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ABSTRACT

Introductions & Aims: Acute Coronary Syndrome (ACS) and its
magnitudes is one of the most common cardiac diseases world-
wide. Yet in Yemen; GULF RACE | data are the first nation- wide
information that highlight the magnitude of this problem.
Cardiogenic shock is a miserable complication of ACS. Pointing
out this problem among Yemeni with ACS, its prognostic
importance and impact in patients outcomes is a major aim of this
study.

Methods and Patients: Yemen data arm was a part from the GULF
RACE I, which is a prospective, multinational, multicentres survey
of consecutive patients hospitalized with the final diagnosis of
ACS in six Arabian Peninsula/Gulf countries over a period of six
month. Yemeni patients were 1054 patients included from 20
major hospitals all over the country with ACS including cases of
ST Elevation Acute Myocardial Infarction (STEMI), non ST
Elevation Acute Myocardial Infarction (NSTEMI), newly
developed Left Bundle Branch Block (LBBB) and unstable angina
pectoris (UA). Patients with Acute Heart Failure (AHF) and
presented with cardiogenic shock were pointed out. The end point
of this study was all causes of in-hospital mortality.

Results: Out of 1054 hospitalized with ACS, 181 patients (17.3%)
had AHF on presenting to the hospital or during hospitalization
itself. Out of those patients with AHF there were 74 patients who
developed Cardiogenic Shock. They were relatively older 64.7+9.7
(SD) years (P <0.001) with male predominance (63.5%). In spite of
Anterior/Anteriolateral STEMI was a common feature of
presentation (70.2%), echocardiographic feature were more
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consistent with cardiogenic shock , Left Ventricular Ejection Fraction (LVEF) was (36.5% Vs
51% P <0.001). Those patients were in co-morbid condition more than the rest of the group of
ACS & evidently were less treated utilizing evidence based treatment. Cardiogenic shock was
linked to higher in hospital mortality (66.2% Vs 4.8% with P < 0.001).

Conclusion: Yemeni patients with acute coronary syndrome complicated with cardiogenic shock
had more worse prognosis regarding in-hospital morbidity and mortality.

Key words: Yemen, Acute Coronary Syndrome, Acute Heart Failure, Cardiogenic shock,
Mortality.

BACKGROUND

Cardiogenic shock is defined as a systolic blood pressure of less than 90 mmHg for at
least 30 minutes, which is secondary to myocardial dysfunction®. It is associated with
clinical signs of hypoperfusion. Cardiogenic shock is state of reduced cardiac output and
signs of tissue hypoxia. Cardiogenic shock complicates 5% to 10% of cases with ACS and
remains the leading cause of death in patients hospitalized with AMI.23, It is a consequence
of Acute Heart Failure (AHF); AHF is a complex syndrome that can result from any
structural or functional cardiac disorder leading to inability of the left ventricle to fill with
or eject blood. It is a result of many conditions including cardiovascular diseases. Its high
morbidity and mortality represent a major economic burden*. Yemen is one of the low
income country group where rheumatic heart disease is still highly prevalent®, while in
more developed the most common cause of HF is no longer hypertension or valvular heart
disease, but coronary artery disease (CAD)®. Data from phase | of The gulf registry of acute
coronary events (GULF RACE 1), indicate that CAD is a leading health problem that cause
AHF in the gulf countries including Yemen’. Cardiogenic shock complicating ACS was not
studied before in Yemen. A major aim of this study is to highlight the magnitude of this
condition among ACS Yemeni population participated in phase | GULF RACE. As well as
to describe the incidence, patient characteristics, treatment patterns and in hospital
outcomes of cardiogenic shock complicating ACS in those patients.

METHODS

Design and Study Population

GULF RACE I is an initiative from the Gulf Heart Association; it is a prospective,
multinational, multicentre survey of consecutive patients hospitalized with the final
diagnosis of ACS in six Arabian Peninsula/Gulf countries (Kuwait, Oman, United Arab
Emirates, Yemen ,Qatar, and Bahrain). Patients were enrolled in a pilot phase that lasted for
1 month in May 2006 and a subsequent study phase from January 2007 to June 2007. All
patients were included in the present analysis®®. All patients with ACS were eligible with
no upper age cap or other restrictions on study sample. Patients were managed according to
the judgment of the treating physician. An institutional review board or equivalent at each
participating hospital approved the protocol. All hospitals that care for patients with ACS in
Kuwait, Bahrain, and Qatar participated, as did the majority of such hospitals (serving 85%
of the population) in Yemen, United Arab Emirates, and Oman. Over this period of six
month, 1054 Yemeni patients were included from 20 major hospitals all over the country
with ACS including cases of ST Elevation Acute Myocardial Infarction (STEMI), non ST
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Elevation Acute Myocardial Infarction (NSTEMI), newly developed Left Bundle Branch
Block (LBBB) and unstable angina pectoris (UA) with manifestations of CHF. The
determinants of CHF in those patients and the impact of CHF on their outcome were
studied. The ACS with HF cohort included patients with CHF at presentation (Killip class
11/111), cardiogenic shock and death.

Data Collection & statistical analysis:

All patients gave informed consent to process their anonymous data. Data were
collected on record forms by treating physicians. Completed data sheets were sent to the
central data-processing center for uniform monitoring and registration. Patients’
characteristics are presented as proportions, medians, or mean _ SD as appropriate.
Whenever possible, rates were used to describe patient populations. The frequencies of
categorical variables were compared using the chi-square test and by calculating odds ratios
(ORs) and 95% confidence intervals (Cls). Continuous variables were compared using the
2-tailed Student’s t test. Variables influencing in-hospital mortality were assessed using
multiple logistic regression after adjustment for all confounders (i.e., age, gender, heart
rate, blood pressure, and diabetes mellitus). ORs, 95% Cls, and p values are reported for
significant predictors. A p value 0.05 was considered significant. All p values were the
results of 2-tailed tests. All data analyses were carried out using SPSS version 20 (SPSS,
IBM, California).

