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Foreword
Dr. Narimane Hadj-Hamou
Assistant Chancellor, Learning and Academic Development
Hamdan Bin Mohammed e-University and Congress Chair
The papers compiled and presented in this
volume of proceedings weave together many
interesting contributions from scholars and
practitioners into a body of knowledge
focusing on the question of building an
innovative
vision
for
e-health
and
environment in the 21st century. Although,
the expectation of increased awareness about
innovation and competitiveness in e-health
and environment has been echoed in all the
previous HBMeU conferences on e-health and
environment, research focusing on these
important areas affecting mankind has been
characterised by a diverse set of approaches
rather than one stylized model.
This volume of proceedings, I am pleased to
observe, has a common thread running
through the research papers. It is about the
common argument for creating a policy space
to address some of the burning issues related
to environment and health. We know for sure
that policies suffer not only from lack of
knowledge but also from lack of innovative
approaches to tackle the issues in areas of
health and environment.

Policy makers in a large number of
developing countries not only lack
knowledge; they also suffer from incomplete
information about the knowledge they do not
have. The research papers in this volume of
proceedings provide interesting information
that can prove helpful for policy makers. The
authors have tried to argue with emphasis that
sufficient policy space must be created in the
countries of the world to tackle the problems
and issues relating to health and environment.
I congratulate the authors of the papers
presented in this volume for focusing on the
issues and questions that have great
implications for policy. I am sure, these
papers would lead to interesting discussions at
the conference sessions.
I appreciate the efforts of the conference chair
and the technical committee in reviewing and
selecting the meritorious research papers for
presentation at the conference,
Finally, I take this opportunity to send my
best wishes for the success of the conference
sessions.
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Hospital Information System (HIS) Implementation in a Tertiary
Care Hospital
B. Reshmi
Sowmyajit Chakraborty
Manipal College of Allied Health Sciences, Manipal University, Manipal

used as a referral document in configuration
of the Health Information System. It will be
used as the blue print for Hospital
functionality. This document will help not
only to understand the Health Information
System functionality but also the business
logic followed in a Health care organization
using the current build of the software. This
System requirement specification document is
a core of the functionality of each department
as a written text for any external authority for
audit and functionality mapping.

Abstract
The study was taken up to find out the
functionality a health information system
(HIS) in a multispecialty hospital. The HIS
had been developed by a consulting firm
which provides software for hospitals which
covers the entire patient treatment cycle- from
pre-admission to post discharge . It meets
most of the documentation needs required for
accreditation and cashless insurance. The
HIS, using the software had been proposed to
contribute to the hospital‘s strategic growth.
OBJECTIVE:1.To creates
a requirement
gathering Tracker. 2.To create system
requirement specification(SRS) document for
HIS Implementation for non-clinical modules.
3. To prepare a gap analysis based on the
Query Tracker. METHODOLOGY: It was a
quantitative hospital based descriptive study
which was undertaken at a multispecialty
hospital with the healthcare professionals
using the HIS. The sampling method used was
a purposive sampling method. A total of 30
health care professional using the HIS were
interacted with by using a Query Tracker.
RESULT: A total of 1458 requirements from
21 departments in the hospital were gathered
and are incorporated within the system
requirements documents which was finally
prepared as base document for referral in
configuring and analyzing the hospital
requirement for each modules and to obtain
the desired navigation of functionality in the
Health Information System. CONCLUSION:
The system requirement specification is to be

Keywords: Hospital Information System,
functionality, Queries Tracker, Gap Analysis

Introduction
Health Information System(HIS) is one of the
most promising applications of Information
Technology (IT) in health care sector system
.HIS may be defined as ―an integration of data
collection, processing , reporting and use of
information necessary for improving health
service effectiveness and efficiency through
better management at all levels of health care
services1.HIS encompasses a wide array of
applications and information systems that are
linked or
interfaced. HIS supports the
provision of care to the patients and the
business aspects of health care organization
by communicating information. The assembly
of information and the architecture by which
they are integrated is unique for each
organization.2
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Therefore this study was under taken up to
find out the functionality a health information
system (HIS) in a tertiary care hospital. The
HIS had been developed by a consulting firm
which provides software for hospitals which
covers the entire patient treatment cycle- from
pre-admission to post discharge . It meets
most of the documentation needs required for
accreditation and cashless insurance. The
HIS, using the new software had been
proposed to contribute to the hospital‘s
strategic growth.

the hospital information system had
successfully implemented their healthcare
software in forty eight hospitals in twelve
states across India. They are
presently
working with six hospitals in the country.
Study Population
Healthcare professionals using the software,
(Doctors,
Nurses,
Administrators,
Technicians, and IT-staff)
Sample Size
A total of 30 respondents were participated in
this study, in streamlining the functionality
and system requirement specification over 21
departments of the hospital. The sample size
is considered to be 30 as there were 30
individuals in the project committee. These 30
respondents were responsible for requirement
identification and defining functionality and
business logic.

Objectives
1. To create a system requirement
specification document for HIS
Implementation
for
non-clinical
modules.
2. To create a requirement gathering
Tracker Register
3. To prepare a gap analysis based on the
Query Tracker register

Sampling Method

Methodology

Purposive sampling , since it is system
specific , only those professionals who need
to work with the systems had been considered
for the study. These study targets a particular
group of people those are the member of the
project committee, which is a predefined
group and has a purpose in mind. We have
chosen the preferentially recruit subjects who
have the best knowledge & experience in the
area of hospital functionality.

Study Design this is a quantitative, hospital
based descriptive study. The study
emphasizes features of a new version of
Health Information System and to determine
the new functionality and business logic of
the client. Quantitative descriptive studies
provide knowledge about the functionality
and process mapping for various departmental
modules which will enable the hospital
administrator to target particular segment of
the health information system for learning and
functionality defining to help allocating
resources with more efficiency. The present
study is also an effort to describe the steps to
determine the alteration and streamlining the
functionality of various departments and
modules in the existing Health Information
System

Study Period
The study was carried out over a period of
five months which was divided into five
phases:
1. Demonstration of the software
2. Preparation of queries tracker
3. Identification of requirements
4. Preparation of System Requirement
Specifications
5. Gap Analysis

Study Setting
The study was carried out at a tertiary care
hospital. The consultancy which implemented
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system requirement specification. This is the
core text to undertake functionality mapping.
There were three phases of requirement
gathering. It is described in the result .

Methodology for System Requirement
Specification Documentation
Requirements were collected from various
member of the project committee and are
incorporated in the tracker document which is
shared with the software developer and the
administrators along with the business
analyst. Each requirement is then categorized
according to their departmental modules and
flow of functionality was defined along with
the business logic. The gathered information
was then recorded in a document called

Methodology for Query Tracker
A query tracker was used to collect the
requirements from non-clinical departments.
The format shown below was used for it. The
tracker was validated and pretested before
using it.

Remarks

Resolution

Resolved By

Resolved On

Status

Description

Raised To

Raised By

Raised on Date

Priority

Type of Query

Phase/
Module/Task-Id

Query No:

SRS QUERY TRACKING REGISTER

Fig 1:System Requirement Specification(SRS) Query Tracking Register

the V look up and pivot chart(graphical
representation options in MS-Excel), a gap
analysis document was created .

Methodology for Preparing Gap Analysis
The gap analysis was carried out , by keeping
the previous software already used as a
reference. All the requirements specified from
the various departments were listed and
segregated module wise in an excel sheet and
each requirements is compared with the flow
of the current software of HIS. And based on
the complexity and man hours the
requirements are classified as those requiring
minor & major customization .The
requirements were addressed under four
specifications:
1. Included Completely
2. Need minor customization
3. Need Major Customization
4. Out of Scope

Implication of the Study
This study was based on the System
Requirement specification will be used as a
referral document in configuration of the
Hospital Information System. It will serve as
the blue print for Hospital functionality. This
document will help not only to understand the
Hospital Information System functionality but
also the business logic followed in a Health
care organization. The HIS will not help find
the losses incurred, but will also help in
ascertaining the bottlenecks by generating
Management Information Reports

Data Analysis

Results

The acquired data through a query tracker is
entered in MS Excel to develop a system
requirement specification document. Using

Query Tracker
A query tracker (described in methodology
was used in requirement gathering from non-
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clinical department. A total of 1458
requirements were gathered from 21 different
departments.
This chart below shows the graphical
representation in percentage of the
requirements
gather
from
different
departments like billing accounts for 15% ,
Front Desk 12%, Pharmacy Store& Purchase
10%, Laboratory 9%, Capex Equipments 6%,

Ward
Management
6%,
System
Administration 4%, Attendance & Payroll
4%, Radiology 4%, Blood Bank 4%, Finance
&Accounts 4%, Quality 3%, Maintenance
3%, Operation Theater 3%, Kitchen 3%,
Marketing 3%, Dietary 3%, Laundry 2%,
Housekeeping 1%, Hospital Administration
1% & Medical Administration 1%.

Fig2 : Number of requirements specified form each department

All the new requirements were listed and
were fed to the query tracker and were sent
separately to each responsible head of the
departments for review and comments

System Requirement Document
All the requirements gathered are converted
into System Requirement document (SRS)
This phase of requirement gathering is
described as follows:

Phase 3

All the reviewed and final requirements were
combined together and created the final
version of the system requirements
specification document.

Phase 1

Previous version System requirement
Specification document of the last software
was given to various departments for study
and reference. Various heads of each
department added their valuable comments
and added their additional requirement to the
previous version of the documented System
Requirement Specification.

Gap Analysis

All the requirements are segregated into
modules and compared with the last available
software of the HIS for gap analysis.

Phase 2
Table 1. The gap analysis tabular list
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NO
1

Major
Customization

Minor
customisation

2

Attendance & payroll

4

12

41

57

3

Billing

5

32

180

217

4

Finance & accounts

9

10

33

52

5

Front desk

1

20

152

173

6

Laboratory

2

24

110

136

Operation theatre

1

1

45

47

7

Pharmacy, store and purchase

6

20

122

148

8

Radiology

1

4

52

57

9

Ward management

23

59

82

10

Blood bank

7

8

39

54

11

Capex equipment

5

30

50

85

12

Dietary

6

10

21

37

13

Hospital administration

1

9

2

12

14

Housekeeping

4

3

12

19

15

Kitchen

1

26

19

46

16

Laundry

14

13

27

17

Maintenance

2

27

20

49

18

Marketing

3

12

25

40

19

Medical administration

1

5

4

10

20

Quality

5

6

38

49

21

Systems administration

1

60

61

Modules

Included
Completely

Total
Requirement

297 minor and 64 major requirements which
were need to be incorporated .This accounts
for 20% minor and 5% major customization
respectively ,which are presently under
development for the software . On completion
of the customization, it will take the HIS to
its next version. And this exercise is meant to
fulfill all the requirements to meet the
functionality of the client.

Interpretation of Gap Analysis
The gap analysis of the requirements with the
latest software of HIS comes up with 1458
requirements which had to be included in the
upcoming version of HIS. The 1097
requirements were completely included in the
present version of HIS which accounts for
75% of the requirements, whereas there were
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incorporated with the current build and 297
need minor customization and 64 major
customization are needed from the total of
1458 requirements raised. These numbers
represent about 25% of the requirements
which need customization and that is quiet on
the high side. While 75% are already present
in the latest build of HIS. Comprehensive
understanding of the information needs of
consumers is a basic step before developing
effective Health Information Systems(HIS)
that target those consumers and that attempt
to engage them. It also helps in the evaluation
of how well these needs are fulfilled.
Moreover, it helps in understanding other
dimensions such as consumers‘ information
behaviours
and
sources.
A
careful
identification, analysis and classification of
information needs are therefore an important
foundation for the designing and functioning
of these systems. It is argued that existing
literature tends not to examine the
assumptions behind information needs, but
rather treat it as obvious that need is based on
demand. 3

Conclusion
This study is based on the system requirement
specification. This will be used as a referral
document in configuration of the Health
Information System. It will be used as the
blue print for Hospital functionality. This
document will help not only to understand the
Health Information System functionality but
also the business logic followed in a Health
care organization using the current build of
HIS. This System Requirement Specification
(SRS) document is a core of the functionality
of each department and will be useful for as a
written text for both internal & external
authority for audit and functionality mapping.
The queries tracker would add up new feature
and enhance the functionality of the Health
Information System HIS. The inclusion of the
requirements and the developments of the
minor and major customization will take HIS
to its next version, which would be more
efficient to meet changing and challenging
work flow of the corporate healthcare
industry and enable to serve and improve the
quality of service and treatment and facilitate
better Hospital management.. Following this
a
System
Requirement
Specification
document is prepared with the business logic
defined for each department and their
workflow and subsequent impact on other
departments and overall impact on the
organization. Following the preparation of
system requirement specification a gap
analysis was carried out which is suggestive
to have 1097 requirements completely

Limitations
This study was very specific to the people
those who are working with HIS.
It was a single case study, involving one
hospital.
Discussion is limited , as review of literature
was not extensive.
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Wilson TD. (1999) .Models in information
behaviour
research.
Journal
of
Documentation.;
55(3):
249-270.
http://www.ejhi.net/ojs/index.php/ejhi/article/
view/24/26
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Perceptions of Medical Students about Electronic Discharge
Summaries
Dola Saha
Ibrahim Mohammed Nur
Manipal College of Allied Health Sciences, Manipal University, Manipal,
Karnataka, India

whereas, there was a very good perception
about EDS being user friendly.
The
satisfaction level of the respondents was very
high with EDS usage. When probed about the
barriers in EDS usage, almost 40% of the
participants reported facing problem during
data entry. The reasons were attributed to as
66% had not received initial training in using
EDS and about 73% had encountered some
problem related to screen layout, result,
menus etc.

Abstract
On the increase is the utilization of electronic
discharge summaries (EDS) for clinical
perspective as well as for research; but rarely
studies have been made in recent years which
look at the perspectives of medical students
regarding usage of EDS. Medical students are
a critical stakeholder in the hospital
operations and they can provide useful
analysis on everyday processes that impact
patient care throughout the process of
discharge summary. OBJECTIVES: 1. To
know the perception of medical students
about electronic discharge summary in a
tertiary care teaching hospital of Southern
India. 2. To assess the level of satisfaction
about electronic discharge summary among
the medical students. 3. To understand the
barriers, if any, about electronic discharge
summary.
METHODOLOGY:
A Cross
Sectional Study was done among 224 medical
students and medical transcriptionists in a
tertiary care teaching hospital of southern
India, who actually dealt with EDS on a dayto-day basis, by using a validated and pretested questionnaire having five point Likert
scale. Descriptive statistics was used to
interpret the result.

More than 76% of the respondents wanted a
National Standard for EDS which they
thought will go a long way in standardizing
the EDS and making it more acceptable.
CONCLUSION: There is an overall
satisfaction about the usage of EDS and also
the overall perception about the usefulness of
EDS is good among the respondents, but
majority of them felt the need to have a
National Standard for EDS.

Keywords: Electronic Discharge Summary,
Perception, Satisfaction, Medical Students

Introduction
A discharge summary is a ―collection of
information about events during care by a
provider or organization‖[1].Its purpose is to
provide both clinical and administrative
information. A discharge summary can be
either manual or electronic discharge
summaries.

RESULTS: Majority of the respondents
strongly agreed to the statements thus
showing a positive perception. There was an
average general response when asked about
electronic discharge summaries being helpful
in easy retrieval of patient‘s previous history;
(14 )
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E-Discharge summaries (EDS) enables
electronic exchange of comprehensive and
accurate patient reports between hospitals and
primary healthcare sectors and assists in
improved continuity of care, increased safety
of health information, and easy accessibility
and legibility of documents.

care, only some elements (e.g. ePrescribing,
electronic medications management (EMM),
e-Discharge and electronic medical records
(eMR)) are currently available in the tertiary
healthcare industries.
Callen et al (2009)found no difference
between computer generated and handwritten
discharge summaries. The main reason for
errors in discharge summary was attributed to
the physician‘s insufficient care when
completing discharge summaries. To combat
the significant number of errors in both
electronic and paper-based summaries, the
article suggests that further education for
clinicians in the importance of the discharge
summary document be undertaken.
Discharge summaries are affected by the way
in which the summaries are created. The most
common errors in EDS can be reduced if the
EDS become part of a more integrated
system, linking e-Prescribing and eDischarge.
Alderton and Callen (2007) undertook a study
to assess general practitioners‘
(GP) satisfaction with the quality of
information
in
electronic
discharge
summaries
and the timeliness of their receipt of the
summaries. The study saw majority of GPs
agreeing that the electronic summary was an
improvement on the manual discharge
summary.

Importance of Perception
How we perceive a situation determines a
different reaction and each reaction creates a
different outcome. Perception of medical
students about EDS determines how well or
effectively they will use the system. Studies
have proved that medical students‘ perception
affect their level of behavior.
Thus the present study was conceived with a
view to understand the perception of the
medical students who are involved in
discharge summary preparation about EDS
and to assess the level of satisfaction and
existing barriers with the current system
installed a year back. This will provide the
management of the hospital with vital
information about the perceived needs as well
as help them to improve their system to attain
complete satisfaction of the users.

Objectives
1. To explore the perception of medical
students about electronic discharge
summary.
2. To assess the level of satisfaction
about electronic discharge summary
among the medical students.
3. To understand the barriers, if any,
about electronic discharge summary.

Chen et al(2010) undertook a blinded,
randomised controlled trial to examine the
effectiveness
of
delivering
computer
generated discharge summaries to GPs by
email, fax, post and patient hand delivery.
The authors found that the receipt rates of
emailed and faxed
discharge summaries were similar and
significantly higher than post and patient hand
delivery. Despite the success of the email
system however, GPs identified that fax was
still the preferred method of communication.
This preference may have been related to the

Review of Literature
The eHealth environment is being embraced
at many points in the health system with work
being conducted at jurisdictional and national
levels by health departments and related
bodies. While the end goal is an integrated
electronic health record (EHR), capturing
information throughout the continuum of
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regarding the patient‘s ongoing care identified
that across all items reviewed; the electronic
summaries contained a number of errors
and/or omissions than the handwritten
summaries. In relation to the specific items
reviewed, electronic summaries were more
likely to omit the patient‘s discharge date and
secondary (additional) diagnoses; however
they were less likely to omit a summary of the
patient‘s progress in hospital when compared
to the handwritten document.

fact that practice staff was more familiar with
receiving faxes than email and very few had
email.
Barriers to Implementation of Electronic
Generated Discharge Summary
It has been pointed out by experts that once
the hardware is in place however, e-discharge
systems may still encounter obstacles due to
user acceptability and uptake issues, which in
turn maybe influenced by previous innovation
and implementation experiences and the
degree of ‗user friendliness‘ of the system.

Standardisation
There are a number of terms which can be
used to refer to the communication between
the hospital and the GP on discharge of the
patient; for example, ‗discharge summaries‘,
‗discharge letters‘, ‗discharge notes‘, and
‗discharge referral letters‘. This brief example
serves to highlight one of the key issues
surrounding the debate about e-discharge
summaries, namely, standardisation, or more
correctly, the lack thereof. It is evident from
the literature that technical and organisational
issues still remain to be solved in order to
facilitate data exchange between hospital and
primary care. As such, there is a need to
overcome
the
barriers
of
software
heterogeneity and a lack of standardisation in
data exchange protocols.

Implementation Issues
The importance of adequate training and
cultural change in an organization to fully
realise the potential of e-discharge is clear.
Organizational support and commitment,
along with full stakeholder engagement are
essential for the implementation and
sustainability of changes.
Initiatives to Improving the Quality of
Discharge Summaries
A number of initiatives have been trialed to
address deficit in discharge summaries and
subsequently improve patient outcomes. The
most commonly implemented interventions
have been the implementation of computer
generated discharged summaries, changing
the mode of delivery of discharge summary
and changing the format of discharge
summaries. To this end, Walraven and
Rokosh(1999) found that there was significant
consensus amongst physicians that summaries
that were short, contained pertinent
information and were delivered quickly, were
of high quality.

Privacy and Security
Concerns about the confidentiality of
electronic health information, access to
electronic health data and security of health
information systems remain prevalent as
shown in the literature reviewed. In a study
conducted in Austria by Schabetsberger et
al.(2006) reported that GPs are apprehensive
about electronic transfer of documents.
Relevance of electronic signatures emerges as
an issue in e-Discharge Summary.

Comparison of Electronic and Paper-Based
Discharge Summaries
A study by Callen et al (2007) compared
between electronic and paper-based
summaries from an Australian hospital in
relation to documentation of information

Methodology
Study Setting
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The study was carried out at 2000-bedded
premier tertiary care teaching hospital
engaged in providing quality care to both
domestic and international patients. The
hospital is one of the largest health care
centers in India. It is ISO 9001: 2000 certified
since 2004 and accredited by National
Accreditation Board for Hospitals & Health
Care Providers (NABH) since September
2009, displaying strong commitment to
continuously improve the quality of services
provided to the patients. The Medical Record
Department of the hospital came into
existence in the year 1965 when the hospital
had strength of 100 beds. Currently the
hospital has an average occupancy of 75%
and an average daily outpatient flow of
approximately 1000 patients. There is a
generation of approximately 450 repeat
registration and 300 hundred new patients
daily. This has given rise to increasing space
problem in terms of storage of increasing
number of patient records. Online discharge
summaries were launched in the hospital in
the year 2010 to take care of this growing
storage issue.

Study Design

Sampling Method

Study Period

Purposive Sampling was incorporated as we
chose only those medical students who work
directly with e-discharge summaries.

Five months from 1st February 2011 to 30th
June 2011



Descriptive study was conducted to
gather information based on present
perception, satisfaction level of end
users and perceived barriers in
utilization of e-discharge summary.

Study Population



Post Graduate Doctors, Interns and
final year MBBS students, and
Medical transcriptionists, who are
directly involved in the creation on edischarge summary in the hospital.

Exclusion Criteria
Those not willing to participate in the study
Sample Size
Out of the total population, 230 consented to
participate, but only 224 respondent data
sheets were complete in all respect and so
only those were analysed further.
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Results and Discussion
Table 1. Categories of participants

Medical students

Total students

No. of participants

%

Post Graduates

309

102

33

Interns

120

59

49

Final year MBBS

115

57

50

Medical transcriptionists

6

6

100

Total

550

224

41

After obtaining permission to carry out the
study from the hospital, all the 550 medical
students were explained about the objective of
the study and requested for written
permission. Only 224 (41%) agreed to
participate in the study. Almost 50% of the
total Final year MBBS students and Intern
and 100% of all the transcriptionists

employed at the hospital of study agreed to
participate in the study.
The distribution of Post graduate students and
Interns from various departments, final year
MBBs students, and Medical Transcriptionists
were as follows:

Figure 1. Distribution of Participants per Departments, N=224

(18 )

978-9948-497-12-7

Maximum post graduates and interns who
participated in the study were from Medicine
(51), Orthopedics (28) and Surgery
(25)departments. Final year MBBS (57) and
all the 6 Medical Transcriptionists also helped
in understanding the perception, satisfaction
and barriers to EDS greatly.

Perception of Medical Students About
Electronic Discharge Summary
The responses of the perception section was
combined (strongly agree & agree into agree
and strongly disagree & disagree into
disagree) to reach a simple interpretation
about the perception of the respondents.

Table 2. Perception about EDS

N=224
Parameters

Agree (%)

Disagree (%)

No Opinion (%)

Easy retrieval of patient‘s previous discharge details.

90

5

6

Improving the quality of documentation.

82

3

15

Giving prompt information.

77

4

19

Ensuring security & safety of patient‘s information.
Easy report to third party (insurance company, govt. and
non govt. agencies).

60

15

25

72

2

26

User friendly.

75

10

15

Easy reporting for billing purposes

78

5

17

Better communication among healthcare professionals.

86

4

10

Reducing time compared to manual.
CLINICAL PERSPECTIVE

69

18

13

Enhance continuity of care.

84

1

15

Improving quality of health care.

72

3

25

Reducing complexity of medications errors.

63

7

30

Ensuring confidentiality of patient‘s information.

48

22

30

Helps research and thesis work.

86

4

10

Enhance PGs & UG educations

62

12

26

Assisting CME programs
Providing continuous reports of clinical events occurring
in care of patient.

73

5

22

84

5

11

DOCUMENTATION AND REPORTING

All the respondents agreed that EDS helps in
easy retrieval of patient details, giving prompt
information about patients whenever required,
and also in communicating well with their
fellow healthcare professionals. Since there
are standard formats and readily available
prompts, it is definitely user friendly and
helps in improving their documentation
quality as well.
Respondents felt that EDS also helps in
ensuring safety of patient information as only

authorized user can access information. The
perception of the respondents regarding safety
and security of patient data is in contrast to
studies by Schabetsberger et al.(2006) which
have found GPs to be highly apprehensive
about patient data security.
It becomes very easy for reporting for billing
purposes and also for reporting to third party
like TPAs, governmental and nongovernmental agencies requiring data
pertaining to particular disease conditions,
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providing for court summons, etc. Definitely
the electronic system saves time as compared
to manual as they no longer have to compile
data again and again, nor they have to
manually calculate statistics for patient data.
The respondents had positive perception
towards EDS‘s role in clinical perspective.
Majority of them agreed that EDS enhances
continuity of care, assists them to improve
quality of health care by making available all
information at their fingertips, and reduces
complexities related to medication errors
which were there earlier due to difficulty in
understanding
physician‘s
handwriting.
Patient information remains confidential as
there is access only to authorized users and
file need not move around from the MRD to
the specific department in the hands of
attendees, group duty workers, nurses, and
others who happen to be there when the file
reaches the department. Even if the file is not
opened and read, it has seals with date of all
the departments which the patient has visited,
thus making the patient vulnerable to curious
onlookers. This view is opposed to similar
studies done elsewhere where GPs were
highly reluctant to exchange reports online for
fear of confidentiality breach.
Majority of the respondents agreed that EDS
helps in enhancing educational opportunities,

helps in their research work and also assists
during Continuing Medical Education
programs by providing all the statistics about
patient data, unique case reports, preferred
mode of treatment in certain cases, and all
other relevant data. Thus 84% of the medical
students perceive providing continuous
reports of clinical events occurring during
care of patient as a great benefit of EDS. This
is also in contrast to studies by Callen et al in
2007 where they found that EDS can have
equal or more errors in reporting thus
reducing their trustworthiness at times [9].
Overall there was a positive perception
towards EDS.
Satisfaction About Electronic Discharge
Summary Among the Medical Students
After knowing about their perception, the next
section deals with their satisfaction level with
the present EDS in the hospital. The
responses collected on a 5-point Likert scale
of highly satisfied to highly dissatisfied were
combined as satisfied (highly satisfied &
satisfied) and not satisfied (highly dissatisfied
and
dissatisfied)
for
simplicity
of
interpretation. The results are as follows:

Table 3. Satisfaction with EDS

Satisfied
(%)
85

N=224
Not Satisfied
(%)
6

No Opinion
(%)
9

Reducing time compared to manual documentations.

69

11

20

Integration with health information system.

82

1

17

Enhancing Interdisciplinary communication

77

4

19

Helpful in enhancing patient‘s satisfaction.

60

4

36

Improving legibility

85

2

13

Reducing duplication of documents.

72

7

21

Reducing time in delivering discharge to patient.

62

15

20

Supporting completeness of content.

70

7

23

Overall Satisfaction

83

6

11

Parameters
Enhancing data retrieval.
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The respondents were found to be satisfied
with the present EDS in the hospital as they
found it helpful in enhancing data retrieval for
them, reducing time in documentation,
integrating with the hospital information
system thus making entry of investigative
data easy and faster. EDS even helped in
enhancing intradepartmental communication
as they no longer had to send manual notes
and wait for replies. Physicians are online and
available for discussion all the time. EDS was
also found helpful in enhancing patient
satisfaction as they appreciated the
promptness of the system, less waiting time
for billing and of course legible summaries.
Majority of respondents were satisfied with
reduced work in terms of duplication of
reports and summaries. Also areas in which
respondents were highly satisfied were
reduction in discharge time for the patient and

support in completing the contents easily and
faster.
The findings are similar to ones by Alderton
and Callen conducted in 2007 which also saw
majority of GPs agreeing that the electronic
summary was an improvement on the manual
discharge summary.
Overall satisfaction rate was 83% and this is a
highly positive aspect as if the users of the
system are satisfied with the features then
only they will use it optimally.
Barriers to using Electronic Discharge
Summary
To understand the barriers pertaining to the
present e-discharge summary, the respondents
were asked to respond to a set of seven
questions. Their responses were in yes or no
format.
The seven barriers identified are as follows:

Table 4. Barriers in EDS usage

N=224
Parameters
Did you get training about electronic discharge summary after
joining the institution?
Do you face technical difficulties that interferes with data
entry or retrieval?
Do you have any software / application problem when you are
feeding patient information data to the system
Do you encounter problem related to poor designing of screen
layout

Yes (%)

No (%)

33.3

66.7

40

60

26.7

73.3

23.3

76.6

Do you face problems related to complex/unclear menu
Do you encounter problem due to unavailability / late
availability of investigative and radiological result
Do you have work place problems which effect production of
e-discharge summaries

7.2

92.8

43.3

56.7

40

60

Only 33.3% respondents were found to have
received formal training in using the present
EDS. The majority of the respondents
attributed delay in e-discharge summary to
technical problems in terms of regular link
failures and server breakdowns. Many face
problem with incorporating data from the
laboratory and radiology information system
to the EDS and they are forced to type the
data instead of being able to integrate the

same into the EDS. This major concern and
has already being looked into by the vendor.
Other major concern is the shortage of
Medical Transcriptionists in the hospital
which increases the load on the existing six
manifolds, thus contributing to work stress.
Though the PGs, Interns and final year
students are being used to complete EDS but
most of them are not trained and face problem
with understanding menus and screen layout.
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Training is required not only for hospital
physicians for completing online discharge
summary accurately, but also for interns, PGs
and medical
Transcriptionists who are the next in line for
completing electronic discharge summaries.
Another interesting finding of the study has
been that most of the respondents (76.7%) felt
that there is a requirement of a National
Standard for EDS. Similar concerns were
voiced by Muller et. al in 2003 where he
suggested a uniform national standard for
EDS to bring about consistency.
While the benefits of online discharge
summaries are all documented, so too are the
impediments to the implementation and
sustainability of this new health care system.
Information technology infrastructure and
access to technology are issues of concern.
The need for more computer literacy within
hospitals and general practice are seen as
immediate requirement to bring about the
much needed acceptability to this new system.
Also needed are easy and inexpensive
availability of broadband access to allow for
online transmissions. Most importantly, the
students and healthcare personnel require
support in the form of training and education
to ensure their proficiency and confidence in
the use and maintenance of the system.
Conclusion
The e-discharge summaries fulfill an
important role in providing continuity of care
for patients. In the context of broader
implementation of e-health strategies across
the entire Kasturba Hospital, electronic
generation and transmission of discharge
summaries are commonly being used.
Installation of new technology is not,
however, without challenges. There may be
barriers to the development of high quality

electronic discharge summaries from the
junior medicals, like Interns, Postgraduate
students posted in different places. On the
other hand junior medicals represent a critical
stakeholder in the hospital operations and can
provide useful analysis on every day
processes that impact on patient care
throughout the process of discharge summary.
Therefore this study was undertaken to
understand the actual
perception of this group of practitioners.
The study was carried out for a period of five
months from February to June2011. It was
observed that a well-developed Health
information system existed in the hospital.
Especially the study concerned itself with the
online discharge summary, which is part of
the Intranet in Hospital system. For the study
perception of Medical Students was studied
about electronic discharge summaries.
Samples included Postgraduate Doctors,
Interns, final year MBBS and Medical
transcriptionist, who used electronic discharge
summary the most in this hospital. A pretested and validated questionnaire was used.
It was markedly noticed that most of the
respondents had positive perception and were
satisfied with the existing components of the
EDS in the present hospital. The respondents
were not new to terms and benefits of EDS
and had knowledge about online discharge
summaries. There was off course a
requirement felt by most of the medical
students to
undergo further training about HIS
applications including EDS in detail so that
they
can make optimum use of it in their treatment
and research.
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Abstract

Keywords: Health information seeking

The current standard of living is very high
when compared to previous century. The
more the comfort, more is the risk towards
health. It is at this juncture that people will do
research to acquire more information on
health. This is one area where mhealth can
play a major role. As a prelude to the
original study, a pilot study was conducted
among twenty pregnant women who visited
the
Obstetrics
and
Gynaecology
(OBG)Outpatient Department (OPD) of a
tertiary care hospital in South India, to find
out their need for health information and their
most trusted choice of health information
source. The study also intends
to find
out their attitude towards using mobile
phones as a tool for health information
delivery. Around 95% of the respondents
consider the information from the doctor as
the first and most trusted source of
information, and 65% of the respondents
consider information from elders as the next
best source of information. But 50% of them
were not sure about the trustworthiness of
information. In addition to the knowledge they
had,50% of the respondents felt the need for
more information about pregnancy. Even with
high education levels of the respondents,
books and other printed resources were used
by only 15% of respondents and only 5% used
internet as information seeking tools. All the
respondents had a positive attitude towards
mobile phone based information delivery.

behaviour, Information seeking tool, Mobile
phones, Pregnancy

Introduction
Technology has taken healthcare industry a
long way forward and so people are more
aware about their health status and health
needs. It is in this scenario the possibility of
employing
eHealth
for
effective
dissemination of health information is of
significance. Although eHealth includes
various sub segments, the one segment which
has more impact over the others is the use of
mobile phones in healthcare for its popularity
around the world. The use of mobile phones
in health care was coined with the term
―mHealth‖. The remarkable prospects that
mhealth applications put forward includes
mass education and notification plus a step
towards
environment
friendly
health
information delivery.
Global health challenges have gained
attention in last few years. This changing
scenario has influenced the life style of
people. The standard of living is very high
when compared to previous century. The
more the comfort, more is the risks towards
health. In modern societies, almost every
aspect of our lives is faced with questions and
decisions on health. People are expected to
take health decisions for themselves or for
their families at some point of their life1. It is
at this point people seek information related
to health. The requirement for information
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will be more when a woman is expecting,
even more when it is her first baby. Now,
technology has improved so much that,
information is at the fingertips. People are
expected to use this information to update
themselves. At the click of a button,
information on maternal and child health will
be pooling in. The credibility of this
information is still in question. When people
upgrade themselves with current information
on health, it will be an added support for
health wise decision making. It is said that, by
improving people's access to health
information and their capacity to use it
effectively, health literacy will be critical for
empowerment2. The sole purpose of
educating people on health issues is to make
them independent in making health related
decisions. This awareness on health can be
termed as health literacy.
Health literacy is a fundamental, yet often
neglected pathway to building a better
healthcare future. Those who have the ability
to read, write and do basic calculations are
termed as functionally literate. Whereas
‗Health literacy‘ is the ability to seek,
understand and utilize health information, for
good health. This study is conducted among
functionally literate
pregnant
women
assuming that they can better explain their
health information needs.

wide area coverage by reaching maximum
number of people in a limited period of time.
This power can be utilized for educating the
masses about health which is one of the major
challenges in developing countries.
Pregnancy and childbirth are special events in
women‘s lives, and, indeed, in the lives of
their families4. The literacy of women has
significant role in utilization of antenatal care
by the pregnant women5. Since literacy and
information seeking behaviour sounds linked,
it may be desirable to study the possibility of
using mHealth for improving health literacy
among pregnant women. This study is trying
to see whether the number of pregnancies a
woman had gone through, the trimester which
she is in, any history of abortion and her
educational qualification has any significant
relationship with their health information
seeking behaviour.
The general concept among the masses is that
information on health will be more reliable
when it comes from healthcare practitioners.
As per literature ‗health professionals are
preferred in particular when medical
information is required‘, however, sometimes
informal sources, such as friends, family, and
relatives, are the ones people turn to when
they need health information6.Patients often
report that they want more information from
their healthcare providers or that the
information they do receive does not address
their needs. Clinicians may underestimate or
undervalue the information needs of
patients7. This study is trying to find the
respondent‘s trusted sources for information,
their immediate sources for health
information and trustworthiness of the
information they receive, thus exploring the
viability of employing mobile phones as a
handy tool for information delivery.
The traditional health educational programs
work at a slow pace in most of the developing
countries which may affect the credibility and
effectiveness of the program. Since mobile
phones are the cheapest and handiest devices

Review of Literature
Mobile phone has made connection possible
in ways that were truly unthinkable until very
recently. Mobile phones are emerging as vital
equipment
in
disseminating
health
information data. According to International
Telecommunication Union (ITU) statistics
until November 2010, it was estimated that,
there are 5.3 billion active mobile
subscriptions thus providing 90% of the
world‘s population with access to a mobile
network. It is interesting to note that 73% of
these mobile subscriptions are in developing
countries3.The power of mhealth lies in this
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for communication used by people today, it
can effectively be used for delivery of health
information. There are various government
and non-government organizations using
mobile phones effectively for this purpose
like U.S. President's Emergency Plan for
AIDS Relief (PEPFAR) and The African
Medical and Research Foundation (AMREF)
to quote as examples. AMREF uses mobiles
phone to take photos and send to experts who
will guide the health professionals/ workers in
the remote areas on what to do8. Considering
countries like Africa, where medical facilities
are scarce, mHealth plays a dynamic role in
health care and information dissemination.
Printed materials have been a primary mode
of communication in public health education
globally. However, little attention has been
directed towards the cost-effectiveness of
such approaches9. The target population may
or may not read the printed information which
ultimately results in the wastage of money,
resources and unknowingly the trees which
were cut for producing the paper. Here
mHealth plays a vibrant role by being a
personal tool for health information delivery
which also indirectly helps in saving trees.
Systems need to be developed where the
information could be sent via mobile phones
to individuals either as audible or readable
messages. Thus mHealth works out to be a
cheaper and environment friendly way of
propagating
information
effectively.
Considering pregnancy as a happening
process, the study intends to find out the need
for information among pregnant women
regarding the availability and usefulness of
information from common sources like
clinicians, relatives, books or internet, thus
exploring the scope to use mobile phones as
health information delivery tool.

2. To analyse the availability and
trustworthiness of information accrued
by them.
3. To study willingness of using mobile
phones as a tool for health information
delivery among expecting mothers.

Research Methodology
As a preface to the main study, a pilot study
consisting of twenty respondents was carried
out. These respondents were chosen from
expecting mothers who visited a designated
hospital for antenatal check-ups. A written
consent was taken from them and a pretested
questionnaire was used for the study. Data
was entered into a statistical package SPSS
Version 16.0 and the results were analysed
and interpreted.
Study Setting
A questionnaire survey was conducted among
20 pregnant women who had visited the
Obstetrics and Gynaecology (OBG) section‘s
Out Patient Department (OPD) of a tertiary
care hospital in Udupi district, Karnataka,
India. The survey was conducted among the
pregnant women to find out the need for
information and the trust they have on the
various health information sources. The study
also intends to find out their attitude towards
having mobile phones as a means for health
information delivery.
Sample Selection
The 20 respondents were selected from the
patients who had visited OPD from 5th
September 2011 to 10th September 2011.
Approximately, 65 patients register in the
OBG OPD daily. The registered patient‘s files
will come to OBG OPD counter from where
respondents were randomly selected by
picking their files.

Objectives

Inclusion Criteria

1. To study the health information
seeking resources among expecting
mothers.

All the respondents have to be literate*.
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(*Literate: - Should be able to read and write
at least one language)

The respondents were asked whether they felt
the need of any more pregnancy related
information, half of the respondents said they
felt the need for more information on
pregnancy where as the rest of them did not
felt the need for it. Table 1 depicts the
responses of the respondents regarding
information requirement with respect to
number of pregnancy, the trimester they are
in, history of abortion and educational
qualification were analysed.

Exclusion Criteria
Pregnant women who had medical knowledge
or working in health care setups were
excluded from the study.

Findings
Association of pregnancy status and
educational qualification with respect to
pregnancy information requirement

Table 1: Association of pregnancy status & educational qualification with respect to pregnancy information requirement
(n=20)

No

1

Is it first
pregnancy?

