.

aarenaj@gmail.com




Academia Arena 2013;5(3)

http://www.sciencepub.net/academia

4. Discussion

Field measurements show that the average wind
speed in Idu Obosi is about 3 m/s. Extreme winds can
be observed during squals and storms. The built-up
area of the settlement begins at 300m from the flare
point and luminous glare from the flare is felt at all
times from every position in the settlement. The
trajectary of Idu Obosi relative to the flare is
illutrated in Figure 10. The choropleths in Figures 2 -
9 show that the entire Idu Obosi Town is well within
the maximum impact range of 8§ km obtained from

the modelling outputs of this study for all
W Distance inbetween (300m)
Idu Obosi To

atmospheric dispersion situations.

This study clearly demonstrates that
meteorological factors assist in predicting the
behavior of plumes that contain pollutants i.e., plume
rise, transport and dispersion in the atmosphere. The
dominant wind speed direction in the study area is
south-westerly, meaning that pollutants will be
transported to the north and north-eastern directions,
except by night when it may reverse due to land
breeze and during the dry (Harmmattan) season when
the northeast trade wind persist.

Flare

R sk
o

Figure 10: Trajectory of Idu Obosi to the Flare
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The processing of non-associated gas or
re-injection is more expensive than flaring. Gas flaring,
as a wanton wastage of valuable resources, is
necessarily linked with poverty, as utilization of the gas,
which is otherwise flared, could improve the lots of the
people. That is why, in furtherance of its poverty
reduction policy, the World Bank Group, in active
collaboration with the Government of Norway,
commenced a global campaign for gas flaring reduction.
The campaign, dubbed: Global Gas Flaring Reduction
Public-Private Partnership Initiative (GFRPI) was
launched formally at the World Summit on Sustainable
Development (WSSD), Johannesburg, South Africa, on
August 30, 2002. The aim of GFRPI, according to the
World Bank press release issued at the formal launching,
is “to support national governments, development
agencies, and the petroleum industry in their efforts to
reduce the environmentally damaging flaring and
venting of gas associated with the extraction of crude
oil.” The initiative was put forward during a June 2001
Oslo Seminar hosted by Ann Kirsten Sydney who was
then the Norwegian Minister for International
Development.  Subsequently, the initiative was
informally launched by the Conference of the Parties
(COP-7) under the United Nations Framework
Convention on Climate Change (UNFCCC) in
Marrakesh, Morocco. On April 15-16, 2003 another
GPRPI conference was held at Oslo, Norway, where the
stakeholder consultation phase of the initiative was
concluded. Nigeria was among 25 other countries that
attended the conference.

Gas flaring reduction activities are aimed at
capturing the gas produced at the oil extraction source
and channelling it to more useful outlets including
power generation in industries and for use in
households. The GFRPI enables private investment in
pipelines and other infrastructure that makes this
“capturing” possible. Already, the GFRPI has been
working on specific gas flaring reduction projects in
Russia, Indonesia, and Nigeria to demonstrate how
carbon credit trading instituted by the Kyoto Protocol
can improve the viability of gas flaring reduction
projects. Other key activities of the partnership include
improving legal and regulatory framework for
investment in  flaring reductions, improving
international market access for gas and provision of
technical assistance to develop domestic markets for the
harnessed gas, and promote local small-scale use of gas.
The main focus of the initiative would be Africa, and
the Americas. The initiative, it seems, could also
support other global initiatives geared towards
addressing energy security especially for Nigeria and
other developing countries (Malumfashi, nd).

5. Conclusions
The findings from this study have shown that

http://www.sciencepub.net/academia

34

gas flaring in Nigeria impact nearby settlements and
may cause economic loss. Significant levels of
emissions can emanate from a gas flare site with strong
concentration within the vicinity of the source. The
spread of these emissions in the atmosphere at any point
in time depend on the effects of meteorological agents
i.e., wind speed, wind direction, air temperature, relative
humidity, rainfall, intensity of turbulence and mixing
and atmospheric stability. The application of the
AirWare Modelling software involves significant
certainties that suggest a confidence in emission
concentration impacts, on its wide use in assessing
environmental problem and air pollution control. From
the analysis it could be inferred that pollutants
concentration would be greatest for receptors very close
to emission sources (300m-— 1km) and better for
receptors far away under unstable conditions due to
turbulent factors. Also pollutants concentration under
the neutral and stable conditions will be better at
receptors close to the emission sources and worse at
receptors far away from emission sources. This could be
rife in the neutral conditions when an external force like
the wind carries pollutants to ground level unpredictably.
It should be noted that stack elevation and emission
rates of pollutants can also play a role in bringing
pollutants to ground level receptors. The taller the
stacks and the lower the emission rates of pollutants, the
better the dispersion, and vice-versa.
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Abstract: Studies were conduct on different samples of water melon juice (fresh water melon juice with sugar
(FWMIS), fresh water melon juice without sugar (FWMIWS), refrigerated water melon juice with sugar (RWMIJS)
and refrigerated water melon juice without sugar (RWMIWS). The result of the investigation obtained showed that
the highest bacteria load of 5.3X 10° cfu/ml, fungal count of 1.2X10° cfu/ml and yeast count of 1.0X10° cfu/ml were
recorded in RWMJUS after 15 days of storage. The identification process revealed that microorganisms such as
Eschericca coli (20%) Staphylococcus epidermidis (16%) Saccharomyces cerevisiae (12%) and Aspergillus niger
(4%) were implicated. The nutritional analysis showed that FWMJIWS have the highest % crude protein (0.71), ash
(0.10), and moisture content (69.75). However the RWMIS contained the highest quantities of Ca (0.51mg/100g), K
(1.31mg/100ml), Na (0.26mg/ml), P (0.156mg/ 100ml) Fe (0.30mg/100ml) Zn (0.018mg/100ml) and Mg
(0.012mg/100ml) similarly the quantities of Ca (0.51 mg/100g) and Mg (0.012 mg/100g) in FWMIJS were the same
with that of RWMJS. Study therefore concluded that fresh water melon juice was more susceptible to microbial
attack compared to water melon juice fortified with sugar.
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of water melon juice (Citrullus lanatus). Academic Arena. Academ Arena 2013;5(3):36-41] (ISSN 1553-992X).
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1. Introduction fruit with high moisture content (Erukainure et al.,
Water melons are consumed fresh, leading to 2010) and this characteristic makes it highly
the rejection of water melons that have any visible susceptible to microbial spoilage caused by gram
defect (Williams 2007). All foods, even when positive bacteria which are very sensitive to low
properly packaged, undergo biochemical, physical, acidity (Mossel et al., 1995).
and other changes that can affect their quality and Mossels et al. (1988) reported that during
safety (Sam Saguy and Micha Peleg , 2009). Low cold storage, the shelf life of the product is determined
temperature  slows down the growth  of by temperature, for example, the lag time for growth
microorganisms and the rate of chemical changes in of Listeria monocytogenes at 10°C is 15 days while at
food which can cause food spoilage (Anon, 2005). 1°C the lag time is 3 days. It was further reported that

Water melon (Citrullus lanatus) was at 10°C the generation time of the microorganism is 5-
described by Roger (2006) as Citrullus lanatus and is 8h, while the generation time is between 62 and 131h
reported to contribute to the proper functioning of the at 1°C. Similarly a pH increase from 4.5 to 6.5
kidney. Pulp chemical composition has been reported decreases the lag time from 60h to Sh.
as having 91.5% moisture, 0.2% protein, 0.1% fat However this research work is intended to
(reported as ether extracts) and 0.25% total ash (Uddin provide information on the microbiological and
and Nanjundaswamy, 1982). Another study (Taper et nutritional evaluation of the different treated products
al., 1985) found that watermelon pulp yield was of water melon juice.