RESULTS

1054 patients were documented to have ACS during study period, heart failure was a

result of ACS in 181 patients (17.3%). Patients who developed manifestations of
cardiogenic shock were pointed out 74 patients (40.9%) of patients with AHF developed
this consequence. The base line characteristics of those group of cardiogenic shock patients
was illustrated in table 1. The mean age (SD) was 64.7 years (£9.7 SD). Male gender was
mostly affected than female, 47 males (63.5%) with P value < 0.001. The risk factors
predisposing to IHD and cardiogenic shock were prominent in those with hypertension &
DM type Il was 34 (45.9%) in each group and P value was significant in both < 0.001.
Hyperlipidemia was seen in 20 (27%) patients with P value of 0.001. Smoking of different
forms of tobacco was recorded in 24 patients (32.4%) with P value of 0.210. Khat chewing
habit was very prominent (49) patients was chewers with a P valve of 0.061.
Previous history of AMI , CABG & Stroke worsen the patient's condition and enhances
cardiogenic shock representing 28 patients (37.8%), 9 patients (12.2%) and 14 patients
(18.9 %) correspondingly and P value for all was < 0.001. History of angina pectoris was
noted in 32 (43.2%) with P value of 0.001. History of PVD 7 patients (9.5%) with P value
0.04. History of previous PCIl was least to develop cardiogenic shock Five patients were
post PCI (6.8%) with P value 0.910. All patients with cardiogenic shock were symptomatic
at presentations and the most frequent symptoms were: angina chest pain 43 patients
(58.1%), Dyspnea 17 patients (23%) & Atypical chest pain 2 patients (2.7%) with P value
<0.001. ST elevation Ml (STEMI) was a noticeable category of ACS with P value < 0.001;
The patients number at presentation with those subtypes were; STEMI 59 (79.4%),
NSTEMI 6 (8.1%), UA 1 (1.4%) & LBBB MI 8 (10.8%).
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Table 1: Cardiogenic shock complicated ACS Patients characteristics.

Variables CARDIOGENIC SHOCK | Rest of AHF | Total ACS | P VALUE

Number (%) 74(40.9%) 107 (59.1%) | 1054 (100%)

Mean Age in Years (SD) 64.7+9.7 62.1+11.2 58.7£11.5 < 0.001
Male (%) 47(63.5%) 84 (78.5%) | 836 (79.3%) | <0.001
Female (%) 27(36.5%) 23 (21.5%) | 218 (20.7%) 0.005
Khat chewing 49(66.2%) 70 (65.4%) | 757 (71.8%) 0.061
Smoking 24(32.4%) 47 (43.92%) | 501 (47.5%) 0.140
Arterial Hypertension 34(45.9%) 49 (45.8%) | 353(33.5%) | <0.001
Diabetes Mellitus 34(45.9%) 47 (43.9%) | 282 (26.8%) | <0.001
Hyperlipidemia 20(27.0%) 15 (14.3%) 126 (12%) 0.001
History of angina 32(43.2%) 39 (36.4%) | 308 (29.2%) 0.001
History of Ml 28(37.8%) 31 (29%) | 201 (19.1%) | <0.001
Post CABG 9(12.2%) (5 (4.6% 36 (3.4%) <0.001
Post PCI 5(6.8%) 8 (7.5% 80 (7.6%) 0.910
Post Stroke 14(18.9%) 6 (5.6 %) 46 (4.4%) <0.001
History PVD 7(9.5%) 4 (3.7%) 31 (2.9%) 0.04
Symptoms at presentation <0.001
IHD chest pain 43(58.1%) 77 (72%) 870(82.5%)

Dyspnea 17(23.0%) 24 (22.4%) 86 (8.2%)

Atypical chest pain 2(2.7%) 4 (3.7%) 68 (6.5%)
ACS diagnosis < 0.001
STEMI 59(79.4%) (67 (62.6% | 751 (71.3%)

NSTEMI 6(8.1%) (17 (15.9% | 117 (11.1%)

UA 1(1.4%) (15 (14% 151 (14.3%)

LBBB Ml 8(10.8%) 8 (7.5% 31 (2.9%)

Site of STEMI -ECG <0.001
Anterior / anteriolateral 52(70.2%) 58 (54.2%) | 574 (54.5%)

Inferior / inferoposterior 12(16.2%) 20 (18.7%) | 289 (27.4%)
Echocardiography

Done 30(40.5%) 97 (90.7%) | 832 (78.8%)

LVEF% 36.5% (19-59) (40 % (31-49 | 49.5(40-61) | <0.001
LVEF <40% 18 (24.3%) 57 (53.2%) | 153 (14.5%) | <0.001

STEMI population showed ECG changes of anterior/anteriolateral in 52 patients
(70.2%)while inferior / inferoposterior 12 patients (16.2%) giving P value of <0.001. LBBB
was a prominent ECG feature with cardiogenic shock (10.8% Vs. 2.9%).
Echocardiographic features were mainly reduced EF% and LVEF <40% were noted in 18
patients (24.3%). Cardiogenic shock especially that due to ACS is one of the emergency
situations thrombolytic therapy utilization either pharmacologic or mechanical should
started as soon as possible. In this study utilizing such agents were very low among all the
patients especially those with cardiogenic shock; 10 patients with cardiogenic shock
(13.5%) in contrast with 15 with AHF but no manifestions of cardiogenic shock (14.1%) P
value 0.912.

Asprin was used in most of the patients with cardiogenic shock 69 patients (93.2%) in
contrast with 101 patients (94.3%) with AHF but without cardiogenic shock , Clopidogrel
was used in 66.2% and 73.8% in both groups and P value was not significant for both
medications , Anticoagulation by IV heparin was used widely in cardiogenic shock group
91.9% while AHF without cardiogenic shock group was used in 78.5% with significant P
value of 0.004. Using inotropes as Dopamine, Dobutamine, Epinephrine & Norepinephrine
in cardiogenic shock was abundant; 69 patient (93.2%) with cardiogenic shock in
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comparison of 18.7% patient with AHF without cardiogenic shock. Mechanical ventilation
was employed in 68.9% of cases with cardiogenic shock and intra-aortic balloon pump in
8.1 % of the cases with significant P value < 0.001 (Table 2). Morbidity and mortality were
high among cardiogenic shock population, P value was <0.001; strokes were noted in 18.9
% of those patients, while major bleeding was seen in 2 patients. Death was very high
among cardiogenic shock patients 66.2% to 5.6 % for AHF without cardiogenic shock
patients. (Table 2).

Table 2: Cardiogenic shock complicating ACS patients; management and in-hospital outcome.