2

Trimester

3

History of
abortion?

4

Yes
No

Information requirement
Yes (%)
No (%)
Total (%)
8 (40%)
4(20%)
12(60%)
2 (10%)
6 (30%)
8 (40%)

Total

10 (50%)

10(50%)

20 (100%)

First
Second
Third
Total
Yes
No
Total

0 (0%)
4(20%)
6 (30%)
10 (50%)
4 (20%)
6 (30%)
10 (50%)

0 (0%)
2 (10%)
8 (40%)
10(50%)
4 (20%)
6 (30%)
10 (50%)

0 (0%)
6 (30%)
14 (70%)
20 (100%)
8 (40%)
12 (60%)
20 (100%)

Primary School

1 (5%)

0 (0%)

1 (5%)

High School

3 (15%)

2 (10%)

5 (25%)

Pre University

4 (20%)

2 (10%)

6(30%)

Graduation &
More

2 (10%)

6 (30%)

8 (40%)

Total

10 (50%)

10 (50%)

20(100%)

Parameter

Educational
Qualification

Association of Number of Pregnancies with Respect
to Pregnancy Information Requirement

p Value
>0.05
Not
significant
>0.05
Not
significant
>0.05
Not
Significant

>0.05
Not
Significant

need for extra information on pregnancy and
30% did not felt any need for it. Even though
it is not clinically significant, it is worthwhile
to note that those who were pregnant for the
first time felt the need of more information on
pregnancy.

The study revealed that there is no significant
association between information requirements
with number of pregnancies. About40% of the
respondents who were pregnant for the first
time required more information related to
pregnancy and 20 % did not find it essential.
When considering second or more
pregnancies only 10% of respondents felt the

Association of Stage of Pregnancy (Trimester) with
Respect to Pregnancy Information Requirement
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Out of the 20 respondents, 70% of them were
in the third trimester and 30 % in second
trimester and there were no respondents who
were in the first trimester. It was also noted
that, for 65% of them it was first pregnancy
and 35% the second. None of them were in
their 3rd or more pregnancies. There was no
statistical significance for the trimester with
regard to information requirement during
pregnancy

The find the educational qualification of the
respondents, the variable was subdivided into
4 categories, i.e. Primary school, High school
(7th to 10th grade), Pre University (11th and
12th grade) and Graduation or more. The
number of respondents who had attended
either a pre university college or regular
college was 70% where as 25% had high
school education and only one respondent
(5%) who had primary school education. It
was studied that 30% of the school goers
required more information on pregnancy
where as 10% did not feel the requirement.
Again 30 % of respondents who had attended
some type of college required more
information where as 40% did not required
information. There was no significant relation
between educational qualification and
information requirement.

Association of History of Abortion with Respect to
Pregnancy Information Requirement

The respondents were asked for any history of
abortion to find out whether it has any
association with the health information
seeking behaviour. It was studied that, out of
20 respondents 40% of them who had a
history of abortion, only 20% felt the need for
more information whereas the remaining 20%
did not. When considering the remaining 60%
who did not have any abortions before, 30%
of them felt the need for more information
and the rest did not feel it is important. There
was no significant association between history
of abortion and health information seeking
among the respondents studied.

Trusted Source of Information and its
Trustworthiness
Respondents were provided a list of seven
common sources which use to be the regular
sources of information. The respondents were
asked to mark these sources based on their
trust and its trustworthiness on a scale of 1 to
7 based on the information obtained. The
findings are as depicted in Table 2.

Association of Educational Qualification with
Respect to Pregnancy Information Requirement

Table 2: The trusted source of information and its trustworthiness (n=20)

No
1
2
3
4
5
6
7

Trusted source
(Scale 1-7)
19 (95%)
13 (65%)
11 (55%)
8 (40%)
7 (35%)
6 (30%)
2 (10%)

Source of Information
Doctor
Parents/In-laws
Printed materials
General Knowledge
Friends/Relatives
TV/Radio
Internet

Doctor is considered as the most trusted and
trust worthy source of information by 95% of
the respondents. Next common source of
information
is
Parents/in-laws
which
contributes a 65% of them. Though, 80% out
of the twenty respondents consider the
information from parents as the next best

Trustworthiness
(Scale 1-7)
19 (95%)
16 (80%)
11 (55%)
12 (60%)
8 (40%)
11 (55%)
2 (10%)

trustworthy source of information. Printed
material was found useful by only 55% of the
respondents.
Immediate Source of Information and its
Usefulness

(28 )

978-9948-497-12-7

It was studied that 95% of the respondents
had doubts during the pregnancy period and
they did research on their doubts. The
respondents were asked to mark the
immediate source of information and the
usefulness of the information they receive.

The results are as per Table3. The study
revealed that in case of doubts, majority of
them asked their parents/in-laws as they were
the immediate available source.

Table 3: Immediate source of information and its usefulness. (n=20)

No
1
2
3
4
5
6
7

Source of Information
Doctor
Parents/In-laws
Printed materials
General Knowledge
Friends/Relatives
TV/Radio
Internet
Total

Useful
1(5%)
1(5%)
1(5%)
0 (0%)
0 (0%)
0 (0%)
1(5%)
4 (20%)

The study says that 65% of them find their
parents/in-laws as the immediate source of
information. The next source was printed
materials which contributes 15%. It is
worthwhile to note that even majority of the
respondents had attended college; the use of
internet is merely 5%.
The study says that even if doctor is the most
trusted choice of information they are not
available
immediately/
regularly
for
information. Parents/ in-laws were the easiest
source of information, but they were not very
sure about the usefulness of the information.
It is evident from the results that 70% the
respondents were not sure about the
information they receive from their elders and

Usefulness
Not sure
0 (0%)
10 (50%)
2 (10%)
1(5%)
1(5%)
0 (0%)
0 (0%)
14(70%)

Not useful
0 (0%)
2 (10%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
4 (20%)

Total (%)
1(5%)
13(65%)
3(15%)
1(5%)
1(5%)
0(0%)
1(5%)
20 (100%)

other sources. Whereas, 20% of them
responded that the information they receive
from immediate sources were useful and 10%
responded that it was not useful.
Awareness and attitude towards using
mobile phones for information Delivery
The awareness about using mobile phones as
a potential tool for health information
delivery was considerably low among the
respondents but all of them find the initiative
beneficial during pregnancy. The results are
per Fig: 1.

Fig:1- Awareness about scope of mobile phone health information delivery
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Out of the 20 respondents 80% of them had
no idea about the feasibility of using mobile
phones as a tool for health information
delivery whereas, 15% responded that it is
very good to have health information on

phone and 5% said it is not good to use
mobile phones for similar activities.
It is significant to note that 100% of the
respondents are of the opinion that such a
system will be beneficial to pregnant women.
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groups which hints that the anticipated
outcomes of printed information are not being
met by the end users. Internet use is minimal
among the studied group. Even though the
idea of using mobile phones was not clear to
the majority of the respondents, all of them
felt that such a system will be beneficial
during pregnancy.

Conclusion
A pilot study was conducted among twenty
pregnant women to find out their health
information seeking behaviour, the sources of
information they depend upon, the
trustworthiness of the information they obtain
and the awareness and attitude about using
mobile phones as a potential tool for health
information delivery. The study revealed that
there was no significant association between
requirement of additional information about
pregnancy with respect to number or
pregnancy, the trimester they are in, history of
abortion or educational qualification. Even if
not clinically significant, it is worthwhile to
note that 40% of the respondent who were
pregnant for the first time required more
health information. It is a matter of concern
that there were no respondents who belonged
to the first trimester of pregnancy. A possible
reason could be pregnant women eluding
doctor‘s consultations during the first
trimester. The study shows that 95% of the
respondents graded doctors as their first and
trusted choice for health related information,
but on regular basis the respondents had to
depend more upon the knowledge of elders
for extra health information. Out of twenty
respondents, 65% consider parents as their
regular source of information, 50% of them
were not sure about the quality of information
they received. The use of books and other
printed materials were merely 15% in both the

Scope for Future Research
The intention of the study was to identify the
information needs of pregnant women and to
develop a mobile phone based information
delivery system. Even though the target group
for the study was pregnant women, the new
system indents to have customized health
information delivery system to patients who
require health information on a regular basis,
like diabetic patients, cancer patients, or
patients in general who may require specific
information on their health conditions. The
content of the information has to be prepared
based on the standards and health practices
followed in the country.
The expected outcome of the study is to
develop a mobile phone based health
information delivery system which could be
abridged in other languages thus making it
useful to people in other parts of the world.
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the soil moisture is low during this time. This
allows more detachment of soil particles from
land by wind erosion in the region especially
in some critical points in Iraq country and
carrying suspended particulates in air to long
distances to the westward by wind.
Unfortunately high amounts of dust during
recent years cause different impacts and
problems in the western and southern parts of
Iran like occurring and increasing of related
illness such as cancer and lung damages.

Abstract
In the current research, air quality analyses
for Shiraz, a city in the south of Iran, are
conducted for dust, with the measurements
taken from 2008. Measurements were taken
from two different locations in the city to
make average data for the city. Some
relations between the air pollutant and some
meteorological parameters have been found
statistically by using the daily average data.
The wind data (velocity, direction and
number), relative humidity, temperature, dew
point, sunshine hours, evaporation and
rainfall are considered as independent
variables. The level relationship between
concentration of pollutant and meteorological
parameters is expressed by one multiple
linear regression equation using the software
of SPSS. Then the concentration averages
were calculated for every 24 hours, each
month and each season for the city. Results
show the highest concentration of dust occurs
generally in the morning while the least
concentration occurs in the afternoon time.
Monthly concentrations of the dust show
highest value in June and the least value in
January. The seasonal concentrations show
high amounts in the spring and summer when

Keywords:

Dust,
Air
Meteorological
Parameters,
model

pollution,
Regression

Introduction
Air sustains life. But the air we breathe is not
pure. It contains a lot of pollutants and most
of these pollutants are toxic. While developed
countries have been making progress, air
quality has been getting much worse
especially in burgeoning developed countries
air pollution exceeds all health standards. E.g.
in Lahore and Xian (china) Dust are ten times
higher than health standards.
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Particulate Matters (PM) is the one of the five
primary pollutants (SO2, CO, particulates,
hydrocarbons, nitrogen oxides) which
together contributes more than 90% of global
atmospheric pollution (Sharma, 2001). The
particulate pollutants may be classified
according to their nature and size as follows:
smoke, mist, spray, fumes, soot and dust
which is main part of PM. Dust is composed
of fine solid particulates and their size range
from 1 to 100 micron.
The presence of pollutants in the atmosphere,
causes a lot of problems, thus the study of
pollutant‘s behavior is necessary. Health
effects of PM depend upon size. Some of
main problems are such as: their toxicity, lung
damages (like silicosis, black lung disease),
mutagenic and carcinogenic, Irritation (eye,
nose and throat) and heart damage (Lung not
as efficient, heart must work harder to get
oxygen).
Status of pollutants concentration and effect
of meteorological and atmospheric parameters
on it is the base of such studies as follows:
Ho and Lin (1994) studied semi-statistical
model for evaluating the NOx concentration
by considering source emissions and
meteorological effects. Street level of NOx
and SPM in Hong Kong has been studied by
Lam et al (1997). Mandal (2000) has shown
the progressive decrease of air pollution from
west to east in Kolkata. Statistical modeling
of ambient air pollutants in Delhi has been
studied by Chelani, et al. (2001). Also for
predicting co, Sabah et al. (2003) used a
statistical model. Influence of meteorological
factors on air pollution was studied by Gupta
et al. (2004).
The paper presents diurnal, monthly and
seasonal variations of concentration of dust
and also a statistical model that is able to
predict amount of dust. This is based on linear
regression technique. Linear Regression
estimates the coefficients of the linear
equation, involving one or more independent
variables that best predict the value of the

dependent variable which is dust amount. For
this purpose a large statistical and graphical
software package (SPSS, Software Package of
Social Sciences, V. 10), that is one of the best
known statistical packages has been used
(Kinnear, 2002).

Material and Method
The research area- Shiraz, is the biggest city
in the southern part of Iran which is located
around 29° 30' N and 52º 30' E and the
elevation is about 1500 m above the mean sea
level. Annual precipitation of Shiraz is about
330 mm. It has semi-arid climate and
residential population in 2010 was 1,500,000.
There are a lot of cars in city and many
factories and industrials place around the city.
Because of these problems Shiraz is one of
the most polluted cities in Iran. Hence a need
was felt to carry out an ambient air quality
analysis in this city.
Two available sampling stations of city
namely, Setad and Darvazah-Kazarun, belong
to Environmental Organization of Iran were
selected to represent different traffic volumes
and activities.
The sampling has been done every 30 minutes
every day for each pollutant in 2008. Among
measured data in two stations Dust was
chosen. Then the averages were calculated for
every hour, each month and each season for
the both stations in Excel. Finally averages of
data of two stations were used to show air
pollution situation as diurnal, monthly and
seasonal graphs of concentration of dust in the
city.
studying correlation of dust and metrological
parameters was next step. The metrological
parameters studied include: Temperature (min
& max), Humidity (min & max),
precipitation, Sunshine, Wind direction, Wind
speed and Due point.
In the next step, average of data of two
stations for every hour for which represents
the air pollution of city has been considered
as dependent variable for statistical analysis
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while data of meteorological parameters have
been selected as independent variables.
Software of SPSS has been used for this
purpose and the linear regression equation
shows that the concentration of dust depends
on which meteorological parameters and also
gives an idea about the levels of this relation.
The relationship between the dependent
variable and each independent variable should
be linear, and all observations should be
independent. The significant values in output
are based on fitting a single model.
Some options are available in this software;
these options apply when the ‗enter‘,
‗forward‘, ‗backward‘, or ‗stepwise‘ variable
selection method has been specified. Method
selection allows you to specify how
independent variables are entered into the
analysis. Using different methods, you can
construct a variety of regression models from
the same set of variables. The model for
predicting dust was determined by using two
multiple regression modeling procedures of
‗enter method‘ and ‗stepwise method‘. In
‗enter method‘ all independent variables
selected are added to a single regression
model. In ‗stepwise‘ which is better, all
variables can be entered or removed from the
model depending on the significance.
Therefore only those variables which have
more influence on dependent variable are
observed in a regression model.

because stable atmospheric condition inhibits
dispersal of pollutants. Monthly concentration
of the dust shows high values in July (Fig 2)
and during the spring and summer months
(Fig. 3). Precipitation is very low and
evaporation is very high during these times
especially in the end of spring and beginning
of summer, therefore soil is very dry allowing
for wind erosion and carrying soil suspended
particles to long distances. Origin and source
of most of the particle matters during this
period is in dry lands of western neighbors
especially in some critical zones of Iraq
country (Fig. 4).
Unfortunately, all graphs show that the
concentration levels of the dust are upper than
Primary Standard of dust (50 μ gr/m³)
recommended by National Ambient Air
Quality Standards (NAAQS) to protect human
health. High amounts of dust are observed
more during recent years in western and
southern parts of Iran as it said above the
main source of this pollution is arid lands of
Iraq. Especially after wars of USA with this
country the number of critical zones for
detachment of soil particles in wind erosion
process have been increased because of
mismanagements and forgetfulness of doing
remedial measures and conservation against
wind erosion (Fig. 5). Currently Ahvaz, a big
city in the south western part of Iran and near
to study area, is introduced as the most
polluted city of the world because of high
concentration of dust during year (Fig. 6).
Increasing of dust causes different impacts
and problems like occurring and increasing of
related illness to this pollution such as cancer
and lung damages during recent years which
have been recorded by Health offices of
region.

Results and Discussion
In Figures 1, 2 and 3, the diurnal, monthly
and seasonal variations of concentration of
dust have been presented. As can be seen in
figure 1 the high concentration of dust occurs
in the morning and midnight. Stability of the
atmosphere during these times may be
responsible for this high concentration
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Figure 1. Diurnal variation of concentration of dust (μ gr/m³)
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Figure 4. Satellite image shows origin and source of most of the dust pollution carried by wind in Iran is in dry lands of western
neighbors especially in Iraq country.

Figure 5. Two maps from the western neighbors of Iran showing the number of critical points for detachment of soil particles in
wind erosion process have been increased especially in Iraq country during recent years.
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Figure 6. Two photos from a location in Ahvaz city showing bad situation of dust pollution during recent years.

Table 1 shows the relationships between dust
and other air pollutants. For example the
concentration of dust shows negative
correlation with NO and NOx while it shows
positive correlation with CH4, NMHC and
THC. Table 2 shows the relationships
between dust and metrological parameters.
Results show that the concentration of dust
correlates positively with temperature

parameters, wind parameters, due point and
evaporation and negatively with humidity
parameters.
Correlation
coefficients
significant at the 0.05 level are identified with
a single asterisk (significant), and those
significant at 0.01 level are identified with
two asterisks (highly significant).

Table 1- Correlation between air pollutants and dust

CO
Pearson
.024
Correlation
Sig.
(20.664
tailed)
N
318

NO

NO2

NOx

O3

SO2

CH4

NMHC

THC

-0.223 **

-0.074

-0.229 **

0.014

-0.021

0.167 *

0.147 *

0.180 *

0.000

0.199

0.000

0.797

0.710

0.020

0.041

0.012

312

307

308

318

318

194

194

194

NMHC: Non Methane Hydro Carbons THC: Total Hydro Carbons
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Number-wind

301

0.000

0.323**

Evaporation

0.000
307

0.417**

0.000
318

0.000
318

0.355**

Due point

Wind speed
(max)

0.009
318

0.240**

Wind direction
(max)

0.102

0.147**

Sunshine
Hours

Table of analysis of variance (Table 3) show
both regressions of ‗enter‘ and ‗stepwise‘
methods are highly significant indicating a

318

0.079
317

- 0.099

0.000
318

- 0.092

Rain

Humidity
(max)

0.000
318

- 0.365**

Humidity
(min)

0.345**
0.000

N

318

- 0.263**

0.361**

Sig. (2tailed)

0.000

Temperature
(max)

Pearson
Correlation

318

Temperature
(min)

Table 2- Correlation between meteorological parameters and dust

significant relation between the different
variables.

Table 3. Tables of analysis of variance for both regressions of ‗enter‘ (a) and ‗stepwise‘ (b) method

Analysis of Vaiance (a)
Model
Regression
Residual
Total

Total

Sum of Squares
917295.514
1374761.164
2292056.677

2292056.677

df

Mean Square

11
277
288

83390.501
4963.037

F

Sig.

16.802**

0.000

288

Predictors: (Constant), Rain, No. Wind, Wind direction (max), Wind speed (max), Temperature (max), Temperature (min), Due
point, Sunshine Hours, Ratio of Humidity (min), Ratio of Humidity (max), Evaporation.
Dependent Variable: Dust

Analysis of variance (b)
Model
Regression
Residual
Total

Sum of Squares
916119.814
1375936.864
2292056.677

df
6
282
288

Mean Square
152686.636
4879.209

F
31.293**

Sig.
0.000

Predictors: (Constant), Evaporation, Sunshine Hours, Ratio of Humidity (min), No. Wind, Temperature (min), Rain
Dependent Variable: Dust

In Tables 4 the coefficients of PM pollution
model and regression lines for both enter and

stepwise methods are presented. Regression
coefficients, standard errors, standardized
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coefficient beta, t values, and two-tailed
significance level of t have been shown in the

Tables.

Table 4. Coefficients of PM (dust) pollution model and regression lines for both enter (a) and stepwise (b) methods

Coefficients (a)
Unstandardized
Coefficients

Model

B
(Constant)
Temperature (min)
Temperature (max)
Ratio of Humidity (min)
Ratio of Humidity (max)
Rain
Sunshine Hours
Wind direction (max)
Wind speed (max)
Due point
Evaporation
No. wind

Standardized
Coefficients

t

Sig.

Beta

B

Std. Error

Std. Error

277.203

60.095

4.613

0.000

-2.903

2.584

-0.289

-1.124

0.262

0.676

1.846

0.078

0.366

0.714

-2.942

0.692

-0.399

-4.253 **

0.000

0.089

0.546

0.019

0.164

0.870

-5.069

2.332

-0.116

-2.174 *

0.031

-24.226

2.628

-0.670

-9.219 **

0.000

0.004

0.054

0.004

0.076

0.939

0.245

1.923

0.007

0.127

0.899

-0.375

1.779

-0.038

-0.211

0.833

10.422

2.465

0.581

4.227 **

0.000

3.640

1.292

0.183

2.818 **

0.005

Dependent Variable: Dust

Coefficients (b)

Model
(Constant)
Evaporation
Sunshine Hours
Ratio of Humidity
(min)
No. wind
Temperature (min)
Rain

Unstandardized
Coefficients
B
Std. Error

Standardized
Coefficients
Beta

t

Sig.

B

Std. Error

297.950
10.565
-23.934
-3.001

32.922
2.157
2.431
0.556

0.589
-0.662
-0.407

9.050
4.898 **
-9.847 **
-5.401 **

0.000
0.000
0.000
0.000

3.569
-2.768
-5.039

1.076
1.074
2.310

0.179
-0.276
-0.116

3.317 **
-2.577 **
-2.182 *

0.001
0.010
0.030

Dependent Variable: Dust

The linear regression equations show that the
PM pollution depends on the meteorological
parameters and also give an idea about the
levels of relations. The linear model equations
after using ‗enter method‘ and ‗stepwise
method‘ are:
PM amount using ‗enter method‘ = 277.203 +
(-2.903) Temperature (min) + (0.676)
Temperature (max) + (-2.942) Ratio of
Humidity (min) + (0.089) Ratio of Humidity

(max) + (-5.069) Rain + (-24.226) Sunshine
Hours + (0.004) Wind direction (max) +
(0.245) Wind speed (max) + (-0.375) Due
point + (10.422) Evaporation + (3.640) No.
wind
R= 0.633 (significant
at 0.01)
PM amount using ‗stepwise method‘ =
297.950 + (-2.768) Temperature (min) + (3.001) Ratio of Humidity (min) + (-5.039)
Rain + (-23.934) Sunshine Hours + (10.565)
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Evaporation
+
(3.569)
No.
wind
R= 0.632 (significant at 0.01)
Temperature, Ratio of Humidity, Rainfall and
Sunshine Hours have reverse effect on
concentration of dust, when these parameters
increase, the concentration of dust decreases.
While, when Evaporation and No. wind
increase, the concentration of dust increases.
Actually these events happen in real
condition. The effect of increasing
evaporation and no. wind and decreasing
humidity and rainfall can be seen during the
warm months that increase wind erosion in
the west of region that permit detachment of
soil particles from soil which have been
transported as suspended particles by wind.
The values and significance of R (multiple
correlation coefficient) in both equations
show capability of them in predicting PM
amount. The amount of R2 in both equations
is 0.400 showing different parameters used
can calculate almost 40% variability of PM.
On the other hand, R in enter method (0.63) is
equaled to stepwise method (0.63), showing
no difference. Therefore, second equation

based on stepwise method can be used to
predict PM in the city instead of using first
equation which needs more data. On the other
hand, no difference between the two R values
indicates that the excluded variables in second
equation have less effect on measuring of PM
in the city.
Beta in Table 4 shows those independent
variables (meteorological parameters) which
have more effect on dependent variable (PM).
The beta in the both Table 4 shows a highly
significant effect of some variables like
sunshine hours and evaporation compared to
other
meteorological
parameters
for
measuring the PM. A relationship is observed
between beta data and data showing Pearson
Correlation (Table 2), indicating variables
with higher beta coefficients have higher
correlation with dust also.
Parameter Sig (P-value) from Table 4 shows
amount of relation between PM and
meteorological parameters. For example,
Table 4a shows wind speed has lower effect
than number of wind on PM.
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Abstract

Introduction

Background - The effects of climate change
on human life have been acknowledged by
most of the countries. This study explores the
perceptions, practices of college students
towards climate change.

The effects of climate change on daily life is
for all to see. Rather we experience it daily.
Regular media reports either in digital, print
or in scientific journals all point to the
inescapable conclusion that climate change is
real and is here to stay. Even though the
danger has finally been acknowledged as real
by most developed and developing countries
an agreement on definitive action proves
elusive due to different perceptions of this
problem. Sustained efforts on part of the
governing bodies and the citizens themselves
is hoped to resolve this impasse so that a
viable plan may be brought forward that
satisfies all affected parties.
The challenge of global climate change
(GCC) and its impact on health have been
studied to some extent though this field of
research is still in an early stage of growth
(Majra and Acharya 2009). A possible
approach would be to ‗educate the educated‘
i.e. target younger generation. This approach
is warranted as the current agreements on
GHGs (green house gas) reduction that are
still being negotiated and will put the burden
of reducing emissions on the future
generations (Parikh and Parikh 2002). As per
the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change
(IPCC), the average temperature is set to rise
by 1.1-6.4°C in the current century without a
global, comprehensive climate policy. Such a

Methods - This cross sectional study was
conducted among 375 (75 from each stream)
college students of various streams in
Mangalore (India) using a pretested
questionnaire.
Results - Burning fossil fuels, industries were
the major contributors for climate change as
per both science & non-science group of
students and clearing of forests (the opinion
varying significantly between the groups).
Changes in weather patterns, floods, rising
sea levels were significantly attributed to
climate change. Saving trees, reducing water
usage and walking/cycling to work are the
most commonly followed practices for
mitigating climate change.
Conclusions – Despite high level of
awareness about climate change across all
streams, the students need to enhance the
practices towards prevention of climate
change & its effects.

Keywords:

climate
perception, practices

change,

students,
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policy is still a distant dream. As the
negotiations drag on, lives are already being
affected due to loss of coastal land, changing
rainfall patterns, natural disasters like
tsunamis, increase in and variance of vector
transmitted diseases etc (Vuurena et al, 2008).
People living in developing countries will
affect the worst.. Budgetary allocations still
give priority to cheap non-renewable fuels as
shown by (Parikh and Parikh 2002) that
increase GHGs and hence starting from the
‗grass roots‘ would be a cheap and viable
option. The youth can slowly incorporate
changes in daily life that helps to mitigate the
damage and safeguard their future.
The present study explores the perception of
college (state the grade) going students
towards climate change and gauges their
response to the same. Since they are expected
to share the burden of change required to
mitigate climate change, an assessment of
their attitude towards it will guide the
educational authorities in restructuring the
current curriculum in schools and colleges. It
is also expected to influence the way
educators are trained. It is hoped that
increased awareness will incite action from
the younger population. It can help sustain an
environmental friendly policy to reign in
climate change.

industries include that of Refinery,
Petrochemicals, Chemical and fertilizers.
Mangalore is the site for the 15 million tonne
refinery, petrochemical plant and power, as
well as LNG plants at the Mangalore Special
Economic Zone.
Mangalore has well known educational
institutes of international standards. It also
serves as a major hub of higher education in
South India. The city's literacy rate was
estimated at 83.3%, significantly higher than
the national average of 59.5%. Mangalore
being the hub of industrial and educational
activities is more vulnerable and resourceful
to counter the process; hence, determining the
knowledge, attitude and practices of students
in this area is likely to have a favorable
impact in addressing this issue. (Census India
2001)
The sample size of 375 was calculated based
on the expected proportion of college students
aware of GCC as 50% with an absolute
precision of 5% and confidence interval of
95%. The study was approved by the
departmental review board. From each stream
75 students were selected by simple random
sampling method. The data was collected
using
a
pretested
semi-structured
questionnaire which was divided into four
parts; demography, student‘s perceptions on
impact of climate change, knowledge of
behaviors to mitigate climate change
behaviors practiced by students to limit
climate change, and barriers to behavioral
change. The questions were scored using a
five point Likert scale. For the purpose of
analysis the students were divided into
science and non-science students. The data
was analyzed using SPSS v11.5 and statistical
test, Student‘s t- test was done and p<0.05
was taken as statistically significant.

Methodology
This cross sectional study was conducted
among college students of five disciplines:
health sciences, engineering, business
management and social work in Mangalore,
India (Coastal South India). Mangalore is the
chief port city of the Indian state of
Karnataka. Bound by the Arabian Sea and the
Western Ghat mountain ranges, Mangalore is
the administrative headquarters of the
Dakshina Kannada district in southwestern
Karnataka with an estimated population of 4.2
lakh people. Mangalore‘s economy is
dominated by the agricultural processing and
port related activities, the city‘s major

Results
The study surveyed students from four
colleges comprising five disciplines. The
results as mentioned have been divided into
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students from the science and the non science
streams to provide a comparison of perception
and practices towards GCC. The disciplines
of MBBS, BE & BPT were included under
Science streams and MBA & MSW under
Non science streams. A total of 375 students
participated in the survey. Table 1 gives the
baseline demographic details of the surveyed

population. The mean age of the study
population was 21.6 (SD 2.6) years. Overall,
the study population comprised of 56.9 %
males and 43.1 % females. Majority of the
subjects were in the age group of 18 to 23
years.

Table 1: Baseline Characteristics of Study Subjects (n = 375)

Characteristics

Discipline

18 to 20 yrs

Science
Students
N(%)
128 (100)

Non Science
Students N ( %
)
0 (0.0)

128 (34.3)

21 to 23

49 (26.9)

133 (73.1)

182 (48.4)

24 to 26

17 (35.4)

31 (64.6)

48 (12.8)

More than 26 yrs

1 (5.9)

16 (94.1)

17 (4.5)

Male

115 (53.7)

99 (46.3)

214 (56.9)

Female

81 (50.0)

81 (50.0)

161 (43.1)

MBBS

75

0

75 (20.0)

BE

75

0

75 (20.0)

MBA

0

75

75 (20.0)

MSW

0

75

75 (20.0)

BPT

75

0

75 (20.0)

Age Group (Years)

Total
N(%)

Gender

Discipline

When asked about how much do they worry
about the climate change, in a scale of 10; the
mean scores for the science students were
1.87 (+/- 0.86) and for non science students
the mean score was 1.65 (=/- 0.75). Also, with
respect to the perception of their place getting
affected by climate changes; the mean score
for science students was 2.72 (+/- 9.8) and for
non science students it was 1.84 (+/- 0.71).
Table 2 depicts the responses to causes
thought most contributory to GCC. Burning
fossil fuels, industries and factories are the

major contributors for climate change as per
both group of students (95.5 % and 90.3 %
respectively). Also, 55.5 % of the students
considered burning biomass fuels as a
contributory factor. Clearing of forests was
another major factor cited (as per 86.1 %
respondents) the opinion varying significantly
between the group of students (p=0.036).
Overall, the responses indicated that a number
of factors are responsible for GCC though in a
variable degree.
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Table 2: The Perceptions of causes for Climate Change among the study population (n=375)

Cause for
Climate Change

Science Students
(n=225) No (%)

Non Science Students
(n=150) No (%)

Total No ( %)

Chi-square

P value

Burning Fossil
Fuels

215 (95.5)

135 (90.3)

350 (93.3)

6.64

0.084

Burning Biomass
Fuels

138 (61.5)

70 (46.6)

208 (55.5)

8.07

0.044

Transportation

190 (84.3)

125 (83.6)

315 (84.0)

2.19

0.532

Industry or
Factories

207 (91.9)

136 (90.7)

343 (91.4)

3.6

0.465

Clearing of Forests

201 (89.5)

122 (81.3)

323 (86.1)

10.3

0.036

Municipal Solid
Waste

159 (70.8)

101 (67.2)

260 (69.3)

2.83

0.242

Table 3 depicts responses to changes likely as
a result of GCC. The impact of GCC on
certain factors like sea level, agriculture,
sickness and disease found adequate response.
Extreme changes in weather patterns, increase
in flooding, erosion and rising sea levels were
most attributed to climate change. The
association between GCC and rising sea level
was found to be statistically significant (p
<0.001). Variance in local and global fauna

numbers, increase in sickness and disease and
increase in flooding and erosion are also
opined as important outcomes of the same.
Overall both science and non-science students
responded similarly on this question though
non-science students blamed climate change
to a greater degree in regard to increase in
sickness and disease (p= 0.031).

Table 3: Perceptions towards the Impacts of Climate Change among the study population (n=375)

Impact of Climate Change

Science
Students
Mean (SD)

Non Science
Students
Mean (SD)

Total
Mean
(SD)

t-value

p value

Extreme Changes in Weather
3.52 (0.65)
3.49 (0.57)
3.51
0.461
0.645
Patterns
Drought & Water Shortage
3.32 (0.65)
3.36 (0.67)
3.34
0.436
0.663
Significant changes in
population of certain animal
3.08 (0.81)
2.91 (0.74)
3.00
2.02
0.043
species
Rising Sea Levels
3.49 (0.63)
3.18 (0.77)
3.35
3.89
0.001
Increase in sickness & Disease
3.13 (0.86)
3.32 (0.71)
3.23
2.16
0.031
Increase in Flooding or
3.37 (0.75)
3.20 (0.70)
3.28
2.138
0.033
Erosion
Decreased production of food
3.10 (0.82)
3.07 (0.80)
3.09
0.375
0.708
by farming or fishing
* Score: 1=Extremely unlikely, 2= unlikely, 3= neither unlikely nor likely, 4= likely, 5= extremely likely

On what behavior is currently practiced by the
students to mitigate the climate change, the

responses were quite heartening. These are
summarized in Table 4. Saving trees,
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reducing water usage and walking/cycling to
work are the most commonly followed
practices. The responses from both groups
were found to mirror each other except in two
categories. Planting trees and saving water are
done significantly more by the non-science

group (p value 0.001, 0.03 respectively).
Both groups opined that recycling was not
one of the favoured activities amongst the
options given in the questionnaire.

Table 4: Practices towards reducing the effects of climate change among the study population (n=375)

Behaviours Practiced by
Students
Save Electricity
Recycle paper, plastics, glass etc
Reduce water use
Use public transportation
Perform routine vehicle
maintenance
Walk or Cycle
Plant trees
Decrease the amount of personal
garbage or trash
Limit burning of fossil fuel

Science
Students
Mean (SD)
4.35 (0.85)
3.18 (1.15)
4.08 (1.08)
3.61 (1.21)

Non Science
Students
Mean (SD)
4.37 (0.80)
3.24 (1.28)
4.30 (0.89)
3.47 (1.10)

Total
Mean
(SD)
4.36
3.21
4.19
3.54

3.41 (1.42)

3.56 (1.22)

3.70 (1.23)
3.00 (1.32)

t value

p value

0.168
0.498
2.18
1.09

0.86
0.619
0.030
0.27

3.49

0.97

0.329

3.63 (1.24)
3.47 (1.13)

3.67
3.22

0.58
3.49

0.562
0.001

3.58 (1.11)

3.59 (1.02)

3.58

0.152

0.879

3.54 (1.19)

3.48 (1.15)

3.51

0.455

0.650

*Scores, 0= never, 1=rarely, 2=sometimes, 3=often, 4=very often

from the western nations (Bord, Fisher and
Connor 1998). They conducted a mail-in
survey to gauge the importance the American
people accorded to such issues as Global
Warming, pollution and the environment as
opposed to comfort and practicality in daily
life. Our study assessed GCC that
incorporates Global Warming and other
changes to climatic conditions. The awareness
levels have certainly increased with 100% of
our respondents aware not only of the issue
but also the seriousness of it. This awareness
is the key for individuals to contribute in their
own small way to limit damage to our
environment.
The knowledge of the respondents is quite
consistent in regards to the factors
contributing to climate change and mirrors
both Indian and global data. Burning fossil
fuel for electricity generation and other
industries is an often acknowledged factor as
noted by (Bord, Fisher and Connor 1998) and
one that is currently the target for reducing

Discussion
The concern about climate change is one
which no well read citizen of any country can
escape. For those who are ignorant per say
about the concept and enormity of the
situation the impact is ―felt‖. Changing
rainfall patterns is a woe of every Indian
farmer and the changes have been dramatic
over the last few years. Erratic weather is
becoming more common (Takata, Saito and
Yasunari 2009) as the years have gone by.
Vector borne diseases have flourished,
patterns changed and areas involved have
expanded as the decades have gone by and
some of this has been attributed to GCC
(Dhiman et al, 2010; Tabachnick, 2010). The
overall impact of the changing climate is felt
in industry, health care, flora and fauna
distribution, shrinkage in forest cover and not
surprisingly the survival of islands with rising
sea levels (Unnikrishnan et al 2006).
Rising awareness of climate change has been
documented though the data stems mostly
(47 )
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emissions. This in itself is heartening as basic
knowledge is key to further change. Biomass
fuels which are commonly used in the rural
setup in India were not blamed as much as the
other factors tested. One reason is
technological innovation which allows it to be
converted to clean fuel by Biogas plants. It is
also probable that knowledge of ‗clean‘
biomass fuel may be lacking among these
urban dwelling students (Pandve, 2009).
Media both printed and digital is awash with
data on global warming and how the
consequent climate change can affect the
biosphere. A difference in opinion does exist
on how much GCC is responsible for the
changes as shown by the results in the
surveyed population of students. One
conclusion drawn is that they do blame GCC
to a certain degree for these changes. Another
is the opinion might vary owing to different
fields of study of the students tested. A recent
survey on educators found them lacking in
spreading awareness about climate change
(Oztas and Kalipci 2009). How this affects
the younger generation in view of the media
coverage is yet to be ascertained. The
awareness levels are definitely on a continued
upward trend as compared to multiple studies
and opinion polls conducted over the last two
decades.
Awareness per se does not translate into
results as noted by(Kristie and Semenza
2008) in their surveys. All governments
acknowledge GCC as a serious global issue
but an amiable solution is still awaited. This
survey highlights such misgivings. The
changes brought about in the personal lives of
the respondents do not show the seriousness
the situation demands. Even though ―clearing
forests‖ is cited as one of the major factors
responsible for GCC a simple solution as
planting trees is not on the list of measures
taken to combat it. The National Services
Scheme (NSS) that operates in the
government run/aided colleges in India might
have a role to play here. Three of the colleges

surveyed have the NSS running in their
colleges. A part of their activities is to plant
trees especially in the deforested areas. The
United Nations Environmental Program
(UNEP) had declared 2010 as the year of
biodiversity and is pushing tree planting on a
global scale with its ‗Billion Tree Campaign‘.
In a similar tone, public transportation for
traveling and reducing fossil fuel usage
should hold priority but the same is not
reflected in the responses. The reasons are
multi-factorial. Maintaining personal comfort
is one of them. Blame cannot be entirely
leveled on the students as the availability and
efficiency of public transport and cost of
alternative energies comes into question.
Personal transport options that students in
India prefer usually centre around two
wheelers that are much more maneuverable in
traffic snarls. This might be another reason.
Alternative energy is an exponentially
expanding field and will become financially
viable to replace fossil fuels altogether.
The responses give the impression that
multiple factors guide the conscience when it
comes to an environmentally friendly attitude.
Personal comfort an example holds more
importance that climate change. On an
individual level overconfidence in personal
measures is a hindrance. This is especially
surprising concerning the science field
students. They are at an advantage in terms of
exposure due to the nature of their studies.
The respondents considered ignorance and
enormity of the problem as a barrier and this
in itself is a point which validates
intervention. Here is where the educator‘s
awareness has already been called into
question by (Oztas and Kalipci 2009). The
science field students will be looked upon for
technological innovation and health care in
measures concerning both countering and
adapting to climate change. Overall the
awareness on part of the non-science students
is satisfactory on face value but there are no
studies to compare.
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students can spread awareness of both the
problem and simple measures that can be
taken irrespective of changing government
policy. Catching the generation young and
sensitizing them to Global Warming and GCC
will no doubt help the slow transition of
attitude at a grass root level. It is hoped this
will cascade up to the national and
international level.