57.2% and it was composed of 91.2% moisture, 0.69%
protein, 0.48% fat, and 0.3% ash. 2. Material and Methods

The different types of spoilage which are Procurement of Sample
common in fruit drinks are ropiness, rot, discoloration, Healthy ripe water melon fruit was purchased
sliminess, putrefaction, whiskery and fermentative from Bodija market in Ibadan, Nigeria and transported
spoilage (Parry and Pasway, 1984). to the laboratory for subsequent study.

Microbial and other form of spoilage may be Method of Extraction of Juice from water melon fruit
delayed or prevented by various methods of The fruit was washed with distilled water
preservation, such methods help to retain the nutritive after which it was washed with 5% hypochloride
value of the product, extend shelf- life and keep it safe solution and immediately rinsed again with distilled
for consumption (Singleton, 1997). Water melon is a water. The whole fruit was cut longitudinally using a
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sterile knife and edible portion was removed, cut into
small pieces, transferred into a sterilized blender
(Moulinex model) and blended until sufficient juice
was produced. The entire slurry was transferred into a
sterile muslim cloth to sieve off the particles. The
clear liquid obtained was transferred into clean sterile
airtight bottles.
Treatment of Fruit Juice

Five hundred milliliters of the fruit juice was
dispensed separately into four sterile Five hundred
milliliters Erlenmeyer flask which were airtight-
sealed. Twenty grams of sucrose was added to the
fruit juice in two of the airtight Five hundred
milliliters Erlenmeyer flask while the fruit juices in
the others were without sucrose. The four Erlenmeyer
flasks were labeled accordingly and two of them were
transferred into a refrigerator at 4°c + 2° for 15 days
while the remaining two flasks were not refrigerated.
Isolation and identification of isolates

Isolation of microorganisms from the water
melon juice samples was carried out by sampling at 2
days intervals for 15 days. The media used for
isolation included MacConkey agar, Blood agar,
Salmonella-Shigella agar, Mannitol salt agar, Yeast
extract agar and Potato dextrose agar. The methods of
Meynell and Meynell (1970) and Harrigan and
Macane (1976) were employed for the serial dilution
and pouring of plates respectively. Pure cultures of the
isolates were obtained by repeated sub- culturing. The
bacterial isolates were identified based on
morphological and biochemical characteristics and
with reference to Bergey’s manual of systematic
bacteriology (Sneath, 1986). The yeast isolates were
identified using methods described by Sanni and
Lonner (1993). The fungal isolates were identified
based on macroscopic and microscopic appearance,
and with reference to Funder, (1961) and Barnett and
Hunter (1972).
Nutritional Analysis of the Fruit Juice

The crude protein, fat, ash, moisture and
mineral composition contents were determined using
the methods described by A. O. A. C. (2000).
Sensory evaluation of refrigerated water melon Fruit
Juice

Sensory evaluation was conducted on the
four water melon juice samples. The sensory
evaluation panel used was nine undergraduate students
of the Department of Microbiology University of
Ibadan Nigeria who were regular consumers of water
melon juice. The panelists were directed to rate the
samples on the bases of appearance, flavor, aroma and
overall acceptability. Nine-point Hedonic scale
ranging from like very much (9 points), to dislike very
much (1 point) were used as described by Larmond
(1977). The results obtained were analyzed based on
variance using one way ANOVA. Differences
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between the means were sorted out using Duncan’s
multiple range test (Duncan, 1955).

3. Results

Table 1 shows the different microorganisms
(bacteria, mould and yeast) present in water melon
juice with sugar and without sugar stored at
refrigerated temperature (4+ 2°C) for 15 days. The
result revealed that the highest microbial count was
observed at 15 day in both the two samples of water
melon juice. The bacteria count in water melon juice
without sugar was 5.3 x 10° cfu/ml while 2.6 x 10’
cfu/ml was recorded in water melon juice sample with
sugar. Also the mould count was higher (1.2 x 10°
cfu/ml) in the water melon juice sample without sugar
while the mould count of 1.0 x 10° cfu/ml was
recorded in the water melon juice sample with sugar.
Similarly yeast count was higher (1.0 x 10° cfu/ml) in
water melon juice without sugar than in water melon
juice with sugar (8.0 x 10* cfu/ml).

Further identification of the microorganisms
found in the refrigerated water melon juice samples
revealed that E. coli had the highest percentage
occurrence of 20% followed by Klebsiella pneumonia
and Staphylococcus epididermis which showed 16%
occurrence each and the least (4%) was observed in
Aspergillus niger, Aspergillus flavus, Aspergillus
ochraceus and Rhizopus oligosporus (Table 2).

The highest percentage crud protein of 0.71
was recorded in fresh water melon sample without
sugar while the least (0.67%) was noted in water
melon juice sample with sugar. The result of the fat
content showed that the highest percentage fat
(0.05%) was seen in fresh water melon juice sample
with sugar while the least was seen in water melon
juice without sugar refrigerated for 15 days. There
was no observable change in the content of the crude
fiber in all the samples analyzed in this work.
However, the highest ash content of 0.10 % was
observed in fresh water melon juice sample without
sugar and the least was observed in refrigerated water
melon juice sample without sugar. The percentage
moisture content of 69.75 was noticeable in fresh
water melon juice sample without sugar while the
least (60.80) was observed in refrigerated water melon
juice sample with sugar. Refrigerated water melon
juice sample without sugar stored for 15 days recorded
the highest percentage Carbohydrate content of
99.24% while the least (98.69%) was observed in
fresh water melon juice sample without sugar
(unrefrigerated) (Table 3).

From the mineral composition analysis
results potassium content was reveled to be the highest
with 1.31 mg/100ml in refrigerated water melon juice
with sugar while the least was noted in both fresh
water melon juice without sugar and refrigerated
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water melon juice without sugar (1.10 mg/100ml).
This was followed by calcium showing a value of 0.51
mg/100ml in both fresh water melon juice sample with
sugar and refrigerated water melon juice with sugar
while the refrigerated water melon juice without sugar
recorded the least calcium content of 0.46mg/100ml.
However the comparative result showed that
magnesium was the least (0.010mg/100ml) as seen in
refrigerated water melon juice without sugar (Table
4).

The sensory evaluation result showed that the
fresh watermelon juice with sugar was scored highest
in terms of taste (7.8+0.00) and overall acceptability
scoring (8.9+0.36) closely followed by fresh water
melon juice without sugar which showed the highest
score for colour and aroma recording 8.5+0.11 and
9.0+0.18 respectively while the refrigerated water
melon juice without sugar stored for 15 days had the
least score for colour and aroma (Table 5).

Table 1: Microbial load of refrigerated water melon juice samples

Juice samples Day 1 Day3 | Day5S | Day7 | Day9 Day Day Day
11 13 15
Juice without Bacterial count 1.8x 10° 1.4x 1.3x 2.1x 2.9x 3.7x 4.8 x 53x
Sugar (cfu/ml) 10° 10° 10° 10° 10° 10° 10°
Mould count | 2.0x10" [ 7x10° | 3x10° | 40x | 6.0x [5x10°[8x10° | 12x
(cfu/ml) 10 10 10°
Yeast count 1.0x 10" | 20x | 2.0x [3x10"[5x10"[4x10° | 7x10° | 1.0x
(cfu/ml) 10° 10 10°
Juice with Bacterial count 5x 10" 6.0 x 9.5x 1.2x 4.9 x 6.3 x 9.5x 2.6x
Sugar (cfu/ml) 10 10° 10 10° 10° 10° 10°
Mould count No 2.0x 7.0 x 8.0x 4.0 x 6.0 x 8.0x 1.0 x
(cfu/ml) Growth 10' 10 10 10 10 10 10°
Yeast count No 1.0 x 2.0x 4.0 x 2.0x 3.0x 5.0x 8.0x
cfu/ml) Growth 10' 10 10 10 10 10 10
Table 2: Percentage occurrence of microorganisms in refrigerated water melon juice
Microorganisms Number % of Occurrence
Bacteria Klebsiella pneumonia 4 16%
Eschericia coli 5 20%
Proteus vulgaris 3 12%
Staphylococcus epididermis 4 16%
Fungi Aspergillus niger 1 4%
Aspergillus flavus 1 4%
Aspergillus ochraceus 1 4%
Rhizopus nigrican 2 8%
Rhizopus oligosporus 1 4%
Yeast Saccharomyces cerevisiae 3 12%
Total 100%
Table 3: proximate composition of different samples of watermelon juice
Parameters Fresh without Fresh with With Sugar Without Sugar
Determined sugar sugar Refrigerated For 15 Refrigerated For 15
(FWMJWS) (FWMJS) days (RWMJS) days (RWMJWS)
% Crude protein 0.71 0.67 0.70 0.68
% carbohydrate 98.69 98.77 99.19 99.24
% fat 0.041 0.05 0.03 0.02
% crude fibre 0.02 0.02 0.02 0.02
% ash 0.10 0.08 0.06 0.04
% moisture 69.75 66.83 60.80 68.75
content
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Table 4: Mineral composition (mg/100ml) of different samples of watermelon juice