Variables Cardiogenic shock | Rest AHF | P value
Thrombolytic therapy 10(13.5%)| 15 (14.1%)| 0.912
Treatment on admission
Aspirin 69(93.2%)| 101 (94.3%)| 0.834
Clopidogrel 49(66.2%)| 79 (73.8%)| 0.023
1V Heparin 68(91.9%)| 84 (78.5%)| 0.004
LMW Heparin 3(4.1%)| (12 (11.2%| 0.002
Beta Blockers 14(18.9%)| 40 (37.4%)| 0.003
ACE | / ARBs 33(44.6%)| 102 (95.3%)| <0.001
Calcium CB 0 1(0.9%)| 0.110
Statins 60(81.1%)| 98 (91.6%)| 0.031
Nitrates 39(52.7%)| 94 (87.9%)| <0.001
Diuretics 33(44.6%)| 65 (60.7%)| <0.051
Inotropes 69(93.2%) 20(18.7%)| < 0.001
IABP 6(8.1%) 1 (0.9%)| <0.001
Ventilation 51(68.9%) 4 (3.7%)| <0.001

Morbidity & mortality

Acute MR 2(2.7%)|  22(20.6%)| <0.001
Stroke 14(18.9%)| 20 (18.7%)| <0.081
Major bleeding 2 (2.7%) 0| <0.001
Death 49(66.2%) 6 (5.6%)| <0.001

DISCUSSIONS

A evident outcome of this study is that Acute Coronary Syndrome in Yemen is a major
underlying cause for acute heart failure and its resultant cardiogenic shock. As a first of its
kind study in the country, this study shows that in between every 5-6 patients one will
develop AHF. Patients present late for any thrombolytic methods. Older males are more
predisposed to AHF and cardiogenic shock. The morbidity in form of strokes & major
bleedings were extremely high while mortality was the fate of most of the patients with
cardiogenic shock. Framingham Heart Study suggests that the most common cause of AHF
is no longer hypertension or valvular heart disease, as it was in previous decades, but rather
CAD?, Cardiogenic shock in this study shows its gloomy face where its high prevalence
was recorded in contrast of some of the neighborhood registries (Table 3) in Yemen 40.9%
of the patients with AHF developed cardiogenic shock , while the whole Gulfrace | was
11.6%. The prevalence was low 4.3% as mentioned in SPACE ! registry (The Saudi Project
for Assessment of Coronary Events). GRACE 213 (Global Registry of Acute Coronary
Events Investigators) showed slightly higher prevalence than SPACE data but less than
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Yemen data (4.6%) with older male predominance. Kolte et al 2014 had reported that the
incidence of cardiogenic shock in USA complicating STEMI has increased during the past
8 years together with increased use of early mechanical revascularization and intra-aortic
balloon pumps. There has been a concomitant decrease in risk adjusted in-hospital
mortality!. Investigators from GUSTO-I trial had reported occurrence of cardiogenic shock
in STEMI population as 8.3% but after the first year, 2% to 4% of patients died each year
regardless of whether they had cardiogenic shock or not!> In-hospital medications in
Yemeni patients was shown in Table 2 pointed out inadequate cardiogenic shock
management especially in lacking the facilities of performing primary PCI , which shows
good improvement in management and prognosis of cardiogenic shock in particular in
developed countries®.

The in-hospital prognosis and its outcomes concerning the morbidity and the mortality
among cardiogenic shock group pointed out a sad outcome of the Yemeni patients and was
a big complications in cases of AHF as Strokes in 11% , cardiogenic shock 40.9% major
bleeding 1.1% and death 30.4% in contrast to other registries especially Gulf Race | and
SPACE (table 3). The Table reflect the quality of care in Yemeni tertiary hospital , late
presentation of the patient to health facilities , adequacy of the emergency referral system
and the performance of medical teams handling those patients.

Limitations of the study

The results presented here are only from major hospitals in Yemen with or without a
Catheterization Laboratory facility. This could have led to a higher contribution of patients
with ACS and a low percentage of patients who had undergone coronary angiography and
hence low utilization of primary PCI during hospitalization. The utilization of natriuretic
peptides as a marker for HF and cardiogenic shock is nearly lacking were determined in
only few patients. The absence of data about prior history of pre - hospitalization with HF
represent a major limitation of the study and that surly affects the outcomes post- hospital
discharge. The loss of contact with the patients after discharge represent another limitation
to know the long run outcome in those groups.

Table 3: In-Hospital Major outcomes in some close neighborhood ACS registers.

OUTCOMES YEMEN DATA | GULF RACE | | SPACE
Stroke 11.0% 1.3% 0.9%
Cardiogenic shock 40.9% 11.6% 3.5%
Major bleeding 1.1% 1.5% 0.7%
Death 30.4% 7.9% 4.4%

CONCLUSION AND RECOMMENDATIONS

Acute coronary syndrome in Yemeni patients is a major cause for cardiogenic shock
and had more worse prognosis regarding in-hospital morbidity and mortality. In this
observational study, ACS patients with cardiogenic shock were older, more likely to have
hypertension, diabetes, lower LVEF, and hemodynamically unstable status. These findings
potentially explain the higher incidence of in- hospital adverse outcomes in ACS patients
with cardiogenic shock. More aggressive treatment of these patients may be warranted to
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improve prognosis. Introduction of heart failure biomarkers as natriuretic peptides is
mandatory to improve the quality of clinical practice. Establishing a comprehensive
primary PCI program after improving health systems is mandatory to overcome limitations
in handling those patients. More studies on Khat as a potential risk factors are needed.
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ABSTRACT

Background: Mitral valve prolapse is a common cardiac disease
with frequent complications.

Objectives: To study the prevalence of mitral valve prolapse in
healthy Yemenis associated with the prevalence of its adverse
sequelae.

Methods: We performed echocardiography for 1164 healthy
Yemeni individuals: 615 women and 549 men (mean age + SD
45.7 £+ 10 years).Classical mitral valve prolapse was defined as a
superior displacement of mitral valve leaflets at least 2 mm with a
maximal leaflets thickness of at least 5 mm during diastasis. On the
other hand, nonclassic prolapse was defined as displacement of
more than 2 mm with a maximal thickness of less than 5 mm.
Results: 74 subjects (6.3 percent) had mitral valve prolapse, 40
(3.4 percent) had classic prolapse and 34 (2.9 percent) had
nonclassic prolapse. None of the patients with prolapse had a
history of heart failure nor anyone had atrial fibrillation except one
patient (1.3 percent) had cerebrovascular disease and two patients
(2.7 percent) had syncope, as compared with unadjusted prevalence
of these findings on the individuals without prolapse of 0.0, 0.0,
0.0 and 1.3 percent, respectively. Chest pain, dyspnea and
electrocardiographic change frequencies were similar between two
groups.