Conclusion
There is high level of awareness towards
climate change across all the streams of
students. However the practices were not
uniform across science and nonscience
groups. Also the science students had more
barriers for behaviour changes to prevent the
harmful effects of climate change.
As the health sector can contribute in
adaptation to climate change health wise, the
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Preparedness of medical interns. Indian
Journal of Community Medicine,34(4),31720.
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Abstract

Introduction

One source of toxicity in medicine
administration
is
calculation
errors.
Calculating medication can be a challenging
activity because some medication requires
arithmetic manipulation and measuring unit
conversions to suit the drug to a specific
treatment case (e.g., children). It might
deceptively appear that the major issues are
to do with medicine calculations and the
subtleness of conversions between measuring
units. However, the key issues are to do with
the context in which medication is prescribed.
For example, calculation of dose for the
elderly is particularly sensitive especially in
cases of repeat prescriptions whereby
monitoring is crucial to avoid misuse. Initial
(UK-based) primary research among four
primary care surgeries and interviews with
three pediatricians indicated the lack of
custom functions within existing information
systems in dealing with calculation issues in a
way that exploits knowledge about drugs, past
prescriptions and patients‘ history. This
paper presents work done to address these
issues. In particular, the paper illustrates a
prototype software system developed with
input from key stakeholders. The software
system shows the efficacy of addressing
medicine calculation issues where contextual
information about drug, illness, and patient
history are used to inform the prescription
process.

One of the aspects of patient safety that the
National Health Service (NHS), East of
England, UK is seeking to address is
elimination of calculation errors in
medication. This issue gained media attention
(e.g., [1] ) due to reports of toxicity to
children and elderly patients, some of which
were reported to have led to re-hospitalisation
and fatalities in some cases. Initial primary
research among four primary care surgeries,
and interviews with three paediatricians
indicated the lack of custom functions within
existing information systems to deal with
calculation issues in a way that exploits
knowledge about drugs, prescriptions and
patients‘ history. The work reported in this
paper uses software engineering knowledge to
illustrate one possible means to address these
issues both within primary and secondary
care. The focus of the proof of concept tool is
to support prescribing of medication for
patients whilst ensuring correct dose
synchronisation of treatment information
between primary and secondary care. The
empirical studies done in this work were
supported by four primary care surgeries, two
secondary care hospital and four pharmacies
within Dorset, UK. The key intent of the work
was to empirically establish the extent of
occurrence of harm to patients due to
medicine calculation errors, and the extent to
which existing healthcare software systems
support the alleviation of these issues.

Keywords: medication errors, calculating
doses, healthcare informatics
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This section considers literature on
medication errors in general, and in particular
the most prevalent of such errors. The section
also reviews ways in which dose for children
is calculated, as well as the nature of existing
computer-based systems for supporting these
activities.

However, a medication error in a child has
greater potential to be harmful than the same
error in an adult [8]. Many medicines are only
available in adult dosages. In cases where
medication is required for small babies,
complex manipulations are necessary to suit
the medication to the particular child. The
report documented by [3], suggests the
actions required to reduce the risks in
paediatrics. The suggestion is to double check
calculations, and in particular, use computer
software for the calculation of dose and
infusion rates for potent drugs in particular
opiates. The inclusion of the child‘s age,
weight and the intended dose in mg/kg on all
prescriptions is another recommendation by
[3].
Several studies have been performed looking
into child dosage errors. The BBC, 2010 [9]
reported on work done at the University of
London on five London hospitals in 2005.
The study indicated that of the 3000
prescriptions studied over the period of two
weeks, 13% showed an error and a third of
these errors were dosing errors. Additionally,
[10] performed a study in the UK using press
reports over the period of eight years from
1993 to 2000. The study was investigating
reports about occurrence of medication errors
in children. The findings from the study
documented 81 medication error incidents
involving over a thousand children, from
which there were at least 29 reported deaths.
It was observed that the most frequent
medication error involved an incorrect dose.
The paper again states the difficulty in
selecting the correct dose for children as there
is a greater variation in the dose requirements
as a child‘s weight can vary from <1kg to
>70kg depending on age. From the study, a
number of errors were observed. Nine of the
371 articles studied, documented a decimal
point error in the drug dose calculation
resulting in 5 fatalities. One case involved a
one day old premature neonate being given
15mg instead of 0.15mg morphine. If such a

Medication Errors
Errors are frequent in medical practice mainly
owing to the human nature and complexity of
medical management [2]. The medication
process involves three main areas of potential
error. These are prescribing, dispensing and
administering. Medication errors occur when
human and system factors interact with the
medication process (prescribing, dispensing
and administering medication) to produce an
unintended and potentially harmful outcome
[3].
Approximately 1.3 million people are injured
annually in the United States due to
medication errors [4]. Furthermore, the most
common medication error in the USA are
prescribing errors and this is estimated to be
similar in the UK [5]. Medication errors are
common in areas such as paediatrics and
emergency departments [6]. Such errors lead
to extended hospitalisation, unnecessary
treatments and potentially death.
Common Prescribing Errors
Some of the reasons attributed to occurrence
of prescribing errors include inadequate
knowledge of the patient and their clinical
condition, inadequate knowledge of the drug,
calculation errors, and poor history taking [7].
Prescribing errors in children are in particular
caused by individualised dosing and
calculation errors [8]. Such errors are more
prevalent due to calculation mistakes such as
incorrect placement of a decimal point,
incorrect units and the wrong dosage routine
[8].
Empirical studies show that prescription
errors occur both in adults and children.
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100 fold error was to occur for an adult, it
would most likely be detected as a large
number of ampoules would be required
whereas 15mg of morphine can easily be
drawn up from two ampoules of the most
dilute formulation available commercially.

weight based computerised dose calculation
system. The doses are occasionally
standardised by Body Surface Area (BSA).
An estimate by this method is regarded by the
British Formulary as being preferable to body
weight calculations, as many physiological
phenomena correlate better with BSA. Within
the British National Formulary (BNF), the
BSA is calculated using the DuBois formula
[13]. The DuBois formula is shown in
equation 2 below:

Dose Calculation for Children
Within paediatric care, dose is usually
calculated individually [8]. The main
considerations are the patient‘s age, degree of
prematurity in neonates, weight or body
surface area and clinical condition. Due to the
many variables to take into account, this leads
to greater probability of dosing errors when
prescribing for children.
In the UK, drug doses are determined using
the British Formulary [11], which stipulates
that the dose for a child is stated as far as
possible for the individual drug reference in
the British Formulary. However, where
information regarding the drug is not
available the dose must be calculated.
Generally, the dose is calculated based on
body weight (in kilograms) for children aged
twelve years and younger. Children‘s doses
for many drugs are standardised by weight
(some doses also take into account the child‘s
age). Therefore, the mg/kg dose is multiplied
by the body weight (in kg). Ginzburg ([12])
studied the effect of using a computerised
prescribing system that calculated the dose for
children by the weight based calculation.
However, in cases where children were obese,
the dose was based on the adjusted body mass
(ABM). Equation 1 details the calculation
used:

Where:
S = surface area (cm2), W = Weight (kg), H =
Height (cm).
Equation 2: DuBois calculation of BSA
Computer-Based Systems
Computerised systems have been developed
to help in the reduction of prescribing errors.
The FDA has stated that systems such as the
Computerised Physician Order Entry (CPOE)
system have been shown to be effective in
reducing medication errors. This particular
system involves medication orders being
entered into the computer system. The
medical director at the Children‘s hospital of
Pittsburgh as observed that the system
ensured ―there is no misinterpretation of
handwriting,
decimal
points,
or
abbreviations‖[14]. The system also requires
the weight of the child being treated to be
entered into the system, without the weight an
order cannot be submitted. Simply put, the
system improved prescribing activities.
Kirk [15] documented a study performed at a
university teaching hospital in the paediatric
unit in 2003 for the period of six months. The
hospital used a computer clinical decision
support system which for the study was
modified in order to allow doctors to select
between using the traditional prescription
method or using the enhanced computer
calculated dose system. Prescription errors
were classed as an under dose, an overdose,

Equation 1: Calculation of Adjusted Body
Mass
This was performed to prevent overdosing of
obese children. The study showed a
noticeable reduction in prescribing errors
(from 32.6% to 20.5%) due to the use of the
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an excessive total daily dose or no dose being
prescribed. The Paracetamol calculation was
based solely on the child‘s weight, whereas
the Promethazine calculation had to take both
weight and age into account. The system
required the weight of the child to be entered
into the system. The traditional method
involved the doctor typing the prescription
into the relevant fields in the system. The
computed calculated dose system was
activated if the doctor picked it from a drop
down list or typed the drug name and then
picked the drug dosage form from a drop
down list. The system would then calculate
the dose based on 10mg/kg for Paracetamol
and 0.2mg/kg for Promethazine. The value
was then adjusted for the dosage form,
keeping within the dose limits. The dose
limits for the two drugs were as follows:
 Paracetamol: 10-15mg/kg and a
maximum daily dose of 60mg/kg/day
 Promethazine: 0.2-0.5mg/kg (the
maximum daily dose was not defined)
The system did, however, allow the
recommended computer calculated dose to be
altered by the doctor. If the altered dose was
outside of the dose limits, a warning to the
doctor would be shown detailing this fact.
However, the doctor could choose to ignore
this warning and the computer calculated dose
system could still result in medication errors.
The study analysed 4274 prescriptions and the
traditional prescription method error was
28.2% compared to the computer calculated
dose method error rate of 12.6% (a ratio of
2:1). All of the medication errors in the
computer calculated dose results were due to
doctors deciding to manually alter the
computer calculated dose and then ignoring
the resulting warning. Resulting from this
study, key improvements to the system were
recommended such as:
 Making the system inflexible so that
doctors cannot override system
decisions/warnings. However, by





doing this may make risk the rejection
of the system due to its rigidity.
Improving the wording of the warning
to alert the physician to the gravity of
the medication error that could occur
if the warning is ignored.
Adding further drugs to the system so
that drug dose calculations can be
performed for 80% of all paediatric
prescriptions.

In another study, [16] reported that in a
paediatric critical care unit computerised
prescribing reduced prescription errors by
99% (from 30.1 to 0.2%) in 13828 medical
orders written for 514 patients. The paper,
however, did outline the potential failures of
computerised Physician Order Entry systems
due to their complex modelling of diagnosis
and treatment. According to [16], CPOE
usage actually increased the number of
adverse drug events, and how the lack of
flexibility of the system was emphasized.
That is, the accessibility of the user interface
of these systems is critical to prescribing
medicines correctly.
Summary
There are genuine and significant efforts to
address the issue of toxicity arising from
calculation errors in medication. The main
problem with many of the efforts, especially,
software support, is the extent to which many
of the systems seem to be mere data
processing systems, as opposed to systems
that make intelligent use of the data to inform
clinicians of real implications of given doses.
From the above literature review there is a
definite need to improve on existing efforts as
a means to reducing medication errors
particularly in the treatment of children
where such errors can prove fatal.

Method
The main source of knowledge regarding the
significance of medicine calculation errors
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was interviews with General Practitioners
(GP) at 4 primary care surgeries within
Dorset, UK. The interviews were geared to
eliciting information regarding:
 The extent of prevalence of
prescribing and dose errors within
their surgeries and any general
information on the same nationally.
 The extent to which there is computer
system
support
for
obviating
occurrence of these errors

To appreciate the size and complexity of the
BNF / BNFc, every drug listed has the
following types of information about it:
 Indications: uses of the particular drug
and what it is licensed for.
 Cautions:
possible
dangers
in
prescribing the particular drug.
 Adverse drug interactions: possible
adverse effects that can occur when
prescribing the particular drug with
another drug (or type of drug) that is
not compatible.
 Contraindications: potential dangers of
prescribing the particular drug.
Contraindications are more restrictive
than just cautions, as the prescribing
of the particular drug to a patient
where the drug is contraindicated
should be avoided.
 Hepatic impairment, renal impairment,
pregnancy and breastfeeding. In the
BNF these sections are located below
the Cautions and Contraindications
information sections. The information
is specific to hepatic impairment, renal
impairment,
pregnancy
and
breastfeeding with respect to the effect
the particular drug may have on these
areas.
 Adverse Drug Reactions (ADR): an
ADR can be caused by any
medication. There are two types of
ADR, type A is termed a predictable
reaction and type B being the
unpredictable reactions. Predictable
reactions occur where an adverse
reaction is due to the normal
pharmacological effect of the drug.
Unpredictable
reactions
are
uncommon and are associated with
high mortality [17].

Further interviews were conducted within 2
hospitals and 3 pharmacies, again, within
Dorset, UK. These interviews were geared to
obtain information about the same issues
above, but with a focus on paediatric care.
Findings from the above interviews seemed to
support evidence from literature, that there are
many critical occurrence of medication errors,
and that existing computer-based systems are
inadequate.
The main source of information about drugs
was the online documentation of the BNF and
the BNFc. The Royal Pharmaceutical Society
of Great Britain (RPSGB) with the British
Medical Association (BMA) publishes the
BNF twice a year. Both the BNF and BNFc
are trusted sources of information and are
independent of the pharmaceutical industry,
their contents being overseen by the Joint
Formulary committee, which includes
doctors, pharmacists and representatives from
the MHRA (Medicines and Healthcare
products Regulatory Agency) and the UK
health departments [17]. It is claimed that the
information contained within these books is
rigorously checked and validated to ensure
the details are accurate. The information is
also kept up to date with details of new drugs,
new directions on treatments and new
research evidence. Each chapter covers a
particular system of the body, a collection of
disorders or a therapeutic area. For brevity,
the interested reader should consult the online
documentation.

An account with the BNF and BNFc was
setup, and the information from the online
source studied. The area of particular interest
within the individual drug listings was the
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dose section. For this work, Aspirin was used
as the main example.

mentioned in previous sections. Recording of
requirements was mainly by typing into a
laptop computer using MS-Word. This author
then produced an initial use case model,
which was shared with the interviewed
medical practitioners for validation. There
were 3 iterations of the use case model before
arriving at a final one that is shown in Figure
1.

Requirement Analysis
Like with many research problems, this
author had an idea of existing problems
within this domain. This was through reading
literature, and listening to news broadcasts on
these issues. However, further insight was
gained, and requirements elicited from real
stakeholders, mainly, medical practitioners as

Figure 1: Use case model

To enable sufficient clarity to move to design,
and production of an initial prototype for
testing with the GPs, the following sunny day
scenario was agreed upon:
A doctor creates a prescription for a patient.
When a drug is selected, the system shows the
doctor information about the drug‘s possible
side effects as well as information regarding
cautions related to the drug obtained from the
BNF and BNFc. The system performs the

following checks against the drug before it is
added to the prescription:
 Is the drug compatible with other
drugs on the same prescription?
 What limits (age, weight, bsa) are
applicable to the patient?
o The
correct
dosage‘s
applicability can be based on
the patient‘s age, weight, body
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surface area and the selected
route of entry.
Is the dosage unit weight or body
surface area dependent?
o The correct dose would
therefore have to be calculated
by the software.

prescription, unless the doctor accepts the
addition.
The analysis phase also involved producing a
data model, typically, an E-R model of drugs,
prescriptions and various stakeholders
(patients and medical practitioners). This
initial data model, was mainly a domain
model (based on the BNF documentation),
which was further developed at design stage.
Part of design involved consideration of
interface design, access to the data model as
well as design of key objects for managing
application logic. The design elements
artifacts will be presented in the next section.

The applicable route of entry and dosage form
(tablet, capsule, elixir) is then selected and
added to the prescription. Using information
about the drug and the patient‘s age, weight
and/or height, the system shows a calculated
dose. If there is a range of possible dosages,
the system shows this range. The doctor then
enters the required dose and adds it to the
prescription. The chosen dose and frequency
along with the length of treatment is then
added by the doctor. The system will warn the
user if the maximum daily dose is being
exceeded, therefore the maximum daily dose
information is added to the prescription.
If a drug is selected to be added to a
prescription which is not compatible with a
drug already on the prescription, the doctor is
informed of this incompatibility. The
incompatible drug is not added to the

System Design
They key design decisions were to construct a
data model, with subsequent development
into a database system. Construction of ER
models therefore followed a database
implementation using MySQL relational
database system. The design phase E-R
models were large, and for brevity, a partial
model is shown in Figure 2:
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Figure 2: Example ER model

The partial model in Figure 2 shows that an
illness can be treated by many drugs, and a
drug can be used to treat many illnesses.
Similarly, a symptom can be treated by many
drugs and a drug can treat many symptoms.
Therefore the entity DrugSymptom is
required to capture the overall many to many
relationship. A drug can cause 0 to many side
effects and the same side effect can be given
by many drugs. Information regarding what
side effects a drug can have can be displayed
to the user to help them in choosing an
appropriate drug. A particular drug may not
be compatible with another drugType,
therefore the IncompatibleDrugType entity is
provided. Through having this entity if the
doctor tried to prescribe a particular drug of a
given drug type that was not compatible with

a medication that the patient may be
prescribed, the system would alert the user of
the incompatibility. A drug may be
incompatible with many drug types. The user
can override the incompatibility warning and
prescribe the drug. An incompatible drug may
be prescribed in the event that the doctor
deems the positive results of prescribing the
drug to be greater than negative effects caused
by the incompatibility. A drug may be
incompatible with 0 to many drugs.
Therefore, having the DrugIncompatibleDrug
entity allows the final program to alert the
user of incompatibility. If the user tries to
prescribe two drugs that are incompatible.
The BNF for children in particular contains
information regarding what a drug is not
licensed to be used for. Therefore, this is
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critical information which the user would
wish to see when making a decision as to
which drug to prescribe. A drug may not be
licensed for 0 to many situations, and a drug
not licensed for situation may be applicable to
0 to many drugs. There are various
contraindication categories within the
information in the BNF and BNF for children,
each category then has information specific to
a drug which might be prescribed.
It is to be noted that similar design and
description of designs was deployed for all
other aspects of the data model, including
doses, patient records, and prescriptions. For
instance, in the design of the dose ER model,
much was learned from the BNF and the
BNFc. From the information given in the
BNF and BNFc, a recommended dosage can
have many dosage phases. For certain drugs
in the BNF, the recommended dose may say
take 25mg for 2 weeks followed by 10mg for
2-3 weeks. In this example, there are two
dosage phases. The min and max dosage
quantity attributes allow for information such
as 2 to 5mg to be entered into the system. The
min value would be 2, the max 5 and the unit
would be mg. In the event that a nonmeasured drug (e.g. a spray) is being
prescribed such as ‗Perinal‘, details of
treatment would have to be given as notes

section. A dosage phase has one length unit,
and a length unit is applicable to many dosage
phases. A dosage is made up of one or many
dosage phases, and a particular dosage phase
is applicable to one dosage. A dosage has a
route of entry (e.g., mouth), and a route of
entry is applicable to many dosages. A dosage
can contain one-to many drugs, and a
particular drug can be in 0 to many dosages.
A dosage can depend on many sets of limits
(such as an age range or BSA range) and a set
of limits can be applicable to many dosages.
If a limit to be applied to a dosage was: For
patients aged over 18. The limit category
would be ‗age‘, the constraint type would be
‗>=‘ and the limit value would be ‗18‘.
Data Access and Application logic design
The main architectural pattern chosen is n-tier
architecture to enable scalability and
flexibility in the initial design and possible
adaptations in the future. The design of the
data access was done using UML class
diagrams, which were organised using
packages. The main packages are Logic, GUI
and Data. Like the E-R model, the class
diagram is large, and was also constructed via
four iterations. For the sake of readability of
this paper, only a partial class model is shown
in Figure 3.
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LengthUnit

1

-lengthUnitId : int
-lengthUnit : string
+updateLengthUnit()
+getListOfLengthUnits()
+toString()

2

3 has
PrescribedDrug
-totalRequiredQuantity : double
-quantityUnit
-dosageForm
-prescribedDosagePhase
-notes : string
-routeOfEntry
-prescribedQuantity : float
-maxDailyDose : float
-maxDailyDoseUnit
-doseQuantityUnit
-frequencyTimesValue : int
-frequencyDurationValue : int
-frequencyLengthUnit
-lengthOfTreatmentUnit
-LengthOfTreatmentValue : int
-prerequisite : string

0..*

3 has
0..*

has4

3 has

0..*

1..*

(link to figure 7)

Drug
(link to figure 9)

1..*

has4

DosagePhase
-dosageQuantityMin : float
-dosageQuantityMax : float
-prerequisite : string
-lengthOfTreatmentMin : int
-maxDailyDose : float
-lengthOfTreatmentMax : int
-frequencyType
-quantityUnit
-maxDailyDoseUnit
-dosagePhaseId : int
-notes : string
-listOfIllnesses
+updateDosagePhaseInfo()
+toString()
+getMinDoseForPatient()
+getMinDoseString()
+getDoseString()

Prescription

1

Unit
-isWeightDependent : Boolean
-isBodySurfaceAreaDependent : Boolean
+toString()
+getUnitWithoutDisplayingPer()
+updateUnit()

DosageForm
1

2

+toString()
RouteOfEntry
-routeOfEntryId : int
-routeOfEntry : string
+toString()

has4

0..*

1..*

1
QuantityUnit
1

-quantityUnitId : int
-quantityUnitDescription : string
+toString()

0..*

3 has

FrequencyType
-frequencyMin : int
-frequencyMax : int
-lengthMin : int
-lengthMax : int
-lengthUnit
+updateFrequencyType()
+toString()

Limit
-limitId : int
-limitCategory : string
-constraintType : string
-limitValue : int
+updatelimit()
+isApplicable()
1
0..*

has4

Dosage
-DosageID : int
-routeOfEntry
-dosageFormList
-dosagePhaseList
-applicableLimitList
+updateDosagePhaseAndLimitsandDosageForm()
+updateDosagePhaseList()
+updateListOfLimits()
+updateDosageFormList()
+hasApplicableLimits()
+isSetOfLimitsApplicable()

has a list4

0..*

0..*
has4

0..*

Figure 3: Dosage, dosage phase, frequency class diagram

In creating UML design class diagrams, the
aim was to orient the development to the Java

programming language. Hence, the main
objects in the class diagram are mapped to the
(60 )

978-9948-497-12-7

key domain model elements in the E-R
model. The key consideration for selection of
Java as the implementation platform is its
ubiquitous nature, and the fact that conversion
between a standalone based prototype to a
web-based application is easy. Additionally,
Java has a rich library for handling database
access and manipulation, as well as native
libraries for exception handling.

The tool support developed provides several
fundamental features for adding new patient
record, modification, as well as look up or
searching. These are expected features, but
this papers main concern was intelligent
prescribing features that are informed by type
of drug and concerned illness, as well as
patient history and paediatric characteristics.
For example, a patient who is on a subsequent
visit (this is not a first visit) to a GP surgery,
the following interface would be used for
considering appropriate prescription.

Tool Support

Figure 4: Patient visit

This screen displays the date and time stamp
of when the patient record entry was created
(the time the Add button was clicked). The
date and time stamp data is not editable. The
screen shows the general patient information

including the patients calculated age, these
fields are also un-editable. The patient‘s
weight and height data fields can be written
to. The notes section provides the clinician
with a feature to enter details about the
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patients visit. The symptoms section will
allow a user to search for a symptom that the
patient is describing. The matching symptoms
are displayed which can then be recorded. If
an incorrect symptom is added to the list it
can be removed. The prescription section
contains a list showing patient‘s previous
prescriptions. The user can then click on a
prescription from the list and view the
prescription. Of course, clinicians can also
create new prescriptions. Choice of drugs is
also possible, whereby clinicians are able to
type a drugs name (can use partial names).
The process is as follows. A clinician types
the drug they require into the drug search text
field, the drug list then shows the matching
(or similar) drug names. The clinician then
selects a drug from the list which then
prompts the application to display the
information about the drug, including
indications for use, contraindications, side
effects, cautions, what the drug is not licensed

for and what a drug is not compatible with.
The user then clicks ‗Add‘ to select the drug.

Experiences Using the Tool Within
the Problem Domain
The main use cases for the application were
realised in the implementation during the first
development iteration. There was significant
confidence in the functionality based on nonreal world test data. The main stakeholders
were subsequently requested to try the
application. The stakeholders selected were 6
GPs from two primary care surgeries, and 4
paediatricians from two hospitals. The key
areas of trial were the ease of access of the
user interface, and the extent to which the
application performed key functions as
described in the use cases.
The following table summaries the views of
the users regarding the key functions of the
application and the accessibility of the
interface to perform the functions:

Table 1: Experiences within problem domain
Feature
Create prescription
(Select dose form)

Number of users trying it
4

Functionality
Adequate (Yes/No)

Accessible
(Yes/No)

Comments

Yes

Yes

None

GPs
Paediatricians

No - (2GPs) and 1
Paediatrician.
Create prescription
(Add dose amount)

6 GPs
4 Paediatricians

Yes

2 GPs and 1
paediatrician expressed
dissatisfaction as
shown in comments.

Create prescription
(Add drug)

GPs
4 Paediatricians

Yes

Yes

Create prescription
(Add dosage)

GPs
4 Paediatricians

Yes

No – same 2 GPs and 1
paediatrician expressed
similar dissatisfaction

Modify prescription
(modify dosage)

GPs
4 Paediatricians

Yes

No - same 2 GPs and 1
paediatrician expressed
similar dissatisfaction

Modify prescription
(modify drug)

GPs
4 Paediatricians

Yes

Yes

The inflexibility indicated by the clinicians
was with regard to the system not allowing
given combinations of drugs on the same
dosage, and not allowing some amounts of

Inflexibility;
doctor should be
allowed to
override warnings

Inflexibility;
doctor should be
allowed to
override warnings
Inflexibility;
doctor should be
allowed to
override warnings
None

drugs to be prescribed. The clinicians argued
that there should be flexibility in the system
to allow these medical rules to be overridden
where necessary. This change was effected as
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requested. The other experience that was
positive
and
well
received
was
synchronisation of medical information
between healthcare points. Two paediatricians
simulated a treatment which was updated

automatically in real-time at two of the
participating GP surgeries. This needs further
work to provide scalability of the system and
security of data.
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building a progressive knowledgebase of
drugs that integrates with smart prescriptions
components to support informed medicine
calculations.
A significant future work is the scaling up of
the integrative healthcare system which
provides seamless sharing of data on real-time
basis between primary and secondary care.
The issue at the moment is the lack of a
national patient record database system across
all healthcare points. However, the work done
within Dorset illustrates the efficacy of this
concept.

Conclusion
The significance of an integrated medical
information system is vital especially in
treatments that arise due to referrals between
primary and secondary care and even for
follow-on treatment. A key use for
calculations based on smart referencing of
drugs and prescriptions is within paediatrics,
elderly care, and opiates. The key issue in all
these circumstances is not merely the storage
and access of data, rather, the interrogation of
such data to make sense of appropriate and
safe treatment of patients.
Due to continued development of new drugs,
a scalable software system is crucial to
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Abstract

Introduction

The
utilisation of e-learning is very
significant as e-learning plays a pivotal role
in the improvement of healthcare learning
and knowledge transfer, especially in
developing countries. Rapid technology
changes in the learning and knowledge
transfer landscape—notably, the galloping
pace of e-learning — leave healthcare
providers no choice if they want to stay
competitive. Human capital has become the
most important competitive advantage in
healthcare delivery systems. As such,
healthcare providers need a new strategy for
training their employees. Furthermore,
knowledge and competencies of healthcare
providers is not only an important competitive
advantage but also essential to the quality of
care and health of the society. e-learning is
now at the forefront of technology based
learning. The benefits of e-learning are
extremely compelling, for example reduction
in costs associated with employee travel,
reduction in time spent away from the patients
and reduced learning times. This paper
describe and discuss the United Nations
University International Institute for Global
Health (UNU-IIGH) strategies, best practices
and experiences in delivering e-learning to
healthcare professionals of developing
countries.

The
utilisation of e-learning is very
significant as e-learning plays a pivotal role in
the improvement of healthcare learning and
knowledge transfer, especially in developing
countries. Rapid technology changes in the
learning and knowledge transfer landscape—
notably, the galloping pace of e-learning —
leave healthcare providers no choice if they
want to stay competitive. The emergence of elearning, the fast growth of the Internet and
the advent of the World Wide Web (WWW)
have made significant impact in how
knowledge transfer and learning are
conducted. E-learning is an outcome of the
progression of distance education where
digital technology is used in the teaching and
learning process. The Internet is a widely
used educational medium for both distance
and face-to-face learning (Vrasidas, 2004).
There are many benefits of e-learning; among
them, students can learn at or from various
locations, often at their own convenience and
pace thus avoiding the time and expense
associated with attending regular classes
(Rosenberg, 2001, Urdan & Weggen, 2000).
In addition, e-learning‘s flexibility provides
personalised content when it is needed
(Karamanis et al., 2004, Eklund et al.,
2003). Because students can control the
process and content volume (Cantoni et al.,
2004; Zhang et al., 2004), they are provided
with customised training (Kruse, 2004).
Some of the outstanding advantages to a
healthcare provider for e-learning are the
reduction of learning times up to an average

Keywords: e-learning, developing countries,
health information systems, strategies, best
practices
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of 40 to 60 percent as compared to classroom
based instruction (Fletcher,1991) and
increased retention and application of
information to the job increases an average of
25% over classroom instruction (Hall,1997).

than owned by individual households
(Mackintosh, 2005). The cost of Internet
connections remains high for those who
cannot afford such educational necessities.
This basic lack of infrastructure in
telecommunications continues to define the elearning experience of different groups of
students in developing countries.

e-Learning Challenges in Developing
Countries
There is no lack of challenges facing elearning. In many developing countries, the
lack of vital e-learning components such as
computers, electricity and skills (Dhanarajan,
2001; Heeks, 2002; Rajesh, 2003); and the
active, participative student that is required
for interactive learning is also very rare;
particularly in countries where the tradition is
to teach in a more didactic manner
(Eastmond, 2000; Evans, 2005; Sehrt, 2003).
These challenges can be divided into three
broad areas.
1. Technological Requirements;
2. Course Content; and
3. Student characteristics

Course Content
Ellaway and Masters (2008) suggest that elearning is not just about the content and
delivery of teaching, but is a pedagogical
approach that aims to be flexible, engaging
and learner-centered, as well as one that
encourages interaction collaboration and
communication. With most educational
institutions now engaging in e-learning, it is
important to consider which courses can be
delivered wholly online and which are best to
adopt a blended model of learning.
Before an effective e-learning strategy can be
launched, online facilitators and IT staff must
be made aware of the technical tools available
to them, how these can contribute to
enhancing the learning experience and to
review them thoroughly for feasibility and
appropriateness. It is vital that the availability
of technology does not override the need for
ensuring that it supports effective learning.
Sanders and Haythornthwaite (2007) support
this approach and state ― ―the challenge for
medical educators is to be aware of the new
changes and to consider how the latest
technology can be used to enhance learning‖.

Technological Requirements
The first category concerns the ―e‖ in elearning and refers to technological
requirements. Issues discussed are choices of
technologies – access, technology costs and
interface design. Access refers to whether
one has physical access to a computer and an
Internet connection, but also to the reliability
of the connection and the bandwidth –
basically everything that is needed to access
the full range of the content needed. Internet
access at home is an obvious determinant of
who has access to e-learning and who benefits
from these e-learning initiatives.
According to Mackintosh (2005), 42 percent
of the inhabitants of developed countries have
telephone connections in contrast with 4.5
percent in developing countries and only a
mere 1.4 percent in sub-Saharan Africa. In
addition, most single telephone connections in
rural areas in developing countries are
typically shared among communities, rather

Students’ Characteristics
According to Safie (2009), student motivation
is a factor that is frequently discussed in
surveys on what affects students' satisfaction
and capacity. Highly motivated students
perform well in most cases whereas nonmotivated students tend to drop out. The
relation between motivation and other elearning factors is rarely elaborated; the
reasons for success or failure in the studies
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are simply referred to as ―personal
motivation‖ or ―lack of motivation‖.
Another factor is conflicting priorities, which
has to do with the amount of time students
have and want to devote to the online courses.
Having enough time for learning is an
important predictor of a students learning and
retention and those who study more hours are
generally more successful in their studies.
Students say they feel stressed and that they
face significant problems in arranging time
for the program due to conflicting priorities
with work and family commitments
(Frankola, 2001).
A third concern is the student‘s economy and
the economic prerequisites for studying.
Financial difficulties and lack of funding can
be a predictor of student withdrawal.
Academic confidence seems to be another
good predictor of a student‘s success or
failure in e-learning courses. Academic
factors such as previous academic experience
and qualifications are also best predictors of a
student‘s performance. (Albert and Johnson,
2011).
Academic confidence can also be about the
student‘s self-efficacy, which is the student‘s
confidence in his or her ability to study and
successfully complete the course. The student
also need to have technological confidence;
just having access to the technology is
obviously not enough. The students also need
to have the necessary computer skills and feel
confident in using computers (Brown, 2001).
Lack of experience with computers can be a
major hindrance for learning especially for
students who are entirely new to computers,
computer confidence have been shown to
account for much of the predictive power of
good achievements (Alexander, 2001).
Finally, student age and gender are factors
reported to make a difference in their progress
(Kuhlen, 2006). A further aspect, not directly
related to the student‘s personal lives, which
has an impact on the students performance is
the home environment. A stable and

supportive study environment affect elearning to a very large extent and some
research even suggest that this is the most
important factor influencing drop out and
retention. (Hofstede, 2001). Social support
can be about the time and help the student get
from family and friends but also about the
attitudes on studying in itself; being told it is
good to study and not having family members
complaining about the student neglecting
other duties.

Research Problems
The inability of the healthcare sector in
developing countries to reap full the benefit of
e-learning has hindered many healthcare
professionals from achieving further studies
and enhancing their knowledge. Most of the
healthcare sector in developing countries have
common problems such as lack of
infrastructure, resources, awareness and
mindset change, which in turn become big
obstacles for the implementation of elearning. Scarcity of human resources in
healthcare sector is a serious problem in
developing countries. Therefore, finding
effective learning methods to produce
qualified healthcare professionals is an urgent
need in order to address healthcare delivery
problems in these countries. To attend to this
matter,
the United Nations University
International Institute for Global Health
(UNU-IIGH) has begun by introducing its
own e-learning training portal as part of the
human capacity building programme.

Significance of Study
The overall objective of e-learning is to
facilitate learning and overcoming barriers in
terms of time and space. Among advantages
of e-learning for health professionals are the
flexibility which allow them to upgrade their
skills at anticipated times, without having to
leave their workplace, ability to gain easy
access to learning resources, facilitating the
exchange of experiences among healthcare
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professionals and provides them with a
resource-effective learning platform.

The course has a strong collaborative nature,
including activities such as wiki, blog and
threaded discussion to facilitate learning.
Online facilitators guide students through
their
learning
experience,
including
facilitating collaborative work and knowledge
exchange throughout the course. Finally, in
order for them to get the certificate of
attendance, students need to sit for a multiple
choice test in order to assess their
understanding of the course.
UNU-IIGH utilises Moodle as a file and
information repository for students and staff.
Moodle is a free and open source e-learning
platform that provides a cost effective way to
introduce e-learning strategies into an
institution, especially those that are
financially limited in developing countries.
Moodle supports the web 2.0 approach of
supporting interaction and collaborative
construction of content.

Approach
In response to these learning trends and
challenges, UNU-IIGH has developed an
interactive e-learning course entitled ―Open
Source Healthcare Information Systems for
Healthcare Professionals in Developing
Countries‖. Many developing countries are
experimenting with open source software and
the phenomenon is growing. These
developments are diverse and cover the
management of general and multi-disciplinary
medical records, as well as more specialised
information systems such as pharmacy
information systems.
The overall objective of this e-learning course
is to empower healthcare professionals to
recognise the potential of open source
healthcare information system and to make
innovative use of these tools to improve
efficiency and effectiveness of their work.

Figure 1 : Welcoming Page
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Students are enrolled into interactive modules
where they can download curriculum
materials, instant messages from facilitators
or other students, interact in daily discussion
board sessions and download or stream RSS
podcast recordings of each lecture. The
calendar informs students of live lecture
schedules. Live teaching software is
integrated into the Moodle platform allowing
a synchronous and asynchronous approach

such as discussion board interaction with
other students and the instructor. The
welcoming page of the online course is
projected in Figure 1. The online course‘s
approach to learning and teaching promotes
student discussions and collaborative efforts.
Several communication modes offered
provide more flexibility as they can choose
the method to communicate.

Individual contribution to these discussions
can be integrated into both summative and
formative assessment and can give the online
facilitators valuable feedback on how they are
progressing. One interesting observation with
regards to discussion forums, is that unlike
face-to-face discussion, a student tends to
think and reflect more upon statements
presented as shown in Figure 2. Rather than
direct commenting as often occurs in face-toface discussion, a student has more time to

think and reflect carefully before commenting
and hence discussion tends to be of a higher
quality.
The UNU-IIGH e-learning
course is
composed of ten modules which are divided
into (10) ten weeks, for a total of (100)
learning hours, covering open source software
development concepts, knowledge tools,
methods and techniques, as illustrated in
Table 1.
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Table 1 : Module Description

Module

Module One :
Foundation of Open
Source Health
Information Systems

Module Two :
Managing Open Source
Health Information
Systems Project

Description
The first module introduces students to the concept, philosophy and historical
background of open source software. The role of UNU-IIGH in open source
software capacity development in developing countries will also be discussed in
this module. Furthermore, the module brings together current advanced topics in
strategic management and project management into a digestible and coherent
framework of open source health information systems planning and
implementation. Later, open source licensing such as copyleft, GPL and BSDstyle licenses shall be introduced to students. Lastly, issues of security and
confidentiality in open source health information systems are elaborated in the
final lesson.
The second module introduces the theory and practice of project management;
presents a comprehensive, integrated perspectives of the many concepts, skills,
tools as well as techniques involved in healthcare information systems project
management. The course teaches key principles, methods and applications
necessary to provide access to timely, complete, accurate and relevant information
on managing healthcare information systems project.

Module Three :
Installation of
Open Source Health
Information Systems

The module guides students on the installation, configuration, fine-tuning and
creating a database for MEDICAL. This is the module in which students will learn
to install, integrate and configure the software on the hardware.

Module Four :
Patient Management
Information System

The module will teach students the patient master index which holds patient
demographic, Inpatient Admission and Outpatient Visit Management, Bed
Management and Patient Discharge Management.

Module Five :
Financial
Information System
Module Six :
Pharmacy
Information System
Module Seven :
Laboratory
Information System
Module Eight :
Radiology
Information System
Module Nine :
Pathology
Information System
Module Ten :
Open Source Project

In this module, students will be exposed to financial management such as the
account receivable and payable, Government Services Tax Management, General
Ledgers and other aspects of financial management such as cash and banking
management.
In this module, students will learn on fully-integrated pharmacy information
system that provides access to all vital pharmacy functions and supports a wide
variety of practice settings. The module offers clinical decision support, best
practices and workflow tools that extend the practice of pharmacy and evidencebased medicine.
The module introduces the concept of a laboratory information system which
receives, processes, and stores information. The system often must interface with
instruments and other information systems such as hospital information
systems (HIS). Students will learn to configure the system with other application
by using a wide variety of laboratory workflow models.
In this module, students will learn the radiology information system, a
computerised repository to store, manipulate and distribute patient radiological
data and imagery. Students will learn the patient tracking and scheduling, result
reporting and image tracking capabilities.
The module introduces students to the full-service solution capable of handling
pathological needs such as hematology, chemistry, immunology, blood
bank (Donor and Transfusion Management), pathology, anatomical
pathology and microbiology.
In this final module, students shall learn how to develop a new healthcare module
as well as to integrate with other modules. They will learn how to install and
integrate with current information system as well.

Demographic Outcome
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A total number of 82 students from all over
the world had participated in the e-learning
course since the portal launch back in June
2010.

Geographical Region
The student population across geographical
region is illustrated in Table 2.

Table 2: Student Population

Geographical Region
Asia
Africa
Europe
North America
South America
Oceania
Caribbean
Total

Student Population
36
21
10
5
6
2
2
82

Asian region represents the highest student
enrollment for the online course with 44
percents followed by African region with
25.6% while students from Europe students
made up 12.2%. As for both North and South
America continents, the student population
are 6.1% and 7.3% respectively. Both
Oceania and Caribbean regions represent
2.4% each.