Parameters Fresh without Fresh with With Sugar Without Sugar
Determined sugar (FWMJWS) | sugar (FWMJS) | Refrigerated For 15 Refrigerated For 15
days(RWMJS) days(RWMJWS)
Ca 0.48 0.51 0.51 0.46
K 1.10 1.25 1.31 1.10
Na 0.021 0.025 0.026 0.020
P 0.147 0.153 0.156 0.147
Fe 0.24 0.27 0.30 0.27
Zn 0.010 0.014 0.018 0.015
Mg 0.011 0.012 0.012 0.010
Table 5: Sensory evaluation result of the different water melon juice samples
Samples Taste Colour Aroma Overall
acceptability
Fresh watermelon juice without sugar(FWMJWS) 5.4+0.06b | 8.5+0.11d | 9.0+0.00d 7.7£0.22¢
Fresh watermelon juice with sugar(FWMIJS) 7.8+£0.05d | 7.5+0.16¢ | 8.7+£0.92¢ 8.9+0.36d
Refrigerated watermelon juice without sugar stored for | 6.3+0.04c | 7.0+0.18a | 6.0+0.88a 7+.0+0.44b
15 days(RWMJWS)
Refrigerated watermelon juice with sugar stored for 15 | 5.0£0.0la | 7.2+0.15b | 6.1+0.75b 6.8+0.53a
days(RWMJYS)

4. Discussion

From the study conducted on different
samples of water melon juice, it was discovered that
bacteria such as Eschericia coli, Proteus vulgaris,
Klebsiella sp, Staphylococcus epidermidis and fungi
such as Aspergillus niger, Aspergillus flavus, A.
ochraceus , Penicillum sp, Rhezopus sp, Fusarium spp
and Sacchromyces cerevisiae are contaminant
implicated in the fresh water melon juice with sugar
and without sugar refrigerated at 4 + 2°C and stored
for 15 days.

E. coli and Klebsiella species had been
earlier reported to be isolated from water melon juice
(Nwachuhwa et al., 2008) while Buchet (1995)
reported that E. coil are found to contaminate fruit and
vegetables. In addition, the ability of these organisms
to survive in acidic juices at both ambient and
refrigerated temp (4°C) and low pH value had been
documented (Nestes et al., 2001).

The microbial load increased from day 1 to
15" day of storage in both sugar and non sugar
fortified water melon juice. It was observed that the
increase was higher in the water melon juice without
sugar than the sugar fortified water melon juice
sample. The occurrence might be due to the
fortification of the water melon juice with sugar which
serves as a curing agent for the juice (Mikey, 2012).

The dominance of E. coli in water melon
juice samples observed in this study is an indication
that E. coli might had invaded the juice from sources
such as equipment, container, fruits skin and non-
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compliance with hygienic rule/aseptic during juice
extraction process.

The fresh water melon juice sample recorded
the best proximate parameters. The lowest crude
protein content observed in the stored water melon
juice without sugar might be attributed to the storage
effect under cool temperature. The microflora
associated with the sample could have degraded the
juice protein content under storage condition thereby
resulting in low protein content. The observed high
carbohydrate level in water melon juice fortified with
sugar might be due to the fortification of the juice.
The addition of sugar can even inhibit the microbial
activities which can responsible for breakdown of
carbohydrate for growth. The water melon juice
without sugar refrigerated for 15 days reflected the
lowest ash content. This occurrence can be adduced to
reason such as the fermenting activities of the
organisms (Omafuwbe et al., 2004). It could be
inferred from this occurrence that a low concentration
of phytate and oxalate content occurred with increased
elemental minerals since these component are
fractional constituents of ash (Bergheofer and Werzer
1986). Eka (1980) and Adebowale (1988) reported
that low ash content can aid better growth
performance and feed utilization efficiency and might
also aid high amount of metabolisable energy, since
ash is a measure of total inorganic matter in food.

The decrease in moisture content in water
melon juice with sugar refrigerated for 15 days had
been earlier documented by Yau et al. (2010). This
observation might be caused by the fortification of the
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juice with sugar inhibiting the growth of
microorganisms which can utilized carbohydrate
present in the water melon juice for respiration which
create an unsuitable environment with low water
activity for growth (David and Vermit 1989;
Uzochukwu et al., 2000). High water content in foods
has however been identified as a potential source of
spoilage (Barber et al., 1988; Sanni and Ogbonna
1991).

The high content of calcium and potassium
observed in water melon juice samples is important
because calcium play significant role in cell
regulation, maintainers of cell structure and cell
differentiation ~ process (Dominguez, 2004).
Watermelon flesh contains 11 minerals and 19
vitamins, while the rind is dominant in vitamin C,
providing 2 percent of the recommended daily amount
(Lee 2011). Since watermelon has a high water
content, its juice is a natural diuretic and may help to
cleanse the kidneys and bladder of impurities (Lee
2011).

Francis (1995) stated that color influences
other sensory characteristics, which subsequently
account for food acceptability, choice, and preference.
The sensory evaluation result revealed that the fresh
melon juice with sugar recorded the highest scored in
teams of taste and overall acceptability. Colour is the
most obvious change that occurs in many fruits during
storage (Yau et al, 2010). In addition,
microorganisms such as bacteria, yeast and mould
implicated in spoilage of fruits drink caused reduction
in organoleptic and quality of the substance which
makes them unacceptable to consumers (Curiale 1998;
Jideani and Jideani 2006). Results from this study
indicate that fresh water melon juice was more
susceptible to microbial attack compared to water
melon juice fortified with sugar and decreased in
nutritional content was noted in the stored water
melon juice.
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Abstract: This paper will take a brief look into the Stochastic modeling of queuing theory along with examples of
the models and applications of their use. The goal of the paper is to provide the reader with enough background in
order to properly model a basic queuing system into one of the categories we will look at, when possible.
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Queueing theory is considered to be a branch
of operations research. It constitutes a powerful tool in
modelling and performance analysis of many complex
systems, such as computer networks,
telecommunication systems, call centres, flexible
manufacturing systems and service systems. Recently,
the queueing theory including queueing systems and
networks arouses mathematicians’, engineers’ and
economics interests.

Queueing theory evolved originally out of an
investigation of problems dealing with the design of
telephone systems. Now, some 70 years later, we are
witnessing a tremendous accumulation of theoretical
results for “idealized” systems that apparently have
not been as effective in dealing with other types of
real-life problems. Queueing theory differs from other
mathematical techniques of Operations Research in
that it does not deal with optimization models. Rather,
it utilizes mathematical analysis to determine the
system's measures of effectiveness such as the
expected waiting time per customer and the facility's
percentage of idle time. These measures are then used
as data in the context of an optimization (cost) model
for determining the system's capacity. The obstacles in
applying queueing theory to practical problems occur
both in modeling the system mathematically and in
determining its optimum design parameters. This
paper identifies the areas of application in terms of
their amenability to analysis by queueing theory, and
provides suggestions that can enhance the
applicability of queueing models in real life.