Conclusion: The prevalence of mitral valve prolapse in adult
Yemenis was 6.3 percent, which is similar to the results of other
studies in different countries but with low prevalence of adverse
sequelae in comparison to those studies.

Keywords: Mitral valve Prolapse, Echocardiography, Prevalence.

INTRODUCTION

Mitral valve prolapse (MVP) is a condition characterized by systolic
displacement of an abnormally thickened, redundant mitral valve leaflets into
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the left atrium during systolel. It is a health problem associated with mid—systolic click, late
systolic murmur and serious complications such as bacterial endocarditis, severe mitral
regurgitation, atrial fibrillation, syncope and stroke2~?.Echocardiography is considered the
ideal non-invasive method for recording the movement of prolapsing mitral valve leaflets.
However, the continually changing echocardiographic methods and criteria for diagnosis of
MVP for the last three decades disturbed our perfect understanding of this disorder with
regard to prevalence, complications rate, ect®.

During the past decade, new echocardiographic criteria for MVVP have been established
on the basis of understanding the 3—dimensional structure of mitral valve®. patients were
defined as having classical prolapse of displacement exceeded 2 mm and maximal
thickness was at least 5 mm. Nonclassic prolapse of displacement exceeded 2mm but the
maximal thickness was less than 5 mm. Recent studies, that used these criteria, have shed
new light on the prevalence and complications of MVP in the general population®.So that
we used this criteria in our present study

Mitral valve prolapse is a common cardiac disorder with prevalence, generally ranging
from 5-15 percent in most studies and up to 35 percent in some studies'*™t”. However,
previous studies, estimating the high prevalence of mitral valve prolapse, were limited to
usage of hospital based individuals or highly selected patients visiting cardiac centers
because of mitral valve prolapse and more likely of having clinical complicationst®=1°.In
addition, those studies relied on M—mode or two—dimensional echocardiographic criteria
and views that are not specific for the diagnosis of mitral valve prolapse'? 17 2021,

To the best of our knowledge; however, no Yemeni investigator has evaluated the
prevalence of MVP and its potential complications in Yemeni population by using the
recently recommended echocardiographic criteria. Therefore, our present study is designed
to determine the prevalence of mitral valve prolapse and its clinical adverse sequelae in
unselected individuals of outpatient department.

MEHTODS

Study Population

The present study was conducted in Kuwait University Hospital-Sana'a from 2004 to
2008 as a prospective study of 1164 healthy Yemeni individuals: 615 women and 549 men,
ranging in age from 18-70 years with (mean age + SD 45.7 £ 10 years).

Population includes presumably healthy individuals, accompanied the patients who
have been referred to Echocardiographic and Abdominal Ultrasonographic Department,
were informed about the study. Furthermore, those who agreed to participate in the study
and known to be with no specific history of cardiac disease had underwent clinical
evaluation and selected for the study.

Echocardiography

Individuals underwent two—dimensional echocardiography through commercially
available system (Sonos 5500, Hewlett—Packard) that used a 2.5-MHz transducer. Images
were recorded on a videotape with complete parasternal, apical, and subcostal views and
color Doppler assessment of valvular regurgitation.

Measurements were performed by a Sony offline cardiac analysis system. The two—
dimensional echocardiographic criteria, based on the three—dimensional shape of the
annulus and clinical correlation, were used to diagnose mitral valve prolapse in accordiance
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with the maximal superior displacement of the mitral valve leaflets during systole, relating
to the line connecting the annular-hing points. The thickness of the mitral valve leaflets
during diastasis was measured from the leading to the trailing edge of the thickest area of
the mid—portion of the leaflets.

Patients were defined as having classical prolapse of displacement exceeded 2 mm and
maximal thickness was at least 5 mm. Nonclassic prolapse of displacement exceeded 2 mm
but the maximal thickness was less than 5mm.

The degree of mitral regurgitation was assessed as the ratio of the maximal regurgitant
jet area to the area of the left atrium and graded as trivial, mild, moderate, or severe on the
basis of the ratio of > 0 to 10, > 10 to 20, > 20 to 40, and > 40 percent, respectively.

Clinical Characteristics

Several clinical variables such as age, sex, BSA (square root of product of the weight in
kg times the height in cm divided by 3600), and symptoms of chest pain and/or dyspnea
were evaluated. World Health Organization definition was recommended for hypertension
(as systolic blood pressure of at least 140 mmHg or diastolic blood pressure of at least 90
mmHg on each of two successive readings obtained by the clinical physician or as current
use of antihypertensive medication), presence of diabetes mellitus ( glucose level of at least
140 mg per deciliter after a 12 hour fast or the use of insulin or an oral hypoglycemic agent,
current cigarette smoking, and presence of hypercholesterolemia (defined as a serum
cholesterol level of at least 240 mg per deciliter)?#5,.Cerebrovascular disease (defined as

stroke or transient ischemic attack). The two groups were compared in regard to the above
mentioned variables as well as heart failure, atrial fibrillation and syncope.

The physical examination included measurements of body mass index (the weight in
kilograms divided by the square of the height in meters),waist-to-hip ratio, systolic and
diastolic blood pressure, and assessment of mitral systolic murmur and mid-systolic click.
Electrocardiographic assessed variables included the presence of atrial and ventricular
ectopy, left atrial enlargement (defined as a terminal P—wave force of 1 mm by 1 mm in
lead V1), and left ventricular hypertrophy (defined as the presence of increased voltage
with a pattern indicating strain)2°.

Statistical analysis

We used statistical software (version 6.11, SAS Institute, Cary, N.C.) in all calculations
in our study. The differences of clinical variables between individuals with mitral valve
prolapse and those without prolapse were tested with Waldchi—square test for logistic—
regression analysis after making the adjustment for age, sex, and body—mass index.
Continuous variables (for measurable variables including body mass index, waist to hip
ratio) were evaluated by the analysis of covariance.

The difference in age was adjusted for sex. The body mass index and waist—to—hip ratio
were adjusted for sex, age and body mass index. Values are given as least-squares means
and standard errors. Ultimately, we used all comparisons by comparing all subjects with
prolapse to those without prolapse. P-value was two—sided.
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RESULTS

Prevalence of Mitral Valve Prolapse
Qualitative analysis revealed that 74 subjects (6.3 percent) had mitral valve prolapse, 40
(3.4 percent) had classical prolapse and 34 (2.9 percent) had nonclassical prolapse.