Percentage of
Student Population (%)
44.0
25.6
12.2
6.1
7.3
2.4
2.4
100

Economic Status
In term of country economic status, the
breakdown of both developed and developing
countries are shown in Table 3. Sixty three
(63) of them come from developing countries
while only nineteen (19) students originate
from developed nations.

Table 3: Type of country status

Classification
Developing Countries
Developed Countries
Total

Student Population
63
19
82

Percentage of
Student Population (%)
77
23
100

information
technology
sector
while
profession such as lecturer, researcher and
post-graduate fall into the academia segment.
Finally, profession like economist, lawyer and
sociologist were classified as ―others‖. Table
4 illustrated the detailed background of
students‘ profession.

Profession
The students were grouped into four
categories of professions, namely healthcare
sector, information technology sector,
academia sector and others. Medical doctor,
dentist and nurse belong to the healthcare
sector. System analyst, programmer and
software developers were grouped in the
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Table 4: Profession

Profession

Student Population

Healthcare
Information Technology
Academic
Others
Total

25
21
24
12
82

Percentage of
Student Population (%)
30.0
26.0
29.4
14.6
100

Gender
Table 5: Gender

Gender

Student Population

Male
Female
Total

71
11
82

In terms of gender, seventy one (71) of the
students were male and eleven (11) women
participated in the online course illustrated in
Table 5.

Percentage of
Student Population (%)
87
13
100

Academic Qualification

Table 6 : Academic Qualification

Qualification

Student Population

Post-Graduate
Degree
High School/Diploma
Total

12
65
5
82

For academic qualification, Table 6 showed
that more than eighty percents or sixty five
(65) students were degree holders, twelve of
them holding post-graduate degrees and only

Percentage of
Student Population (%)
14.6
79.4
6.0
100

five (5) of them mere diploma holders or high
school leavers.
Information Technology (IT) Skills

Table 7: IT Skills

IT Skills

Student Population

With IT skills
No IT skills
Total

17
65
82

Table 7 shows that, majority of the students
(79%) do not possess any IT skills.

Percentage of
Student Population
21
79
100

to improve their quality of knowledge and
skills. An e-learning is one of the effective
strategies to address this. It is equally
important to encourage the opportunities for
life long learning in order to keep abreast of
the
healthcare
information
systems
development. It is envisaged that such
technologies in both healthcare and education

Discussion
From the current trend of student enrollment,
it shows is a serious need to promote
educational opportunities to healthcare
professionals as well as implement methods
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will be more widespread given the
collaborative effort to improve infrastructure

coupled with system affordability.
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the infrastructure may mean that healthcare
professionals of developing countries may
have fewer opportunities available to them
than their counterparts in more developed
countries.
This is the huge benefit of an e-learning, as
tomorrow‗s healthcare professionals of
developing countries will be true ―digital
natives‖, working to care for patients,
providing access to screening, preventive care
and medical treatment delivered in new ways
by healthcare professionals who are familiar
with and confident in using a range of open
source technologies as part of their everyday
practice.

Conclusion
Improving accessibility to healthcare learning
and knowledge transfer is an important way
to address expertise issues in the healthcare
sector of developing countries. There is
increasing evidence for effective use of elearning in healthcare education in developing
countries. (Chhibber,2004, Wautier,2005).
New and advancing technologies provide
huge
opportunities
for
healthcare
professionals of developing countries to
engage in exciting and innovative learning
experiences. Limited access to information
technology devices, reliability and speed of
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discussion paper,
Training Authority.
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with rapid economic growth, and technology
advancement (Herat, 2007; Kurian,2007).
This has led to an increase of waste electrical
and electronic equipment (WEEE). WEEE is
the term used to describe old, end-of-life or
discarded electric and electronic appliances
which have been disposed of by their original
users (E-waste guide, 2009).
The United Nations University (UNU)
estimated that about 40 million tons of WEEE
is generated worldwide per annum (Huisman
et al 2008; Schluep et al 2009). In the
European Union (EU), WEEE generated is
about 8.3 – 9.1 million tons per annum.
Generation rates are expected to grow in the
future. For example, WEEE generated in EU
is expected to reach about 12.3 million tons in
2020 with annual growth between 2.5 – 2.7%.
Also, in developing countries, the report
predicted that by 2020 WEEE from old
computers will have jumped by 2, 4 and 5
fold from 2007 levels in South Africa, China
and India, respectively (Huisman et al 2008;
Kuehr, 2009).
While
Developed
countries
set
up
environmental management systems to
control WEEE (European Council, 2003;
Kollikkathara et al 2009; Ongondo et al
2011), some developing countries lack of
such systems, or if present, the enforcement
and compliance are lax (Nnoroma, I.C.,
Osibanjo,
2008).
Consideration
of
environmental conservation in these countries

Abstract
The high consumption of electric and
electronic equipment drives the accumulation
of new type of waste called e-waste. There are
many harmful and hazardous materials used
in the production of these equipments, which
in turn poses a high risk on both environment
and human health if not dealt with properly at
disposal or at their end-of-life. This paper
summarise e-waste in the MENA region, also
it highlights the environmental effects of ewaste. In addition, it describes the use of
vibration to recycle such waste.Vibration is
more favourable over other techniques as no
flue gases or chemicals are used. Different
separation patterns and bed configurations
are observed. The optimum separation occurs
at relatively high frequency and high
acceleration.

Keywords: e-waste, recycling, vibration,
environmental effect, MENA

Introduction
The production of electrical and electronic
equipment (EEE) is one of the largest and
fastest growing global manufacturing
activities (Radha, 2002; DIT, 2003). This
arises from the increasing demand for
information and communication technologies
(ICT), rapid product obsolescence, coupled
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often receives low priority. Serious
environmental problems such as water
quality, air pollution and improper handling
of solid waste are not uncommon. This is
often as a result of giving the economic
development the highest priority, laxity in
applying the environmental legislation, or
lack of public awareness.

2007 to introduce basic concepts regarding
WEE management to participants from Saudi
Arabia, Egypt, Algeria, Jordan and the United
Arab Emirates. As a result of this training
session, WEEE assessment in Algeria, Egypt,
Jordan and Saudi Arabia were brought into
focus and initiated(Dahroug 2009). Fraige et
al. (2009) highlighted the status of WEEE in
the Arab region. They described the steps
taken at different levels to address this
problem. Suggestions and recommendations
for management systems suitable for the
region are also summarised.
In Jordan, a National WEEE assessment study
has just been completed (UNEP2011). The
study was conducted by the PACE group
under the Basel Convention. Its objective
was: to investigate WEEE resulting from
computer waste; explore the management and
legal background; predict material flows, and
the expected potential social, environmental
and economic impact in Jordan. The product
scope of the survey comprises desktop and
laptop computers. The amounts of computer
waste currently generated are around 0.5
kg/person/year with expectations of a rapid
increase in the near future with prices of IT
equipment decreasing, inducing faster
replacement rates (UNEP 2011). Recently,
Fraige et al (2011) conducted a national study
focusing on e-waste in Jordan. They gauged
Jordanian household WEEE awareness levels,
their electric and electronic equipment(EEE)
consumption patterns, and estimated the
lifetime of EEE. Based on these findings,
WEEE generation rate in Jordan was
predicted. E-waste generation rate in Jordan is
about 23,400 tons annually (Fraige et al
2011). This is about 0.3% of the WEEE
generated by American or European
households (Fraige et al 2011; Zoeteman et al.
2010).

e-Waste in the MENA region
Although the dependence on the IT and
telecommunication technologies becomes
high in the MENA region as shown in Figure
1 where mobile phone subscribers increased
exponentially between 1995-2008, e-waste is
relatively a new term to public. The level of
e-waste awareness is still low. Because it is
usually mixed up with other types of solid
waste, actual quantities of e-waste are not
documented in most of the MENA countries.
However, generation of e-waste can be
estimated as a percentage of municipal solid
waste (MSW) generated. For example, ewaste is accounted for less than 2% of MSW
in the United States (EPA, 2010). While other
reports estimated that e-waste is about 1 to
5% of MSW generated in Europe and United
States (UNEP, 2006). If we assume an
average e-waste generation rate in the range
0.2 – 2% of MSW, this gives an estimated ewaste in the MENA region of about 0.2 – 1.8
million tons in 2006.
The number of WEEE activities identified in
the MENA Region has grown in the past few
years. For example, Laissaoui and Rochat
(2008) estimated that Morocco generated
approximately 30,300 tons in 2007 of WEEE
(comprising TVs, PCs and mobile phones). In
2006 there was approximately 75,000 tons of
e-waste n Tunisia, according to Anged
(2009). A training WEEE session was
organised by Basel Convention Regional
Centre for Training and Technology Transfer
for Arab Statesin Egypt (BCRC-Egypt) in
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Figure 1: Exponential Growth of mobile phone subscribers in (a) North African countries, and (b) Middle Eastern countries.

glass, etc. Some of these species could be safe
to environment; however others have proven
a damaging effect of environment (E-waste
guide, 2009).
While bulk materials such as iron, aluminium,
plastics and glass account for over 80% by
weight, valuable and toxic materials are found
in smaller quantities but are still of high
importance. The material composition of
different appliances is often similar, but the
percentage of different components can vary a
lot. Table 1 shows the material composition
of major e-waste categories.

Environmental Effect of E-waste
E-waste material composition reveals that
EEE contains more than a thousand of
chemical components. Materials included are
ferrous metals, non-ferrous metals, organic
compounds, heavy metals, glass, and others.
This reflects the complexity of such a waste
stream. From here, it is important to
understand the composition of e-waste in
order to properly select the management
option.
Composition of e-Waste
The hundreds of EEE contain more than
thousand of chemical species at different
concentration such as ferrous materials,
aluminium, copper, lead, mercury, arsenic,

HAZARDOUS Components in e-Waste

E-waste contains a number of toxic
substances such as lead and cadmium in
circuit boards; lead oxide and cadmium in

(80 )

978-9948-497-12-7

monitor cathode ray tubes (CRTs); mercury in
switches and flat screen monitors; cadmium
in computer batteries; polychlorinated
biphenyls (PCBs) in older capacitors and
transformers; and brominated flame retardants
on printed circuit boards, plastic casings,
cables and polyvinyl chloride (PVC) cable
insulation that release highly toxic dioxins
and furans when burned to retrieve copper
from the wires.
Due to the hazards involved, disposing and
recycling e-waste has serious legal and
environmental implications. When this waste
is landfilled or incinerated, it poses significant
contamination problems. Landfills leach
toxins into groundwater and incinerators emit
toxic air pollutants including dioxins.
Likewise, the recycling of computers has
serious occupational and environmental
implications, particularly when the recycling
industry is often marginally profitable at best
and often cannot afford to take the necessary
precautions to protect the environment and
worker health. The toxic effects of these
heavy metals are illustrated in Table 2.

Office, information and communication
equipment, and entertainment and consumer
electronics categories have many printed
circuit boards. These boards have the most of
valuable substances in e-waste; i.e. precious
metals such as Gold, Silver, Platinum and
Palladium, and trace elements like Indium and
Gallium which were used in flat screens, and
photovoltaics. These valuable substances turn
recycling of e-waste into a lucrative business
opportunity.
E-Waste Bulk Portion

The bulk portion of e-waste stream consists of
iron, aluminium, plastics and glass. This
accounts about 40 million ton that may be
generated in the world annually. Recycling of
such large portion will have a positive effect
on environment and reduce various sources of
environmental degradation through reducing
man-made disturbance through mining
activities, energy consumption in mineral
processing and manufacturing of such
product. Also, this will enhance the reuse of
sources of material that can be considered
otherwise waste.

VALUABLE Substances in e-Waste
Table 1: Material composition percentage of major e-waste categories (E-waste guide 2009)

Material
Ferrous metal
Aluminium
Copper
Lead
Cadmium
Mercury
Gold
Silver
Palladium
Indium
Brominated plastics
Plastics
Lead glass
Glass
Other
Total

Large
household
appliances
43
14
12
1.6
0.0014
0.000038
0.00000067
0.0000077
0.0000003
0
0.29
19
0
0.017
10
100

Small household
appliances

ICT and consumer
electronics

Lamps

29
9.3
17
0.57
0.0068
0.000018
0.00000061
0.000007
0.00000024
0
0.75
37
0

36
5
4
0.29
0.018
0.00007
0.00024
0.0012
0.00006
0.0005
18
12
19

14
0.22
0.02
0.0005
3.7
0
0

0.16
6.9
100

0.3
5.7
100

77
5
100
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procedures such as precipitation of impurities,
solvent extraction, adsorption andionexchange to isolate and concentrate the metals
of interest (Cui and Zhang, 2008).Such
techniques often use hazardous materials such
as cyanide leaching and halide leaching and
needs special equipment design such as
stainless steel rubber lining equipments to
resist the highly corrosive acidic and
oxidizing
agents.
Furthermore,
some
techniques involve the emission of highly
poisonous gases such as chlorine gas and it
must be controlled to avoid any health risk.
Shredded e-waste contains mixture of solid
particles of different particle size, density,
shape, and other physical properties. When it
is subjected to vibration, quick and efficient
separation of solid mixture can be achieved
due to segregation (Eshuis et al 2007). In this
paper, a lab scale vibration system is
described. Then it is used to measure its
effectiveness in separating shredded e-waste.
Optimum conditions in terms of vibration
parameters are noted.

Recycling of e-Waste
E-waste recycling is divided into two broad
categories depending on the form of energy
used in the process: mechanical and
metallurgical recycling. Mechanical recycling
includes disassembly, size reduction and
separation of materials based on the
difference in their physical properties
(density, size, magnetic, electrostatic, etc).
Research in this field is evolving starting from
development in the ‗design for recycle‘ to
ways of minimizing the energy consumption
in size reduction processes. Metallurgical
recycling
includes
thermal
(or
pyrometallurgical) and hydrometallurgical
recycling. Thermal recycling of e-waste
includes combustion, gasification and
pyrolysis. Some of these processes are easy to
control such as combustion, but the emission
of flue gases is one of the major concerns of
such processes (Hea et al 2006; Morfa et al
2007). The hydrometallurgical processing
consists of a series of acid or caustic leaches
of solid material. The solutions are then
subjected to separation and purification

(82 )

978-9948-497-12-7
Table 2: Major hazardous materials found in e-waste and their environmental and health impact (E-waste guide 2009;
Fraige et al 2009)

Substance
Occurrence in e-waste
Halogenated compounds:

Environmental and health consequence

PCB

Condensers, Transformers

Cause cancer, effects on the immune
system, reproductive system, nervous
system, endocrine system and other health
effects. persistent and bio-accumulatable

TBBA ,
PBB, and
PBDE

Fire retardants for plastics (thermoplastic
components, cable insulation), TBBA is
presently the most widely used flame
retardant in printed wiring boards and
casings.

can cause long-term period injuries to
health, acutely poisonous when burned

CFC

Cooling unit, Insulation foam

PVC

Cable insulation

Combustion of halogenated substances
may cause toxic emissions.
High temperature processing of cables may
release chlorine, which is converted to
dioxins and furans.

Heavy metals and other metals:
Small quantities in the form of gallium
Arsenic
arsenide within light emitting diodes
Barium
Beryllium

Cadmium

Getters in CRT
Power supply boxes which contain
silicon controlled rectifiers and x-ray
lenses
Rechargeable NiCd-batteries, fluorescent
layer (CRT screens), printer inks and
toners, photocopying-machines (printer
drums)

acutely poisonous and on a long-term
perspective injurious to health
may develop explosive gases (hydrogen) if
wetted
harmful if inhaled

acutely poisonous and injurious to health
on a long-term perspective

Chromium
VI

Data tapes, floppy-disks

acutely poisonous and injurious to health
on a long-term perspective causes allergic
reactions

Gallium
arsenide)

light-emitting diode (LED

injurious to health

Lead

CRT screens, batteries, printed wiring
boards

Lithium

Li-batteries

Mercury
Nickel
Rare Earth
elements
Selenium
Zinc
sulphide

causes damage to the nervous system,
circulatory system, kidneys causes learning
disabilities in children
may develop explosive gases (hydrogen) if
wetted

Fluorescent lamps that provide
backlighting in LCDs, in some alkaline
batteries and mercury wetted switches
Rechargeable NiCd-batteries or NiMHbatteries, electron gun in CRT

acutely poisonous and injurious to health
on a long-term perspective
may cause allergic reactions

Fluorescent layer (CRT-screen)

irritates skin and eyes

Older photocopying-machines (photo
drums)
Interior of CRT screens, mixed with rare
earth metals

exposure to high levels may cause
adverse health effects
toxic when inhaled

The experimental apparatus used in this paper
is shown in Figure 2. It consists from: cell,

Experimental setup
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shaker, controlling unit, amplifier, and digital
video camera. Cell, or shredded e-waste
container, is constructed from transparent
Plexiglas and it is attached firmly to the
shaker. Shaker is an electromagnetic type
supplied with vibration control software
manufactured by Bruel and Kjaer Group Denmark. Samples of shredded e-waste are
poured into the cell to form a bed of specific
height. A pre-defined test conditions are
determined and entered by the user into
software, installed previously on the pc. Then
the controller transmits the drive signal to the
shaker through an amplifier. Accelerometer is
attached to the cell and measure the applied
signal and feed it back to the controller where
it ensures that the required test conditions are
maintained by the software. A digital video
camera was used to record the particles'
motion. Digital video then processed to
extract images in the pc for further analysis.
E-waste used in this study is obtained from a
local workshop. E-waste is manually
separated to two types: electric wires and

electronic boards of different devices such as
mobile phones, TV, and PC. These types are
crushed in an impact shredder in order to
liberate the metallic and non-metallic
components of the e-waste for easy in
separation. In order to investigate the
separation system, different mixtures are
used. Mixture (A) consists from electric wires
cuts in the range 1-2 mm. And mixture (B)
consists from shredded e-waste obtained from
crushed mobile phones, TV and PC electric
boards in the range of 1-2 mm.
Separation of shredded e-waste depends on
various vibration parameters such as
frequency;f, normalised acceleration, Γ, and
time. Normalised acceleration is defined here
as

where a is the amplitude of the oscillation, g
is the gravitational acceleration and ω= 2 π f,
is the angular frequency.

Figure 2: Experimental setup

2mm and particle shape is irregular. This
represents the simplest e-waste mixture
generated from e-waste (electric wires). With
varying vibration conditions, different
separation patterns are observed as shown in

Results and Discussion
Electric Wire Cuts (Mixture A)
This mixture is a binary mixture of plastic and
copper cuts. Particle size is sieved to +1 to –
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Figure 3.Initial mixture bed configuration is
shown in Figure 3.a. When applying vibration
at low frequencies and acceleration, copper
tends to be on top of the bed (Figure 3.b)
where separation with efficiency >95% is
achieved within 1 min. As frequency
increases, copper tends to dive in the bed
forming clustering (Figure 3.c), sandwich
(Figure 3.d), or copper at bottom of the bed
(Figure 3.e) configurations. The figure
illustrates the efficient separation of vibration
at relatively short periods with separation
efficiencies in the range 93 – 98%. Similar
behaviour for a binary mixture of bronze and
glass beads is observed in Leaper et al (2005).

vibration. It shows similarity between the
behaviour of mixtures A. Initial bed
configuration is shown in Figure 4.a. At low
frequency (Figure 4.b) Brazilian Nut effect is
observed, where metal contents migrate to the
top. It seems that as the acceleration
increases, upper metal layer become clearer
from
non-metallic
materials.
Similar
configuration is also observed at f = 30 and Γ
= 8, however at less time duration of 13s
(Figure 4.d). Sandwich configuration is also
noted at f = 30 Hz and Γ = 4 and time
duration 35s and at f = 60 Hz and Γ = 12 and
time duration 120s. The final configuration
examined is metals on bottom, i.e. reverse
Brazilian nut effect, at f = 120 Hz and Γ = 15
and time duration 43 s. Separation efficiency
is estimated in the range of 70 – 90%. This
illustrates the possibility of using vibration to
separate
metallic
from
non-metallic
components in e-waste.

Shredded Electronic Boards (Mixture B)
There is no doubt that shredded electronic
boards mixture is more complex comparing
with mixture A. It consists from different
materials that vary in density and particle
shape. Figure 4 shows mixture B subjected to

Figure 3: Separation pattern for electric wires mixture. (a) Initial mixture configuration at t = 0, (b) copper on top configuration
at f = 10Hz, Γ = 2 and t = 1 min., (c) clustering of copper configuration at f = 30 Hz, Γ=1.5, and t = 2.3 min., (d) sandwich
configuration at f = 30 Hz, Γ = 6 and t = 14 s, and (e) copper at bottom of the bed at f = 120 Hz, Γ = 15 and t = 1 min
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Figure 4: Separation pattern for shredded electronic boards mixture. (a) Initial mixture configuration at t= 0, (b) metals on top
configuration at f = 10Hz, Γ = 2.2 and t=100s., (c) sandwich configuration at f = 30 Hz and Γ = 4 and time duration 35s., (d)
metals on top at f = 30 Hz and Γ = 8 and time duration 13s, (e) sandwich configuration at f = 60 Hz and Γ = 12 and time
duration 120s, and (f) metals at bottom at f = 120 Hz and Γ = 15 t = 43 s
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Furthermore, it needs less time to separate.
When they are on top Faraday‘s tilting
probably will affect the design of future
separation device as in this case, metal height
is not uniform, i.e. inclined layer. Similarly,
Sandwich is also not favoured. Based on this,
the optimum vibration conditions are
frequency f ≈ 90 – 150 Hz and acceleration Γ
≈ 9 – 15 for shredded e-waste in the range 1 –
2 mm. This particle size is relatively large to
minimise liberation cost. It is appreciated that
some metallic and non-metallic components
will be adhered together where further
liberation is required. This opens the question
of the performance of the vibration rig at
relatively smaller particle size which is under
investigation. The method discussed here is a
batch type recycling rig. The authors are
developing a continuous recycling rig which
will be of great importance in e-waste
recycling.

Conclusion
The previous section illustrates that the
vibration can be used to separate shredded ewaste. This technique is considered
environmentally friendly as no flue gases or
chemicals are used compared with
metallurgical methods. Also it is efficient in
separating metallic from non-metallic
components in very short time. In addition, its
simplicity in design and operation makes it an
attractive method. These benefits favour
vibration over other recycling techniques. It is
expected that this method will participate in
solving the e-waste recycling at a greater
scale. However, special attention should be
given to vibration conditions used as the
separation indeed depends on them. Possibly
the better configuration in terms of easy of
separation is when metallic componentis on
the bottom of the bed. The bed is horizontal
and metal height could be approximated.
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Region, 4th International Environmental
Conference held at Al-Mansura University,
Egypt 28 – 29 Oct 2009.
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atmosphere enabling quick decision making
for emergency handling and evacuation plan.

Abstract
Accidental emission of chemical pollutants
from an industrial source always has
hazardous impacts on general public. Air
dispersion models are the powerful tools for
conducting the consequence analysis to assist
in planning of evacuation and emergency
preparedness plan in case of such accident.
This study has been carried out to simulate
the plume trajectory involving a hypothetical
accidental release of Sulfur dioxide (SO2)
from the stack of a proposed experimental
facility in Pakistan. The spatial trajectory
calculations
require
the
data
for
meteorological fields of the study area, which
has been obtained employing Weather
Research
and
Forecasting
(WRF)
meteorological model. The Eulerian and grid
dependent wind fields so obtained were
validated against the observed meteorological
data of the simulated region. In order to trace
out the chemical plume trajectory, a strategy
of particle dispersion using the grid
independent Lagrangian approach was
developed coupling it with the meteorological
model for obtaining the wind patterns of a
specific location at a specific time. This real
time simulation of plume trajectories
including effects of topography and
meteorology using Lagrangian approach
would be helpful for the visualization of
dispersion of chemical pollutant in the

Keywords: Plume trajectories, Dispersion,
Lagrangian approach, Meteorological model,
Chemical pollutant

Introduction
Atmospheric
dispersion
modeling
of
hazardous air pollutants released from a
source such as oil refineries and chemical
plants etc. in accidental scenario is
significantly essential for adopting safety
measures and preparation of evacuation plans
in emergency declaration. Dispersion
modeling
requires
a
comprehensive
knowledge and understanding of local and
regional meteorological conditions. These
meteorological conditions are normally
determined
by
using
prognostic
meteorological models and subsequently
appropriate dispersion models are used for the
assessment of pollutant dispersion under the
influence of prevailing meteorological
conditions over the region of interest.
Meteorological models may be classified as
physical and mathematical models. Physical
model is a scaled-down representation of
reality while a mathematical model is a
description of the system using mathematical
relationships and equations (Dudhiaet al.,
2005). The simplest dispersion models are
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provided in the form of graphs, tables or
formulae on paper. Nowadays models more
commonly take the form of computer
programs, with user-friendly interfaces and
online help facilities. Most of the modern air
pollution models are those computer
programs that calculate the pollutant
concentration downwind of a source. There
are various mathematical approaches used by
different types of atmospheric dispersion
models. These include Eulerian and
Lagrangian approaches.
The Eulerian approach divides the model
domain into two or three-dimensional arrays
of grid cells fixed with respect to the earth's
surface. Advection, diffusion, transformation,
and removal processes are simulated in each
grid cell by a set of mathematical expressions.
The oldest and most commonly used
Gaussian plume model is also based on
Eulerian approach. This model consists of a
single equation (Sutton, 1932;Bosanquet and
Pearson, 1936). It is derived by time
integration of Gaussian puff equation for
continuous release. The GPM assumes
Gaussian distribution of concentration in
cross wind directions. Gaussian models are
most often used for predicting the dispersion
of continuous, buoyant air pollution plumes
originating from ground level or elevated
sources. Despite of many limitations, the
GPM has extensively been used (Healy,
1984;Slade, 1968) because it is very easy to
use and conceptually simple. The formula
provides a better representation of reality if
conditions do not change rapidly (i.e.
conditions are reasonably steady and do not
deviate significantly from the average values).
The Gaussian-plume formula is derived using
assumptions of steady-state flow conditions,
constant meteorological conditions, no
provision of wet or dry deposition or chemical
conversion. Their complexity of these models
demands large amounts of computer time,
computer storage, and input data. Because of
the high cost of running these models, they

are practical only for infrequent runs of
limited duration.
A
Lagrangian
dispersion
model
mathematically follows pollution plume
parcels (also called particles) as the parcels
move in the atmosphere. The model assumes
the motion of the parcels as a random walk
process. The model then calculates the air
pollution dispersion by computing the
statistics of the trajectories of a large number
of the pollution plume parcels (Wilson and
Sawford, 1996). The model uses a moving
frame of reference as the parcels move from
their initial location. It is said that an observer
of a Lagrangian model follows along with the
plume. Lagrangian models may be either
source or receptor oriented. In a Lagrangian
particle model, the source can be simulated by
releasing many particles over the duration of
the release. In addition to the mean advective
motion of each particle (i.e. its trajectory), a
random component to the motion is added at
each step according to the atmospheric
turbulence at that time. In this way a cluster
of particles released at the same point will
expand in space and time simulating the
dispersive nature of the atmosphere. Air
concentrations are calculated by summing the
mass of all the particles in a grid cell. These
models are capable of modeling both
homogenous and inhomogeneous conditions
over flat or complex terrain (Oettl, 2001).
Lagrangian approach is mostly used in
dispersion study because in it the air parcels
moving in the synoptic wind field are
followed in a numerically simple manner,
thus avoiding the computational dispersion of
the Eulerian approach. It has been reported
that Lagrangian particle models provide better
results than the Eulerian models (Gaussian
model) and Gaussian puff models (Chino and
Ishikawa, 1988).
Different dispersion studies have been
conducted out using Lagrangian approach.
For example,Basitet al. (2008)performed a
study using a Lagrangian stochastic particle
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model (LSPM) coupled with an Eulerian
regional modeling system (RAMS). In this
study, a hypothetical accidental release of
radio nuclides from a proposed nuclear power
plant in Pakistan was simulated. The results
showed that, in case of complex topography, a
straight-line Gaussian plume model is not an
appropriate modeling tool for simulating the
dispersion of particles because it generates
quite misleading results, while a Lagrangian
particle model properly coupled with a
regional atmospheric modeling system
produce a much more realistic results.
Another simulation study was carried out in
the Rhine valley region of Central Europe by
Carvalhoet al. (2002) to simulate the transport
and diffusion processes of a gaseous tracer. A
Lagrangian stochastic dispersion model,
SPRAY with a prognostic mesoscale model
RAMS was employed in this study over a
complex terrain consisting of mountains and
valleys. The main objective of the study was
to confirm the ability of the modeling system
to precisely simulate the 3-D transport and
diffusion of a tracer in complex topography. It
was concluded that the modeling system was
capable of simulating the full dispersion
process i.e. the reconstruction of wind field,
turbulence field and concentration field in
complex terrain.Segal et al. (1988) conducted
a simulation study for the estimation of
ground level SO2 concentrations from four
elevated sources positioned 60-80 km away
on southern Florida coast. The modeling
system
comprised
of
a
mesoscale
meteorological model and a Lagrangian
particle dispersion model was employed to
get the estimates for a realistic worst-case
summer meteorological scenario. The results
of the dispersion modeling system were
compared with those obtained from a
Gaussian dispersion model for trapping
conditions employing various combinations
of mixing depths and wind speeds. A
comparison was also made with the sigma y
curves given by Carpenter et al. (1971), which

were derived from observed Tennessee Valley
Authority (TVA) power plant emissions. This
study well explained the complexity of the
dispersion patterns for the long distances like
100 km in a complex coastal region because
of diurnal effects and mesoscale circulations.
The authors concluded that the mesoscale
Lagrangian modeling system used in study
had the potential for the dispersion studies in
complex topography. Similarly Anfossiet al.
(1998) conducted a study in order to check
the modeling ability of two 3-D Lagrangian
particle models as ARCO and SPRAY for the
simulation of airborne dispersion over a
highly complex terrain. The model results
were validated against the measurements
obtained
from
tracer
experiment
TRANSALP-I performed on the 19th October
1989 in the Alpine region (Canton of Ticino,
Switzerland). In experiments, a chemically
inert and non buoyant tracer C7F14 (PP2) was
released during one hour at 8 m above ground
level, a few kilometers upwind from the
bifurcation of two valleys. Although because
of steep and complex topography, the models
remained unable in describing the whole
complexity of phenomena observed in
experiments, however the results of the
investigative study seemed to be successful in
providing a sensible agreement with the
observations about the general behavior and
splitting of the plume between the two
valleys, special and temporal concentration
distribution and the concentration maxima
locations. The conclusion of the study was
that the Lagrangian models can be considered
for practical use.
In the light of above literature review, it was
concluded that the lagrangian approach based
models are better than Gaussian plume
models, hence the current case study was
conducted to simulate the plume trajectory
released from the stack of a proposed
experimental facility , using a coupled
modeling system consisting of a mesoscale

(92 )

978-9948-497-12-7

meteorological model (WRF) and Lagrangian
particle model (FLEXPART).

random number. If the mean velocity
provided from Eulerian meteorological model
was changing after each Lagrangian time step
the results may improve. If the Eulerian
velocity component was not changing with
each Lagrangian time step the same mean
velocity component will be used for trajectory
calculation but the fluctuating component of
velocity generated by the program will be
changed after each Lagrangian time step. In
this way the dependence of Lagrangian
approach becomes independent of grids, the
dependency on grids was only due to wind
fields provided from Eulerian meteorological
model. To reduce this dependency the grid
size and also the time step of meteorological
model may be reduced. By reducing the grid
size and time step the memory requirements
of computer processors increase greatly and
simple Pentium PCs may be unable to
calculate the wind fields.

Methodology
Weather Research and Forecasting (WRF)
model
Meteorological data is an important input
which is required for running FLEXPART
model; hence Weather Research and
Forecasting (WRF) model (Skamarock et al.,
2005) has been used in this study for the
prediction of meteorological fields. This
mesoscale weather prediction system was
designed to serve both operational forecasting
and atmospheric research needs. It is a highly
versatile numerical code for simulating and
forecasting meteorological phenomena. It is a
three-dimensional non-hydrostatic model that
solves the fundamental equations of heat,
moisture, motion and continuity that govern
the atmospheric fluid flow. Further details of
the model can be foundfromhttp://www.wrfmodel.org/index.php.

Modeling Setup
The dimensions of model domain under study
were selected as 360 km×360 km×15 km with
the coordinates of centre at 33.66◦ latitude
and 73.27◦ longitude that coincide with the
location of emission point. The numbers of
grid cells along x, y and z directions were 30
× 30× 24 respectively. The spatial resolution
of the grid was 12 km × 12 km for the
horizontal plane. Data of USGS (United
States Geological Survey) for land use and 2
min spatial resolution for global topography
were used. The archive of analyzed data
produced by the US National Centre for
Environmental Prediction (NCEP) at 1º×1º
horizontal grid increment with 6 hours
interval
(http://dss.ucar.edu/datasets/ds083.2/data/)
was used to initialize the model. The selected
model domain as shown in Figure 1 covers
different main cities (locations of cities are
denoted by blue dots) of the simulated region
around the releasing point (red dot).

FLEXPART Modeling System
In present study, a Lagrangian particle
dispersion model called FLEXPART(Stohl et
al.,
2005)
available
at
http://transport.nilu.no/flexparthas been used
for plume trajectory calculations. The
FLEXPART modeling system is a
comprehensive tool for atmospheric transport
modeling and analysis. It has many
computational capabilities such as calculation
of forward dispersion, backward response
functions, trajectory clusters, removal
processes, concentrations, uncertainties, age
spectra, and mass fluxes. The Lagrangian
approach used for tracing the trajectory of
particles is independent of grids. It needs the
velocity components after small time steps.
These time steps may be of any length. The
Lagrangian model requires mean velocity
after each time step selected and generate the
fluctuating component of velocity by a
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Fig. 1. Geographical boundaries of main cities of simulated region

The simulated region contains complex
topographical features including plains,
deserts, forests and mountains ranging from
the plain areas in the south to the high
mountainous peaks in the north. The northern
mountainous area is comprised of the parts of
the Hindu Kush, the Karakoram Range, and

the Himalayas. This area has such renowned
hilly peaks as K2 (8 475 m, the second
highest peak in the world) and Nanga Parbat
(7 980 m)(Shamshad, 1988). These
topographical features can be observed from
Figures 2(a) and 2(b).

Fig. 2. (a)Surface map showing topographical features of the model domain; (b)Wireframe map showing 3-D view of the
topography of simulated region

The Eulerian–Lagrangian modeling system
has been used to calculate the positions of
emitted particles. The wind fields were

calculated with the meteorological modeling
system as Weather Research and Forecasting
(WRF) model using a fixed time increment of

(94 )

978-9948-497-12-7

37 s. The trajectory of particles was traced out
using Lagrangian particle dispersion model as
FLEXPART for about 6 hours assuming that
a single puff with 1000 particles released at
about 00:00 h on 2 June, 2009 from a 30 m
high stack as an integrated part of an
experimental facility at 33.66◦ latitude and
73.27◦ longitude. Particles were released with
an initial velocity equal to zero and assumed
to be inert and no chemical reaction was
assumed. Also the effect of gravity was
neglected as the size and weight of particles
was very small. The dispersion of particles in
vertical direction was only due to fluctuation
of wind.

calculated values of temperature, wind
velocity and wind direction are compared
with the observed ones. The figures 3-5
present the variation in the environmental
parameters such as temperature, wind speed
and wind direction with the passage of time.
These figures show clearly that the simulated
data is in good agreement with the observed
data. The minor difference between the
simulated and observed values of wind speed
and its direction is because of the presence of
many man made features in the vicinity of the
releasing point such as residential buildings
that cause to change the speed of wind field as
well as its direction. These features are not
incorporated into the model simulation that is
why the values of wind speed in observed
data are less than those in simulated data.

Results and Discussions
The numerical results of air temperature, wind
speed, wind direction and particles trajectory
are discussed in this section. The numerically

Fig. 3. Variation in air temperature with passage of time at releasing site starting from 00:00 hto 12:00 h on 2 June, 2009

Fig. 4. Variation in wind speed with passage of time at releasing site starting from 00:00 h to 12:00 h on 2 June, 2009
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Fig. 5. Variation in wind direction with passage of time at releasing site starting from 00:00 h to 12:00 h on 2 June, 2009

The hypothetical accidental release of Sulfur
dioxide (SO2) was assumed to take place
from a stack at a proposed site for an
experimental
facility.
The
numerical
simulation was performed by using a
meteorological prediction model, WRF
coupled with a Lagrangian particle dispersion
model as FLEXPART.Figures 6-9 show the
particle dispersion under the influence of
prevailing wind field ( surface wind field at
30 m) after every 2 hours starting from the
time of release along with the geographical
boundaries contours.

Figure 6 shows particle dispersion and wind
vectors just at the time of release i.e. at 00:00
h on 2 June, 2009. It can be observed from
figure that direction of wind at release site is
from mountainous range at northern side of
simulated region towards the plain areas. The
wind speed at that time was relatively low
about 1.8 m/sec.

Fig. 7. Particle dispersion and wind field (30 m above
ground level) at 02:00 h on 2 June 20092 hours after release

Figure 7 illustrate particle trajectory 2 hours
after release. The wind in the vicinity of
emission point is coming from north east and
under the influence of this wind field,
particles have moved in south–westerly
direction and covered a distance of 45 km in
this direction.

Fig. 6. Particle dispersion and wind field (30 m above
ground level) at 00:00 h on 2 June 2009
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Fig. 8. Particle dispersion and wind field (30 m above
ground level) at 04:00 h on 2 June 20094 hours after release

Fig. 9. Particle dispersion and wind field (30 m above
ground level) at 06:00 h on 2 June 2009 6 hours after
release

Figure 8 represents particle positions and
windvectorsafter4 hofrelease. At this hour, the
particles are continuously traveling in southwesterly direction, but some of them have
started moving towards west-north direction
because the direction of wind is also trying to
move in same direction. This non-uniform
and asymmetric dispersion cannot be obtained
with the use of a Gaussian plume model
(GPM).

Figure 9 shows particle positions 6 h after
release. It is clear from the figure that the
wind direction is south-easterly at this hour
over the spreading area of plume. This figure
clearly shows a reversal trend in the direction
of wind. This change has started to transport
the particles in south-easterly direction and
spreading branches of plume may be observed
turning back in the same direction.

Fig. 10. 3-D view of particle trajectory and wind field (30 m above ground level) at 06:00 h on 2 June 2009 6 hours after release
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Figure 10 shows a 3-D view of particle
trajectory along with topography and wind
fields. From figure, it is clear that the spread
of plume is towards plain areas of the

simulated region during entire simulation
period. It is due to the influence of wind filed
that remained directed towards plain areas of
the region.
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difference between observed and model
generated data, which could be due to some
small scale man- made features in the vicinity
of the proposed site which were not
adequately represented in the modeled
topography. The wind vectors show that
winds are blowing from mountains to the
valley during the duration of the simulation
and particle dispersion is towards the plains.
The irregular shaped potentially vulnerable
area covered by plume could be seen quite
different from the expected prediction of
Gaussian plume model (GPM) that would
result in an distribution along a straight line.
The results can be further improved by
increasing spatial and temporal resolution of
meteorological model. This will further
improve the Eulerian fields for different
parameters that serve as input to the
Lagrangian dispersion model.