A stochastic process is a family of random
variables X where ¢ is a parameter running over a
suitable index set T. (Where convenient, we will write
X(1) instead of X,.) In a common situation, the index ¢
corresponds to discrete units of time, and the index set
isT=1{0, 1, 2,...}. In this case, X, might represent
the outcomes at successive tosses of a coin, repeated
responses of a subject in a learning experiment, or
successive observations of some characteristics of a
certain population. Stochastic processes for which T =
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[0, ¢) are particularly important in applications. Here ¢
often represents time, but different situations also
frequently arise. For example, ¢ may represent
distance from an arbitrary origin, and X, may count
the number of defects in the interval (0, ¢] along a
thread, or the number of cars in the interval (0, 7]
along a highway. Stochastic processes are
distinguished by their state space, or the range of
possible values for the random variables X by their
index set T, and by the dependence relations among
the random variables X,.
Events and Probabilities

Let A and B be events. The event that at least
one of A or B occurs is called the union of A and B
and is written 4 U B; the event that both occur is
called the intersection of A and B and is written

A B, or simply AB. This notation extends to finite
and countable sequences of events. Given events

A, A,,eeeeey the event that at least one occurs is
written AIUAZUU i=1 Ai the event that all
A N A, N ...ﬂi=l A, The

probability of an event A is written P, (A) The

occur IS written

certain event, denoted by €, always occurs, and
P (Q) =1. The impossible event, denoted by ¢,

never occurs, and P, (¢) =0. It is always the case
that 0 < P, (A) <1 for any event 4.
Events 4, B are said to be disjoint if

AN B =¢; that is, if 4 and B cannot both occur.
For disjoint events 4, B we have the addition law

P (AU B) =P (A)+ P (B) . A stronger form
of the addition law is as follows: Let A, 5.4, 5eueeey be

events with A, ; and Aj ; disjoint whenever i # j .
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Then P, [U A,.) = iPr (A,.) . The addition law
i=1 i=1

leads directly to the law of total probability:
Random Variables

Most of the time we adhere to the convention
of using capital letters such as X, Y, Z to denote
random variables, and lowercase letters such as x, y, z
for real numbers. The expression (X:5 x) is the event
that the random variable X assumes a value that is less
than or equal to the real number x. This event may or
may not occur, depending on the outcome of the
experiment or phenomenon that determines the value
for the random variable X. The probability that the
event occurs is written Pr{X <- x). Allowing x to vary,
this probability defines a function

F(x)=P(X<x), —0<x<+0

called the distribution function of the random variable
X.
Exponential, Moments and Poisson Probability
Distributions:

The mean (or the expectation) of a discrete
random variable is defined by

E(X)=) nP(x)

Equivalently, the mean of a continuous
random variable is defined by

E(X):jix f(x)dx

The exponential distribution with parameter

A is given by e ™ for >0 . If T is a random
variable that represents interarrival times with the
exponential distribution, then

P(TSt)=1—e"“ and P(T>t)=e"“

This distribution lends itself well to modeling
customer interarrival times or service times for a
number of reasons. The first is the fact that the
exponential function is a strictly decreasing function
of t. This means that after an arrival has occurred, the
amount of waiting time until the next arrival is more
likely to be small than large. Another important
property of the exponential distribution is what is
known as the no-memory property. The no-memory
property suggests that the time until the next arrival
will never depend on how much time has already
passed. This makes intuitive sense for a model where
we’re measuring customer arrivals because the

3/9/2013
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customers’ actions are clearly independent of one
another.
The Input Process:

To begin modeling the input process, we
define ¢ as the time when the ith customer arrives. For
all i>21, we define T; = #4; —t; to be the ith
interarrival time. We also assume that all 7;’s are
independent, continuous random variables, which we
represent by the random variable 4 with probability
density a(?). Typically, A is chosen to have an

exponential probability distribution with parameter A

defined as the arrival rate, that is to say,
a(t)=ﬂe"“.
The Output Process:

Much like the input process, we start analysis
of the output process by assuming that service times
of different customers are independent random
variables represented by the random variable S with
probability density s(#) = ue™ . We also define g as
the service rate, with units of customers per hour.
Ideally, the output process can also be modeled as an
exponential random variable, as it makes calculation
much simpler.

Birth-Death Processes:

We define the number of people located in a
queuing system, either waiting in line or in service, to
be the state of the system at time ¢. At ¢ = 0, the state
of the system is going to be equal to the number of
people initially in the system. The initial state of the
system is noteworthy because it clearly affects the
state at some future #. Knowing this, we can define
P;(1) as the probability that the state at time # will be j,
given that the state at £ = 0 was i. For a large ¢, P; (1)
will actually become independent of i and approach a

limit T; .This limit is known as the steady-state of

state j.

Conclusion: This paper gives a general look at the
queueing theory. Presented queueing With the
knowledge of probability theory, input and output
models, and birthdeath processes, it is possible to
derive many different queuing models, including but
not limited to the ones.

Reference
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ABSTRACT: Vegetables promote good health but harbor a wide range of microbial contaminants. To assess the
microbial quality of street-vended ready-to-eat fresh vegetables, fourteen samples of cabbage and lettuce vegetable
were purchased from different markets. Samples of salad vegetables were analyzed using standard bacteriological
methods. The bacteria loads as reflected by the total aerobic count ranged from 3.1 x 10’ to 7.8 x 10°CFU/g for
cabbage and 3.1 x 10°to 6.9 x 10° CFU/g for lettuce. The total coliform counts ranged from 3.4 x 10° to 5.6 x 10°
CFU/g for cabbage and 3.4 x 10° to 4.0 x 10° CFU/g for lettuce. The total Salmonella-Shigella counts ranged from
no significant growth (0.0 x 10°) to 3.6 x 10° CFU/g for cabbage and no significant growth (0.0 x 10°) to 3.4 x 10
CFU/g for lettuce. A total number of twelve genera of bacteria were isolated and identified as Staphylococcus
(7.6%), Proteus spp. (5.1%), Bacillus spp. (3.4%), Shigella spp. (2.5%), Micrococcus spp. (1.7%), Pseudomonas
spp. (7.6%), Enterobacter spp. (1.7%), Serratia spp. (1.7%), Citrobacter spp. (2.5%) Klebsiella spp. (6.8%),
Salmonella spp. (13.6%) and Escherichia coli (45.8%). This showed that Escherichia coli (45.8%) were most
predominant, followed by Salmonella spp. (13.6%) while Micrococcus spp. (1.7%), Enterobacter spp. (1.7%) and
Serratia spp. (1.7%) were least predominant. Since the vegetables are ready-to-eat and will not be subjected to heat
treatment, it could be a source of food poisoning to consumers. However, regular inspections of food premises and
education of food vendors has been recognised as one of the measures to ensure improvement of the quality of street
foods. Thus, government should placed emphasis on educating vendors on simple preventive steps of keeping food
hygienically safe.
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1. INTRODUCTION the reduction of risk of specific diseases (Hung et al.,
Ready-to-eat (RTE) salads constitute an 2004; Adebayo-Tayo et al., 2012).