Table 1: Prevalence of Mitral Valve Prolapse

Type of MVP All Subjects(N=1164) Men(N=549) | Women(N=615)
Classical 40(3.4%) 19(1.6%) 21(1.8%)
Non-Classical 34(2.9%) 16(1.4%) 18(1.5%)
Total 74(6.3%) 35(3.0%) 39(3.3%)

Among subjects with classical prolapse, the mean (+ SD) maximal leaflets displacement
was 3.1+ 1.1 mm, the mean thickness of anterior leaflets was 5.0 £ 0.3 mm, and the mean
thickness of the posterior leaflets was 5.3 £ 0.4 mm. The corresponding values in the
subjects with non—classical prolapse were 2.9 £ 0.7 mm, 3.2 £ 0.4 mm, and 4.0 £ 0.5 mm.

Age and Sex

The range of age for all population was 1870 years. The distribution of age and sex for
the subjects with prolapse was similar to those without prolapse.

The sex adjusted mean (£ SE) age of the patient with classic prolapse was 47.6 + 1.6
years, as compared with a mean age 44.5 + 1.7 years for those with non—classic prolapse
and with 43.08 £ 0.3 years for those without prolapse (P= 0.18).

Table 2 indicates that among 74 subjects with mitral valve prolapse none had a history
of heart failure nor atrial fibrillation, but one subject (1.3 percent) had cerebrovascular
disease and two subjects (2.7 percent) had syncope, as compared with unadjusted
prevalence of these findings on the group without prolapse of 0.0, 0.0, 0.0 and 0.09 percent,
respectively.

Table 2: Prevalence of Various Clinical Findings According to the Presence or Absence of Mitral
Valve Prolapse

Clinical Findings Mitral Valve Prolapse (N= 74) | No Mitral Valve Prolapse(N=1090)
Atrial Fibrillation 0 0
Cerebrovascular Disease 1(1.3%) 0
Syncope 2(2.7%) 1(0.09% )
Heart Failure 0 0

It has been observed that subjects with classical prolapse had mild regurgitation (on
average) in comparison to those with non—classical prolapse who had trace regurgitation.

Doppler study revealed that the mean (= SE) ratio of the jet area to the left atrial area
was 14.9 + 1.5 percent among subjects with classical mitral valve prolapse, 7.8 £ 1.9
percent among subjects with non-classical prolapse, and 2.2 + 0.7 percent among 60
control subjects without prolapse, (p< 0.001).

The prevalence of palpitations, chest pain and dyspnea were similar among the patients
with prolapse and those without prolapse as in Table 3.
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The prevalence of risk factors for coronary heart disease, including smoking,
hypertension, diabetes, and hypercholesterolemia are made clear in Table 3.

Table 3: Prevalence of Various Clinical Characteristics.

Characteristics MSEE‘;'?AO) Non-Classical MVP(N=34) |No MVP(N=1090) | P-value
Chest Pain 4 (10%) 3 (8.8%) 95(8.7%) N.S
Dyspnea 3(7.5%) 3 (8.8%) 80(7.3%) N.S
Cigarette Smoking 7 (17.5%) 6 (17.6%) 110(10.09%) N.S
Hypertension 6 (15%) 5 (14.7%) 150(13.8%) N.S
Diabetes Mellitus 0 0 0 N.S
Hypercholesterolemia | 5 (12.5%) 6 (17.6%) 140(12.8%) N.S

—The P values are for comparing all subjects with MVP and those without prolapse.
—All percentages were adjusted for age, sex, and body mass index.

Physical Findings

Table 4 Show no significant differences between the two groups in systolic or diastolic

blood pressure, but subjects with prolapse were significantly lower on the basis of body
mass index and waist-to-hip ratio, in addition to having systolic murmur and mid-systolic

clicks than those without prolapse.

Table 4: Physical Findings:

: Classic MVP | Non-Classic MVP | No MVP *

Variables (N= 40) (N = 34) (N= 1090) P- values
Body-mass Index ** 23.3+0.3 23.1+0.1 26.1+0.2 | <0.001
Waist-to-hip Ratio ™ 0.8+0.11 0.79£0.01 %%%f 0.007
Systolic Blood Pressure in mmHg ™ 120+ 1.3 120.1.2 123+0.1 N.S
Diastolic Blood Pressure in mmHg 70£0.1 70+£04 72+0.2 N.S
Systolic Murmur ™" 20 (50%) 16 (47%) 45(4.1%)| <0.001
Mid-systolic Click™™ 19 (47.5%) 11 (32%) 3(0.3%) | <0.001

*  The P-values are for comparison of all subjects with MVP and those without MVP.

*%x

Values were adjusted only for age and sex.

*** \alues were adjusted only for age, sex and body-mass index.
***% All percentages were adjusted for age, sex and body—mass index.

E.C.G. Findings

Table 5 revealed that there were no significant differences between the two groups in
the prevalence of E.C.G. abnormalities.

Table 5: Electrocardiographic Findings

. Classic MVP . _ No MVP o
Variables (N= 40) Non-Classic MVP(N=34) (N=1090) P—values
Atrial Ectopy **** 3(7.9%) 1(3.0%) 15(1.4%) <0.05
Ventricular Ectopy **** 1(25%) 0 0 N.S
LeftAtrial**** Enlargement 0 0 0 N.S
Left Ventricular
Enlargement**** 0 0 0 N.S

*  The P-values are for comparison of all subjects with MVP and those without MVP.
** All percentages were adjusted for age, sex and body—mass index.
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DISCUSSION

Mitral valve prolapse has been described as the most common cardiac valvular
abnormality in industrialized countries?. Previous studies showed large variations of
prevalence ranging from 5% up to 35%?7Y, but the subjects had largely been
volunteers'?®® some were self-referred and some others were self-selected. In two
studies''®, subjects were selected from large clinic or hospital practices. Such studies were
subject to many contradictions and they did not reflect prevalence in general population. In
addition, previous studies used old criteria for diagnosing MVP by M-mode
echocardiography or less specific two—dimensional criteria (including displacement of the
anterior mitral valve leaflets in the apical four chambers view) to diagnose mitral valve
prolapse. But, new criteria as mentioned above has revealed marked reduction in the
prevalence of mitral valve prolapse by several recent studies to be on the range of 2—-4% in
general population studies?’.