Conclusion
An Eulerian–Lagrangian modeling system has
been used in this study to simulate a
hypothetical accidental release of Sulfur
dioxide (SO2) starting at 00:00 h on 2 June
2009 and lasting for 6 h from a 30 m high
stack of a proposed experimental facility in
Pakistan. The modeling system consists of an
Eulerian mesoscale model called Weather
Research and Forecasting (WRF) model
coupled with a Lagrangian particle dispersion
model called FLEXPART.
The simulated results of air temperature, wind
speed and wind direction have been compared
with the observed data and were found to be
in good overall agreement. The observed data
was only available at release point and this
was the reason why a weather prediction
model WRF was used to generate the
meteorological data. There is a small
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Abstract
There are small-scale studies in isolated
settings indicating the tip of the iceberg when
it comes to injuries and violence in Saudi
Arabia. A complete picture of injury situation
in the Kingdom is lacking that requires
efficient planning and implementation of
effective interventions. The newly launched
electronic surveillance system is set to tackle
this problem and to form the base for the
objectives of the National Injuries and
Accidents Prevention Program in Saudi
Arabia. The overall aim of the Electronic
Injury Surveillance System is to gather
regular ongoing information for prevention of
injuries and efficient use of resources, with
the following specific objectives: establish the
epidemiologic picture of injuries in Saudi
Arabia (evaluate the magnitude, burden,
incidence & characteristics of specific
injuries), evaluate the indicators for injuries
on ongoing basis, identify population at risk
requiring specific intervention, monitor &
evaluate intervention for effectiveness and
produce reports that help in planning and
resource allocation at the national and
regional levels. This is a preview paper of the
newly launched electronic injury surveillance
system in health facilities in Saudi Arabia. We
believe it will be the fundament for a region
wide injuries surveillance system across GCC
countries.

Keywords:

Injury,
Saudi
Arabia,
Surveillance, Electronic, Epidemiology

Introduction
It is estimated that injuries are responsible for
five million deaths annually, while the nonfatal hospitalization and hospital visits are
many folds. These usually result from traffic
collisions, drowning, poisoning, falls, burns
and violence: assault, self-inflicted violence
or natural or manmade disasters (like war).
Injuries account for 9% of global mortality,
and are a threat to health in every country of
the world. For every death, it is estimated that
there are dozens of hospitalizations, hundreds
of emergency department visits and thousands
of doctors‘ appointments. A large proportion
of people surviving their injuries incur
temporary or permanent disabilities. Thus
injuries and violence are a health threat in
every country, but the extent varies from
country to country.
According to the World Health Organization
(WHO), injuries account for 11.26% of total
deaths in the eastern Mediterranean region
(WHO, 2004). In 2007, there were 6358
reported fatal road traffic fatalities and 36025
reported non-fatal road traffic injuries in
Saudi Arabia (WHO, 2009).
Violence in Saudi Arabia has been reported in
the literature sporadically. A retrospective
study was carried out at the Forensic
Medicine Centre in Dammam, Saudi Arabia
during the period from January 2002 December 2006 and it showed 64 fatalities
from gunfire injuries. The deaths included 55
cases of homicide, seven cases of suicide and
two accidental shootings (Al Madani et al,
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2008). In the four-year period from 1996 to
1999, 42 adult patients (age 12 years and
above) were admitted to the Assir Central
Hospital, Abha, Saudi Arabia, following
gunshot injuries. Although all patients
survived, the mean hospital stay was 15.45 +/23.06 days (range = 1-150 days) but the
quality of life after survival wasn‘t assessed
(Softah Al et al, 2002). The prevalence of
physical violence during pregnancy was 21%
over a 3-year period at King Fahd Teaching
Hospital of the University in Al-Khobar,
Saudi Arabia (Rachana C et al, 2002). Youth
violence has not been reported.
Child abuse and neglect was presented in a
retrospective collection of data on all children
evaluated by the Suspected Child Abuse and
Neglect (SCAN) team in King Abdulaziz
Medical City for the National Guard from
2000 to 2008. Physical abuse was the most
common form of abuse in the first (20002004) period at 61% and second (2005-2006)
period at 76%, which changed to neglect
(41.6%) as the most common form of
maltreatment in the third (2007-2008) period.
Parents were the perpetrators in 48.9% of
cases throughout the 3 periods. Overall
fatality rates were 4.4%, 14.3%, and 7.9% in
the first, second, and third periods
respectively (Al-Eissa M and Al-Muneef M,
2010).
Burns in Saudi Arabia continue to be a
problem with majority of cases under the age
of 12. A regional burns unit in Tabuk‘s North
West Armed Forces Hospital presented a
retrospective analysis of 435 consecutive
admissions over an 8-year period. The
majority were domestic accidents, while a few
were suicidal and two were due to child
abuse. Scalds were commoner than flame
burns with 70.6 per cent were children under
12 years (Al-Shlash S. et al, 1996). Another
Campfire burns were prevalent in children
below the age of 5 (Al-Qattan MM, 2009)
while mean age for domestic chemical burns

was 25 year old (Pitkanen J and Al-Qattan
MM, 2001).
A prospective observational study at King
Abdul-Aziz Medical City, Riyadh, Kingdom
of Saudi Arabia of all children <12 years of
age presenting with submersion injury in the
period between January 1999 through
December 2004 showed 87% of the victims
were not properly supervised at the time of
the event. None of swimming pools met the
required safety regulations. Cardiopulmonary
resuscitation knowledge was virtually
nonexistent (Hijazi OM et al, 2007).
In 2007, an internal report based on data from
non-injury surveillance systems within the
Ministry of Health (MOH) showed that
Injuries are the second reported cause of death
in MOH hospitals accounting for 19.2% of all
causes of death. There were 664,011 injury
related visits to hospitals and 481,287 to
primary care centers in 2007 in the Kingdom.
The cost of road traffic collisions only was
estimated to be 15 billion Saudi Riyals. The
above review shows that there are small scale
studies in isolated settings indicating the tip of
the iceberg, and a complete picture of injury
situation in the Kingdom is lacking that is
required for efficient planning and
implementation of effective intervention.

National Injuries and Accidents
Prevention Program & Surveillance
System
Ministry of Health of KSA recognizing the
burden of injuries in the country launched an
Injury and Accident Prevention Program
based in the Non-Communicable Disease
Directorate of MOH. A separate Director,
who reports to the Director General of NonCommunicable Disease General Directorate,
heads the Program. The Program functions
under the overall guidance of the Assistant
Deputy Minister for Preventive Medicine.
The Program is mandated to carry out three
main functions:
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Establishing and maintaining an
efficient
and
effective
Injury
Surveillance System
Education
campaigns
to
the
community at all levels about the high
burden of injuries in the country and
the ways and means to prevent them
Capacity development of medical
professionals in injury prevention and
control curriculum, for example the
TEACH
VIP
course(Training,
Educating, Advancing Collaboration
in Health on Violence and Injury
Prevention) and others.

The Program realized the need of a uniform
national injury surveillance system as the
current efforts are fragmented and does not
capture the whole range of injuries
(intentional and unintentional) and its
outcome; with frequent under-reporting of the
cases. Injury surveillance systems available in
other non-MOH health sectors are quite
complex, cumbersome, time consuming and
impractical for the national level surveillance.
These can be used for selected cases of
injuries, but would not be feasible for
nationwide surveillance of injuries. Therefore,
a brief and practical Injury Surveillance
System is designed to address these issues.
The system will generate information on the
injury situation in the country including
information on the extent and nature of
injuries. This information will help the
planners to allocate resources so as to achieve
greatest impact in preventing injuries,
reducing the harm they do, and treating and
rehabilitating injured persons.

Objectives of the Surveillance
System
The overall aim of the Surveillance System is
to gather regular ongoing information for
prevention of injuries and efficient use of
resources, with the following specific
objectives to:

1. Establish the epidemiologic picture of
injuries in KSA (evaluate the
magnitude, burden, incidence &
characteristics of specific injuries)
2. Evaluate the indicators for injuries on
ongoing basis
3. Identify population at risk requiring
specific intervention
4. Monitor & evaluate intervention for
effectiveness
5. Produce reports that help in planning
and resource allocation at the national
and regional levels

The Designing of the Surveillance
System and Data Collection Tool
The process of designing of Surveillance
System started in 2009, when a simple
recording tool was designed taking guidance
from the WHO-CDC Injury Surveillance
Guidelines. The WHO team of experts from
EMRO and WHO-HQ participated and
assisted in the designing of this initial draft of
the tool. The form was later modified to the
country‘s need and the draft was discussed
among technical experts from the Ministry of
Health, non-MOH government health sector,
private sector and other stakeholders in the
area of injury prevention like Ministry of
Interior, Police and Ministry of Transport etc.
The non-medical professionals in these
deliberations brought additional perspective
to the discussion and helped refining the data
collection tool. After incorporating all inputs,
the data collection form was finalized that
will be used in the pilot phase and modified if
required, based on the result of the pilot. The
surveillance will include any injury presenting
to a health care facility including road traffic
injury, fall, burn, drowning, violence, sport
injury, poisoning and others.

Data Recording and Flow
The data on the prescribed form will be
collected at the health facilities and
communicated to the Regional Injury
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Coordinator in every region, who will submit
the consolidated information to the Injury &
Accident Prevention Program in MOH on
regularly basis. The form will also be entered
in web-based software that is under the
process of development.



Components of the Surveillance
System
The Injury Surveillance System comprises of
three main components i) man power (human
resource), ii) hardware component and iii)
software component. For the hardware, the
program plans to establish connectivity
through high speed Internet (broadband) with
computers, scanners etc. for all the Regional
Coordinators with the following features:
 PC, networking with maintenance
 Structured cabling, fiber termination
 Anti-virus protection & Internet
security
 Audio systems, video conferencing, IP
telephone
 Servers, storage, backup solutions
 Establishing access to the online
computer software, where the
coordinators are able to carry out data
entry and analyses
The software component will be based on the
Content Management System (CMS) with the
following features:
 Allowing a large number of people to
contribute to and share stored data
 Control access to data, based on user
roles (defining which information
users or user groups can view, edit,
publish, etc.)
 Aid in easy storage and retrieval of
data
 Reduce repetitive duplicate input
 Improve the ease of report writing
 Improve communication between
users

Different types of applications can be
used for dataentry and simple analysis
like: Windows, Mac, Android and
others.
The system will be active & smart
system
helpingdirect
and
live
communications between different
persons and levels like: internal
&external emails, SMS, MMS, video
&
voice
communications
and
electronic supervision and training.

Reporting Modalities
The Program plans to prepare two types of
report every year – one will be a brief and
concise one that will provide a short summary
mainly targeting the senior level policy
makers who don‘t have much time to read
detailed report. While the other will be a
detailed version that will include all the data,
analyzed and presented with tables, graphs
and comparisons etc. Each report will be
prepared in Arabic as well as English.

Linking the Surveillance System
with other Sectors
The Program is cognizant of the important
role of other sectors in the whole injury
prevention and control mechanisms and thus
the importance of data that other sectors are
collecting like the Ministry of Interior,
Ministry of Transport, Ministry of Social
Affairs, other non-MOH government and
private sector hospitals, Primary Health
Centers and clinics etc. It is therefore, planned
that the Injury Surveillance System of MOH
will be linked with the databases of these
sectors through a unique identification (ID)
process to extract additional data and compare
and check the validity of some variables. The
citizen number for Saudis and the Iqama
number for expatriates will serve as the basis
for this unique ID. Moreover, the detailed
demographic information about the injured
person/s would be collected initially by the
data collectors of Injury Program, but later in
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the course of implementation of Surveillance
System would be captured from the Ministry

of Interior through this unique ID.

(106 )

978-9948-497-12-7

Conclusion
This paper is a preview of the first electronic
injury surveillance system in the GCC region.
The end of 2013 will be the time to publish
the results of this system, in the format of the

first annual report. We are proud to be the
pioneers in this field in the GCC region and
we believe that our system will be
fundamental for a region wide injury
surveillance system in the near future.
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Abstract

Keywords: Health information technology

Healthcare providers (HCPs) in UAE are
challenged to improve service quality while
maintaining if not reducing costs through use
of health information technologies (HIT)
referred to as e-health. The existing e-health
environment in the UAE is only shared within
the large HCPs due to the significant cost of
HIT implementation, management and
maintenance. In addition, current HIT exists
in a dispersed state meaning patient data is
constrained within certain HCPs or clinics.
Such dispersed infrastructure results in
higher costs, insufficient use of resources and
insufficient information exchange.

(HIT), e-health environment in UAE, cloud
computing, UAE Integrated Healthcare Cloud

We propose a vision to connect the e-health
environment in the UAE. Our vision is based
on the concepts of Cloud Computing (CC)
within which the managing and maintaining
of HIT is shifted to a third party: UAE
Integrated Healthcare Cloud (UAE- IHC).
Data storage and processing will be done
remotely in the cloud while HCPs and other
concerned parties have the access to the data
anytime and anywhere per certain
authorization rules. The real value of the
UAE- IHC will be in the central capture of
uniform patient data from an entire patient
episode that spans multiple encounters across
all HCPs visited. If deployed and managed
effectively, UAE-IHC promises to achieve
efficient
and
cost-effective
e-health
environment.

Introduction
Healthcare in the UAE is provided by a
combination of government, private and in
few cases semi government organizations.
These healthcare providers (HCPs) vary in
size, complexity and span of control. Some
have been in existence for a number of years
and some have ties to international healthcare
organizations but the market is dominated by
many new ―players‖ in particular in the
private sector. Overall, healthcare service in
the UAE is readily available, with good
quality of care and at varying costs. However,
while it is assumed that the developed
markets average 3 beds per 1,000 population,
in the UAE and by 2010, it was still less than
2 beds per 1,000 population [31]. This
indicates a large room for future growth.
Thus, investments in healthcare will grow
across all sectors. The value of the healthcare
market is expected to rise to US$11.9 billion
in 2015, from US$3.2 billion in 2005 [32].
HCPs will see more patients as the UAE
government mandated that employers provide
health insurance coverage which pushed
demands on the service higher. At the same
time, HCPs in the UAE are hit by the shortage
of qualified healthcare workforce; and the
rampant complexity of diseases. In this
complicated environment, HCPs in the UAE
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are challenged to improve patient care by
eliminating medical errors, reduce costs by
improving processes‘ efficiencies, and
increase access to affordable healthcare. In
this area, HCPs stand to benefit immensely
from a safer and a leaner healthcare operation
powered by smart adoption of healthcare
information technology (HIT) or e-health
tools.
E-health (HIT) aims to improve quality of
patient
care
through
improving
communication between the key participants
in healthcare system (patients, HCPs,
insurance providers); and by providing an
environment conducive to information share
and efficient workflow processes [4, 29]. The
adoption level of HIT is different across the
main groups form the UAE healthcare
landscape. Accordingly, the current e-health
environments in the UAE is varied from the
very large and connected to the small and
least sophisticated. They run from a single
hospital information system (HIS) across a
network of affiliated hospitals and clinics all
the way down to paper based environments.
This variation is attributed mainly to the high
costs of implementing and maintaining HIT to
the HCPs in particular for the medium and
small sized entities.
This fragmented disconnected e-health
environments can‘t meet the increased
demands for coordination, collaboration
between HCPs in the UAE and for facilitating
the electronic capture and exchange of patient
information.
In this scenario, Cloud
Computing (CC) represents the new frontier
to extend e-health environment in the UAE to
meet these demands. CC allows healthcare
providers to save the cost, time and efforts
consumed by HIT implementation by shifting
this burden to the cloud‘s owner over the
Internet on a pay-as-you-use model.
Moreover, CC enables a unified patient record
in a connected patient care environment. The
effective role of CC in assisting HCPs reduce
cost and improve service delivery is explored

by many studies [9-12]. More studies
developed CC based solutions to support
different services in e-health environment
[16-22]. We envision the UAE Integrated
Healthcare Cloud (UAE- IHC) to be a tool to
help UAE HCPs manage their operations
and/or a tool for exchange patient data.
To the best we know, there is no rigorous
research study undertaken to capture the
current state of e-health environment in the
UAE, to address its limitations and challenges
or to offer potential solutions. This paper
demonstrates a high level overview of current
e-health environment in the UAE, suggests
CC as an enabling technology to leverage this
environment national wide, and argues that
more research is needed in this area to
determine the optimal shape for e-health
environment in the UAE.
This paper structured as follows. Section 2
gives an overview of e-health. Section 3
presents CC technology and its applications to
e-health. Section 4 summarizes methodology
for collecting information. Section 5 discusses
the current state of e-health environment in
UAE. This is followed by a proposal for ehealth cloud in the UAE in Section 6. Section
7 discusses the opportunities and challenges
of our proposal while Section 8 draws the
paper to a close.

e-Health: An Overview
The term ―e-health‖ encompasses a set of
different concepts that include health,
information and communication technology
(ICT) and business. It can be defined as ― the
application of Internet and other related
technologies in health care industry to
improve the access, efficiency, effectiveness
and quality of clinical and business processes
utilized by health care organizations,
practitioners, patients and consumers to
improve the health status of patients‖[1]. A
border definition of e-health indicates using
up-to-date ICT to improve the quality and
safety of healthcare [2]. Thus, ICT is viewed
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as a tool to ―enable e-health‖ by expanding
and enhancing the processes and functions in
HCPs to deliver prompt, error-free and cost
effective medical services. Basically, e-health
is divided into two main components [3, 8]:
Health Informatics: using ICT to optimize the
acquisition, storage, retrieval and use of
medical data in accordance with healthcare
guidelines, policies and procedures. Tools for
health informatics include decision support
systems and electronic medical records
(EMRs) such as electronic health record
(EHR), electronic patient record (EPR) and
personal health record (PHR).
Telehealth: using ICT to support longdistance medical care, public health, patient

education, healthcare professionals‘ education
and health administration. Telehealth is a
wide term that covers many applications such
as telemedicine and health websites or portals.
Tools
for
Telehealth
include
videoconferencing,
Internet,
wireless
connections and more.
Figure 1 as introduced in [3] illustrates the
relationship of the main components of ehealth and some examples of applications or
tools [square brackets]; all of which share the
elements of using ICT, remoteness and
medical applications.

Figure 1 - Relationship of the main components of e-health and some examples of applications

e-Health activities are growing dramatically
all over the world with the potential to
improve health care system in both developed
and emerging countries [3, 27]. The growth
and impact of e-Health on healthcare systems
in all countries is tracked by the Global
Observatory for e-Health created by World
Health Organization (WHO). According to
their report published in 2005 [4], the
advantages coming from e-health includes:
 Enhanced quality of service delivery.
 Improved effectiveness through better
and shared use of resources.




Improved productivity and financial
performance.
Improved
collaboration
and
knowledge sharing among health
professionals (see Figure 2).

However, the increased interest in e-health is
not without its challenges. For an example,
the legal and ethical implications of using ehealth tools are still not clear. At present,
many applications of e-health tools are
unregulated. In addition, the impact of these
tools on patient‘s behavior and patient-
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clinician relationship is not thoroughly
explored yet. Most importantly, there are still
little evidences of the effectiveness and costeffectiveness of HIT or e-health tools [4, 8].
More detailed references about definition of
e-health, application areas, benefits, issues,

challenges and case studies can be found in
[1-4, 8, 27-29].
Clearly, further research and development
work are required for more technological
innovations to sustain growth of e-health and
to expand its capabilities and effectiveness.

Figure 2 - Impact of e-Health according to WHO

Cloud Computing: A Promising
Technology for e-Health
As explained in previous section, e-health
relays on ICT in terms of connectivity and
information-processing.
The broad ICT
architecture for e-health includes [1, 30]:
1. Worldwide access to information
(Internet)
2. Secure and remote connections
between participants (Extranet).
3. Communications infrastructure within
the healthcare provider organization
(Intranet).
4. Core data systems (applications and
data storages).
5. Telecommunications (technical and
physical layer for connections and
information interchange)
6. Hardware (computers, servers..)

As early as in 2005, Cloud Computing (CC)
technology has caught attentions for its
potential to support the rapidly expanding
scope of e-health [5, 7]. Encyclopedia
Britannica defines CC as ―a method of
running application software and storing
related data in central computer systems and
providing customers or other users access to
them through the Internet‖ [6]. CC simply
allows data storage and processing to be done
remotely away from HCPs who become
consumers of the CC. With CC, HCPs have
the option to extend their ICT architecture starting from item number 2 in the list aboveover the Internet to the Cloud Service
Provider (CSP). CSP in the cloud provides
three major services [10, 13]:
1. Software as a service (SaaS): Where
CSP hosts the e-health applications
such as EMRs and makes them
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available to the customers (such as
HCPs) over the Internet.
2. Platform as a service (PaaS): Where
CSP hosts the software tools needed
by developers and HIT supplier to
build web-based health applications.
3. Infrastructure as a service (IaaS):
where CSP maintains computing and
data storage facilities taking care of all
the daily procedures of using and
maintaining systems in the cloud. CSP
responses to (HCPs) needs of
outsourcing their computation and
storage load in flexible and scalable
service architecture and through ―pay
as you use‖ contract.
Through this, CC technology represents the
opportunity for HCPs to reduce the cost and
human efforts associated with ICT
architecture and to focus on care services. In
general, there are four models of cloud [11,
14] that could be adopted by HCPs:
1. Public cloud: where CSP makes the
resources in the cloud available to the
general public of HCPs.

2. Private cloud: the cloud is created
and operated internally by a certain
HP or by an external CPS but for only
a single HCP/ customer.
3. Community
cloud:
The
cloud
resources are shared by several HCPs
or other partners of common concerns.
4. Hybrid cloud: the cloud is a
combination of any of the other three
models.
A cloud for e-health deployed according to
any of these models means to connect the
concerned parties with well-developed
technical mechanisms to maintain security
and privacy of patient data. Figure 3 provides
an example of advanced community e-health
cloud model presented in [26]. The cloud
hosts the EHRs which are accessed via
Internet by patients and HCPs. The cloud also
provides diverse computing and storage
services that are shared by several HCPs and
health insurance companies. Lastly, CPS in
the cloud enforces data security through two
technical means: authentication and data
encryption.

Figure 3 - Advanced E-health Cloud Model [26]
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Many authors [9-12, 15-17] discussed the role
of CC in e-health and its potentials to assist
HCPs improving service delivery. They
present the benefits of CC to HCPs and which
include:
 Reduce the ICT infrastructure cost.
 Eliminate
management
and
maintenance burdens.
 On-demands computing and storage
resources.
 Sharing patient data across multiple
HCPs.
 Fast implementation of services.
 Off-site data storage.
 Agility with scaling ICT upward or
downward as needed.
 Data protection resources.
 Advantages for green computing (best
utilization of resources).
Other research works proposed CC solutions
for patient data collection [18, 25]; medical
storage [19, 22] and hospital file management
[23]. At national levels, researchers in [20]
presented LUMIR which is an Italian CC
solution for e-health care system in Basilicata
region in Italy. The aim of LUMIR is to
create an Internet-base national platform to
integrate the heterogeneous contexts of the
different (new and existent) healthcare
applications and information system in the
region of Basilicata. Also, researchers in [21]
tackled the issue of existing independent
hospital Information System (HIS) in China.
Independently established HIS systems result
in high-cost of construction, management,
maintenance and upgrades. They also result in
waste of resources as they can‘t supply
sufficient information sharing.
The
researchers proposed a simple cloud-based
solution to simplify the construction of HIS
especially for small HCPs who can‘t afford
the cost of implementing independent HIS;
and also to impose uniform standards of data
sharing between existent HIS. They proposed
a system to share the information from

different hospitals through virtual private
network with support of public Internet
access. Lastly, researchers in [24] used CC to
produce a cloud-based emergency medical
system (EMS) for the Greek National Health
Service. The proposed system is integrated
with the PHR to allow healthcare givers easy
and immediate access to patient data using
any computing device in a cost-effective
manner.
We believe that HCPs in the UAE can benefit
from these experiences to realize the value of
CC in supporting e-health services.
Implementing a national wide CC solution –
as we propose in Section 6- will contribute in
meeting the increased coordination and
coordination requirements between HCPs and
in facilitating the electronic capture and
exchange of patient information.

Methodology
The information in this paper is derived
mainly from research and experience of the
authors who work in HIT industry in the
UAE. Both authors have participated in
major e-health implementation projects in the
country since 2005. The aim of the paper is to
give a rough idea of the current status of ehealth environment in the UAE and to
identify main challenges and promising
practices based on:
 The literature review and analysis of
logical and technical existing data
associated to the current e-health
environment in the UAE.
 Authors‘
own
experience
implementing e-health in the country;
observing e-health status in the UAE,
monitoring HIT market and up-to-date
technologies.
 Sites‘ visits and interviews of HCPs in
the UAE providing e-health services.
 Interviews of HIT (e-health) suppliers
in the UAE.
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It is important to state that the level of
information obtained varies from source to
source. However, the authors focused on the
common aspects to provide the main findings
that highlight the national situation.
The main questions we address in this paper
are:
1. What is the state of e-health in the
UAE in a high level overview?
2. What are the limitations and problems
of the current e-health environment?
3. What are the upcoming challenges for
current e-health environment?
4. How CC can be utilized as a tool to
help HCPs in the UAE to manage their
operations and to exchange patient
data through what we will propose as
a ―UAE Integrated Healthcare Cloud
(UAE-IHC)‖?
5. What are the potentials and challenges
for UAE-IHC?

2. Private Healthcare: is represented by
a slew of private hospitals, clinics and
wellness centers. These are available
throughout the UAE.
3. Semi Government Healthcare: these
represent joint ventures between UAE
government entities and the private
sector resulting in healthcare projects
that feel private but government
funded.
Government and Semi Government projects
have better access to funding and are able to
influence the legislative/political environment
to achieve its goals. This is significant when
considering new initiatives such as the
introduction of a ―UAE Healthcare Cloud‖;
such will require funds and potentially new
laws to mandate exchange of patient data.
State of e-Health Scorecard
UAE healthcare entities across the three
groups have varied levels of e-health
infrastructure. E-health infrastructure is
defined as follows and typically would exist
in the following order:

Status of e-Health Infrastructure
and Environment in UAE
Overview of the UAE Health Care Delivery
Environment
Prior to discussing the e-health infrastructure
in the UAE, a brief overview of the UAE
health care delivery environment is in order.
The UAE healthcare landscape is segregated
as follows:
1. Government Healthcare: Government
backed healthcare is controlled by the
following three organizations:
 Abu Dhabi Healthcare Services
Company – SEHA
 Dubai Health Authority - DHA
 Ministry of Heath UAE - MOH
The above are complex government
entities managing a number of
hospitals and clinics dispersed
geographically across their areas of
control.
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Availability of technical infrastructure
in the HCPs. This includes availability
of end-user computing devices (PCs,
printers, handhelds) and availability of
local area networks and data centers.
Availability and access to the internet.
Proliferation of health information
technology (HIT) this is specific to
health care information systems used
to capture patient data accumulated
during each patient encounter. These
systems can be departmental or
hospital wide, some add non-clinical
modules and some stretch across a
network of hospitals and clinics.
Availability of smart medical devices
able to communicate out information
to health care information systems. Of
late, manufactures of medical devices
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are offering health care information
systems to complement their devices.
Such systems are limited to the
departments they serve.
Availability of laws mandating
electronic capture and exchange of
patient information.
Proliferations of Patient Portals –
extending patient care outside the
boundaries of the organization
extending two way interactions
between the patient and the
organization.



Availability of Unique Identification
(UI) number for clients/patients of
healthcare providers.

The UAE have most of the elements of Ehealth infrastructure described above at varied
levels. Government and high-end private
HCPs that are well funded in emirates such as
Abu Dhabi and Dubai tend to be at the top of
the scale with available modern high tech
infrastructure.
The below scorecard (Table 1) depicts the
state of e-health in the UAE based on the
above mentioned criteria.

Table 1: Scorecard for the state of e-health in the UAE

Key: Green = Highly available; Yellow = Moderately available; Red = Not available

Technical Description of Existing UAE eHealth Environment

The current UAE e-Health environment
(illustrated in Figure 4) is varied from the
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very large and connected to the small and
least sophisticated. Below is a breakdown of
the environment:
Single (HIS) Across a Network of Affiliated Hospitals
and Clinics

This model exists in the three government
healthcare systems where all or many of their
hospitals and clinics run on a single HIS with
a common database. This connected
architecture allows for real-time availability
of patient data throughout the health care
system. The single HIS is remotely hosted in
a state of the art data center. The single HIS
will come with many applications within it
such as laboratory, nursing and physician
covering most of the hospital‘s need. The
single HIS example can be found in the Abu
Dhabi Health Company (SEHA) and Dubai
Health Authority (DHA). All SEHA Hospitals
share a single HIS with a single database
creating an integrated patient medical record
accessible throughout SEHA facilities and
updated by the second. This model will have
the backend hardware kit residing in a remote
datacenter connected to SEHA‘s wide area
network (WAN). SEHA leases data center
space from a state of the art facility located in
remote area in Abu Dhabi. SEHA facilities
that are connected to SEHA WAN can access
the single HIS. The architecture for the single
HIS includes the following components:
 Application layer: houses and runs the
application or the HIS.
 Database layer: house and runs the
relational
database
management
system (RDBMS) and storage of
Electronic Medical Record (EMR).
 Presentation layer: concerned with
hosting presentation sessions or
publishing the application. This layer
could include Citrix or web servers.
 Integration layer: is some form of an
integration engine for connecting the
HIS to other systems as needed.

Imaging layer: used to store and
manipulate images such as CT-Scans
and X-Ray images.

Complementing the single HIS, departmental
and niche clinical systems exist and are
interfaced to the single HIS as needed. This is
where the role of the Integration layer
(discussed above) is magnified as it helps
exchange patient and clinical data between
the systems. Also, in some setups an
enterprise resource planning (ERP) or a
customer relationship management (CRM)
system may exist. The single HIS can only
serve the needs of a network of related
hospitals only if it can be customized for each
hospital while it maintains integration.
SEHA‘s HIS is 80% common and 20% local
to the hospital it serves.
In some of these examples, a disaster
recovery (DR) site may exist. DR is critical
for business continuity in cases of major
physical interruption suffered by the primary
data center.
As mentioned earlier there are two examples
of this single HIS model in the UAE, Abu
Dhabi‘s SEHA and Dubai‘s DHA. The former
has over eight hospitals and 30+ clinics
sharing a single system. DHA has less
number of Hospitals but all are sharing a
combination of systems glued together
through their integration layer. The Ministry
of Health (MOH) in UAE is building towards
a similar model – it is currently at an early
stage of implementation. None of these
systems interact with one another outside
their network of health care facilities.
Meaning that there is no integration between
SEHA‘s HIS and the MOH‘s when both
reside in the same data center.
Single HIS for Single Hospital

Single HIS does exist for single hospitals.
This model is prevalent in the private medium to small sized hospitals market.
Single HIS‘s are similar in architecture to the
model described earlier but on a smaller scale.

(117 )

978-9948-497-12-7

Single HIS‘s might not have the breadth of
applications that exist in the earlier model.

and capturing department specific data that is
not viewable across the hospital.

Desperate Clinical Systems

Paper Based

In this model, the hospital runs disparate
departmental systems that are not connected

As the title suggests, this model does not use
technology to capture patient data.

Figure 4- The current e-health environment in the UAE is fragmented between integrated systems, HIS/Clinic Systems and paper

b. Fragmentation of HIT and Lack of a
Connected
Environment:
HIT
sometimes exists in a dispersed state
meaning patient data is constrained
within departmental systems, certain
clinics or areas of the health care
organization. Such dispersed pockets
of patient data make it challenging to
bring together and share across the
entity or even outside the boundaries
of the entity.
c. Lack of Uniform Standards and/or
Laws Governing the Electronic
Capture of Patient Data: as mentioned
earlier, the UAE lacks in this area as
currently there are no laws or
regulations mandating the electronic
capture of patient data. This would
include definitions around data types,
forms and at times frequency of data
captured.

Limitations and problems of current
environment
a. High Cost of Implementing and
Maintaining HIT: implementation of
HIT can arrive at a significant cost to
the UAE health care organization in
particular for the medium and small
sized entities. Implementing HIT
require preparatory steps such as
education and the establishment of
needed
technical
infrastructure.
Further, the cost of HIT requires
investments in software, hardware and
training. HIT implementations can be
time consuming and will stress an
already
stressed
health
care
organization due to demands on
clinicians that have to share project
responsibilities with their patient care
duties.
Finally,
HIT
requires
maintenance which requires dedicated
teams, and funding.

Challenges for Current Environment
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a. Increased Costs of Healthcare: the
rapidly developed health care sector in
UAE faces challenges to its long-term
sustainability due to the high cost of
medical provision with compare to
competitor countries. For an example,
a recent report in 2010 indicated that
the average cost of heart bypass
surgery in UAE stood at $ 44, 000,
compared with average of $18,500 in
Singapore, $ 11,000 in Thailand, $
10,000 in India and 9,000 in Malaysia
[33].
b. Increased Competition: competition
for health care services in the UAE
increased as many operators emerged
with advanced complex service
offerings - all competing for a limited
population. Further, the market has
experienced increased completion
from the government sector as quality
of care provided has improved. The
increased competition has made health
care organizations in particular in the
private side more cost aware and
might be reluctant to invest in HIT
where returns on such investments are
not clear or may not be tangible.
c. Increased Patient Loads and Shortage
of
Available
Health
Care
Professionals: increase in the UAE
population coupled with the spread in
health care insurance flooded the UAE
health system with new patients.
Physicians are seeing more patients
and their ―patient time‖ is decreasing.
Furthermore, shortages in available
health care professionals, in particular
the acute worldwide shortage in
nurses, have meant that less clinicians
are managing more patients. Available
non patient time is reduced which
risks successful adoption of HIT.

Proposed UAE Integrated Health
care Cloud (UAE-IHC)

Value of the UAE- IHC
The problems of current status of e-health in
UAE in addition to the intense pressure to
achieve quality health care with least cost are
the main key drivers of healthcare cloud in
UAE. The varied state of the e-health
environment in the UAE means that the UAE
health care cloud cannot have a ―one size fits
all‖ approach. Therefore, we envision the
UAE Integrated Healthcare Cloud (UAEIHC) to be a tool to help UAE health care
organization manage their operations and/or a
tool for exchange patient data.
The real value of the UAE- IHC will be in the
central capture of uniform patient data from
an entire patient episode that spans multiple
encounters across all health care organizations
visited. The tool that will help manage
operations can be in the form of a hospital
information system (HIS) or a clinic system.
Such will be available to UAE HCPs that
cannot afford big investments in HIT and
want to outsource the management of HIT to
a third party. The HIS or clinic system
available in the cloud will help operationally
and information is shared by virtue of the
centralized location of the cloud. Defining the
cloud‘s owner will be an important first step
in selling the idea to the UAE market. UAE
healthcare cloud participants will be reluctant
to share their data with an owner they cannot
trust due to fear of unethical uses of this data
by the cloud owner. Not all UAE health care
organizations will require a tool to manage
operations. Take for instance the three
government organizations that started HIT
initiatives will not require an HIS. Therefore,
enter the tool that shares data with the cloud.
This tool can be in the shape of interface
engines that operate behind the scenes by
sending patient data to the cloud. To
summarize, the UAE-IHC cloud will have
dual purposes operational and sharing of data.
Deployment Framework and Infrastructure
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Arriving at the cloud is a major initiative and
one that will require a clear vision backed
with a mission that will outline the path
towards implementation. The cloud will
require a powerful sponsor that can mandate
change and has an ability to penalize and
reward, this could be a national governmental
entity. One major consideration should focus
on the implementation of the cloud. It is
recommended that a pilot is introduced with a
small regional focus to prove the concept.
Finally, the UAE-IHC should be a
collaborative effort between the UAE
government and a private entity. The
government will bring the needed startup
funding and legislative power where the
private entity will bring the knowledge and
implementation wisdom. An incentive must
be created for all three stakeholders,
government, private entity and the health care
operator in order to make the initiative
successful. Arriving at the cloud should come
in phases; we wish to recommend the
following phases:
Phase I: Foundations

This phase is where the vision and mission of
the UAE healthcare cloud is established. This
is also where the right partnership is formed
between the UAE government and the private
entity that will design, implement, and
operate the cloud. This phase ends with the
finalization of project plans and required
implementation documents. The framework
we envision for UAE-IHC as illustrated in
Figure 5 involves:
Gateway: This component responsible for
several important tasks: 1) manages access to
UAE-IHC; 2) verifies EHR provided by

different health care providers in terms of
integrity, authenticity, confidentiality and
compliance with medical data exchange
regulations; 3) combines and integrates EHR
data into a new composite cloud-based EHR;
4) select and de-identifies EHR to share with
public cloud for research, educational and
industrial purposes.
 Service Based Applications such as
services for national security and
epidemiology, registries, Web Portal,
Picture Archiving and Communication
Systems (PACS); all of which
provided as services that are easily
managed through a cloud computing
operational parameters.
 Infrastructure as a Service: includes
storage,
virtualized
servers,
networking,
firewalls,
archiving,
backup, recovery and associated
management tools.
 Platform as Service: extends the basic
infrastructure with some core health
care applications (ERP, CSM,..) and
software development tools.
 Software as Services: provides cloudbased software solutions where
consumers such as HCPs with no
EMR or financial and insurance
brokers receive access to the software
capabilities of the cloud. This may
also include a Personal Health care
Record (PHR) software that allows
patients of UAE to create and
maintain their personal medical
records.
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Figure 5- Infrastructure of proposed UAE-Integrated Healthcare Cloud (UAE-IHC)

All health care providers in UAE are expected
to join the UAE-IHC in order to achieve the
ultimate goal of the cloud: the availability of
e-health applications and medical information
anywhere, anytime and with invisibility of
computing.
Phase II: Implementations

This phase will be concerned with designing
the tools whether that is clinical systems or
data sharing tools. This stage completes when
a network of UAE healthcare operators
around a small geographic area are connected
to the cloud. This will be an iterative phase
where goals will constantly be refined and
will require an agile thinking with an ability

to turn around solutions in a quick and
accurate manner.
Phase III: Realize the Value

This is where the value from the cloud is
attained with some monetary return on the
investment. Further, a country wide
implementation is developed to extend the
cloud beyond the initial area.

Opportunities and Challenges of
UAE-IHC
Opportunities
We envision that all UAE HCPs will plug into
the health care cloud to help run their
business or use it as a tool to share patient
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data back with the cloud. The accumulation of
data will allow the cloud‘s owner to achieve a
number of objectives as outlined earlier. In
addition, collecting UAE patient data in a
central location allows for a myriad of
benefits including:
 Patient Care: ability to offer a unified
patient medical record containing
patient data from all patient
encounters across all operators.
 Quality: ability to monitor UAE health
care provider‘s conformance to
clinical quality indicators.
 Cost: Ability to take advantages of
capabilities in the cloud and create
collaborative economic where the
overhead costs are shared among
cloud computing participants; with the
flexibility to only pay for actual
resource utilization.
 Scarcity: ability to overcome scarcity
in terms of IT infrastructure and
clinical professionals and expertise.
 Research: ability to mine data and
perform research.
 National Security: ability to monitor
spread of infectious diseases and/or
other disease outbreaks.
 Strategic Planning: ability to use data
for planning and budgeting for health
care.






Financial: the cloud can act as a
broker between UAE health care
providers and health care payers.
Clinical Trials: the data stored can
allow the cloud owner to partner with
pharmaceutical companies for clinical
trials for new medicines.
Registries: data shared will allow for
the formation of registries such as
cancer and diabetes registries

Challenges
Perhaps the biggest challenge when
implementing the UAE Health care cloud will
lie in the cloud owner‘s ability to convince
UAE HCPs of the value of the tool whether
used operationally or as a transmission tool.
Therefore, a mixed approach must be used
where use of the cloud is mandated coupled
with incentives. As a result, the UAE
government will have to be a major
stakeholder in this initiative since it has the
power to legislate use laws and stands to
benefit the most from this initiative.
Another consideration is the cloud‘s fit for
use, meaning that solutions offered through
the cloud are valuable and ones that the UAE
health care operators is able to easily adopt to
and apply into their workflows.