expanding food commodity nowadays served to these Fruits and vegetables carry microbial flora
consumers (Carrasco et al., 2010; Arvanitoyannis et while passing from the farm to the table. The produce
al.,2011; Adjrah et al., 2013). Salad can be defined as is exposed to potential microbial contamination at
a food made primarily of a mixture of raw vegetables every steps including cultivation, harvesting,
and/or fruits (Uzeh et al., 2009; Rajvanshi, 2010; transporting, packaging, storage and selling to the final
Adjrah et al., 2013). Vegetables can also be regarded consumers, which may affect the health of consumers.
as the edible component of plants, such components Possible sources of these pathogens are soil, faeces,
includes leaves, stalk, roots, tubers, bulbs, flowers and manure (both of human and animal origin), water
seed (ICMSF, 1998; Adebayo-Tayo et al., 2012). (irrigation, cleaning), animals (including insects and
These include those plants or plant part used in birds), handling of the products harvesting and
making soup or served as an integral part of main meal processing equipment, and transportation (Okonko et
(Yusuf et al., 2004). Vegetables are important al., 2008a,b,c,d,). Most of raw vegetables such as
protective food and highly beneficial for the cabbage and lettuce are normally consumed without
maintenance of health and prevention of diseases being cooked, so the possibility of food poisoning
(Adebayo-Tayo et al., 2012). They contain valuable exists (Aycicek et al, 2006). Unfortunately, the
food ingredients which are essential for the proper increase in consumption has been correlated with the
function of the body. Vegetable contain various increase frequency of outbreak of illness associated
medicinal and therapeutic agent and are valued mainly with the raw fruits and vegetable. Previous
for their high vitamin and mineral content (Adebayo- investigations have shown that efficacy of washing
Tayo et al., 2012). Studies have evaluated the and sanitizing treatment reduces microbial populations
association of fruit and vegetables consumption with on fresh vegetables.
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It is clearly evident that a large number of
vegetables are a good source of antioxidants and
phytonutrients, and have health protecting properties
(Meng et al., 2002; Heo and Lee, 2006; Vrchovska et
al., 2006; Adjrah et al., 2013), to improve human well
being. In contrast with these advantages, the salads
containing raw vegetables may be unsafe, mainly
because of the environment under which they are
prepared and consumed (Taban and Halkman, 2011;
Adjrah et al., 2013) and also of the lake of personal
hygiene (Martinez-Tomé et al., 2000; Cuprasitrut et
al., 2011; Adjrah et al., 2013). These foods have been
identified as vehicles of bacterial agents and generate
food safety problems, especially gastroenteritis (Meng
et al., 2002; Adu-Gyamfi and Nketsia-Tabiri, 2007;
Adjrah et al., 2013). The incriminated microorganisms
included Pseudomonas spp., Xanthomonas spp.,
Enterobacter spp., Chromobacterium spp., lactic acid
bacteria, yeasts, less frequently Aeromonas
hydrophila, and occasionally Listeria monocytogenes
(Lavelli et al., 2006; Adjrah et al., 2013).

Frequent food borne diseases have been
reported in Nigeria following the consumption of
vegetables. Vegetable salads do not need to be heated
before consumption, whereas, vegetables may act as a
reservoir for many microorganisms (Beuchat, 2002).
Therefore, RTE salads vegetables carry the potential
risk of microbiological contamination due to the usage
of untreated irrigation water or sewage, inappropriate
organic fertilizers or inadequately composted manure,
the harvesting, the handling, processing and
distributing during the restaurant services (Taban and
Halkman, 2011; Adjrah et al., 2013). Previous
research pointed out that vegetables produced in Lomé
represent a microbiological risk for consumers (Adjrah
et al., 2011, 2013). The present study evaluates the
bacteriological quality of street-vended ready-to-eat
fresh salad vegetables commonly consumed in Port
Harcourt metropolis, Rivers State, Nigeria.

2. MATERIALS AND METHODS
2.1. Collection and Processing of samples

A total of 14 randomly selected healthy and
clean looking fresh salad vegetables were purchased
from Choba market, Rumukoro market, Mile 3
market, Creek road and Alakahia market all in Port
Harcourt, Rivers State, Nigeria. These samples were
placed in separate sterile plastic bags and transported
to the laboratory for bacteriological analysis. These
vegetables were not locally cultivated in the state.
Vegetables were surface sterilized by exposing them
in 1 min 90% ethyl alcohol (BDH chemicals Ltd Poole
England) and then 3 min to 1% sodium hypochlorite
and then rinsed three times in sterile distilled water.
Segments (3 - 5 cm) of tissues from the margins of the
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vegetables were cut out with a sterile scalpel and
placed on previously prepared media in Petri dishes
and incubated at appropriate temperatures.

2.2. Enumeration, Isolation and Identification of
Bacteria Isolates

The vegetable samples from different location
were weighed and grinded using stomacher. Twenty-
five grams of each homogenized sample was
dispensed into a prepared 225 ml of normal saline. The
content was shaken for homogenous mixture. Ten fold
serial dilutions were used to prepare culture plates by
pour plate method. About 0.1 ml of the 107 dilution of
the samples from different location were pipetted out
and pour plated using Plate Count agar (PCA),
Nutrient agar (NA), MacConkey agar (MCA), Eosin
Methylene Blue Agar (EMB) and Salmonella-Shigella
agar (SSA) for total aerobic counts, total coliform
counts and total Salmonella-Shigella counts. These
plates were incubated at 37°C for 24-48 hours. The
streak technique in the Nutrient agar was employed for
bacterial colony purification. The discrete colonies

from these subcultured plates and series of
biochemical tests were done for  proper
characterization and identification. The bacterial

isolates were also identified by comparing their
characteristics with those of known taxa, as described
by Jolt et al. (1994) and Oyeleke and Manga (2008).

3. RESULTS ANALYSIS

The results obtained for microorganisms
associated with the street-vended ready-to-eat fresh
salad vegetables are shown in Tables 1 to 2.

3.1. Enumeration of Isolates

Table 1 showed that the total viable counts for
cabbage ranged from 3.1 x 10° to 7.8 x 10° CFU/g. It
also showed that the total viable counts for lettuce
ranged from 3.1 x 10° to 6.9 x 10° CFU/g (Table 1).
Table 1 also shows the total coliform counts for
vegetables (cabbage and lettuce). It showed that the
total coliform counts ranged from 3.4 x 10° to 5.6 x
10° CFU/g for cabbage and 3.4 x 10° to 4.0 x 10°
CFU/g for lettuce (Table 1). The total Salmonella-
Shigella counts ranged from no significant growth (0.0
x 10°) to 3.6 x 10° CFU/g for cabbage and no
significant growth (0.0 x 10°) to 3.4 x 10° CFU/g for
lettuce. For cabbage samples, no significant growth of
Salmonella-Shigella in samples C, D, E and F while
for lettuce, no significant growth of Salmonella-
Shigella was seen in samples C, D, F and G. No
significant growth of coliforms was found in samples
D and F of cabbage (Table 1).
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Table 1: Microbial Loads of Isolates obtained from Vegetables

Samples | Type Total Viable Counts | Total Coliform Counts | Total Salmonella-Shigella Counts
(CFU/g) (CFU/g) (CFU/g)

A Cabbage | 6.6 x 10° 4.2x10° 3.2x10°

B Cabbage | 7.8 x 10° 56x 10° 3.6x10°

C Cabbage | 3.1x 10’ 4.8x10° NSG

D Cabbage | 5.8x 10° 3.4x10° NSG

E Cabbage | 6.9 x 10’ 3.9x 10° NSG

F Cabbage | 5.7x 10° 4.0x 10’ NSG

G Cabbage | 7.3x 10° 3.4x10° 3.1x10°

A Lettuce | 6.6 x 10’ 4.0x 10° 3.4x10°

B Lettuce | 3.1x 10’ 3.6x 10° 3.4x10°

C Lettuce | 5.4x 10’ 4.0x 10° NSG

D Lettuce | 5.2x 10’ NSG NSG

E Lettuce | 6.4x 10’ 3.8x 10° 3.2x10°

F Lettuce | 4.7 x 10’ NSG NSG

G Lettuce | 6.9 x 10’ 3.4x10° NSG

Key: NSG- No Significant Growth

3.2. Isolation and Identification of Isolates

The bacteria isolated from vegetables were identified based on their cultural, morphological and
biochemical characteristics as Staphylococcus spp., Proteus spp., Bacillus spp., Shigella spp., Micrococcus spp.,
Pseudomonas spp., Enterobacter spp., Serratia spp., Citrobacter spp., Klebsiella spp., Salmonella spp. and
Escherichia coli.