Our present study shows a prevalence of mitral valve prolapse by 6.3%, which is
between the higher prevalence seen on many previous studies'™ and  near the lower
prevalence revealed by Framingham Heart Study?’, which is considered a community—
based study and it is consistent with other studies®s.

Chest pain and dyspnea were similar in the group of subjects with mitral valve prolapse
and those without prolapse and that is consistent with previous reports*>¢. Moreover, as
reported previously'™*®  in our study, subjects with prolapse were leaner (lower body—
mass index and waist-to-hip ratio) than those without prolapse. Subjects with prolapse
were more likely to have mitral regurgitation (P<0.001) although with mild average
regurgitation.

In contrast to previous reports®, we found that the rate of heart failure, atrial fibrillation
were not different among subjects with mitral valve prolapse and those without prolapse.
Also the rate of cerebrovascular disease and syncope was slightly significantly higher
among the group of mitral valve prolapse. This relatively low prevalence of complications
among subjects with prolapsed is consistent with those reported in some previous studies?®,
And this low prevalence and low risk of complications can be explained by the non-
selective, non—referral population in our study. In addition, the low sensitivity of clicks and
murmurs for prolapse may reflect the relatively mild nature of prolapse in the general
population, as compared with referral-based series and as does the absence of significant
differences in the prevalence of ventricular ectopy between those with prolapse and those
without prolapse. This is consistent with previous findings that serious ventricular
arrhythmias and sudden death are more likely in patients with severe mitral regurgitation
and left ventricular dysfunctions.

Evaluation of the prevalence of mitral valve prolapse in the general population is
important to define the magnitude of the condition and provides a basis for determining the
validity of proposed associations. It also allows researchers to address whether prolapse
occurs more frequently among patients with presumed complications, such as stroke, than it
occurs among the general population. In addition, both prevalence and complication rates
are important factors in balancing the potential risks and benefits of antibiotic prophylaxis
against endocarditis?®.
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CONCLUSION

The prevalence of mitral valve prolapse in adult Yemenis was 6.3 percent, which is
similar to the results of other studies in different countries but with low prevalence of
adverse sequelae in comparison to those studies.
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ABSTRACT

Background: A comparative retrospective study has made to
compare the distribution of risk factors and complications in acute
coronary syndrome (ACS) patients and other cardiac patients.
Methods: Records of 768 patients from Sana’a city and other
cardiac patients in Yemen. To assess the risk factors for acute
coronary syndrome (ACS); age, hypertension, diabetes mellitus,
hyperlipidemia, cigarette smoking and reported history and family
history of coronary artery disease (CAD). To assess the
complications such as heart failure, arrhythmias and cerebro-
vascular accident (CVA).

Results: The mean age of acute coronary syndrome patients was
significantly lower than other cardiac disease patients 56.8 year vs.
55.3 years; p= 0.007. History of hyperlipidemia was significantly
higher acute coronary syndrome patients than other cardiac
patients 49.2% vs. 38.3%; p=0.002. Reported history of coronary
artery disease was also significantly higher among ACS patients.
Hypertension, history of diabetes mellitus, cigarette smoking and
reported family history of coronary artery disease were comparable
among acute coronary syndrome patients and other cardiac
patients. In-hospital complications: Cerebro-vascular accident was
significantly higher among ACS patients than other cardiac
patients 7.8 % vs. 4.4 %; p= 0.0001. Heart failure and arrhythmias
rates were comparable. Wall motion abnormalities were
comparable 79.2 vs. 73.2; p=0.51. While Ejection Fraction was
lower in ACS patients than other cardiac patients 49.8.8% vs. 54.8;
p=0.0001.

Conclusions: The mean age was higher among acute coronary
syndrome patients. History of hyperlipidemia and history of
coronary artery disease were higher among acute coronary
syndrome patients. Cerebro-vascular accident rate was higher in
acute coronary syndrome patients.

Keywords: Acute coronary syndrome, risk factors, Yemen.
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INTRODUCTION

Acute Coronary Syndrome (ACS) is defined as a wide spectrum of conditions, ranging
from silent ischemia and exertion-induced angina, through unstable angina, to acute
myocardial infarction. Unstable angina occupies the centre of this spectrum, causing
disability and risk greater than that of chronic stable angina but less than that of acute
myocardial infarction (AMI). Coronary Artery Disease (CAD) is characterized by
atherosclerosis in the coronary arteries. Coronary artery disease is a well-established major
cause of death and disability in developed countries as well as in developing countries (1).
Coronary artery disease (CAD) continues to be a leading cause of morbidity and mortality
among adults in Europe and North America (2). Twelve million individuals in the USA and
143 million worldwide have coronary artery disease (3). Although cardiovascular mortality
has been diminishing in all of Western Europe and North America for the past decades, it is
still one of the major contributors to mortality, especially premature death ().

Despite a recent decline in developed countries, both CAD mortality and the prevalence
of CAD risk factors continue to rise rapidly in developing countries (5, 6). Traditional risk
factors for CAD are age, male sex, family history, diabetes mellitus (DM), dyslipidaemia,
hypertension, obesity, and cigarette smoking. These risk factors are useful for assessment of
each individual’s cardiovascular risk (7). Many other risk factors for, however, have not
fulfilled these criteria or are still under scientific scrutiny (8, 9). Several studies have shown
classical risk factors partially explain the prevalence of CAD (10, 11 and 12). Differences
geographical in and genetic factors lead to differences in the incidence of CAD worldwide
(13, 14).

Geographical variations in CAD prevalence and risk factors have been reported both
between and within countries (15). Evidence for this is so far conflicting. Many studies
have examined risk factor profile for CAD among population. Results showed that there are
differences in the prevalence of CAD and its risk factors at different geographical regions.

Objectives
(1) To estimate the prevalence of risk factors in acute coronary syndrome (ACS)
patients versus other cardiac patients.
(2) To investigate the clinical presentation and complications among acute coronary
syndrome and other cardiac patients.

METHODOLOGY

Study design: A comparative retrospective study design was employed for this study.
Population samples

This study was done for diagnosed adult acute coronary syndrome Yemeni patients aged
30-69 years.

Study Area
Sana’a city, Republic of Yemen.
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Case Selection

We selected the acute coronary syndrome Yemeni Patients admitted to cardiac centre,
Al-Thawrah Modern hospital, Sana’a, Yemen. Records of consecutive patients were
received respectively.