(122 )

978-9948-497-12-7

Conclusion
The current fragmented disconnected e-health
infrastructure in the UAE is challenged by the
raising costs of healthcare services; increased
patient loads; shortage of available healthcare
professionals; increasing demands for
coordination and collaboration between
healthcare providers (HCPs) and sufficient
electronic capture and exchange of patient
information.
Cloud
Computing
(CC)
represents an opportunity for (HCPs) in the
UAE to cope with current and future demands
through providing a flexible and scalable
platform to store and process data and to
deliver on-demand services over the Internet
in a ―pay as you use‘ mode.
Besides reducing the cost of implementing
and
mainlining
health
information
technologies (HIT) on-site, CC allows HCPs
to share patient data and other information as
needed with the rest participants in healthcare
system such as other HCPs, health insurance
companies and even patients and research

agencies. This will contribute significantly to
improve quality of healthcare service
delivered.
In this paper, we introduced a vision for the
private UAE integrated healthcare cloud
(UAE-IHC). The value of the UAE- IHC will
be in the central capture of uniform patient
data spanning multiple HCPs across all UAE.
This enables the development of an effective
tool to manipulate and share medical
information across such providers. However,
the biggest challenge here with respect to
implementing the UAE-IHC lies on the ability
of the Cloud owner to justify to healthcare
providers the value proposition behind
implementing such infrastructure in the UAE.
It is emphasized that a mixed approach is
needed here where a mandate is put to adopt
this technology and at the same time,
incentives are provided to encourage
adoption. The role to be played by the
government in this regard is highly
emphasized here in providing the guiding
regulatory framework and needed support.
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Abstract
Research studies show that rehabilitation
results are better when patients are motivated
and serious games help to motivate users in
rehabilitation processes. A serious game is
defined as a video game that allows the
player-user to achieve a specific purpose
through the entertainment and engagement
component provided by the experience of the
game. The cognitive and motor activity
required by video games engage the user's
attention. In addition, users focus their
attention on the game and this helps them in
forgetting that they are in therapy. This paper
presents details about the implementation of
computer vision based IT applications
designed for the rehabilitation of patients
with motor disabilities. These applications
are presented as games, where the patientcomputer interaction contributes to the
development of different motor skills. The
applications are designed to work with low
cost hardware, such as common webcams and
netbooks. Results show that users improved
their balance slowly; improvements were also

detected in individual items. With regards to
motivation, in previous years the set of users
had abandoned their therapeutic plans. Using
the presented video games, no users have
abandoned and they showed interested in
continuing the rehabilitation process with the
video games.

Keywords:
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interfaces,

Introduction
In common medical practice, the care given to
patients usually reverts the progress of
pathological processes and medically stable
patients are subsequently discharged.
However, a number of patients sustain
chronic incapacitating dysfunctions that,
occasionally, may remain for life and require
specialized treatment. For this reason, the
focus in rehabilitation processes is not set on
achieving the cure of the patient but rather on
developing the patients‘ residual physical,
psychological and social skills. Care for the
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patient with motor disabilities is a complex
process that must be approached from
different angles.
Current development of computer vision, both
hardware and software, allows for the
acquisition and processing of large quantities
of data in real-time with the aid of low cost
systems. This paper focuses on this capability
for the rehabilitation of patients with motor
disabilities.
To this end, the development of computer
application with low cost hardware is
proposed, where, based on games, the patient
is encouraged to perform rehabilitating
activities whilst the progress is recorded. It is
intented for these games, as well as having a
therapeutic function, to affect the motivation
of the patient in a positive manner, allowing
for an entertaining rehabilitation process
without the need for direct specialized
assistance. Recent studies have shown that
serious games help patients‘ motivation in
rehabilitation (Rego 2010), defining serious
games as videogames that allow the user to
achieve a specific purpose by means of
entertainment and the objectives provided by
the experience of the game. The general idea
is to capture the patients‘ movements with a
webcam whilst the patient observes
him/herself on screen within a modified
environment. In this modified environment
there will be a visual representation with
gaming intentions, adjusted according to
specific rehabilitation objectives. The
rehabilitation objectives are defined in
accordance with specialists and are aimed at
the rehabilitation of different motor areas. The
capture of patients' movement must be
sufficiently precise to allow for the evaluation
of their motor abilities development. The
body joints and the movement or relative
change in position of these must be precisely
captured. This requires the use of several
tools and methods of computer vision, as well
as other computer techniques as stated in

(Jaume-i-Capó, 2009) and
2010).

(Jaume-i-Capó,

Video Games for Rehabilitation
When rehabilitation therapy is focused in
maintain the patients‘ capacities, a part of
patients working with rehabilitation program
abandon their therapy due to loss of
motivation. The progressive loss of capacities
fuels the patients‘ loss of motivation as time
passes. In this project we transferred balance
therapy tasks to a video game. The video
game was implemented using the prototype
development
paradigm,
respecting
requirements indicated by physiotherapists
and following the desirable features for
rehabilitation serious games (Burke, 2009):
meaningful play, the relationship between
player's interactions and system reaction.
challenge, maintaining an optimum difficulty
is important in order to engage the player.
The games have been developed as simple
applications that include several abstraction
layers. While the tools included with OpenCV
are in charge of image capture, transformation
and analysis, Qt supports the creation of
adequate user interfaces. This design allows
for an agile development as well as the
possibility of interchanging functionalities
that adapt to the environments in which the
applications are operated and, for instance, to
use different algorithms for tracking patients'
movement and the subsequent analysis.
We implemented a video game that consists
in changing the users‘ gravity center: trying to
cause a specific body movement in order to
change their gravity center. To do this, users
must interact with objects that cannot be
reached without changing their center of
mass. This way, users focus their attention on
the video game instead of their posture. The
goal is not to improve the rehabilitation
process itself, but rather to transfer balance
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therapy tasks to a video game in order to
improve the users‘ motivation
Presently there are two basic lines of exercise
oriented games that involve the movement of
upper body joints: one dedicated to patients
with advanced mobility and one dedicated to
establishing movement. In both, simple
cognitive activities are incorporated.
To ensure objectives, we decided to develop
the game using the prototype development
paradigm (Overmyer, 2010). Moreover, we
have used a webcam as input device, because
sometimes users cannot hold on a device.
Recent technological advances have created
the possibility to enhance naturally and
significantly the interface perception by
means of visual inputs (Varona, 2009), the socalled Vision-Based Interfaces (VBI). The

VBI tries to cause a specific body movement
in order to change the user gravity center. In
this way, user focuses her attention in the
serious game instead of her posture, because
the goal was not to improve the rehabilitation
process, but including in serious games the
center's therapy in order to improve user's
motivation. Really, we have translated the
balance therapy tasks to a serious game.
The user is located in an interaction space that
consists of a projection screen and it is
instrumented with a low-cost webcam and
through skin color segmentation (Varona,
2009) is produced the interaction. This
configuration allows the user to view the
serious game and himself while performing
the interaction.

Games for Patients with Advanced
Mobility
Patients in an advanced rehabilitation stage
can perform movement of upper body joints
with greater freedom and, therefore, require
games with more intense and varied
interaction. If cognitive elements are
incorporated on top of that, this influences the
integral recuperation and the motivation to
perform the exercises.
In the applications implemented as part of this
study, physical exercises were combined with
simple tasks such as pairing images of objects
with the corresponding names, arranging
letters that make up a word or touching an
object on screen in a given time span. (see
Figure 1)

Figure 1. Examples of activities on exercises for patients with
advanced mobility

The interaction in these games is managed by
the detection of the skin areas present in the
images captured by the camera. The skin can
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be detected using simple algorithms that
classify points according to certain chromatic
properties (Vezhnevets, 2003).
These algorithms are quite effective in the
majority of cases and sufficiently fast to be
used in real-time. The only difficulty lies in
the need for an environment with acceptable
light conditions and a background with a
color that does not alter the analysis (see
Figure 2).
Figura 3. Examples of exercises for the establishment of
shoulder movements

Figure 2. Skin detection under different conditions

Games for the Establishment of
Movement
During the initial stages of rehabilitation the
movement of affected joints is little or none.
Therefore, the first challenge faced is to
achieve patients' movement, even if small. In
this phase, ideo-motor exercises in which
patients react to commands and subsequently
receive certain stimulation when movement
occurs, are performed. A group of
applications developed are aimed at this
initial phase of treatment, specifically for the
shoulder joint (see Figure 3).

In these games patients see themselves on
screen and the movement they must perform
is indicated. The command is given and the
application captures data with regards to the
movement performed, the amplitude of it and
the amount of repetitions. Flexion, abduction
and adduction of the shoulder joint are
worked upon.
The whole interaction is captured using
simple markers made of paper with
characteristic colors, easily made by the
patients' families, as opposed to infrared
markers of considerable cost that have been
previously used in this type of treatments
(Huiyu, 2008).
One of the more notable difficulties that must
be considered in the development of these
applications is inertial or involuntary
movement by the patients, in their effort to
execute the command or due to diseases such
as Parkinson's disease.

Game Validation
Once the video game was developed, we
began to test the serious game with a set of
patients with cerebral palsy, for 6 months.
Before the experiment each patient was
evaluated using physiotherapist tests. At the
end of the experiment the same tests were
performed, in order to assess the patients‘
evolution:
articular
and
muscular
functionality by means calculating maximum
reach distance for a set of different goals and
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her balance time. Users' gait and balance by
means Tinetti test, functional reach test, and
unipodal stance test (Tinetti, 1988)
The users set was composed of 4 adults with
cerebral palsy who, in the last years, had
abandoned their rehabilitation plan. Their
families signed the informed consent. They
were aware that rehabilitation sessions were
focused at maintaining capacities rather than
improving them and they had lost motivation
due to their difficult situation and the
repetitive nature of the exercises performed
each session. Table 1 shows a summary of
patients‘ evaluation before and after the
experiment.
In the validation of the games, several factors
have been taken into account such as
efficiency, affectivity and application
satisfaction, according to ISO 9241-11
international standard control measures for

usability, as well as other measures proposed
by authors in (Manresa, 2009).
Taking the analysis of requirements as a start
point, a data base system was designed to
gather the necessary information for therapists
as well as for the final evaluation of
applications. This includes information about
the patients, such as information from motor,
visual,
auditory,
communication
and
psychological areas, that may influence the
use of the games.
Results show that users improved their
balance slowly; improvements were also
detected in individual items. With regards to
motivation, in previous years the set of users
had abandoned their therapeutic plans. Using
the presented video games, no users have
abandoned and they showed interested in
continuing the rehabilitation process with the
video games.

Table 1. Summary of results

User

Pre-evaluation

Post-evaluation

1

Safety and autonomy for balance is regular, close to low Able to complete the games.
limit.
Increase resistance of the biped position.

2

Body posture improper.
Lower resistance in bipedal posture.
Without security or autonomy for balance.

Able to complete the game.
Increase resistance of the biped position.

3

High anxiety.
Without security or autonomy for balance.

Increased level of confidence.
Decreased anxiety.

4

Difficulty in spatial orientation.
Without security or autonomy for balance.

Improvement in spatial orientation.
Improvement in balance.
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Conclusion
Computer vision based applications in the
form of interactive games for the
rehabilitation of patients with motor
disabilities are promising as an effective
means of contributing to social reinsertion.
The games implemented are now in the
process of long term validation, with
preliminary results showing them to be a
feasible procedure. Their development does
not require hardware of elevated cost,
allowing the diffusion of this technology by
means of distribution of software.
In this work, we experiment if serious games
for rehabilitation can be used for motivational
balance rehabilitation in cerebral palsy
patients. The presented video games try to
promote a specific body movement in order to
change the users‘ gravity center.
Results show that users improved their
balance slowly; improvements were also

detected in individual items. With regards to
motivation, in previous years the set of users
had abandoned their therapeutic plans. Using
the presented video games, no users have
abandoned and they showed interested in
continuing the rehabilitation process with the
video games.
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Abstract
The Ministry of Health (MoH) has sponsored
an eHealth strategy for the UAE which will
enable them to achieve their mission of
providing efficient, world class healthcare
that is accessible to all people through a
mixture of public and private delivery
channels. The scope of this strategy
encompasses all the elements of the
Ministry‘s business processes in Defining
Policy, Regulatory Affairs and Service
Delivery. Achieving these goals requires that
the MoH is able to interact with internal and
external organisations, processes and
technologies in an open and flexible manner.
To gather information and deliver it to policy
makers, care providers and the general
population in a concise and timely manner,
whilst being supported rather than
constrained by technology. Thus there is a
need for a simple, standards based, flexible
and effective Enterprise Architecture (EA)
which can facilitate change and unify
administrative silos as the bedrock of the
Ministry‘s Strategy.
This paper defines the scope of the MoH EA,
and looks at the driving factors, environment,

and constraints which shape the design and
its adoption. It provides a model which is then
compared against other governmental and
industry standard architectures. It proposes
how to define and measure the effectiveness
and provides examples of organisations that
have embraced these concepts have been able
to deliver benefits in terms of improved
patient care, greater efficiency and more
informed decision making.

Keywords: e-health, strategy, effectiveness,
informed decision,
Architecture (EA)

effective

Enterprise

Introduction
The healthcare sector in the UAE is
comprised of the following bodies. The
Ministry of Health which regulates healthcare
providers and sets strategy and policy for the
sector as a whole; The Abu Dhabi Health
Authority is the regulatory and policy local
government department and Abu Dhabi
Health Co is the principal provider of acute
and primary care services to the population of
Emirate of Abu Dhabi; Dubai Health
Authority which is the principal provider of
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UAE, mainly for sharing information within
their organizations. However there is very
little exploitation of these technologies to
share information between organizations or
provide information to patients and the
general public.
Current use of IT does not exploit the
potential for exchange of many types of
clinical
information.
The
current
infrastructure suffers from reliability issues
and has very limited capacity to exchange
some types of clinical information, such as
diagnostic images. In addition clinical and
support staff in the healthcare sector have
highly variable IT literacy and competency.
Consequently, clinical information is often
not available to healthcare professionals at the
point of care; There is limited information is
available to epidemiologists, researchers,
managers and policy makers; and,
opportunities to deliver health information
and advice to patients and the public are being
missed. Despite the challenges presented
above, a number of enablers support MoH‘s
efforts to improve the eHealth environment in
the UAE such as the Federal Government
drive to e-enable services in the UAE; the
launch of the national health strategy for
2011-2013; Provider organizations that are
positioned to embark on upgrading their IT
capability; and potential additional financial
resources that should allow a proven solution
to be acquired.
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NATIONAL ADOPTION

acute and primary care services to the
population of the Emirate of Dubai; The
Ministry of Health which is the principal
provider of acute and primary care services to
the population of Northern Emirates (Sharjah,
Ajman, Fujeirah, Ras Al Khaimah, Um Al
Qaiwain in addition to managing two
hospitals and a number of primary health care
centers in Dubai and Dubai Healthcare City
(DHACC) the world‘s first healthcare free
zone. DHCC is an autonomous entity with
three clusters: University Medical complex,
medical and wellness; The Army Directorate
of Medical Service which provides healthcare
services to the military personnel and their
direct family members; and the Private Sector
which provides acute and/or primary care
services; and the newly created Sharjah
Health Authority.
eHealth is a recent term that is open to several
definitions, in their strategy the Ministry
defines eHealth as the use of information and
communication technology to share health
information and enhance the delivery of
healthcare services. It includes a range of
services, products and tools that can support
various groups, including patients, clinicians,
researchers, managers, administrators and
policy makers. This definition spans all
aspects of the Ministry of Health‘s remit,
including Policy, Regulation and Service
Delivery. Similarly the World Health
Organization defines eHealth as ―the costeffective and secure use of information and
communication technologies in support of
health and health-related fields, including
healthcare services, health surveillance, health
literature, and health education, knowledge
and research‖. Silber states that ―eHealth is
the single-most important revolution in
healthcare since the advent of modern
medicine, vaccines, or even public health
measures like sanitation and clean water‖
(Silber, 2003).
eHealth services and tools are used to varying
degrees by the healthcare providers in the
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Figure 1: Phases of eHealth Transformation
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eHealth has developed over several phases
(see Fig.1) to date, prior to 2000 is was
mainly about communication between devices
and telemedicine. Since then there has been
an adoption of eHealth both by care providers
and the public with the advent of Electronic
Health Records (eHR). In 2000 there was a
small take up of electronic health records
(Ringold et al. 2000) and the start of
automating the existing processes (Johnston et
al. 2003). This has led to the aggregation of
data on a business or countrywide basis. As
the aggregation of data on demographics,
diagnoses and diseases is matched with
improved analytics, the delivery of evidence
based medicine becomes easier leading to a
transformation of eHealth in terms of the
population with an accessible healthcare
system based on preventative principles and
cost sharing.
Currently the push within the MoH is for
automation and aggregation to achieve the
benefits that Computerised Physician Order
Entry (CPOE) (Longhurst et al. 2010) and
data aggregation provide. It should be noted
that communication drives automation and the
subsequent adoption of the EHR which in turn
allows aggregation. It is the usage of the
aggregated
information
that
enables
transformation.
With initiatives in Abu Dhabi, Dubai and the
Northern Emirates, this vision for eHealth
promises to provide an environment where
patients can quickly and easily access locallytailored general health information and
advice; Manage their care (e.g. book
healthcare appointments and visits); and, view
their own care record. In addition clinicians in
any care setting within the UAE can quickly
view summary clinical information; view the
results of clinical investigations; order clinical
investigations
and
prescriptions
electronically; and see where more detailed
clinical information is held for a patient in
their care.

Proposed e-Health Enterprise
Architecture
Similarly to eHealth the term Enterprise
Architecture (EA) has multiple definitions, in
this paper we use the Gartner Group
definition (Lapkin et al. 2008) ―Enterprise
architecture is the process of translating
business vision and strategy into effective
enterprise change by creating, communicating
and improving the key requirements,
principles and models that describe the
enterprise's future state and enable its
evolution.‖ Apart from being an active
process, rather than a static framework
focused on outputs, it encompasses the scope
of the MoH‘s endeavor (ibid) ―The scope of
the enterprise architecture includes the
people,
processes,
information
and
technology of the enterprise, and their
relationships to one another and to the
external environment.‖
The challenge for the MoH is that healthcare
is a complex system, as such measurement of
the effect of the EA in terms of the benefit to
its citizens and partners in the private sector is
difficult (Cohen et al. 2010). Additionally the
necessity for collaboration across multiple
sociotechnical systems means that the
predicted outcomes from analysis of
component systems will not necessarily be
met because of interdependencies in an open
system (Cohen and Boxer, 2010). It is
however possible in such an open system of
systems to measure specific outcomes and
relate these back to specific initiatives.
Balanced Scorecard initiatives have been
shown to provide a suitable measurement
capability in similar health environments
(Woodward et al. 2004). These will be
investigated as part of the EA development.

Modern Approach to eHealth and
Existing Health Frameworks
The UAE‘s eHealth Strategy sets forth ITrelated imperatives that must be addressed by
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the design of the eHealth solution, the
provision of shared eHealth services,
underpinned by a secure, resilient and fast IT
infrastructure to enable common ways to
exchange information.
The proposed eHealth Enterprise Architecture
provides each group of users with specific
eHealth services, underpinned by a common
set of technical infrastructure services.
The internal structure of the technical
architecture will be designed so that
organizations can build on the existing
infrastructure and continue to develop their
own internal IT priorities and strategies;
IT delivery plans can respond to Ministry and
organizational priorities regarding how
components of the architecture should be
developed and delivered. The solution can be
adopted by healthcare provider organizations
with a minimum of impact to their existing
systems and it can accommodate the future
priorities and requirements of the healthcare
sector.
There have been various EA methodologies
over the last 25 years (TOGEF, 2007),
however it is difficult to compare them
because they are different in both style and
approach. The major players in the field are:
(ibid)
The Open Group Architectural Framework
(TOGAF) (TOGEF, 2010), although entitled a
framework, it can be more accurately defined
as a process, and is heavily focused on the
Architectural Development Method (ADM).
Our model of how healthcare in the UAE fits
with the main TOGAF views would be
amenable to use of their toolset.
The Federal Enterprise Architecture (FEA)
(FEA, 2010) is heavily biased to the US
Federal Government and can be considered as
either a ready-made enterprise architecture or
a proscriptive methodology for creating an
enterprise architecture, which although it
claims to be very business orientated,
performance enhancing and citizen centric is
biased towards the purchase and acquisition

of IT in a US Government environment. Its
applicability to the business orientated
dynamic EA that we propose is limited.
The Gartner Enterprise Architecture for
Government (Gartner, 2010), built from the
Gartner Methodology corresponds to the
authors view in terms of an evolving process
that focuses on the business outcomes (such
as reduced costs or improved service
delivery) rather than on the existing state or
sets of documents.
Finally the Zachman Framework for
Enterprise Architectures (Zachman, 2010),
which like TOGAF describes itself as a
framework but in this case is better seen as a
formal, explicit description of the shared
business vision. As such it also has a lot in
common with the objectives of this paper
though less flexible and based on artifacts.

e-Health Model and Vision
The model of eHealth provision in the UAE
can be illustrated in Figure 2. Each ―pillar‖
replicates some of the business functions with
others, e.g. HR, Finance, Supply Chain, and
HIS, there is a need for communication
between them through the IT infrastructure.
Currently the IT and data Architectures are
not defined and there is a need to develop
these, preferably around TOGAF 9 principles
to set the future direction on a number of
areas such as security, network, mobile,
disaster recovery and business continuity.
Sitting over the cross pillar functions is the
need for Analytics to pull the data from the
different Business Applications and external
sources to produce the aggregated information
in a format and timely fashion for the
different functions.
The business functions take their direction
from the overall UAE government vision,
covering such areas of Citizen Wellbeing,
support of the economy in areas as diverse as
Health Tourism to the health of the ex-patriate
workforce. This has to be allied with other
eGovernment initiatives such as the national
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Service Delivery

SEHA

Operations

ID card. These are formulated by the MoH
into a set of desired outcomes in terms of
improvements in the population‘s health and
the efficiency of service delivery within the
UAE.
This future vision and today‘s reality of
healthcare provision drives planning and
policy making in areas including Public
Health, disease prevention and control,
education, (both public and clinical) and
legislation within the Ministry budget
guidelines.
There are 4 views to our eHealth Enterprise
Model,
Governance,
Operations,
Advancement and Support. See Figure 2.
Governance is a citizen centric view based on
the overall UAE strategy and the part that the
MoH‘s vision of what healthcare in the UAE
will consist of in the future, such as Public
Health,
Community
Medicine
and
preventative measures (Health) Clinical
Services (Care) and how this fits into the
country objectives
(diversification
of
economy, eInitiatives such as the National ID
Card and public welfare)
The Advancement View, is from the policy
setting, planning, budgetary and regulatory
mechanisms of the MoH that control and
monitor the provision of healthcare in the
UAE. (e.g. Audit, quality, disease prevention
and the analytics to make informed choices
and measure outcomes).

DHA
Business Applications
IT
Support

Figure 2: E-Health Enterprise Model for MOH

They are the non-architectural aspects which
shape how the enterprise operates. The
Support View, which are the existing and
future systems and infrastructure needed to
support the operations and development, (HR,
Supply Chain, Hospital Information Systems
etc). and The Operations View, which are the
public and private mechanisms for delivery of
the healthcare services, which in turn create
the business needs and shape the MoH‘s
vision.

Case Studies
This section explores two situations where a
consistent health strategy implemented
through an EA could be leveraged nationally
to bring improved health care outcomes to the
population. The use effect of the EA would be
to allow vendor independent implementation
of the processes such as Computerised
Physician Order Entry (CPOE) or analysis of
the data to improve health outcomes
Communication drives the need for EHR, not
the other way around, telemedicine, mobility
of the population and choice of healthcare
provider required people to have access to the
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same information. The drive to EHR enables
other computer based assistance to care
providers such as CPOE. It has been shown
(Longhurst et al. 2010) that the use of a
locally modified, commercially sold CPOE
system, such as that being implemented
within SEHA and the MoH, was associated
with a statistically significant reduction in the
hospital-wide mortality rate at a quaternary
care academic children‘s hospital (Ibid). Use
of shared EHR, through a common
infrastructure on a national basis could extend
these benefits to all residents at any point of
care.
The National Health Safety Network (NHSN)
is a public health surveillance system set up
by the Centre for Disease Control and
Prevention (CDC) (CDC, 2010). This network
uses the aggregated data from all types of
healthcare facilities in the United States,
(including acute-care hospitals; long-term,
acute-care hospitals; psychiatric hospitals;
rehabilitation hospitals; outpatient dialysis
centers; ambulatory surgery centers; and longterm care facilities) to help monitor

Healthcare Associated Infections (HAI). The
NHSN is able to share data in a timely
manner between healthcare facilities (e.g., a
multihospital system) or with other entities
(e.g., public health agencies or quality
improvement organizations). Data collected in
NHSN are used for improving patient safety
at the local and national levels. This allows
measurement at the country level of the
performance of facilities in an summary form
so that the cost of HAI‘s and the individual
facility‘s performance against national and
local benchmarks can be measured. The
communication and aggregation of this data
and the analytics give policy makers and
individual hospitals the information they
require to lower the rates of HAIs. These
included a 33% reduction in central lineassociated bloodstream infections, 18%
reduction in healthcare-associated invasive
MRSA, 10% reduction in surgical-site
infections, and 7% reduction in catheterassociated urinary tract infections (CDC,
2011)
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Conclusion
This work proposed an EA to reflect the
future vision of e-health in UAE. The EA
provides the roadmap to help the MoH reach
its destination, but not the tools required to
get there. It helps to identify barriers and to
breakdown the silos of information and
processes, as well as reducing the visibility
and communication issues that are slowing
the transformation of Healthcare.
EA presents a significant opportunity to the
MoH because it gives a holistic view of the
organization with a complete catalogue of the
business processes and applications and how
they interact. By understanding these
interactions the Ministry can see how every
decision it makes impacts healthcare of its
citizens.
It allows individual departments within the
MoH, private companies and vendors to

develop solutions, knowing how they fit
within the framework and what business
processes that have to interface with and any
duplicated functions. Provision of an open
Enterprise Architecture for ehealth provision
makes the interfaces available and will allow
for
vendor
independent
purchase,
development and integration of software
solutions.
Most important is that it will allow analytics
to identify and merge information to give the
care providers and administrators the
information they require in a timely manner to
improve healthcare outcomes for the UAE
population, indigenous and ex-patriate alike.
A secondary benefit to this use of analytics
will be the ability to measure outcomes, their
applicability to the health of the nation, and
see where the contributions to any
improvement have come from and hence
make
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Abstract
The protection of water resources in most
countries is dependent on governmental
oversight. Because safeguarding resources
and properly disposing of waste cost money,
governments adopt institutional measures to
prevent the depletion of resources. Common
law cultural practices together with nuisance
and trespass actions provide measures that
aid in protecting resources. Governments
adopt constitutional provisions, statutes, and
regulations to protect resources. In addition,
citizen input may augment environmental
quality. Providing opportunities for citizens
to voice their concerns in the adoption of
regulations, issuance of permits, and
enforcement of pollutant discharges into
waters can lead to marked reductions in
pollutant loads.
While technological
solutions can also be employed to protect
water resources, they involve significant costs
so that non-technological measures may
provide superior mechanisms for achieving
water resource goals. Regardless of the
system of government or wealth of a state,
institutional measures offer opportunities for
adding to the protection of water resources
and additional citizen input can augment
water quality.

Keywords:

Citizen
participation,
Institutional measures, Statutes, Regulation

Introduction

Throughout recorded history, humans have
used water resources for their needs and have
experienced problems due to their failures to
protect the resources. With the rise of
industrialized economies, additional pressures
are placed on water resources as physical land
areas are changed, new pollutants denigrate
water quality, and impaired waters harm
animals and plants. During the past century,
technological pollution control measures to
protect public health have become prominent.
While water protection measures and
technology have achieved marked successes
in limiting the destruction of water resources,
all states (countries and governmental
subdivisions) are continually challenged to
achieve their water quality goals.
The protection of water resources is
dependent on institutional measures involving
governmental enforcement. In the absence of
governmental oversight, pollution occurs due
to the expense involved in properly disposing
waste. It is cheaper to pollute than to pay for
appropriate waste disposal. Regardless of a
state‘s political organization, governments are
able to adopt mechanisms under which
administrators and citizens can make choices
regarding environmental quality. The focus
of this paper is delineating workable measures
within a state‘s governmental system for
offering greater protection for water
resources.
After discussing traditional
institutional measures, citizen participation is
advocated as offering further support. The
identification of these measures can assist
scientists and policymakers in discerning
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options to more successfully employ
regulatory devices to reduce pollution.

Objective
Governments with an interest in protecting
water resources adopt measures to reach their
goals. Protection is grounded on a state‘s
organization, culture, and business activities
that balance water quality with economic
performance. Governments have different
administrative structures for implementing
measures to safeguard water resources yet
employ similar institutional measures. Most
states use a combination of measures to
respond to water quality issues.
Before looking at the measures, size of a
state‘s physical areas is important. Larger
states may find that one set of measures does
not provide an optimal solution.
Thus,
governmental subdivisions may be important
in the delivery of measures to protect water
resources. In states such as the United States,
cooperative federalism allows the federal
government to enact federal laws and
regulations governing the entire country.
However, individual political subdivisions are
able
to
assume
responsibility
for
administering the laws and to adopt areaspecific measures to respond to localized
issues. In this manner, more appropriate rules
can address regional and local problems.
After discussing the measures employed by
governments to achieve environmental quality
objectives, this paper advances citizen input
as an additional measure for improving
environmental quality.
Drawing upon
existing institutional foundations employed in
the United States, other states can do more by
allowing interested citizens to participate in
three stages of governmental efforts to reduce
pollution.

Results and Discussion
States address water pollution problems
because of the costs that accompany unclean
water. Drawing from the legal framework of

the United States and literature on other
states, a majority of states employ five groups
of institutional measures to address the
denigration of water resources.
Institutional Measures
States employ (1) common law cultural
practices, (2) nuisance actions, (3) trespass
actions, (4) constitutions, and (5) statutes
including subsequently adopted agency
regulations. A further examination of these
measures in the United States is provided to
suggest how other states might enhance their
efforts at achieving water quality objectives
through the further implementation of one or
more of these measures.
Common law cultural practices. A starting
point in many states is established cultural
practices that form a type of common law.
The protection of water resources is based on
benefits that accrue to the people. Therefore,
cultural practices have been structured for
enhancing the protection of water resources.
Social development processes, technologies,
social norms, values, and traditional ideas
may form cultural practices that help protect
water resources.
For some states, the adoption of the English
riparian doctrine provides rules on the water
rights of property owners. Most of these
rights address water quantity, although water
quality has garnered some attention (Beck,
2000). Under the natural flow theory, a
riparian land owner is entitled to have water
in the same condition as it would be if the
water were in its natural condition (Craig,
2008). There is no right to pollute. The
riparian doctrine may be supplemented with
further legislative directives supporting water
quality (Craig, 2008).
Nuisance actions. Common law nuisance
often constitutes a stronger measure than
cultural practices for stopping egregious
conduct causing the impairment of water
resources. Nuisance law involves community
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standards and the balancing of equities among
different affected persons.
Whenever a
community standard holds that an activity,
practice, or item causing injury is
objectionable, nuisance law may be used to
obtain relief. Under nuisance law, polluting
activities can be enjoined and damages may
be recovered.
Interferences with the
enjoyment of rights of others to enjoy their
properties constitute nuisances for which
equitable relief may be granted (Craig, 2008).
In the context of nutrient pollution of a water
resource, an injury from substantial and
unreasonable interference with use and
enjoyment of the resource could lead to
liability as a nuisance. An action in nuisance
exists ―when the interference is accidental and
otherwise actionable under rules controlling
liability either for negligent, reckless, or
abnormally dangerous conduct‖ (American
Law Institute, 1980). Liability in nuisance is
predicated
upon
unreasonable
injury.
Adversely affected persons petition the
judiciary for a court order to enjoin the
nuisance.
Trespass Actions. If a property owner allows
water to invade the property of another, the
legal argument will be trespass. Sometimes,
trespass may be similar to a nuisance, and the
same activity may constitute a nuisance and a
trespass. A major question under trespass is
the same as under a nuisance: is intent
required or can liability be imposed for
unintentional trespass? Although trespass is
an intentional tort, the historic definition has
been modified so that unintentional entries
accompanied by negligence can be found to
constitute trespass.
A surface invasion of polluted water is a
trespass. If a person pollutes a stream and
harms a downstream landowner, the person
may incur liability for a trespass. In a lawsuit
involving polluted surface water by a
commercial feedlot, a cause of action in
trespass was alleged (Atkinson versus
Herington Cattle Co., 1968). Neighboring

livestock drank the polluted water and
suffered deaths due to excessive nitrates. The
court found that the evidence showing
defendants‘ feedlots were polluting the
neighboring property to the detriment of the
livestock was sufficient to sustain an award of
damages.
Constitutions. A state or political subdivision
may place guarantees about water quality in
its constitution, although these are generally
broad in scope.
In the United States,
California has incorporated several provisions
in Article 10A of its constitution concerning
water resources (California Constitution,
1974). One provision on water quantity
prevents the diversion of water from the
California‘s Wild and Scenic Rivers System.
Other actions affecting water may require
two-thirds approval by state legislators. Due
to the inability to denote specifics,
constitutions usually do not offer much
protection for water resources.
Statutes with regulations. Most governments
have adopted statutes and regulations to
address water resources. The merits of
statutory provisions are dependent on good
advice and scientific facts. In numerous
cases, politics or social issues mean that
environmental protection provisions may not
be sufficient to prevent the denigration of
water resources. In other situations, worthy
statutes are not enforced. Due to the technical
nature of controlling water pollution, details
are better left to agency experts who can
adopt more meaningful regulations.
Regulations are enacted by administrative
agencies pursuant to directives in statutes.
The advantage of regulations is that they are
adopted by civil servants rather than
politicians.
Civil servants have greater
expertise so can provide more detailed
pronouncements on directives to safeguard
water resources. Safety statutes, statutes
establishing standards, and permit statutes are
common types of environmental statutes that
create liability. Regulations developed by
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agencies pursuant to these statutes add rules
that also create liability for breaches. Persons
denigrating water resources may incur
liability if they violate a statute or regulation.
Legislation often requires persons to handle
wastes according to permit requirements. If a
permittee violates a condition of the permit
causing injury to a water resource, the
permittee would be liable for damages from
this contamination.
Failure to secure a
required permit may be a legal argument
under which penalties can be assessed.
The regulatory structure governing permits
for point-source pollution suggests two major
concerns. First, do governments have a
problem with enforcing existing permits and
regulations, and what does this mean?
Because governments want to attract and
maintain business endeavors within their
borders, they may be hesitant to prosecute
businesses
for
pollution
violations.
Inadequate
enforcement
efforts
by
governments appear to be leading to
unauthorized pollutants being discharged into
water resources.
The unwillingness of
governments to eliminate pollution by
violators may culminate in the public calling
for more regulations.
Second, diffuse sources of pollutants are often
not
subject
to
regulatory
control.
Governments may need to adopt additional
controls over some types of diffuse pollution.
These may include mandating the adoption of
a best management practice or reclassifying
an activity as a point source. In the United
States, the Environmental Protection Agency
considered
reclassifying
more
farms
producing animals as point sources to help
reduce pollution from animal manure (U. S.
EPA, 2001).
Citizen Input
The identification and brief descriptions of
five groups of institutional measures to
address the denigration of water resources
show that governments have opportunities for

improving environmental quality. However,
most areas of the world, including the United
States, have not achieved their water quality
goals. While numerous social, political, and
economic reasons may be identified as
contributing to unacceptable water quality,
governments should consider moving beyond
traditional controls and allowing citizens to
become more involved with monitoring and
enforcing environmental controls. Greater
citizen input in various forms of public
participation may be suggested to augment
environmental quality.
Research suggests that efforts to facilitate
greater participation by the public are
important in augmenting environmental
quality (Beierle & Cayford, 2002).
Guarantees for public participation are usually
set forth in statutes (Tai, 2005), although for
Europe 36 countries have signed the Aarhus
Convention agreeing to provide public
participation (U.N. Economic Commission
for Europe, 1998).
Public participation
involves access to information and
community dialogue to enhance the quality of
the environment (Molina et al., 2009). This
includes the public‘s ability to have access to
information, to participate in the decisionmaking process, and to have access to justice
in these processes. Thus, by statute or
convention, the United States and Europe
allow citizens to become more involved in
monitoring
environmental
quality.
Significant public participation may occur at
three stages of governmental efforts to reduce
pollution: adoption of regulations, issuance of
permits, and enforcement.
Adoption of regulations. The first stage for
public input occurs when a regulatory
authority adopts new regulations. For all
regulations proposed by the U. S. federal
government, publication must be made in the
official Federal Register with information on
how interested citizens can voice their ideas
and concerns (U. S. Code, 2006, title 5).
Under the federal Administrative Procedure
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Act,
rulemaking
provisions
delineate
opportunities for public hearings and the
submission of comments to the federal agency
prior to the adoption of a final regulation that
will have a significant economic impact on a
substantial number of entities (U. S. Code,
2006, title 5).
Issuance of permits. A second major stage for
public involvement occurs when agencies
issue permits.
Statutory or regulatory
requirements can offer the public an
opportunity to review permit applications.
Due to unacceptable water pollution in the
United States, Congress adopted the Clean
Water Act with a provision for public
participation in the permitting program that
reduces discharges of pollutants into surface
waters. The provision reads:
―Public participation in the development,
revision, and enforcement of any regulation,
standard, effluent limitation, plan, or
program established by the Administrator or
any State under this Act shall be provided for,
encouraged,
and
assisted
by
the
Administrator and the States.
The
Administrator, in cooperation with the States,
shall develop and publish regulations
specifying minimum guidelines for public
participation in such processes‖ (U. S. Code,
2006, title 33).
Another provision says that permitting
authorities must provide an opportunity for
the public to participate prior to issuing a
permit (U. S. Code, 2006, title 33). The
federal laws show a variety of public
participation requirements that permitting
authorities must follow in issuing different
types of permits.
Permitting authorities and environmental
groups in the United States have not agreed
on the meaning of public participation
requirements with respect to permits under
the Clean Water Act. Disagreements about
regulating pollution include what relief should

be
extended
to
adversely
affected
complainants when the government is remiss
in extending opportunities for public input.
Several courts have considered allegations of
illegal pollutant discharges where permitting
authorities failed to provide the public notice
and an opportunity to be heard prior to the
modification
of
permits
authorizing
discharges (Ohio Valley Environmental
Coalition, Inc. versus West Virginia
Highlands, 2008; Riverkeeper, Inc. versus
Mirant Lovett, LLC, 2009). The courts‘
decisions suggest that it may be appropriate to
consider agency actions modifying permits to
be ineffective in changing the provisions of
the permit (United States versus Smithfield
Foods, Inc., 1999). This may mean that
permittees are discharging unauthorized
pollutants illegally.
Enforcement of pollutant discharges. Third,
an environmental statute might allow citizens
to bring lawsuits to enforce laws or to compel
action by agencies (U. S. Code, 2006, title
33). Citizen suits have been employed to
address environmental violations and enhance
governmental enforcement in reducing
pollutant discharges (Zinn, 2002).
By
allowing citizens to be involved during one or
more of these three stages, the public can help
governments achieve the goals of their
environmental legislation.
Citizen suit
provisions
were
added
to
federal
environmental statutes in the United States to
induce agencies to do more in enforcing
antipollution standards and allow citizens to
sue violators if an agency fails to take action
(Zinn, 2002). Thereby, citizen suit provisions
provide
an
alternative
enforcement
mechanism
that
supplements
agency
enforcement actions. In addition, citizens can
sue state and local governments for not
making information available to the public.
Citizen participation provisions from the
United States offer ideas that might be
employed further in other states to address
water pollution problems.
Although
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governmental regulators have to take special
efforts to facilitate public access to
documentation, citizen involvement can assist
governments in being more forceful with
efforts to stop unacceptable polluting
activities. By allowing citizens to participate

in a permitting program that controls
discharges of pollutants, public vigilance
helps governmental regulators by encouraging
permittees to more accurately and completely
prepare documentation that conforms with
applicable regulations.
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Conclusion
Governments have choices in protecting water
resources. Not only do cultural practices and
common law nuisance and trespass causes of
action protect water resources, but also
constitutions, statutes, and regulations. Yet,
many governments can do more.
By
describing how citizens might participate in
administrative activities, the paper posits
ideas for moving beyond traditional
governmental pollution control measures to
invoke its citizenry in protecting water
resources.
Citizen input through access to information,
public participation, and citizen lawsuits can
augment the preservation of resources and
compliance with restrictions against pollution.
Wealthier states have more resources to pay
for greater water quality, and thus may adopt
more technological solutions. Citizens of
developed states also tend to support the
legislative adoption of more measures to
attain the desired quality. However, citizen

suit measures may be employed by any state
that wants to further protect its water
resources.
Greater citizen involvement may be especially
important in spurring businesses and
governments to do more in reducing
environmental
risks.
The
recent
environmental disaster created by an oil rig
exploding in the Gulf of Mexico suggests that
greater citizen involvement is needed. The
allegation has been made that the U. S.
government has not updated safety
requirements for deep offshore oil drilling
(Isikoff et al., 2010). Perhaps greater citizen
involvement can spur the government to
adopt up-to-date safety features. Finally, the
measures discussed in this paper do not
depend on wealth. Although less wealthy
states may not be able to afford technological
solutions to address water quality, they can
adopt institutional measures including citizen
action to markedly reduce pollutant
discharges.
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Abstract
Industrialization and urbanization are the two
major causes of deteriorating air quality. To
evaluate the concentration of Cr3+ and Cr6+
in ambient air quality of the Shiraz, west
southern city of Iran, suspended particulate
matter was collected by a high-volume air
sampler. Determination of the concentration
of chromium was carried out by UV–Vis
spectrophotometer after acid digestion.
Maximum concentration of total Cr was 30 ng
/ m3 in October, which was in permissible
limit according to DOE (Department of
Environment Of Iran) limit threshold. Finally
new and simple method to determine the Cr
concentration
has
been found
and
recommended due to sensitively and
accuracy. The standard addition method has
been satisfaction result that was nearby
amount with direct measuring with vacuum
pump instrument.