3.3. Frequency of occurrence of Isolates

Table 2 shows the frequency of occurrence of bacteria associated with vegetables in Port Harcourt
metropolis, Nigeria. It showed that Escherichia coli (45.8%) were most predominant bacterial isolates associated
with vegetable samples used in this study. This was followed by Salmonella spp. (13.6%). Enterobacter spp. (1.7%),
Serratia spp. (1.7%) and Micrococcus spp. (1.7%) were least predominant (Table 2). Escherichia coli were present
in all the vegetables examined. Enterobacter spp., Serratia spp., Micrococcus spp., Pseudomonas spp., and
Citrobacter spp. were only present in lettuce while Bacillus spp. was only present in cabbage (Table 2).

Table 2: Frequency of occurrence of Bacteria Associated with Vegetables in Port Harcourt Metropolis,
Nigeria

Isolates No. (%) Cabbage (%) Lettuce (%)
Escherichia coli 54(45.8) 43(79.6) 11(20.4)
Proteus spp. 6(5.1) 4(66.7) 2(33.3)
Bacillus spp. 4(3.4) 4(100.0) 0(00.0)
Staphylococcus aureus 9(7.6) 5(55.5) 4(44.5)
Enterobacter spp. 2(1.7) 0(00.0) 2(100.0)
Salmonella spp. 16(13.6) 8(50.0) 8(50.0)
Serratia spp. 2(1.7) 0(00.0) 2(100.0)
Klebsiella spp. 8(6.8) 6(75.0) 2(25.0)
Micrococcus spp. 2(1.7) 0(00.0) 2(100.0)
Pseudomonas spp. 9(7.6) 0(00.0) 9(100.0)
Citrobacter spp. 3(2.5) 0(00.0) 3(100.0)
Shigella spp. 3(2.5) 2(66.7) 1(33.3)
Total 118(100.0) 71(60.7) 46(39.3)
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4. DISCUSSION

The present study evaluated the bacteriological
quality of street-vended ready-to-eat fresh salad
vegetables commonly consumed in Port Harcourt
metropolis, Rivers State, Nigeria. The result showed
that that E. coli was most predominant (45.8%),
followed by Salmonella spp. (13.6%) while
Micrococcus spp. (1.7%), Enterobacter spp. (1.7%)
and Serratia spp. (1.7%) were least predominant
bacteria isolated from the salad vegetables examined.
The incidence of bacteria in salad vegetables may be
expected to reflect the sanitary quality of the
processing steps and the microbiological condition of
the raw product at the time of processing (Ngugen,
1994; Adebayo-Tayo et al., 2012). For almost 100
years, vegetables contaminated in the field have been
recognized as a source of human infection and unless.
Many of the viruses (Rosenblum et al., 1990), bacteria
(Ho et al., 1986) and protozoan on vegetables which
have caused food poisoning are derived from human
faecces (Adebayo-Tayo et al., 2012). However,
pathogenic microorganism of human origin may also
be present in minimally processed vegetables as the
minimal technological processing may be unable to
remove the original contamination resulting from air,
soil, water, insects, animals, workers, harvesting and
transportation equipment (Adebayo-Tayo et al., 2012).

Bacteria most commonly found in vegetables
generally involve Pseudomonas spp. and Erwinia spp.
as coliforms and Micrococcus spp. (ICSMF, 1998). In
this study, the bacteria isolated from vegetables were
Staphylococcus (7.6%), Proteus spp. (5.1%), Bacillus
spp. (3.4%), Shigella spp. (2.5%), Micrococcus spp.
(1.7%), Pseudomonas spp. (7.6%), Enterobacter spp.
(1.7%), Serratia spp. (1.7%), Citrobacter spp. (2.5%)
Klebsiella spp. (6.8%), Salmonella spp. (13.6%) and
Escherichia coli (45.8%). All the bacteria reported in
this study had previously been isolated from
vegetables in other studies, both in Nigeria and
elsewhere (Dunn et al., 1995; Adebolu and Ifesan,
2001; Omemu and bankole, 2005; Tambekar and
Mundhada, 2006; Uzeh et al., 2009; Yeboah-Manu et
al., 2010; Rajvanshi, 2010; Halablab et al., 2011;
Ameko et al., 2012; Odu and Akano, 2012; Adjrah et
al., 2013). Halablab et al. (2011) reported that lettuce
samples from the Bekaa Valley in Lebanon had E.
coli, S. aureus and coliforms. In Rajvanshi (2010), all
the samples of street vended salads in Jaipur City,
India, carried gram positive as well as gram negative
bacteria; and samples contaminated with certain
pathogens were Bacillus (24.5%), E. coli (11.8%),
Pseudomonas (11.8%), Staphylococcus (10.9%),
Enterobacter (9.0%), Streptococcus (6.4%), Klebsiella
(5.4%) and Citrobacter (3.6%) in their study
(Rajvanshi, 2010; Ameko et al., 2012). Pathogens
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identified by Yeboah-Manu et al. (2010) in their study
were E. coli, P. aeruginosa, K. pneumoniae, and
Streptococcus sp., but S. aureus was absent. In the
Odu and Akano (2012) study on shawarma, Proteus
spp. (22.7%) was the most predominant, followed by
Escherichia coli (13.6%), Bacillus spp. (13.6%) and
Staphylococcus  aureus  (13.6%).  Enterobacter
aerogens (9.1%), Klebsiella spp. (9.1%), Serratia
marcescens (9.1%), and Micrococcus spp. (9.1%)
were least predominant.

Pathogens such as Bacillus cereus, Salmonella
and Escherichia coli are naturally present in some soil,
and their presence on fresh vegetables is not rare (Odu
and Akano, 2012; Adebayo-Tayo et al., 2012).
Sufficient moisture, abusive temperature and adequate
time will ensure a continuing increase in the bacteria
population (Adebayo-Tayo et al., 2012). In the study
by Adjrah et al. (2013), Salmonella spp. was not
detected in any of the samples evaluated, but almost
25.0% of the samples were contaminated by S. aureus.
In their study (Adjrah et al., 2013), the percentage of
samples positive for indicator of food safety lack
germs like total aerobic bacteria, total coliforms and
thermotolerant coliforms were 100, 100 and 37.68
respectively; corresponding to conformity rates of
14.49, 11.59 and 81.16 respectively. In a study by
Rajvanshi (2010), the percentage of salads vended on
Jaipur City Street in India which were colonized by S.
aureus was below 10.9%. In contrast, Feglo and Sakyi
(2012) did not isolate S. aureus in any sample of
salads collected in Kumasi (Ghana).

Cenci-Goga et al. (2005) pointed out that total
aerobic bacteria count was a good indicator of food
safety. Bacterial counts on street-vended ready-to-eat
cabbage and lettuce exceeded the recommended World
Health Organization (WHO, 1996) and International
Commission on Microbiological Specifications for
Food (ICMSF, 1998) standards of 10° CFU/g (for
example, Logl0 3.0 CFU/g) (Amponsah-Doku et al.,
2010; Ameko et al., 2012). This agrees with the results
obtained in this study, where bacterial counts on all
salad vegetable (cabbage and lettuce) samples
exceeded Logl0 3.0 CFU/g. In this study, total viable
counts were 3.1 x 10° to 7.8 x 10° CFU/g for cabbage
and 3.1 x 10° to 6.9 x 10° CFU/g for lettuce. A similar
study was carried out in Lagos by Uzeh ef al. (2009)
and the total aerobic bacteria count ranged from
3.3x10° to 5.9x10° CFU/g. Also, a previous study
carried out by Odu and Akano (2012) shawarma
showed higher TVC for aerobic mesophillic bacteria
for all 3 locations and the home made samples used in
their study. The total aerobic bacteria count in the Odu
and Akano (2012) study were 1.1x10°CFU/g,
8.0x10°CFU/g, 9.0x10°CFU/g and 4.2x10°CFU/g
respectively, with Elelenwo and GRA having the
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highest TVC, while the total viable bacterial count for
both Choba and home-made samples were the lowest
(8.0x10° and 4.2x10° CFU/g).