Inclusion Criteria
Age 30 — 69 years and diagnosed as acute coronary syndrome (clinical symptoms and /
or ECG and /or significant cardiac enzyme elevation).

Exclusion Criteria

Including Congenital heart disease, rheumatic heart disease and, chronic obstructive
pulmonary disease, chronic medical illness (e.g. end stage liver /renal failure), and
malignancies.

Sample Size

A total of 768 acute coronary syndrome and other cardiac disease admitted in cardiac
centre, Al-Thawrah Modern hospital, Sana’a were studied. Some384 patients were from
acute coronary syndrome (ACS) patients and equal number with other cardiac dieses.

Study Protocol

The following data were collected:

1. Clinical presentation: - Typical chest pain, atypical chest pain and shortness of
breath

2. Type of ACS: -AMI including Q wave MI, Non Q wave MI and unstable angina.

3. Clinical examination: - Clinical examination findings especially blood pressure
(BP), heart rate (HR) and cardio vascular system.

Reported history of coronary artery disease risk factors including hypertension, diabetes
mellitus, smoking cigarette, lipid profile disturbance and history of CAD were collected.

4. Laboratory investigations and procedures: -

4.1. Laboratory investigations: -Definitions: -
Diabetes mellitus

The fasting blood glucose (FBG) was interpreted using WHO criteria: (<7 mmol I-
1(<120 mg/ dl): negative for diabetes mellitus and >7 mmol I-1: (>120): positive for
diabetes mellitus.
Hypercholesterolemia

Defined as mild cholesterol values between 5.2 — 6.2 mmol/l. Moderate-sever
cholesterol values >6.2 mmol/l and consider a major risk factor for CAD while HDL
greater than 1.6 mmol/l was consider a negative risk factor for CAD. Total cholesterol/HDL
ratio values between 5 was normal and 6.5 characterized the individual at intermediate risk
for CAD and more than 6,5 wile values ratio more than 6.5 characterized individuals at
high risk of developing CAD (36). Laboratory investigations needed were CBC, total
cholesterol, HDL-C, LDL-C, Triglycerides, FBG, RBG, CK and CK-MB.
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4.2. ECG: - ECG reports at the day of admission and at the discharge day. ST elevation
with or without Q wave, Q wave, T wave changes, R wave changes and arrhythmias

4.3. Echocardiography: -Measurement of intact are LV function (EF), any segmental wall
motion abnormalities (hypokinesia, akinesia, or dyskinesia ) and detection of any
complications of ACS such as thrombus, aneurysmal formation, and valvular abnormalities.
Statistical Analysis: -Data were entered in a personal computer, processed by SPSS
program to calculate percentages, mean + standard deviation. The (two-tailed) test was used
to assess the difference between continuous variables. Chi Squared (y?) tests will be used to
compare categorical variables. The Odds ratio was calculated. We set the level of the
statistical significance at a P value of < 0.05. Statistical tests with P < 0.10 and > 0.05 will
be considered to be of borderline significance.

RESULTS

Data from seven hundred sixty eight consecutive patients were analyzed.

1-Age and Clinical diagnosis:

The mean age of ACS patients was significantly higher than other cardiac diseases 56.8
year vs. 55.3 years, P= 0.007 (Table 1).

Acute myocardial infarction (AMI) at ACS patients was higher 76.8 % vs. 72.1 % as
well as unstable angina 27.9 % vs. 25.5% respectively (Table 2).

Table 1: Patient’s characteristic age, blood pressure and heart rate among ACS patients and other
cardiac patients (No=768).

Patients M | Mean | Std. Deviation | T p
ARV oo Tani| sas |71 Tzk0] 0%
Systolic BP mmHg g‘tﬁ; ggj gg ;ggg 2.50 0.013
Diastolic BP mmHg gtﬁ?r ggj gi’ ig;i 2.62 0.009
Heart Rate Beat/min (')At(t::r ggj gg ggg 4.73 <0.0001

Table 2: Shows the diagnosis of ACS Yemeni patients and other cardiac disease (No=768).

Diagnosis Total
Altitude Acute Ml | Unstable Angina
Ne %
Ne percent | Ne percent
295 76.8% | 89 27.9 % | 384 100 %

ACS patients

277 72.1% | 107 232 % | 384 100 %

Other Cardiac patients
Chi-sq 2.2, P value 0.136
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2. Clinical presentation:

Heart rate of ACS patients was significantly other cardiac patients 89.13% vs. 83.25%;
P=0.000 (Table 1).

Measurement of blood pressure; Systolic blood pressure among ACS patients was
significantly higher than other cardiac patients 130mmHg vs. 135mmHg (P=0.013).
Diastolic blood pressure was also significantly higher among ACS patients 84 mmHg vs.
81mmHg; P=0.009 (Table 1).

3. Prevalence of history of coronary artery disease risk factors:

The prevalence of history of hyperlipidemia was significantly higher in ACS patients
than other cardiac patients 49.2% vs. 38.3%; p =0.002 (table 3). Prevalence of reported
history of CAD was significantly higher among ACS patients 16.7% vs. 9.4%; p=0.003
(Table 3).

The prevalence of history of hypertension among ACS Yemeni patients was higher than
other cardiac patients 49.2% vs. 45.1%; p=0.49 (table 3).

Prevalence of history of DM was also higher among ACS patients 30.7% vs. 25.3%;
p=0.091 (Table 3).

Prevalence of smoking among ACS patients was also higher than other cardiac patients
64.1% vs. 57.8%; p =0.076 (Table 3).

Reported family history of CAD among ACS patients was non significantly higher
17.2% vs. 15.4%, p =0.49 (Table 3).

Table 3: Prevalence of risk factors for ACS.

Hlsc;t?ry Hlsc;[fory History H"Zt?ry Family History History
Altitude HT DM of smoking CAD of CAD of hyperlipedaemia
ACS patients | 49.2% | 30.7% 64.1% 16.7% 17.2% 49.2%
Other cardiac | 45 195 | 25396 | 57.8% | 9.4% 15.4% 38.3%
patients
Chi-squire 133 2.8 3.15 9.01 0.46 9.3
P 0.247 | 0.091 0.076 0.003 0.494 0.002

4. In-hospital complications of ACS Yemeni patients and other cardiac patients:
In-hospital complication: Cerebro-vascular accidents (CVA) was significantly higher
among ACS patients 7.8 % vs. 4.4 %; P= 0.0001. Heart failure and arrhythmias were
slightlyhigher among ACS patients than other cardiac patients (Figure 1),
Wall motion abnormalities detected by echocardiography was higher among ACS
patients 79.2 vs. 73.2; P=0.51 (table 4). While EF was lower among ACS patients 49.8.8%
vs. 54.8 P=0.0001 (Figure 1).
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Figure 1: Shows in-hospital complications among ACS Yemeni patients and other cardiac

patients (N=867).