Keywords:

Cr concentration, urban
atmosphere, Spectrometer method, vacuum
pump, limit threshold

Introduction
According
to
the
United
Nations
Environmental Program (UNEP), suspended
particulate matter (SPM) is the most
significant source of air pollution affecting
the world‘s largest cities [WHO/UNEP,1992].
Heavy metals are particulate inorganic
pollutants released in the atmosphere through

natural and man made processes such as
metallurgical process, garbage incineration
combustion of fossil fuels, weathering of
rocks, mining activities etc. [Talebi, 2004,
Agarwal,1991 and Langmuir,1997]. Heavy
metals are relatively dense and toxic at low
concentrations as they can form complexes or
ligands with organic compounds and alter
them. These modiﬁed biological molecules
lose their ability to function properly and
resulting in malfunction or death of the
affected cells [USEPA.1996]. Heavy metals
can be transported from one place to another
and released in the ambient air through
wind-blown dust [US EPA, 1999 and
Vijayanand, 2008]. Chromium, One of
suspended particulate matter, is exposed into
the atmosphere from both natural and
anthropogenic sources. The major sources of
it in the urban atmosphere are anthropogenic
sources, including the production of iron and
steel and the combustion of fossil fuels
[WHO/UNEP, 1992]. Chromium exists in the
environment two physicochemical forms: Cr3+
and Cr6+. The toxicity of their compounds
differs greatly. Cr3+ is necessary for the
maintenance of a normal glucose tolerance
factor, while Cr6+ is toxic and carcinogen
[Padarauskkas,
1995].
Actually,
determination
of
the
atmospheric
concentration of hexavalent chromium is
important because of its high toxicity
[WHO/UNEP,1992].
In the present work, airborne particulate
matter was collected from the atmosphere of
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the Shiraz, a metropolitan city in the
southwest of Iran, has a population of some
1.2 million in an area of 451 km2 and is
situated 1450 m above sea level. The city is
bordered to the north and south areas by two
high mountain ranges. The principal wind
directions in the city are mostly from the
south and southwest to north and northeast.
Given its geographical setting, expansion in
Shiraz is limited to the east–west direction. In
regard to air pollution, it is also among seven
most highly contaminated metropolitan cities
in Iran; SPM appears to have a particularly
high rank on the list of pollutants. Pollution in
the city is directly related to its increasing
population, heavy or light industries, traffic
and construction. Characterization of the
particulate matter, both see front matter
quantitatively and qualitatively, is important.
The concentrations of total and hexavalent
chromium in the samples were determined
UV–Vis
spectrophotometer;
Elemental
concentrations of SPM in Shiraz air were
measured over a period of 1 year using UV–
Vis spectrophotometer.

air was drawn through the impinger with a
ﬂow rate of 15 L min-1.
Actually filter was divided two equal parts for
different digestion.
Digestion of Airborne Particulate Matter
The exposed ﬁlter was folded several times,
placed in a PTFE beaker, and moistened with
a few milliliters of double-distilled deionized
water. Aristar nitric acid as added, the lid of
the beaker was replaced and the beaker was
heated on a hot plate at 9010C and reputed for
8 h until all organic materials were oxidized
.The PTFE lid was then removed, and the
beaker was heated again at 9010C. When the
volume was reduced to half, 6 ml nitric acid
and 6 ml of hydroﬂuoric acid were added and
the lid was replaced. The mixture was
reﬂuxed once more to dissolve the material
completely.
Finally, the digest was extracted in nitric acid,
transferred into a 25ml volumetric ﬂask
brought and made the volume with deionized
double-distilled water.
Determination of Total Chromium
Concentration

Research Methodology
Collection of Samples
For the determination of the total atmospheric
concentration
of
chromium,
airborne
particulate matter from the atmosphere of the
city of Shiraz was collected on a PTFE with 2
micro meter diameter from 90 m3. Quartz
ﬁber ﬁlter (Wathman QM-A) using a Leland –
legacy pump high-volume air sampler. A
sampling period of 24 h was used to collect
enough particles to perform a sensitive
analysis. Air was drawn through the ﬁlter
with a ﬂow rate of 1 m3 min-1.
Samples were collected from a location close
to the main commercial area of the city and
from a height of 11 m above the ground. For
the determination of hexavalent chromium,
air was passed through an impinger train
using a low volume air pump. Over the 24 h

The determination of total chromium
concentration in the digest was carried out
using a Perkin–Elmer Lambada 2 UV–Vis
Spectrophotometer. The Perkin–Elmer hollow
cathode lamp of Cr and pyrolytically coated
graphite tubes were used. A mixture of
K2S2O8 and AgNO3 was used to modify for
increasing the sensitivity of the determination
method. The impinger solution was used for
the determination of hexavalent chromium. A
method equivalent to EPA method for the
determination of Cr6+ in air was used for the
determination of the Cr6+ concentration. Test
of diphenil Carbazid used for determination
of Cr. Actually potassium peroxy de sulfate
added to solution for oxide of Cr3+.The Cr6+
complex was detected at 540 nm.
Apparatus
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A Perkin-Elmer Lambada 2 UV–Vis
spectrophotometer.
Leland – legacy pump that used for
sampling collection from air. This
pump can be worked for 36 hours after
charching. It can be showed flow rate,
time, and air passed volume.
Filter PTFE with 2
micro meter
diameter
Filter holder that can be joined to
sampler pump with tube.
Digital model Adam 220, with 0.0001
accuracy.
Qube quartez cell (1 cm) for putting
solvent on it for measuring absorbent.

Reagents and Standard Solutions
All chemicals used in this work, were of
analytical-reagent grade (Merck) and were
used without further purification. Doubly
distilled deionized water was used for all
dilutions.K2Cr O4 was used for the
preparation of working standards for
chromium. NaHCO3, HNO3, HCl were used
during the digestion for the total chromium
determination. K2S2O8 0.1M , AgNO3 0.01 M
and 1, 5 diphenil Carbazid (C13H14N4O) with
moluclate weight 242.28 gr/ml and melting
point 170-1750C has been used.

Finding
The concentrations of total suspended
particulates (TSP) was calculated by
subtracting the weight of the blank filter from
the weight of the filter after exposure and
considering the total volume of air sampled.
Concentration of Cr can be determinate by
analyzing TSP.A comparison was made
among the atmospheric concentrations of
TSP, Cr and Cr6+ in the city of Shiraz. Table 1
summarizes the results obtained from this
investigation. The minimum concentration of
total Cr can be seen in March and October
was maximum amount that is in limit
threshold according to DOE standard of Iran.
(Fig 1)
Actually in this research measuring
concentration of Total Cr and Cr6+ has been
done by these two methods: Standard addition
method and Calibration curve.
As can be seen in table 2 and 3, the result
were so satisfaction, and the standard addition
method has been showed the real amount
more than calibration curve.
Then the suggestion experimental method can
be measured concentration Cr with excellent
exactitude. And can be used as simple and
accurate method.

Table1- Concentration of TSP, Total Cr, and Cr6+ in the atmosphere

Sample
1
2
3
4
5
6
7
8
9
10
11
12

TSP(µg m-3)
190
215
145
160
199
220
150
180
240
218
180
210

Total Cr (ng m-3)
25.5
25
23
24.3
24.5
25
25.5
26.8
28.3
30
29
28
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Cr6+ (ng m-3)
19.3
19
17.1
18
19.4
19.5
20.5
22.2
21.5
24.1
24.7
23.6
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Fig1. Monthly variation in concentrations of total and hexavalent chromium

Table 2- Concentration Total Cr by different methods

Concentration

Parameter/method
Total concentration total Cr by standard addition method
Total concentration total Cr by Celebration curve

Table 3- Concentration Cr6+ by different methods

Concentration
6/7
6/4

Parameter/method
Total concentration total Cr by standard addition method
Total concentration total Cr by Celebration curve
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Abstract
This study investigates concentrations of
heavy metals including, Zinc, Copper, Arsine,
Cadmium, Mercury and Lead (Zn, Cu, As, Cd,
Hg and Pb) in water, sediments and fish
organs (muscle, guts and liver). They were
investigated in two different locations, Jeddah
Islamic Port Coast (JIPC) and northern
Coast Side of Jeddah (NCSJ). Large
differences in heavy metal concentration mg/g
dry weight were observed between different
tissue, water and sediments. In sediments,
heavy metal concentration was Cd 35.5, Pb,
41.40, Cu 22.5, Zn 32,2, Hg1.85 in (JIPC),
where as in (NCSJ) Cd 35.5, Pb, 41.40, Cu
22.5, Zn 32,2, Hg 1.85, water heavy metal
concentration in (JIPC) mg/g as followsl As
0.31, Pb 1.20, Cu 0.40, Zn 0.41, Hg not
detected. Generally metal concentration in
JIPC was found to be highest than in NCSJ,
liver contain the highest concentration in all
samples where as in muscles is the lowest, in
liver in JIPC Cd 1.09- 3.35, Pb 2.95-7.84,
Zn 41.97 – 57.21, Cu 12.23-32.22 in muscles
ranged between 0.13- 1.06, Pb 1.03-6.10, Zn
3.98 – 9.30, Cu 0.13 – 0.91. Hg not detected
in all samples except the sediment.

Keywords: fish, Heavy metals, sediments,
water`, Hazards

Introduction
The rapid industrial growth has resulted in an
increasing production and usage of toxic

chemicals such as trace elements in Jeddah.
Some metals are known to be toxic even at
low concentrations, including arsenic,
cadmium, mercury and lead Le et al
(2009).Others, such as copper and cobalt, are
known to be essential elements and play
important roles in biological metabolism at
very low concentrations Le et al ( 2009) and
either an excess or deficit can disturb
biochemical functions in both humans and
animals Gulec et al ( 2011). Heavy metals,
unlike organic pollutants, cannot be
chemically degraded or biodegraded by
microorganisms. Thus, their content has
steadily increased in soils and subsequently
accumulated in plants, animals, and even in
humans Che et al (2006). The pollutants like
heavy metals after entering into aquatic
environment accumulate in tissues and organs
of aquatic organisms. The amount of
absorption and assembling depends on
ecological, physical, chemical and biological
conditio3n and the kind of element and
physiology of organisms Jaffar et al (1988).
The concentration of any pollutant in any
given tissue therefore depends on its rate of
absorption and the dynamic processes
associated with its elimination by the fish AlKahtani (2009). Chemicals of industrial
effluent and products of ship and boats such
as heavy metals which find their way in
different water system can produce toxic
effect in aquatic organism Bernet et al (1999).
Petroleum products are one of the most
relevant pollutants to aquatic ecotoxicology.
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Exposure to crude oil derivatives can induce a
variety of toxic symptoms in experimental
animals Petroleum hydrocarbons can act as
amediator in free radical generation in fish
Saad and Fahmy (1994) recorded four
pollution sources at Jeddah coast: the
untreated the untreated domestic sewage
waste , oil pollution from oil refinery of
factory Petromin, fish waste from the fish
market of Bankalah region and probably
desalination plant effluents. Heavy metals are
well known environment pollutions that cause
serious health hazard to human, their effects
are not immediate and show up after many
years (Jarup 2003, Boguszewsk and Pasternak
2004). Increasing
on the need for
documentation of both nutrients and
contaminant s in fish and sea food, with
balance risk assessment Dahl et al (2006
).Heavy metals discharge into the marine
environment can damage both marine species
diversity and ecosystems, due to their toxicity
and accumulative behavior Edwards et al(
2001) and Sivaperumal et al (2007).
Cadmium, copper, lead and zinc salts are
usually found in agricultural and industrial
liquid waste McCrea and Fischer (1986) and
Qiao-qiao et al (2007) which discharged into
water resources. These metals are toxic to
aquatic life at low concentration, particularly
in soft water interments. Such metals may be
accumulated from water to higher level in fish
tissue (Sivaperumal et al (2007),Rowayshed
et al( 2002),Sankar et al (2006), Liver and
gills as main organs for metabolism and
respiration are target organs for contaminants
accumulation as reported by many authors
concerning Structural damage to organs and
tissues related to the exposure of fish to
petroleum derivatives Engelhardt et al(1981),
Khan
(2003)Evidently
these
metals
accumulated frequently in fish flesh and in
internal organs Turkmen et al( 2005),Dural et
al (2007). The excess of heavy metals intake,
especially mercury and lead, causes many
harmful and neurotoxic effects to the human

health. Hg is the most toxic heavy metals that
affects the brain causing the syndromes of
nerve disturbances and insomnia, in addition
to its harmful effects on inhabiting growth
activity of some enzymes( Baji et al
(1986,)FDA,( 2001. Hajeb et al( 2009).
The Saudi Arabian Standards Organization,
SASO (1977), had suggested maximum
allowable limits (MALs) for some of the more
toxic heavy metals in fish. Species, as follows:
Cadmium, Cd 0.5 mg/g
Mercury, Hg 1.0 mg/g
Lead, Pb
2.0 mg/g
Arsene, As
1.0 mg/g
Copper, Cu
20.0 mg/g
Zinc, Zn
50.0 mg/g
So the main objective of this study is to
determine the concentration of some heavy
metals (Cu, Hg, Cd, Pb, As and Zn) in some
local consumed fish captured from Jeddah
coast at different location, and know whether
it‘s safe for consumption.

Materials and Methods
Water and sediment samples were taken at
different places at Jeddah Port by a PVC tube
column sampler at depth of half meter from
the water surface. The samples were mixed in
a plastic bucket and a sample of 1 liter was
placed in a polyethylene bottle, kept
refrigerated and transferred cold to the
laboratory for analysis. Surfacial sediment
samples were collected using core sampler as
described in (Boyd and Tucker, 1992), then
kept in cleaned plastic bags and chilled on ice
box for transport to the laboratory for heavy
metals determination
Water
Heavy metals in water samples were extracted
with conc. HCl and preserved in a refrigerator
till analysis for As, Hg, Zn, Cu, Cd and Pb
(Parker, 1972).
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Sediment
In the laboratory, the sediment samples were
dried at 105 ºC, grinding, sieving and about
(1.0 gm) of the most fine dried grains were
digested with a mixture of conc. H2O2, HCl
and HNO3 as the method described in Page et
al. (1982) and preserved in a refrigerator till
analysis.
Fish Sampling
Four different species of common fish were
collected from the shipping area near Jeddah
Islamic Port Coast (JIPC) and Northern Coast
Side of Jeddah (NCSJ), fish specimens were
examined, the samples were weighed,
measured, cleaned with deionized-distilled
water, stored in pre-cleaned plastic bags, and
kept frozen at -18 0C until further analysis.
Muscles, liver and guts were taken out and
dried in a pre-cleaned glass container at 103 ±
2 0C to a constant weight. Sampling,
pretreatment, preparation of subsamples and
analysis were made according to FAO
Technical Paper No. 212 (1983).. Metals in
fish tissue/organs were extracted as described
by (AOAC, 1990). Atomic Absorption
Spectrophotometer (Model Thermo Electron
Corporation, S. Series AA Spectrometer with
Gravities furnace, UK,) instrument was used
to detect the heavy metals. The concentrations
of heavy metals were expressed as mg/l for
water and μg/g. dry wt. for sediment samples
and fish organs.

Results and Discussion
This study conducted to determine heavy
metals concentration (Cd, Zn, Cu, Pb, As, Hg)
in different organs of four fishes, water and
sediments collected from Jeddah Islamic Port
Coast and Northern Coast, Figure (1) showed
the map of Jeddah coast were the samples has
been collected. Figure (2) represents the
concentration of heavy metals in sea water
from JIC, whereas Figure (3) represents the
heavy metal concentration in sea water
collected from NCJ.
Heavy Metals

concentrations in water were found in the
following order Pb 1.21. Cu 0.4, Zn,0.31, Cd
0.04, Hg and As not detected in JIPC,
whereas water collected from NCJ Pb 0. Cu
0.3, Zn,0.15, Cd 0.02, Hg and As not also
detected. The high level of Pb in water of
Jeddah Islamic Port could be attributed to the
shipping, industrial and agricultural discharge
as well as from spill of leaded petrol from
fishing boats and dust which holds a huge
amount of lead from the combustion of petrol
in automobile cars Hardman et al. (1994).
Higher levels of Pb often occur in water
bodies near highways and large cities also
may be due to high gasoline combustion
(Banat et al., 1998).
The metals
concentrations in bottom sediment of Pb. Zn,
Cu, Hg, Cd, As and Pb values collected from
JIPC are shown in Figure (4), where as Figure
(5) represents values of heavy metals
concentrations in sediments collected from
JIC. Zn and Pb concentrations among the
other metals showed higher concentrations,
where as Hg and As are the least
concentrations obtained in the sediments of
the two locations. The high level of Cd and
Pb sediments could be attributed to the
industrial and agricultural discharge as well
as from spill of leaded petrol from fishing
boats which are distributed in the Jeddah
Islamic Port. Also, dust which holds a huge
amount of lead from the combustion of petrol
in automobile cars led to increase Pb content
Hardmanetal.(1994)
From the results below Table (1) represent the
Concentration (mg\g dry weight) of heavy
metals in muscles ,collected from JIPC and
JNC where as Table (2) represents the
concentration (mg\g dry weight) of heavy
metals in guts and Table (3) represents
concentration (mg\g dry weight) of heavy
metals in liver from the two locations.
Compared to other heavy elements
determined Cd showed relatively low
concentration level in the different organs in
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the fish whereas higher means were found in
guts (1.87), livers (3.35) it ranges from 0.13 –
1.06 mg\g dry weight in the muscles, 0.8 1.87 mg\g dry weight in guts and 1.16 -3.35
mg\g dry in JIC weight as shown in Tables 1,
2 and 3 respectively. Cadmium
is
accumulated primarily in major organ
tissues of fish rather than in muscles
(Moore and Ramamurthy, 1984). In general,
it can be stated that the concentrations of Cd
found in edible part in the present study are
still considered as those of uncontaminated
fish (< 1.5). Cadmium when detected
occurred at fairly low levels, within SASO
limits, in the muscle tissues of fish. The same
can be said regarding concentration levels of
Zn, Cu, and Pb, which all lie below, or well
below, the limits Table (1). Although, the
level of Cd in the edible fish muscles showed
values
within
SASO‘s
recommended
maximum limit of 0.5 mg/kg, its level in gills
and shrimp tissues, only slightly exceeded this
limits.
Relatively high mean concentrations of Cu
were found in livers (32.22) and guts (6.09) of
the fish examined, compared to those found
in muscles (0.91). There was also a wide
variation in Cu content in livers among
species as it ranged from 12.23 for Lethrinus
nebulous to 32.22for Carans melampygus. In
muscles, there was a narrower range of
concentration (0.13- 0.91) (Ashraf (2006) and
Ashraf et al., (2006) found relatively high
mean concentration of Cu in liver followed by
stomach and lastly muscles. The data indicate
that the fish in Jeddah coast compare to other
fish worldwide and are not more
contaminated with Cu than that at other
marine environments (Ahmad H. Abu Hilal,
and Naim S. Ismail. 2008). Liver and gill as
main organs for metabolism and respiration
are target for contaminants accumulation as
reported by many authors concerning
structural damage to organs and tissue related
to the exposure of fish to the petroleum

derivatives Engelhardt et al (1981), Khan
(2003)
Zn concentrations were slightly higher
compared to e.g. Cd, As, HG & Pb. It
occurred in both muscles and guts of some
fish species. Similar results of Zn
concentration in muscles of several marine
fish species, being higher than the above
mentioned (and other) trace elements, were
also reported Krenkel, (1975), Abul-Naja, W.
M., (1996)]. The tendency of Zn to bioconcentrate in muscles may be attributed to its
particular tendency to accumulate in the skin
layers of fish species Zhou, et al (1998). Since
muscle samples used in the current study were
not intentionally skinned, variability in the Zn
content of muscles will be expected to occur
in as much as there are skin fractions
associated with the muscular tissues. This
appears to partly contribute to observed
variability of Zn content in muscles of the
same species.
Arsenic, As, was detected in low level of
concentration compared to Zn, Cu in liver and
guts , mercury, Hg, were invariably
undetectable in all samples of different organs
of fish collected , over the whole study period
(Table1). Hg is the most toxic heavy metals
that affects the brain causing the syndromes
of nerve disturbances and insomnia, in
addition to its harmful effects on inhabiting
growth activity of some enzymes Baji et al
(1986),FDA, (2001). Hajeb et al (2009)
The mean concentration of Pb was lowest
in the muscles (0.45) and livers (2.95) of the
fish examined, while the highest was in the
guts (6.80) in JIPC where was not detected in
JNC of these fishes this could be due to
contamination of water with oil from the
shipment area Saad and Fahmy (1994)
recorded four pollution sources at Jeddah
coast: the untreated the untreated domestic
sewage waste oil pollution from oil refinery
of factory Petromin, fish waste from the fish
market of Bankalah region and probably
desalination plant effluents. Recently Badr|,s
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group (Badr et al, 2008) confirmed the heavy
metals pollutions at sea bed of Jeddah Coast.
The concentration of Pb is below the limits in
edible part of fish because Pb toxicity in
humans include abnormal size and
hemoglobin content of erythrocytes, hyper
stimulation of erythropoesis inhibition of both
haeme synthesis and some enzyme activity in
anemia and permanent damage of the brain,
liver and central nervous system Qiao-qiao et
al( 2007), Ellias( 1996)
These results are consistent with what has
been reported by Moore and Ramamoorthy
(1984) that there is often little accumulation
of Pb in the muscles of marine and

freshwater fish species. Low concentrations
of Pb in the muscles of marine fish were
reported from coastal areas of England and
Wales (< 1.0 µg g-1 wet weight) Portmann,
(1972), West Malaysia (< 0.5 mg kg‘ wet
weight) (Baji et al., 1986),), and Gulf of
Aqaba
(0.8-2.6
µg
g-1)
Wahbeh
andMahasneh, (1987). In fishes of the Red
Sea Pb ranged between 0.01-0.66 µg g-1 in
the muscles 0.1-2.4 in the livers, and <0.050.14 in the gonads Hanna, (1989). Our data
indicate that the fish in the Gulf contain
higher levels of Pb compared to other fish at
other marine environments worldwide.
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Conclusion
Analytical results revealed that very low
concentration levels of toxic metals are
encountered in Jeddah North Coast compared
to Jeddah Islamic Port Coast. Even though no
concentration levels that are abnormally high
were observed in the tissues muscles of the
test species collected from the two locations.
Toxic metal levels analyzed in this study meet

the available maximum allowable limits
recommended by SASO for fish and shrimp
species, so the fish in the coast of Jeddah Port
are safe for consumption especially the north
side of the city where Pb, AS and Cd were not
detected in the water collected from the north
side.

Figure (1) Jeddah City Coast
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Figure (2) Heavy Metal Concentration mg/l in Water Collected From Jeddah Islamic Port

Figure (3) Heavy Metal Concentration mg/l in Water Collected From Jeddah North Coast
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Figure (4) Heavy Metal Concentration mg/g in Sediment Collected From Jeddah Islamic Port

Figure (5) Heavy Metal Concentration mg/g in Sediment Collected From Jeddah North Coast
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Table (1): Concentration (mg\g dry weight) of heavy metals in muscles of four species of common fish collected from Jeddah
Coast

Species (JIPC)
Lethrinus nebulous
Caranx sexfaciatus
Carans melampygus
Lethrinus mahsena
Species (JNC)
Lethrinus nebulous
Caranx sexfaciatus
Carans melampygus
Lethrinus mahsena

Cu
0.13
0.91
0.63
0.47

Zn
3.98
5.33
8.37
9.30

As
2.08
2.12
4.33
2.98

Pb
1.03
0.94
1.41
2.10

Cd
0.13
0.9
0.26
1.06

Hg
آND
ND
ND
ND

0.07
0.43
0.32
0.40

2.40
2.33
455
2.86

0.90
1.41
2.04
1.80

ND
0.08
0.10
010

ND
0.02
ND
0.06

ND
ND
ND
ND

ND Not Detected

Table (2): Concentration (mg\g dry weight) of heavy metals in the guts of four species of common fish collected from Jeddah
coast

Species (JISPC)
Lethrinus nebulous
Caranx sexfaciatus
Carans melampygus
Lethrinus mahsena
Species (JNC)
Lethrinus nebulous
Caranx sexfaciatus
Carans melampygus
Lethrinus mahsena

Cu
6.09
3.23
5.49
5.94

Zn
25.42
32.03
43.11
24.16

As
4.02
2.97
4.63
5.45

Pb
6.80
9.76
7.66
5.57

Cd
1.87
1.96
1.13
0.80

Hg
ND
ND
ND
ND

5.77
4.44
2.98
4.90

22.71
33.55
34.83
25.64

3.45
1.42
3.04
1.86

3.32
3.35
5.41
2.45

0.50
0.19
ND
0.66

ND
ND
ND
ND

ND Not Detected

Table (3): Concentration (mg\g dry weight) of heavy metals in the livers of four species of common fish collected from
Jeddah coast

Species( JISPC)
Lethrinus nebulous
Caranx sexfaciatus
Carans melampygus
Lethrinus mahsena
Species (JNC)
Lethrinus nebulous
Caranx sexfaciatus
Carans melampygus
Lethrinus mahsena

Cu
12.23
22.74
32.22
15.101

Zn
41.97
45.48
46.69
57.21

As
3.55
3.36
2.11
3.31

Pb
2.95
7.84
3.71
6.72

Cd
2.35
2.97
1.09
1.16

Hg
ND
ND
ND
ND

6.87
23.44
14.32
20.40

32.54
42.13
4058
46.16

1.90
1.41
2.54
1.66

0.80
032
0.60
1.10

1.90
2.02
1.99
2.06

ND
ND
ND
ND

ND Not Detected
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Abstract
Access to adequate clean water and improved
sanitation are basic human rights. This
quantitative, descriptive study sought to
establish current water and sanitation
coverage in Chirumanzu and Shurugwi
districts in Zimbabwe and develop methods of
assessing coverage using Geographic
Information Systems. A geo-referenced
population
distribution
dataset
was
constructed using Google Earth satellite
imagery. The spatial distribution of all
water-point in the two districts was mapped
using personal digital assistants and
geographic positioning system receivers in a
comprehensive water survey. Vector maps of
administrative boundaries were obtained
from the Department of the Surveyor General
and Central Statistical Office.
Spatial
analysis and rendering of maps was
performed using Quantum GIS 1.6.0.
Statistical analysis was performed using Stata
10.
A dataset of 32283 geo-referenced
homesteads across the two districts was
created using Google Earth, 15994 in
Chirumanzu and 16289 in Shurugwi. A total
of 6108 water-points were mapped, 680
boreholes, 895 deep wells, and 4533 shallow
wells. The median distance fromeach

homestead to the closest boreholewas 844m
[IQR: 400-1973] in Chirumanzu and 349m
[IQR: 170-692] in Shurugwi. Homesteads
with access to any type of water source within
500m were 69.7% [95% CI (68.9-70.4)] in
Chirumanzu and 82.7% [95% CI (82.1-82.3)]
in Shurugwi however homesteads with access
to a functional borehole within 500m
were32.9% [95% CI (32.2-33.6)] in
Chirumanzu and 63.9% [95% CI (63.264.6)]in Shurugwi.
The use of Google Earth satellite imagery
enables the mapping of high resolution
population settlement patterns at individual
homestead level. Using electronic field data
capture
equipment
with
geographic
positioning system receivers to log the exact
location of each water-point and collect
useful attributes to characterise the water
source. The use of GIS to analyse water
access in sparsely populated can reveal
patterns of access not possible with standard
statistical analysis.

Keywords:

geographic
water
coverage,physical access, geo-referenced
dataset, geographic information systems,
spatial analysis

Introduction
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Measuring rural populations‘ physical access
to water is often desirable but often not
possible because data collected in most rural
water and sanitation surveys lack the required
attributes. To enable the measurement of
physical access to water resources in rural
areas where the villages occupy vast land
areas and are sparsely populated, the main
water sources are public boreholes and wells,
it is necessary to construct accurate georeferenced population settlement and waterpoint distribution datasets and perform spatial
analysis using geographic information
systems to estimate physical access to water.

Background
Access to safe water and improved sanitation
are basic human rights (Sphere project, 2004).
Globally, regionally and nationally, provision
of water and sanitation facilities to rural
communities usually get less attention as
compared to urban communities where piped
water and sewer systems are provided.
According to Rural Water Supply Network
(Rural water supply network, 2010),globally
136 million (2%) of urban population has no
access to improved drinking water compared
to 780 million (11%) of rural population and
in sub-Saharan Africa 272 million (35%) rural
dwellers have no access to safe water
compared to 54 million (7%) of urban
population.
In Zimbabwe the estimated
proportion of rural population without
improved water supplies is 30% and rural
water is mainly collected from protected wells
and boreholes but often from streams, rivers
and dams (UNICEF, 2006).
There is no clear and agreed definition of
rural access to safe water. Different
organisations, agencies and countries use
various definitions based one or more of three
factors namely, distance, time and quality
(Hirotsugu&Takusei, 3003); (UNESCO,
2010). Many WASH coverage estimates in
Africa do not take into account distances

travelled to fetch water as these data are not
easily available, instead they use a proxy for
water access UNICEF, 2006); MoH, 2009).
Villages in rural Zimbabwe are not well
defined as in urban areas, they differ greatly
in land area coveredand population density
within villages can vary widely hence the
same number of water-points in two villages
with the same populations can represent very
different levels of water access when defined
by distance.
According to Noor, Alegana, Gething& Snow
(2009), spatial analysis using geographic
information
systems
(GIS)enables
measurement of physical access to resources,
but its application to the estimation of
physical access to water has not been fully
exploited.
In studies like ‗Mapping a
Healthier Future‘ in Uganda, GIS is used to
create maps indicating access to water but the
data used in the analysis cannot be used to
measure physical accessibility to water (MoH,
2009). What is lacking in attempts to measure
physical accessibility to water is georeferenced data on water points and
population settlements in sufficient detail to
enable measurement of house-hold level
access. Therefore the aim of this project was
to establish current water and sanitation
coverage in Chirumanzu and Shurugwi
districts in Zimbabwe and develop methods of
assessing coverage using GIS.

Approach and Methods
Study Site
Chirumanzu and Shurugwi are two
neighbouring districts in the central Midlands
province of Zimbabwe with land area
measuring 4761 km2 and 3471 km2
respectively with a population of 70431 and
88390 in Chirumanzu and Shurugwi
respectively (Census, 2002).A map of the
study areas is illustrated in Figure 1 below.
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Figure 1: map of Zimbabwe and an insert showing location of study districts

Administrative boundaries
Vector maps of administrative boundaries for
the two study districts were obtained from the
Department of the Surveyor General and
Central
Statistical
Office
in
the
Environmental Systems Research Institute
(ESRI)shape file format (ESRI, 1998)saved in
the Universal Transverse Mercator (UTM)

projection datum WGS84 zone 35S (UTMCS,
2010). The maps included administrative
districts, wards and census enumeration
areas(Figure 2a).
The attributes of the
administrative boundary layer are shown in
Table 1below.

Table 1: attributes of the administrative boundary GIS layer

Attribute name
Province
District
Wardno
Integrity
Local_authority
Wardareasq

Attribute type
String
String
Integer
String
String
Real

(169 )

Attribute size
19
27
2
17
27
9

Precision
0
0
0
0
0
3
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Mapping of Homesteads
Google Earth, a free web based GIS that
enables viewing of high resolution images of
the Earth‘s surface on a virtual globe and it
was used to map the geographic position
(longitude and latitude) of each homestead in
the study area. Computer hardware used for
the mapping comprised of a Windows XP
based personal computer (2.1 GHz CPU and
1GB RAM) with a 19 inch high resolution
display (1920x1028 dpi) and connected to
high speed broadband internet (512 KBps) to
facilitate faster updates of Google Earth
imagery.
To demarcate the study area in Google Earth,
administrative boundaries of the two districts
were converted from shape file to Keyhole
Mark-up Language (KML) format using
Quantum Giant overlayed on the Google
Earth imagery(Figure 2b). Settlements were

identified
within
the
administrative
boundaries by locating changes in terrain due
to cultivation then locating homesteads within
or close by the cultivated areas by following
signs of human settlement activities like foot
paths and bare patches of ground exposed due
to sweeping around homesteads (Figure 2c).
Rural homesteads in Zimbabwe usually
comprise of one or more huts and
occasionally a rectangular house, the position
of a homestead was taken at the centre of the
homestead among the buildings. To mark the
position of each homestead in Google Earth,
the ‗ADD PATH‘ tool was used to create a
polyline where each vertex marked the
position of a homestead(Figure 2d).The
position accuracy of this method of mapping
using Google Earth compared to land survey
methods was demonstrated by Stillman.

A

B
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C

D

Figure 2: Homestead mapping using Google Eartha)administrative boundaries – subdivisions are the wards and are identified
by numbers,b) Google Earth with administrative boundary overlay,c)imagery showing a village – light patches are cultivated
land, d)mapping homesteads in a village using ‗ADD PATH‘ tool.

Mapping of Water-Points
To map the geographic position of all water
sources in the two districts, a comprehensive
water inventory survey was carried out. A
team of environmental health technicians
based in the two districts was engaged to
perform the mapping. Village health workers
based in the communities were asked to
submit reports of any water-points used in
their villages. The environmental health
technicians then visited the villages and, with
the assistance of village leaders, water-points
committee members and other villagers,
moved across entire villages examining and
collecting data from each water-point. Data
collected include following attributes: waterpoints location and identification, physical
characteristics like type, depth and water
level, ownership and access of the water-point
by villagers, functionality of the water-point
by performing a functionality test, and any
other observations. Data was collected
electronically using personal digital assistants

(Hewlett-Packard model HP Iraq 211),linked
using Bluetooth wireless to geographic
positioning receivers(model GlobalsatBT386i GPS Bluetooth),and running a data
collection program developed using Cyber
tracker.
Preparing the GIS Layers for Spatial
Analysis
The homestead distribution GIS layer was
created from data mapped using Google Earth
following this procedure: homestead mapping
data were exported from Google Earth to
Quantum GIS in KML format; a unique
identifier for each homestead was added; the
layer was then converted from the Geographic
Coordinate System, the Google Earth native
format, to UTM projection and saved as an
ESRI shape file. The data preparation process
is summarised in (Figure 3a) and the
attributes of the homestead distribution GIS
layer created are shown in Table 2.
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Figure 3: Preparation of data for spatial analysis a)procedure for homestead layer, b)procedure for water-point layer

Table 2: attributes of the homesteads distribution GIS layer

Attribute name
HH_ID
Longitude
Latitude
Altitude
KML_filename

Attribute type
Integer
Real
Real
Real
String

The water-point distribution GIS layer was
created from the water-point survey data
following this procedure: survey data were
downloaded from personal digital assistants
into the Cyber tracker database; then exported
from Cyber tracker to Quantum GIS as
comma separated value (CSV)reports; then

Attribute size
10
24
24
24
80

Precision
0
15
15
15
0

converted from Geographic Coordinate
System, the GPS format to UTM projection
and saved as an ESRI shape file. The data
preparation process is summarised in (Figure
3b) and the attributes of the water-point
distribution layer are shown in Table 3 below.
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Table 3: attributes of the water-point distribution GIS layer

Attribute name
WP_ID
Longitude
Latitude
Altitude
Accuracy
Districtno
Wardno
Village
WP_type
Perennial
Functionality

Attribute type
Integer
Real
Real
Real
Real
Integer
Integer
String
Integer
Integer
integer

Attribute size
10
24
24
24
10
2
2
80
2
2
2

Precision
0
15
15
15
5
0
0
0
0
0

(Note: table truncated to include only attributes used in the analysis)

Geographic Water Coverage
Geographic access to water was defined as the
proportion of homesteads within 500, 1000,
and 1500metres of a water-point of a given
characteristic.
Water-points
were
characterised according to type (borehole,
deep well or shallow well), working state
(full, partial, barely, or none functional) and
availability (number of months when water is
available). The homesteads‘ median distance
to water-points ofvarious attributes was
computed for various geographic subdivisions (district, ward).
Spatial Analysis
Spatial analysis and rendering of maps was
performed using Quantum GIS version 1.6.0.
The shortest geographic distance from each
homestead to nearest water source was
determined using the ‗DISTANCE MATRIX‘
function which calculates the shortest distance
between any two points on the Earth‘s
surface. The home stead distribution GIS
layer was used as the input point layer and the
water-point GIS layer as the target layer in the
computations.
Results of the distance
analysis were then exported for analyses
using statistical software. The coverage area
of each water-point was displayed on maps by
creating a buffer around each water-point at
500, 1000, or 1500 metre distances.
Statistical Analysis

Statistical analysis was performed using
Stata/SE 10(Stata Corp, Texas, USA). The
proportion and 95% Binomial confidence
intervals of homesteads with access to water,
and the median distance to closest water
source and inter-quartile range were
calculated for various geographic subdivisions.
Ethical Approval
Permission to conduct the study was obtained
from the medical research council of
Zimbabwe, the ethics boards of the University
of South Africa and the research institute of
McGill, and the Johns Hopkins Bloomberg
School of public health.

Findings
Homestead Distribution Mapping
With regards to the homestead distribution
mapping, the results showed a dataset of
32283 geo-referenced homesteads across the
two districts was created using Google Earth,
15994 in Chirumanzu and 16289 in Shurugwi.
A GIS layer representing the rural settlement
patterns in the two districts was created and is
shown in Figure 4 below with (a)in the entire
Chirumanzu and Shurugwi districts, inserts
(b), (c), and(d) showing different settlement
patterns found across the districts. Each
settlement pattern presents it‘s on unique
challenges to the provision of water supplies
to homesteads.
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Figure 4: spatial distribution of homesteads

Water-Point Distribution
A total of 6108 water-points were mapped
and characterised across the two districts,
680were boreholes, 895 deep wells, and 4533
shallow wells. Figure 5 shows the spatial
distribution of the water-points in each district
by type and characteristics of the water-point.
The illustration in Figure 5 shows that the
spatial distribution of boreholes and deep

wells in Chirumanzu and Shurugwi
districts(A),the 500 and 1500m buffer around
functional boreholes and deep wells(B). This
is followed by a section of Shurugwi showing
the buffers overlaying the populated areas,
homesteads not covered by the buffers are
more than 500 and 1500 from any functional
borehole or deep well(C).
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A

B

C
Figure 5:Spatial distribution of the water-points in each district by type and characteristics of the water-point

Geographic Water Coverage
The median distance from each homestead to
the closest borehole was 844m [IQR: 400-

1973] in Chirumanzu and 349m [IQR: 170692] in Shurugwi. Homesteads with access to
any type of water source within 500m were
69.7% [95% CI (68.9-70.4)] in Chirumanzu

(175 )

978-9948-497-12-7

and 82.7% [95% CI (82.1-82.3)] in Shurugwi,
however homesteads with access to a
functional borehole within 500m were 32.9%
[95% CI (32.2-33.6)] in Chirumanzu and
63.9% [95% CI (63.2-64.6)] in Shurugwi.