In this study, total coliform counts were 3.4 x
10° to 5.6 x 10° CFU/g for cabbage and 3.4 x 10° to
4.0 x 10° CFU/g for lettuce. The same findings were
reported by Hanashiro et al. (2005) in Sdo Paulo for
thermotholerant coliforms load. Total Salmonella-
Shigella counts were 0.0 x 10° to 3.6 x 10° CFU/g for
cabbage and 0.0 x 10° to 3.4 x 10° CFU/g for lettuce.
The higher bacterial count observed for the vegetables
examined in this study are similar to those obtained in
other studies in Nigeria (Uzeh et al., 2009; Bukar et
al., 2010; Adebayo-Tayo et al., 2012; Ameko et al.,
2012; Odu and Akano, 2012). The total aerobic counts
obtained in this study is lower compared to that
reported by Kaneko et al. (2003) and Adebayo-Tayo et
al. (2012), however, the total coliform counts were
slightly higher than that reported by Kaneko et al.
(2003), Odu and Akano (2012), and Adebayo-Tayo et
al. (2012). Results of the microbiological analysis of
raw mixed vegetable salads by Ameko et al. (2012)
indicate that 20% of the vendors had the salads that
they sold in the mornings with microbial loads in
excess of 5 x 10* cfu/g, and this increased to 80% of
the vendors in the afternoons. According to
Amponsah-Doku et al. (2010), thermotolerant
coliforms on lettuce varied from 2.3x10° to 9.3x10°
CFU/g on farm, 6.0x10' to 2.3x10* CFU/g on market
and 2.3x10° to 2.4x10° CFU/g at street-food vendor
sites in Kumasi.

The results of this present study agree with
those of Adu-Gyamfi and Nketsia-Tabiri (2007) and
Ameko et al. (2012), where samples of vegetable
salads, served with waakye, had higher levels of
contamination. Aerobic mesophyllic counts of 6.9 and
7.6 and coliforms counts of 5.7 and 6.4 logl0 cfu/g,
were obtained by Adu-Gyamfi and Nketsia-Tabiri
(2007) for early and late morning samples,
respectively. The mean bacterial counts reported in
this study are lower than the values reported by
Yeboah-Manu et al. (2010). In the Yeboah-Manu et al.
(2010) study, mean microbial loads of 8.54 to 8.69
Log10 CFU/g was reported for salad sold with waakye
on and around the University of Ghana campus, and
6.41 Logl0 CFU/g from restaurants outside campus. A
lot of factors may be responsible for these differences
in the microbial loads reported by different authors. In
the study by Yeboah-Manu et al. (2010), the salads
had salad cream added to them and the salad was not
heated. Salad cream contains egg yolk, which is a
good medium for supporting microbial growth. In the
study by Ameko et al. (2012), the salad samples used
did not contain salad cream. This could account for the
lower values of 4.16 Logl0 CFU/g reported in their
study, compared to that of Yeboah-Manu et al. (2010).
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According to Amoah et al. (2005 cited by Ameko et
al.,, 2012), lettuce from vegetable farms in Accra,
irrigated with drain, stream and piped water, had
faecal coliform levels exceeding common guidelines
for food quality, irrespective of the irrigation water
source. In their study (Amoah et al., 2005), lettuce
irrigated with piped water had significantly lower
coliform concentrations than those irrigated with
shallow well or stream water (Ameko et al., 2012).

The high bacterial contamination observed in
these salad vegetables examined in this study may be
reflection of storage condition and how long these
vegetables were kept before they were obtained for
sampling. Refrigerator storage does not necessarily
inhibit the growth of microorganisms since
psychrophiles, such as Alcaligenes and Pseudomonas
could survive refrigeration temperatures and in some
cases even multiply (Samarajeewa, 2005; Ameko et
al., 2012). Bacteria on storage material may transfer to
produce and cross contamination between produce is
probable particular where produce are pre-washed
with the same wash water by the vendor or processor.
More importantly, bacteria on the vegetables may
multiply over time depending on the storage condition
especially those that are phsychrotrophic. According
to what was reported in previous studies elsewhere
inside and outside Nigeria, the initial bacteria of stored
produce may have been derived from contamination of
air, soil, water, insects, animals, workers and
harvesting and transportation equipments (Adebayo-
Tayo et al., 2012). Also, the densities of Lactic acid
bacteria (LAB) in fruit and vegetable products usually
range from 10? to 10° CFU/wound (Trias et al., 2008;
Adebayo-Tayo et al., 2012).

The bacterial count obtained was high and these
vegetables are usually consumed without heating thus
there is the probability of consumers contracting
pathogen if they get in contact with the vegetables. In
a study by Trias et al. (2008), the highest
concentrations of microorganisms were in ready-to-eat
vegetables. This was due to the presence of cut
surfaces, which allow higher nutrient availability
(Ongeng et al., 2006) and affects not only LAB but all
the microbiota related to the fresh product (Badosa et
al., 2008; Trias et al., 2008; Adebayo-Tayo et al.,
2012). The microbial population levels found in this
study were in agreement with data reported for ready-
to-eat salads in other studies (Trias et al., 2008;
Adebayo-Tayo et al., 2012). A study by Amoah et al.
(2007) indicated that fresh vegetables have become a
normal part of fast food, served on the street, canteens
and restaurants in Ghana. However, farming practices
like use of contaminated irrigation water, application
of manure and contaminated soils is the main source
of lettuce contamination (Consultative Group on
International Agricultural Research: CGIAR, 2011;
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Ameko et al., 2012). An earlier study by Amoah et al.
(2005) in Kumasi, Ghana indicated that 95% of lettuce
samples from urban vegetable farms, irrigated with
piped water, had faecal coliform levels, which were
more than 1000/100 g lettuce (wet weight) and
according to the International Commission on
Microbiological Specifications for Food guidelines
(1974), were classified as ‘‘undesirable’’ (Ameko et
al., 2012).

There are several possible sources of bacterial
contamination of street-vended ready-to-eat fresh
salad vegetables (Ameko et al., 2012). Raw salad
vegetables contamination occurs on the farm from the
manure, irrigation water, contaminated hands of
farmers (Centre for Food Safety, 2006), and from
contaminated water used to wash the vegetables after
harvest (Pavan da Silva et al.,, 2007; Ameko et al.,
2012). The farmers may sell the vegetables at the
farm, directly to the food vendors, or to market women
who then sell them to the food vendors at the market
(Ameko et al., 2012). If the raw vegetables are
contaminated on the farm, it is highly possible that
they would be consumed as such, because there is no
step along the supply chain or during preparation, such
as heating, for killing microorganisms (Centre for
Food Safety, 2006; Ameko et al., 2012). In this study,
bacterial contamination increased during the course of
sale of the salad vegetables. The presence of the most
frequently isolated index of food quality and indicators
of faecal contamination such as Escherichia coli,
Enterobacter spp. and Salmonella spp., is an
indication of faecal contamination of the food as a
result of possible unhygienic handling (Okonko et al.,
2008a,b,c,d 2009a,b; Adebayo-Tayo et al., 2012 ) or
contamination of the salad vegetables during
processing or directly from source and this might have
adverse effect on the health of the consumers (Okonko
et al., 2008a,b,c,d, 2009a,b; Adebayo-Tayo et al.,
2012).