Table 4 summarises access to water in the two
districts and Figure 6 shows the frequency
distribution of shortest distance to a borehole
or shallow well in each district.

Table 4: Summary of water coverage in the study sites
%homesteads
<500 meters
from any
borehole

%homesteads
<500 meters
from any
shallow well
82.2%

%homesteads
<500 meters
from any
borehole or
shallow well
87.9%

16.9%

42.2%

DISTRICT

WARD
number

Number of
homesteads

Median
distance
to any
borehole

Chirumanzu

1

1349

445.6

289.4

742.7

57.2%

2

840

3

1341

499.9

269.3

829.7

50.0%

4

639

659.4

345.7

1389.8

39.7%

5

680

628.8

413.4

1030.6

34.3%

6

1000

7

772

8

688

2972.9

2112.2

3992.4

4.5%

9

1288

680.4

425.3

1086.2

34.5%

5.0%

37.0%

10

336

11

637

348.1

194.4

1154.9

68.8%

89.5%

98.9%

12

600

1866.9

980.8

3154.3

9.3%

48.5%

51.3%

15

493

895.9

335.8

1790.3

36.3%

63.1%

70.0%

16

86

1599.9

1260.7

2021.2

1.2%

0.0%

0.0%

18

312

19

538

2472.9

1099.6

4186.0

19.0%

84.8%

86.2%

20

1232

1876.7

917.0

3415.5

9.5%

81.7%

82.0%

21

641

22

785

4287.4

2319.7

6844.3

0.3%

83.2%

83.2%

23

782

25

955

569.3

290.8

976.7

44.3%

Total

15994

844.2

400.4

1972.7

32.9%

59.5%

69.7%

1

679

311.0

129.4

578.9

69.5%

62.3%

80.6%

2

456

389.1

292.0

541.2

69.7%

3

59

4

102

2115.5

1244.9

3243.1

7.8%

0.0%

7.8%

5

833

364.4

210.1

602.5

66.5%

47.2%

77.7%

6

359

614.1

356.5

964.0

38.7%

7

689

368.9

179.2

617.7

64.9%

84.9%

88.2%

8

957

316.5

146.6

723.8

63.1%

69.5%

70.2%

9

1253

609.2

264.9

1439.2

43.0%

73.7%

73.7%

10

1370

536.2

213.8

1004.8

47.5%

73.8%

73.8%

Shurugwi

Interquartile
range

16.9%
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11

1252

583.6

276.0

988.7

43.5%

78.9%

78.9%

12

895

246.9

135.7

374.5

89.7%

94.5%

98.3%

13

1330

283.4

154.7

469.2

78.6%

80.1%

88.6%

14

872

219.3

110.4

397.0

82.6%

87.6%

93.5%

15

959

212.6

112.0

352.3

88.7%

81.9%

90.8%

16

327

194.9

98.1

559.0

73.1%

17

235

18

381

19

783

593.9

306.4

1079.6

43.0%

20

450

724.6

351.5

1211.4

36.7%

21

936

22

65

23

183

24

864

165.7

86.3

318.4

90.9%

85.2%

95.6%

Total

16289

349.1

169.6

691.6

63.9%

75.9%

82.7%

Median Distance Between Household and
Nearest Borehole
The median distance between households and
the nearest borehole was calculated using the
distance matrix function in Quantum GIS
whereby the shortest distance between each

household and the surrounding boreholes was
determined by the GIS and the median
distance calculated from these distances. The
median distance was 1521 m with a range of
387 to 1905 m.

A

B

Figure 6:Frequency distribution of the shortest distance to a borehole or deep well inChirumanzu (a) and Shurugwi (b) districts.

Discussion of Findings
This study focused on a unique problem of
estimating physical access to water resources

in rural areas when the population is sparsely
distributed and the water-supplies are not
piped into homesteads. We pointed out that
two datasets, population distribution and
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water-point distribution, are critical for
conducting an assessment of the population‘s
physical access to water resources.
Previous studies that measured physical
access to health resources either used Gridded
Population of the World (GPW) datasets or
country specific census data but these
methods do not yield datasets with the
required resolution at household level
(UNCEF, 2006; MoH, 2009; Black, Ebener,
Aguilar, Vidaurre&Morjani 2008).
We first demonstrated how a publicly
available resource, Google Earth, can be used
as a data collection tool to construct the
population distribution dataset. We also
demonstrated that a water-source inventory
survey can be conducted to locate most of the
water sources in rural areas and a
comprehensive geo-referenced database built.
We then used a free open source GIS software
package- Quantum GIS, to manipulate and
analyse the datasets revealing many ways that
physical access to water resources in rural
communities can be estimated and displayed.
We especially focused on freely available

tools in order to demonstrate that even in
resource constrained settings this type of
analysis is feasible.
In a previous assessment conducted in the
study area, focus was on theoretical water
coverage and the relationship between waterpoints and the households was not clearly
established.3 Other assessments of water
access, such as census and Demographic and
Health Surveys(DHS) depend on reported
distance to a water source or time to collect
water, however no studies have measured
distance to water resources at household level
(Census, 2002; Zimbabwe CSO, 2007).
Constraints that we faced with the method of
creating population distribution datasets using
Goggle Earth were low resolution imagery
and cloud cover in some parts of the study
area, and out-dated imagery, dating back to
2002, in some parts of the districts. The
problem however affected less that 10% of
the study area. Alternative sources of Earth
imagery can be considered to complete the
mapping or waiting until Google Earth
updates the affected areas.
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Conclusion
The use of Google Earth satellite imagery
enables the mapping of high resolution
population settlement patterns at individual
homestead level. Using electronic field data
capture
equipment
with
geographic

positioning system receivers to log the exact
location of each water-point and collect useful
attributes to characterise each water source.
The use of GIS to analyse water access and
generate maps can reveal patterns of water
access in sparsely populated areas not
possible with standard statistical analysis.
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Abstract
The principle behind outsourcing is that an
organization outsources tasks it strategically
elects not to do within the organization. It is
estimated that outsourcing has become a $4
trillion a year business (Corbett, 2005). In
today‘s competitive healthcare marketplace,
many sponsors outsource functions that were
once considered core to the organization.
U.S. Census data show that 10% of all
business-to-business sales originated from
outsourced sales (Rogers, 2008). The
objective of engaging in outsourcing of sales
is to improve sales efficiency and gain an
edge in today‘s challenging market.
Competition within the pharmaceutical
industry coupled with increased regulatory
uncertainties and cost concerns have
necessitated outsourcing of sales to maintain
competitiveness and to apply internal
resources more effectively. This research will
contribute to the current available works
specific to the outsourcing of pharmaceutical
sales.

Keywords: Contract Sales Organization,
Pharmaceutical Outsourcing, Pharmaceutical
Sales Outsourcing, Pharmaceutical Sales,
Pharmaceutical Outsourced Sales Impact

Introduction
The principle behind outsourcing is that an
organization outsources tasks it strategically
elects not to do within the organization. The

scale of outsourcing will vary from non-core
to core organizational functions, and is
dependent on the needs and goals of an
organization. An organization‘s outsourcing
strategy may range from a traditional supplier
relationship to a more involved and complex
involvement with the sponsor. Routine
functions not associated with revenue
generation present with minimal risk and are
often the functions most readily outsourced.
Administrative functions that are more
complex, critical, and possess revenue
potential are met with a general sense of
apprehension to outsourcing (Kakumanu &
Portanova, 2006). Over the years, outsourcing
has become an integral part of an
organization‘s business process and is now
necessary for numerous daily operations. It is
estimated that outsourcing has become a $4
trillion a year business (Corbett, 2005).
The expansion of outsourcing in the
pharmaceutical industry has moved beyond
off shoring of manufacturing to a more
localized engagement of organizations
providing business processes and critical
services necessary for an organization‘s
survival. A more dynamic model exists where
sponsors allow outsourcing of a multitude of
internal functions, resulting in a more
networked organization. Market competition
and innovation in science, technology, and
research and development have promoted the
development of outsourcing in both
industries. Outsourcing agencies now support
a variety of business processes ranging from
manufacturing and sales to research and
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development.
In
today‘s
competitive
healthcare marketplace many sponsors
outsource functions that were once considered
core to the organization. Corporations
engaging in outsourcing meet a diverse set of
needs and objectives both operationally as
well as strategically in order to be competitive
in their respective industries.
The current volatility of the global economy
is having a significant impact on the
pharmaceutical industry, and the recessionary
economic environment has resulted in
extensive cost-cutting initiatives. One of the
many
cost-cutting
alternatives
the
pharmaceutical industry takes advantage of is
to downsize and outsource resource intensive
activities, up to and including field sales. In
the past two decades, these industries have
progressively been utilizing outsourcing to
perform many functions once perceived as
core functions. Outsourcing for the
pharmaceutical industry is now an integral
part of their corporate plan. The industries as
a whole have made tremendous progress in
including outsourcing as an essential part of
their corporate tactical and strategic plans.
Larger organizations are better able to
negotiate with agencies as they possess more
bargaining leverage than do smaller firms
(Gorg & Hanley, 2004). Tremendous
competition within these industries, coupled
with increased regulatory and cost concerns,
have necessitated the development of a new
business model, which incorporates contract
organizations to maintain cost efficiencies and
competitiveness. This result is a proactive
approach to outsourcing, with a focus on core
capabilities becoming mainstream.
The use of pharmaceutical contract sales
organizations has developed into an important
component of strategy implementation. Once
perceived as solely internal, sales are now a
major area of outsourcing focus for the
pharmaceutical companies. U.S. Census data
show that 10% of all business-to-business
sales originated from outsourced sales

(Rogers, 2008). This is an interesting turn in
job source since field sales account for 40%
of revenue and traditionally have been kept as
an in-house function (Anderson & Trinkle,
2005). The objective of engaging in
outsourcing of sales is to improve sales
efficiency and gain an edge in today‘s
challenging market. When engaged by a
sponsor, contract sales organizations carry the
sales burden, allowing the sponsoring firms to
focus on identifying profit yielding
therapeutic products with niche opportunities.
The utilization of external resources permits
organizations to realign and effectively target
their efforts.
Although the primary motive for the
consideration of outsourcing is cost savings,
companies now have extended the use of sales
outsourcing as a tool to compete in the market
and expedite goal attainment. Strategic
deployment of a contract sales organization
can afford the sponsor with more rapid
attainment of sales, call frequency, and
increased market share. A contract sales
organization also provides flexibility of
deployment, specialty focus, and the ability to
quickly adapt to changing market conditions.
Contract sales organizations alleviate the
human resource burden when dealing with
market uncertainties with the propensity for
downsizing.
These
competencies
are
supported with less cost and risk than that of
an in-house sales force. Additionally, these
considerations appeal to management. The
industry now views strategic collaboration
with contract sales organizations as an
essential and efficient means of addressing
the liabilities and challenges of field sales.
Competition within the pharmaceutical
industry coupled with increased regulatory
uncertainties and cost concerns have
necessitated outsourcing of sales to maintain
competitiveness and to apply internal
resources more effectively. The future of sales
forces in the pharmaceutical industry are
moving to a combination of both in-house and
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outsourced sales forces. Each sales model
presents with differing sets of advantages and
disadvantages. Both direct in-house and
outsourced sales models will be necessary to
address the challenges of the evolving
healthcare market.

Background
The pharmaceutical industry is complex and
idiosyncratic in nature. Industry variables
such as research and development, patent life,
medical science, and regulatory constraints
preclude parallels from other manufacturing
models and industries. Although there is a
wealth of research and information that
address outsourcing of various business
processes and services, the extremely
competitive nature of these industries
prevents sharing and revealing of specific
data.
The literature referenced includes industry
reviews,
online
reviews,
proprietary
consultant survey results, association journals,
industry journals, market trend analyses, peer
reviewed journals, and commentary notes
from the industries‘ key opinion leaders. The
review of literature for contract sales
organizations
with
regard
to
the
pharmaceutical industry refer to the
evolutionary process as well as the many
benefits that are associated with contract sales
organizations. Due to the competitive nature
of the industry, much of the study and
analyses are confidential and proprietary and
thus not readily available for public and or
academic review. Despite the fact that
contract sales organizations have been
deployed extensively in the pharmaceutical
industry, it is customary that this particular
outsourced function be kept confidential and
is masked (Stephenson, 1994).
The pharmaceutical industry is complex and
distinctive in nature. Industry variables such
as research and development, patent life,
medical science, and regulatory constraints
preclude parallels from other manufacturing

models and industries. Although there are
many articles and consultant work that
address outsourcing of various business
processes and/or services, the extremely
competitive nature of these industries
prevents sharing and revealing of specific
data. With this established, it was the original
intent that the information fire wall inherent
of the pharmaceutical industry would be
bypassed with an analysis and scrutiny of
each firm that engaged in a contract sales
organization‘s relations. Upon review of
annual reports, many of the companies selling
general and administrative line items in their
balance sheets revealed an accumulated
accrued expense toward selling. It became
apparent that the analysis from a data
standpoint would be vague.
Outsourcing in general has been analyzed
extensively, and parameters of empirical
research primarily focus on manufacturing
practices in various industries. Specifically,
no empirical data exists on the analysis of
outsourced contract sales organizations and
their impact on the pharmaceutical industry.
Current empirical research has examined
general business principles of outsourcing and
has not addressed the development of contract
sales in the pharmaceutical industry. Further
hindering the current investigation is the fact
that, to date, research on outsourcing has
focused mostly on the sales functions of other
industries.
Historically, the pharmaceutical industry has
experienced cyclical realignments that
respond to investors, current market demands,
and changing regulatory environments. The
adaptive nature of the industries has resulted
in a complete transformation. The once
independent pharmaceutical organizations are
fast becoming a network of business relations
involving licensing, co-marketing agreements,
and
outsourcing.
Contract
research
organizations account for up to 25% of
budgeted research and development, while
contract sales account for up to 12% of
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budgeted marketing and sales efforts
(Blumberg & Lacey, 2003). As time
progresses,
virtualization
of
the
pharmaceutical industry seems inevitable. As
the dynamic infrastructure changes, the
market needs and globalization must be
addressed while allowing organizations to
focus on core competencies.
Today's larger firms have extensively
downsized their sales forces as had occurred
in the early 1990s (Strong, 1992).
Pharmaceutical industry layoffs have had a
significant impact on the marketplace.
Companies such as Bristol-Myers Squibb,
Merck, Pfizer, and Wyeth have decreased
their field sales force to decrease their
projected costs and improve profit margins
(Edwards, 2006). The expected patent
expirations of industry blockbuster drugs are
projected to result in a loss of $67 billion in
revenues for the industry as a whole
(Martínez & Goldstein, 2007). The industry‘s
loss of future revenues coupled with depleted
drug pipelines is shifting the focus to the
specialty of biopharmaceutical drug products.
This development has resulted in specialty
drug product selling, which enables lower
headcount numbers of the field sales force.
Management still perceives physician sales
calls as an essential driver for sales of
prescription medications, but they are
doubtful that an averaged 3-minute sales call
provides any significant return on investment.
The brief one-on-one interaction with
physicians is preferred and changing to an
educational and information delivery role
(Edwards, 2006). The new pharmaceutical
voluntary ethical guidelines reinforce the
limitations of this sales model by no longer
permitting branded gift items and allowing
entertainment meal functions to be associated
with educational initiatives.
The two outsourcing engagement strategies
adopted by sponsoring organizations are
called speculative and positive. The
speculative approach assumes more of a

temporary nature to minimize direct sales
costs and gain short-term sales goals. The
positive approach adopts a long-term posture
where the engaged agency assumes a strategic
role in the organization‘s sales strategy
(Dishman, 1996). Suggested best practices for
outsourcing include incorporating business
outcomes to measure performance, value of a
contract sales organization, and to promote
hands-on active management while working
with the contracted agency to assure
performance objectives are achieved(Corbett,
2005). Financial opportunity loss, associated
with less competent in-house sales persons,
are sustained by the organization, while a
performance-based outsourced approach
ensures competence, accomplishment, and
productivity (Darmon, 1978).

Approach
The issue is: Is there a relationship between
the recruitment of a contract sales
organization and the sales, revenue, and stock
valuation of the sponsoring firm? The focus
will be on measuring the effect of
organizations known to have engaged in
outsourcing of sales. Due to the inherent lack
of specific organizational data, the analysis
will center on information gleaned from
corporate annual reports and stock valuation
data repositories of various industry actors.
The first hypothesis statements are the
contract sales organization‘s annual revenues
are
negatively
correlated
with
the
pharmaceutical industry stock market and
pharmaceutical index DRG.X.
The
assumption statement is that Stock valuation
is related to organizational sales (Bao & Bao,
2004; Markovitch, Steckel, & Yeung, 2005;
Russakoff & Gould, 2005). Stock valuation
of contract sales organizations are dependent
on the success of the pharmaceutical industry
actors extending to the pharmaceutical index
as benchmark reference to the industry. The
second hypothesis statements are Contract
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sales organizations have a negative impact on
pharmaceutical sales.

Figure 1.Contract Sales Organizations and pharmaceutical industry variable relations

Contract sales organization analyses are based
on revenue from annual report statements of
organizations with year over year reported
revenues and closing stock prices from each
organization. Each contract sales organization
selected is a publicly traded corporations
reported on NYSE.com, Bigchart.com,
Reuters.com,
Finance.Yahoo.com,
moneycentral.MSN.com,
and
literature
research.
The
three
contract
sales
organizations are inVentiv Health, PDI, and
Publicis Groupe. The established top 20
pharmaceutical companies benchmark is

established through study of historic and
forward-looking statements of annual reports
from inVentiv. InVentiv, Inc. provides
services ―to over 325 client organizations,
including all top 20 global pharmaceutical
companies, numerous emerging and specialty
biotechnology companies and payers‖
(InVentiv Health, Inc., 2007, p. 3). The top 20
global pharmaceutical companies are annually
identified
by
www.contractpharma.com
reporting annual changes of industry leaders
based on revenue in U.S. dollars (Roth, 2003).
PDI annual reports are less revealing of
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customer base particulars. Historical and
forward-looking statements are indicative of
contracts
with
large
pharmaceutical
companies (PDI, Inc., 2007).
The hypothesis that revenue streams of the
contract sales organizations are related to the
pharmaceutical industry revenues is the basis
of the retrospective analysis on sales
performance of the top 20 pharmaceutical
companies. Variance exists within each
pharmaceutical
and
contract
sales
organization as revenue patterns exhibit
competencies, organizational efficiencies,
contractual engagements or lack thereof, and
corporate performance. The retrospective
analysis does not take into consideration the
projected opportunities for contract sales
organizations arising from pharmaceutical
and healthcare market changes and the
ongoing downsizing not yet realized. The list
of each firm‘s specific annual stock valuation,
annual sales, and pharmaceutical index data
sets were constructed from year over year
data retrieved from online Yahoo! financial,
Contract Pharma, and annual corporate
reports.
It is important to identify the relationship
between the contract sales organizations and
their
sponsors,
the
pharmaceutical

manufacturers. Establishing if an association
exists between the variables allows to further
understanding of the impact that each
organization imparts on the other. The first set
of tests performed mainly focused on
correlation analyses between the contract
sales organizations and the selected
pharmaceutical
manufacturers.
The
correlation coefficient between different
contract
sales
organizations
and
pharmaceutical manufacturers should not be
considered a static measure, as the correlation
levels may change over time depending on
factors ranging from external sources, such as
new regulations, to internal factors, such as
mergers and acquisitions.
Stock valuation is related to organizational
sales (Bao & Bao, 2004; Markovitch et al.,
2005; Russakoff & Gould, 2005). Stock
valuation of contract sales organizations are
dependent on the success of the
pharmaceutical industry actors extending to
the pharmaceutical index as benchmark
reference to the industry as a whole. As an
example review of Publicis Groupe a contract
sales organization as a test bed for the sated
hypothesis stated.
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Figure 2.PublicisGroupe (PUBGY)Sample Table Summary of Stock Value

Conclusion
This research provides a unique approach to
analyzing
the
relationship
of
the
pharmaceutical industry and contract sales
organizations.
The
incorporation
of
pharmaceutical industry business metrics,
such as annual sales, annual stock valuations,
and the pharmaceutical industry index in
analysis with contract sales organizations and
their reported annual sales and corporate
stock valuations, was performed to assess
relationships between both entities. In order to
establish linear relationships between the
variables, correlation and regression analyses

were conducted. Not all relationships proved
to be linear. The results show that there are
existing relationships between both entities,
indicating a linear direction between the
engaged contract sales organizations‘
successes and the success experienced by the
engaging pharmaceutical actors.
The pharmaceutical industry, in its entirety, is
very complex and dynamic in nature. The
many factors, both internal and external
affecting the pharmaceutical industry, present
with a wide array of limitations for this
researcher. In this study, the alternative
hypotheses are of a directional nature. That is,
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the expected findings from the hypothesis
testing of each associated firm should
examine the relationship between the contract
sales organizations and the pharmaceutical
industry. It is the intention of this research
that the inferences drawn from the analyses
primarily do not implicate causality but are of
a relational foundation. No firm-specific
implications may be reached due to the nature
of the data, but an overall relational trend is
revealed.
The first set of tests performed mainly
focused on correlation analyses between the
contract sales organizations and the selected
pharmaceutical manufacturers. To further this
research, multiple regression analyses were
conducted between the contract sales
organizations as the independent variables or
―predictors‖ to establish influence, if any, on
the pharmaceutical manufacturers who
engage them as the dependent variables.
The limitations of this study are the ability to
determine the exact cost imposed and actual
sales achieved by contract sales organizations
operating in the pharmaceutical industry.
Additionally, the challenge of this research
was the distinctive pharmaceutical industry
secrecy and lack of available data, resulting in
the inability to achieve the established
transaction cost analysis approach. Contract
sales project level figures are virtually
nonexistent due to the confidentiality
associated with the contractual relationships
of the sponsors and engaged agencies. Review
of potentially pertinent data for analysis was
only available through firms offering
purchasable analyses, surveys, and reports.
Analysis of the marketed proprietary
information revealed a lack of relevance to
this research effort and was financially
impractical for the purposes of the current
research. The lack of data and pertinent
information should not discourage future
analyses. This research identified a trend
towards a networked variable cost-based
strategy that will be essential for survival

through current and upcoming market
realities, and contract sales organizations will
be pertinent to the success of the
pharmaceutical industry.
The foundation of this research effort
concerning contract sales organizations and
their impact and effectiveness in the
pharmaceutical industry was based on
historical public information of the industry
index, stock valuation of traded firms, and
their associated sales. Although the sampling
of contract sales organizations was limited
due to characteristic industry barriers, the
compiled data was essential for analysis. The
reported annual financial records of each
organization resulted in sufficient sampling,
permitting correlation, and regression
analyses. The tested hypotheses revealed
relationships within the established variables,
and results of the stock valuation correlation
analyses revealed a linear relationship
between contract sales organizations and
selected pharmaceutical manufacturers. The
sales correlation table summary indicates a
small relationship between variables. These
findings can be explained by the fact that the
stock valuation of a company is a
comprehensive metric affected not only by
internal organizational factors but also
external market fluctuations affecting industry
actors as a whole. Furthermore, organizational
sales data was reflective of each firm‘s ability
to generate revenues by sales of all product
categories and services produced by the
sampled firms. The pharmaceutical index
analyses
performed
provided
a
comprehensive measure of the industry.
Finally, it was the expectation of this
researcher that correlation analyses of stock
valuation and corporate sales would express
insight into the impact generated by contract
sales organizations.
Overall, the research did reveal a linear
relationship between organizations; however,
varied results were obtained when compared
with the historical sales data analyses. This
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research effort did yield insight into relations
between contract sales organizations and the
pharmaceutical industry, which indicated that
firms, such as Pfizer, with large in-house sales
forces, display dissociation from contract
sales
organizations.
Without
specific
information gathered from organizational
contract sales, basic suppositions gleaned
from the research were indicative of linear
associations. However, the data used for
current analyses was all-encompassing and
did not allow for specificity. Therefore, the
results obtained were significant enough to
make practical assumptions about the
relations of the firms but limited to
generalities. It should be noted that contract
sales organizations exist for the sole purpose
of servicing their pharmaceutical sponsors,
and for this investigation, the direct link to the
pharmaceutical industry was recognized. This
effort should add to the body of empirical
analyses as it pertains to the contract sales
organizations and the pharmaceutical
industry.
Today, the pharmaceutical industry is faced
with numerous challenges including multiple
patent expirations and hopeful pipelines for
new biotechnology molecules. Additional
barriers are the global recession and
healthcare reform, which has fostered a
speculative future for the pharmaceutical
industry and the role it will play in the U.S. as
well as global healthcare systems. The global
economic recession has had a deleterious
effect on the pharmaceutical industry as well.
For example, IMS, a pharmaceutical market
intelligence firm, downgraded its presence in
the U.S. pharmaceutical industry for the first
time in 50 years. In 2009, it is expected that
growth may only reach 2% despite the
research and development industry‘s record
investment of $65.2 billion in 2008. In
comparison, global market expectations may
reach 5% in 2009, an expected growth that
originates from emerging markets in countries
never before realized for their potential source

of revenue. For example, Brazil, China, India,
Mexico, Russia, South Korea, and Turkey are
new country markets forecasting a higher rate
of growth compared to the U.S.
pharmaceutical market.
The anticipated pharmaceutical industry
―patent cliff‖ of multiple coinciding patent
expirations is now being realized. A total of
34 drug patents will expire by the end of
2009. These drugs will be genericized and
sold for a fraction of the branded drug price,
considerably affecting the revenue and profits
of many leading pharmaceutical companies.
The simultaneous patent expirations are
expected to result in losses of over $100
billion. Declining sales and overall revenues
also have diminished growth in this industry.
The resulting resource drain and weakened
returns from research and development have
advanced the need for organizational
realignment and infrastructure downsizing. In
response to recent changes in the fundamental
financial structure of this field, the
pharmaceutical industry has adopted a
virtualized infrastructure allowing for the
development of core competencies, product
portfolio
management,
brand
equity,
competitive
advantages,
and
product
differentiation. Outsourcing will be the
preferred business strategy at many levels and
will be integral to the pharmaceutical industry
as the new era of globalized networked
organizations continues to seek more efficient
channels. Outsourcing is predicted to be a
prominent cost-effective tactic to developing
new drug molecules and lowering overall
risks of costs associated with the drug
development process.
The small-molecule blockbuster drug
business model of the pharmaceutical industry
is no longer a viable approach in the current
political,
healthcare,
and
economic
environment. The newest hope for the
pharmaceutical industry is the extensive
research in the field of biotechnology.
Biotechnology molecules in the latter stages
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of clinical trials are the focus of many actors
in the pharmaceutical industry. This is one
area of research that challenges the generic
manufacturers, as biopharmaceuticals are
more difficult to replicate. Larger firms have
diligently engaged in partnerships or have
merged with smaller startup companies
offering promising research. Specialty areas
such as cancer therapy, HIV/AIDS,
Alzheimer‘s, dementia, diabetes, heart
disease, and vaccines are some of the new
areas of research, resulting in less revenue
potential as previously experienced with the
blockbuster drug model. Although there may
be anomalies to the new business model, the
paradigm shift of the pharmaceutical industry
has been realized. Industry forecasts for the
immediate future do not indicate the potential
for any sizable returns as experienced with
blockbuster medications. Additionally, the
changing pharmaceutical marketing landscape
will have new actors pressuring the core
business focus of this industry as the
marketing of biopharmaceuticals is burdened
with more regulations, and the struggle for

formulary placement will alter the selling
function.
As the pharmaceutical industry moves beyond
the latest layoffs and corporate mergers,
innovative strategies as well as tactics will be
required to create, maintain, and prevent
erosion of revenue. The value proposition that
contract sales organizations are offering
positions them at the right place and time to
become key players in this new
pharmaceutical and healthcare market. Their
variable cost orientation, expertise, resources,
and national-regional engagement flexibilities
afford them the tools and adaptability
necessary for success in changing markets.
Contract sales organizations are and will be
engaged to provide a controlled variable costprogrammed fast-track strategy to marketing
and sales for the pharmaceutical industry. The
evolution of contract sales organizations has
been moving beyond sales and into diverse
areas of services, such as marketing, medical
education, patient education, recruitment of
medical science liaisons, and clinical trial
management.
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Abstract
Quality measurement of services is the
fundamental
prerequisite
for
quality
improvement. Patients' satisfaction in health
system is an important factor and having
flexibility and the ability to change in order to
response clients' needs are the symbols for
organizations' survivance and development.
For this reason, different models are designed
and used for quality measurement. There is a
need for an effective tool in identifying
relevant criteria to develop a systematic
service quality measurement process. This
study aims to present a model for service
quality measurement process.
Service quality in e-health care is complex
and may vary even within the industry. It
involves multiple criteria, uncertain and
qualitative factors that are difficult to
measure. By doing a literature review, the
aspects of service quality measurement in ehealth care sector were identified. After
refining the aspects, data gathering from
patients was done by the use of random
sampling method. In order to analyze data,
Structural equitation modeling was used.
The results of the study show that the aspects
of proposed model have high validity and
reliability in measuring the quality of services
in e-health care sector.
Reliability,
responsiveness,
assurance,
unanimity, atmosphere and perception,
outcome and social responsibility can be

mentioned as the quality aspects of services
ine-health care sector.

Keywords: supply chain of service quality,
e-health care, Structural equation modeling

Introduction
One of the developing industries in hospital
services field is e-health care which has the
important role among all kinds of services.
This importance is because of the relationship
between hospital services and all society
members. The other reason is that hospitals
and other e-health care providers are
responsible for treatment, care and health
maintenance of people. Unfortunately
although this field has a great importance but
the way of offering services may sometimes
lead to people's dissatisfaction because the
tasks of these organizations are very critical
and even small faults can cause tremendous
harms (Ghobadian and Spellers & Jones,
1994).
Controlling and measuring the quality of ehealth care services are the first important
steps in offering services properly. Evaluation
is the greatest requirement in hospitals all
over the world (Zineldinm, 2006). On the
other hand, attracting and maintaining
patients as the customers' of e-health care
system have become more difficult comparing
to the past and the reason for this fact is
increasing in people's awareness about ehealth care issues also increasing in the
number of e-health care organizations. These
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factors provide more alternatives for
demanders of e-health care services and in
this competitive market, the key element for
success is trying more to satisfy clients.
By increasing the complexity of e-health care,
the demand for improving patient safety and
monitoring the quality of services has become
a critical issue (Manias, 2010).
In order to improve the quality of care, health
specialists should be trained in the field of
how to offer care in an effective and efficient
manner. But these specialists always face with
difficulties in evaluating their experiences and
this is mostly because of not being aware and
know ledged about the methods of quality
measurement. Medical institute has defined
the quality of e-health care as following: "the
degree of offering services that increases the
possibility of achieving the determined
objectives" (Manias, 2010).
The aim of quality measurement in e-health
care services is to determine which output has
had better performance. It should be
mentioned that although there are many
methods for measuring service quality but
without using standards data for comparing
organizations or comparing the output of one
organization in different time scales, these
measurements
cannot
lead
to
any
improvement. for Example, (Parasuraman et
al.'s 1985) model of service quality focuses on
closing the gap between customers'
expectations and perceptions of what they
actually receive. Although the model provides
a key diagnostic tool for service quality, to be
effective, the model needs to be part of a
company-wide focus on quality. On the other
hand if these methods are being used
inappropriately, any innovative improvement

in e-health care quality can be achieved. For
example specialists may focus on only one
group and forget about other groups in quality
improvement of services. This fact can lead to
a kind of error in research (Kantabutra, 2011).
Therefore, Quality measurement is mentioned
as a strategic method by which the
organizational performance is evaluated,
clients' satisfaction is improved and
operational efficiency is increased. This
measurement requires identifying specific
criteria for each organization. In this study we
would achieve an integrated system of
evaluation criteria on the basis of conceptual
models of service quality measurement. The
objectives of this study are as bellow:
 Determining the aspects and factors of
service quality measurement in ehealth care sector
 Offering a model for service quality
 Measuring unidimensionality
 Measuring the validity and reliability
of the model

Material and Methods
The process of doing this research has based
on three fundamental steps: First, literatures
available in the field of service quality
measurement have been reviewed in order to
perceive all the definitions and identify the
aspects of research comprehensively. For this
purpose, 60 studies were reviewed that the
quality criteria mentioned by some of them
are shown in Table 1. (Yang, 2004) , (Kang
and James, 2004) , (Chu-Mei, 2004) ,
(RAMSARAN-FOWDAR, 2005) , (Choi and
Lee and Kim, 2005) , (Kang, 2006) .
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Table 1. The summary of some researches done in the field of service quality criteria

Author

Year

Parasuraman & Barry

1985

Parasuraman & Barry

1988

White & Galbraith

2000

Brady & Cronin

2001

Gronroos

2001

Tucker & Adams

2001

Yang & Peterson
Kang & James
Chu-Mei
Fowdar

2004
2004
2004
2005

Choi YKS, Lee H

2005

Kang

2006

Criteria
Physical environment, reliability, responsiveness, competency, politeness
and openness of personnel, availability, communication, perceiving
customers' need
Physical environment, reliability, commitment, availability, access,
communication, perceiving customers' need, flexibility, sincerely, warranty
services
Physical environment, performance, technology, validity, openness,
friendly manner, worrying about customers' need
Outcome, interaction, environmental quality
Technical quality of results, practical quality of the process, reputation of
the organization
SERVQUAL aspects, outcome, surveillance and worrying about customers'
need
Reliability, responsiveness, competency, easy to use, safety and validity
SERVQUAL aspects
Interaction between personnel-customer, physical environment, outcome
SERVQUAL aspects, outcome, professionalism, competency
Technical quality, operational quality, Physical environment, official
quality
SERVQUAL aspects, Outcome quality

Most of the studies in the field of service
quality measurement have used SERVQUAL
method but regarding to the criticisms
opponent to this model, preliminary refining
of criteria has been done by the use of
available literature reviews (Sureshchandar
and Rajendran and Anantharaman, 2002). The
results of this step were 9 aspects and 28
criteria (Sureshchandar and Rajendran and
Anantharaman, 2002) (Dagger and Sweeney
and Johnson, 2007) (Hooman, 2008). As for
notice of this model (8) the primary refining
indicators was done which the result of this

step were 9 dimensions and 28 indicators(8,
15 & 17).
The second step after doing free interviews
with experts in order to refine aspects of the
study was provision of paired compares
questionnaire and distributing them among
fourteen experts, managers and some of the
hospital or e-health care sector workers
educated and experienced in management
skills. They were asked to grade the aspects
on the basis of nine dots time scale. The
output of this step was identifying 7 aspects
and 21 criteria (table 2).
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Table 2. Final aspects of the proposed model for service quality measurement

Aspect
reliability

responsiveness

warranty services
sincerely
Physical environment
outcome
Social responsibility

Criterion
Providing services properly in the first request of the customer (providing
services in the right time) along with reliability of personnel in managing
and resolving customers' problems.
Having the constant persuasion to help the customers. Being ready to
respond customers' needs. Providing services quickly and without any
hesitates.
Having educated and competent personnel in responding customers'
needs, providing safe and secure care, being kind and modest while
communicating with customers
Perceiving the customer needs, paying attention to him/her, and
communicating in a intimate and friendly manner
Having modern equipments, decent and neat personnel, providing a
pleasant environment for offering services
The effectiveness of services, the appropriate cost of services
Paying attention to customers and feeling responsibility regarding to
them

In the third step in order to measure the
validity of model, the data were collected
from patients by use of a questionnaire.
Patients were asked to declare their
perception about the service quality on the
basis of seven lacerate scales. In this process,
142 questionnaires were collected and on the
basis of the results shown in table 1, the
research model was provided and examined.
In order to measure the validity of model,
structural equation approach has been used.
This approach is a statistical technique for
testing and estimating causal relationships
using a combination of statistical data and
qualitative causal assumptions (Alvani and
Azar, 2004). In this study all issues related to
ethics, including the secret to keeping patients
informations in response to the questionnaire
has been maintained. and is congruent with
the ethical principles of respect for autonomy.

Results

One of the most important aspects in
evaluating a theory in every managerial
concept is developing good criteria in order to
achieve reliable and valid estimate from the
mentioned structure. One of the essential
conditions for evaluating validity and
reliability is reviewing the unidimensionality
of the measure which can be controlled by
calculating comparative fitness index.
Comparative fitness index in this study is
exactly 1 which shows the unidimensionality
strength of the model.
Although unidimensionality is an essential
perquisite but, it does not show the
beneficiary of the model by itself. Therefore,
after checking the unidimensionality of the
model, the reliability has been evaluated and
internal consistency measured by Cronbach
Alpha (Sureshchandar and Rajendran and
Anantharaman, 2002). The Cronbach Alpha
was calculated for every seven criteria in the
study (table 3).
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Table 3. The Cronbach Alpha of seven quality criteria in the study

Criterion
reliability
Responsiveness
warranty services
sincerely
Physical environment
outcome
Social responsibility

Cronbach Alpha
0.839
0.793
0.757
0.731
0.728
0.688
0.808

In this study content validity and convergent
validity were used to test the veracity and
accuracy of the measure. Content validity
ensures that all the aspects and factors
reflecting our mentioned concept are covered
in the measure (Yang and Jun and Peterson,
2004).
The available approach is developed on the
basis
of
analyzing
conceptual
and

experimental literatures in the field of service
quality measurement. Convergent validity can
be calculated by the use of Bentler Bonett
coefficient (Alvani and Azar, 2004). Table 4
shows the fitness measures of the research
model.

Table 4. The fitness measures of the research model

Fitness measure
এ2
RMSEA
CFI
ECVI
RMR
GFI
NFI
NNFI

Desired limit
*
<0.05
>0.9
**
<0.05
>0.9
Near to 1
Near to 1

Conclusion
e-Health care managers' knowledge about
service quality factors is a very important
element in continuous quality improvement.
Additionally, because of the increase in
customers' knowledge and technology
improvement, the quality aspects and factors
have changed over the time. For the reason
that the final objective for service quality
measurement is quality improvement and
increasing customers' satisfaction, therefore
managers should determine the strength and
weaknesses of their organization's services
and plan for their improvement and
modification effectively and efficiency.

Estimated value
140.98
0.007
1
0.0268
0.02208
0.9091
0.9455
1

This study provides a systematic approach for
managers by comprehensively reviewing
literatures, identifying the aspects and factors
of service quality, measuring validity of the
model and measuring the importance of these
aspects. Since the components of the proposed
method and the general aspect, managers and
other service industries can else slightly
modified, if necessary, the model successfully
used to measure the quality of their services.
Identify the subset of general indicators
related to specific hard and time consuming
to measure and evaluate them.
For the reason that the mentioned methods
and measures have somehow general aspect,
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the managers of other industries can also use
this model successfully with a little revision.
Innovations and specific characteristics of this
research are as following:
 Providing a new model for service
quality measurement in e-health care
sector.
 Identification of aspects and criteria
for service quality measurement in ehealth care sector.

Comparing to other models, this method has
several advantages as seeking consistency in
judgments, being user friendly, etc. It also
allows users to structure complex problems in
the form of a hierarchy or a set of integrated
levels. It can also be combined with well
known operations research techniques to
handle more difficult problems. This model
can handle both qualitative and quantitative
data effectively.
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