According to Ameko et al. (2012), processing
of raw vegetables into salads for sale creates
conducive environments and opportunities for the
multiplication of pathogenic microorganisms on the
salads. In this present study, microbial contamination
and counts of specific pathogens increased during sale,
and the percentage of contaminated samples also
increased during sale. This is because the salads still
retain enough moisture to promote microbial growth,
and also the natural protective covering on the leaves
against the entry of microorganisms may have been
lost during harvesting, storage, transport and
processing (Samarajeewa, 2005; Ameko et al., 2012).
The salad may also have undergone some fermentation
during sale and the increased acidity may promote the
growth of certain microbes such as Bacillus cereus,
Clostridium botullinum, Salmonella sp. and S. aureus,
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which grow well in optimal pH of 4.2 to 8.2
(Samarajeewa, 2005; Ameko et al., 2012).

The isolation of Salmonella spp., Escherichia
coli, Klebsiella spp. and Serratia spp. from these salad
vegetables poses food safety problem since they are all
enterotoxigenic and cause gastroenteritis. Coliforms
might appear every phase of preparation; a case was
reported (Seo et al. 2010). E. coli are fecal
contaminants which could be from the manure in the
soil on the farm (Samarajeewa, 2005; Ameko et al.,
2012). The detection of E. coli in this study showed
poor hygienic standard in the handling of these salad
vegetables or it could be also be from contamination
during harvest. Presence of E. coli indicates recent
contamination by faecal matter and possible presence
of other enteric pathogens known to be causative
agents of food borne gastroenteritis and bacterial
diarrhea disease (Adebayo-Tayo et al., 2012).

The presence of other indicator organisms like
E. coli, Salmonella spp., Shigella spp. and
Enterobacter spp. in salad vegetable samples might be
the result of possible contamination during sales or
unhygienic handling of street-vended ready-to-eat
vegetables. Other studies have also identified
pathogens including Salmonella spp. on other street
foods and their accompaniment in South Africa
(Mosupuye and von Holy, 1999) and Zambia (Bryan
et al, 1997). While Salmonella spp. causes
salmonellosis and typhoid fever, Escherichia coli
O157:H7 causes severe illness and deaths, especially
among children in several countries (WHO, 2002).
Micrococcus sp., Staphylococcus spp., Salmonella
spp., and Shigella spp. from contaminated hands of
food handlers may easily contaminate the vegetables
(Samarajeewa, 2005; Ameko et al., 2012).

The presence of Staphylococcus auerus, a
pathogenic organism of public health concern and
significance in these vegetables might have
contaminated the stored vegetables from source as a
result of handling by farmers or retailers (Adebayo-
Tayo et al., 2012). As widely reported, most strains of
Staphylococcus aureus are known to be pathogenic
due mostly to the heat stable enterotoxin they produce
in direct relationship to their inoculum level
(Adebayo-Tayo et al., 2012). Considering the
notoriety of the resistance of S. aureus to methicillin,
other penicillin and celphalosporins (Adebayo-Tayo et
al., 2012), its detection in salad vegetable samples
poses a lot of health risk to nourishment seeking

consumers. Concerning S. aureus, its presence
suggests poor hygiene practices of operators.
Bezirtzoglou et al. (2000) reported that the

contamination by food handlers is the most common
mode of transmission of this germ. Burt et al. (2003)
established that its contamination might have resulted
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from man’s respiratory passages, skin and superficial
wounds which are his common sources.

Pseudomonas and Bacillus species are part of
the natural flora and are among the most common
vegetable spoilage bacteria. The spores of bacteria
such as Bacillus spp., Micrococcus spp., etc, are
carried in air and dust and if the food is not properly
covered, these spores could settle on the food, and
once nutrients are present, the spores can actively
grow and thrive on the food (Ameko et al., 2012). The
presence of Bacillus species in the two vegetables may
be said to be due to environmental factor, the survival
of Bacillus depend on several factor such as nature of
the organism, resistance to the new environment and
ability to form spores. Endospores of Bacillus are
more resistance than their vegetable cell to harsh
weather condition and even to antimicrobial treatments
(Codex Alimentarius, 2007).

The contamination of salad vegetables
examined in this study by pathogenic bacteria could
also be as a result of poor handling practices in food
supply chain, storage conditions, distribution,
marketing practices and transportation
(Effiuvwevwere, 2000; Okonko et al., 2008a,b,c,d,
2009a,b; Akinmusire, 2011; Akintobi et al., 2011;
Adebayo-Tayo et al., 2012). Bacterial load of salad
vegetables also increase with time during storage and
this poses serious threat to consumers. Apart from the
polythene bags, all the other containers (for example,
sacks, open trays, baskets, and wooden-sieve net
cages) do not protect the raw vegetables from dust and
other forms of contamination from the environment
during transporting from the source to the site of
preparation. However, the exposure of the salad
vegetables to the environment could lead to increased
contamination. Improper handling and improper
hygiene might lead to the bacterial contamination of
salad vegetables and this might eventually affects the
health of the consumers (Dunn et al., 1995; Omemu
and Bankole, 2005; Okonko et al., 2008 a,b,c,d,
2009a,b; Mgbakor et al., 2011; Adebayo-Tayo et al.,
2012). The condition of sales makes the vegetables
predisposed to contamination especially as practiced
Zaria where the source of water in the garden and in
the market is questionable (Caron and Walker, 2004).

These  street-vended  ready-to-eat  salad
vegetables pose a risk to consumers because of the
danger of food poisoning from microbial
contamination (Food and Agriculture Organization
(FAO), 2005; Ameko et al., 2012). According to
Adjrah et al. (2013), the level of the microbial
contamination of the ready-to-ecat salads vegetables
may present a potential health hazard to consumer.
Certain fungi such as Aspergillus, Fusarium, and
Penicillium spp. as commonly occurring filamentous
fungi grow in vegetable and their growth may result in
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production of toxins known as mycotoxins, which can
cause a variety of ill effect in human from allergic
responses to immunosuppression and cancer
(Adebayo-Tayo et al., 2012).

Side by side is the huge nutritional benefit
derivable from consumption of these salad vegetables
especially they have therapeutic, curative and
preventive health uses. Although salad vegetables are
commonly associated with food poisoning, they
harbour disease causing organisms (Adebayo-Tayo et
al., 2012); raw vegetables should not be exposed to
any further contamination during transport and storage
(WHO, 1996; Ameko et al., 2012). Just as with other
foods, consumers have some responsibilities to carry
when handling these salad vegetables. Washing of
hands with warm water and soap before and after
handling salad vegetables cannot be overemphasized
(Adebayo-Tayo et al., 2012). Also washing of salad
vegetables with salt and clean water before
consumption could help in reducing microbial content
eventually. However, the most efficient way to
improve safety not for fruits and vegetables only, is to
rely on a proactive system of reducing risk factors
during production and handling. Apart from washing,
other methods of decontamination seem to have a
limited influence on safety (Adebayo-Tayo et al.,
2012).

5. CONCLUSION

This study has further confirmed the presence
of pathogens in street-vended ready-to-eat fresh salad
vegetables sold in Port Harcourt, Metropolis, Rivers
State, Nigeria. Vegetable can be contaminated with
pathogen from animal and human reservoirs and the
environment as a result of production practices. A
major source of contamination is organic fertilizer

(e.g. manure, municipal sludges) and faecal
contaminated water. The mneed for microbial
assessment of street-vended ready-to-eat fresh

vegetables for production of food salads and for other
use cannot be over emphasized to reduce possible
contamination. Harvesting at the appropriate time and
keeping the harvested products under well-controlled
condition will help in restricting growth of pathogenic
and post-harvest spoilage microorganism. Reduction
of risk for human illness associated with raw product
can be better achieved through controlling points of
potential contamination in the field during harvesting,
during processing or shipment, storage or distribution
in the retail markets food services facilities or home.
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