Table 4: Wall motion abnormalities detected by echocardiography in ACS Yemeni patients and other
cardiac patients (N=768)

IHD
Altitude Total
Yes No Mo o
No percent No percent
ACS patients 304 79.2 % 80 20.8% | 384 100 %
Other cardiac patients 281 73.2% 103 26.8% | 384 100 %

Chi-sq 3.79 Pvalue 0.51

5. Laboratory findings:
Biochemical findings

Creatinine Kinase (CK) among ACS patients was significantly higher than other
cardiac patients as well as CK-MB (table 5). Total Cholesterol in ACS patients was
significantly higher in ACS patients than other cardiac patients. LDL-C was high in ACS
patients 136.3mg/dl vs. 128.5mg/dl, while HDL-C was higher in other cardiac patients
44.2mg/dl vs. 40.1mg/dl (table 5). Triglycerides (TG) were higher in ACS patients than in
other cardiac patients 205.8mg/dl 184.04mg/dl P=<0.0001 (table 6). Fasting and random
blood sugar were significantly higher among ACS patients than in other cardiac patients,
P=0.000 (Table 5).
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Table 5: Biochemical findings finding among ACS patients

Patients N | Mean S.td'. T P
Deviation
LDL-C ACS |384|136.36| 33.265 3.363 0.001

Other | 384 | 128.53| 31.251
ACS [384] 40.10 | 9.467
HDL-C Other [ 384 | 44.20 | 9.950 5.852 0.000
ACS [384[205.82| 71.160
TG Other | 384 | 184.04 | 47.481 | +9880.000

FBG ACS |384|116.04| 48.63
Other | 384 | 103.99 | 39.320
ACS [384] 161.3 80.18

RBG Other [384| 1462 | 659 | 284|000

3.77 | 0.000

DISCUSSION

Our study was performed on 768 ACS Yemeni patients. There age range was 30 - 69
years with a mean age 56.1 + 7.7 years.

Our results reveal that the mean age of ACS Yemeni patients was lower than all
previous reports in developed countries such as in ACS European patients 65 years (37).

The mean age was similar to those of ACS Saudi patients which was 57 years (38). The
mean age of other cardiac diseases patients was significantly higher 56.8 year vs. 55.3
years; P= 0.007. Our ACS Yemeni patients’ age is comparable with the mean age of life
expectancy at birth 59.8 (39).

Past history of DM among ACS Yemeni patients was slightly higher than other cardiac
patients. Blood glucose levels (fasting and random blood glucose) were significantly
higher among ACS patients; P<0.0001. The prevalence of history of DM among ACS
patients is 28%. This prevalence is higher than the prevalence of DM in general adult
Yemeni population which is 9.75 % (40). However our diabetic prevalence is higher than
those reported by the major European survey among European ACS patients which was
23% (37). Diabetes increases the risks of cerebrovascular disease, peripheral vascular
disease, and congestive heart failure (41). Diabetes and its associated metabolic
abnormalities favor an imbalance in the coagulation/fibrinolytic systems that support clot
formation and stability (42). These various abnormalities may contribute to heightened
susceptibility to the thrombotic complications of atherosclerosis.

The prevalence of hyperlipidaemia among ACS Yemeni patients was significantly
higher than other cardiac patients. Total cholesterol and LDL-C in ACS Yemeni patients
were significantly higher. Our result agrees with some other studies (22, 33, and 35).
Epidemiological studies showed that elevated concentrations of serum total cholesterol and
LDL-cholesterol are independent risk factors for CVD (43). There is much evidence to
suggest that the process of atheroma is triggered by hyperlipidaemia, with deposition of
lipids in the arterial wall. Various scientific organizations, including the American Heart
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Association, National Heart, Lung, and Blood Institute have recommended reductions in
dietary total fat and saturated fat intake to treat or prevent CAD (44).

The prevalence of hypertension in general adult Yemeni population is 17.1 % (40). The
prevalence of past history of hypertension among ACS Yemeni patients is comparable
with other cardiac diseases patients 47.1. Measurement of systolic and diastolic blood
pressure was significantly higher among ACS patients. The prevalence of hypertension
among ACS patients in Europe was 48% (37). While the prevalence of hypertension
among ACS Saudi patients was 46.9% (21). Hypertension is a strong independent risk
factor for the development of cardiovascular disease. In primary prevention, the
relationship between blood pressure and cardiovascular risk appears to be positive (45).

Heart rate of ACS Yemeni patients was significantly higher

The prevalence of smoking among ACS Yemeni patients was comparable 64.1% vs.
57.8 %. Our rate of smoking was comparable to the other developing countries. Prevalence
of smoking among ACS Yemeni patients was76.9% (1), while the prevalence of smoking
among ACS European ACS patients was lower 48 %( 37).

Smoking affects atherothrombosis by several mechanisms. In addition to accelerating
atherosclerotic progression (46). Long-term smoking may enhance oxidation of LDL-C
and reduce levels of HDL-C (47). Smoking also impairs endothelium-dependent coronary
artery vasodilatation; has multiple adverse hemostatic effects (48).

Reported family history and history of CAD at high altitude were higher than at low
altitude ACS patients. A family history of CAD is an independent risk factor for Ml, and
that the number of relatives and the age at which they were affected is related to the
strength of the association. There is a multiplicative effect on relative risk factors between
family histories (49).

Hemoglobin was significantly higher among ACS patients. The increase in hemoglobin
leads to increased atherosclerotic process. Leukocytes were significantly higher among
high altitude patients. In men and women of all ages with the spectrum of ACS, initial
leukocyte count is an independent predictor of hospital death and the development of heart
failure (50).

The prevalence of ACS complications during hospitalization; Cerebro-vascular
accident was significantly more common among ACS patties, while death, HF, and
arrhythmias were comparable between ACS patients and non ACS patients.

The presence of wall motion abnormalities detected by echocardiography (hypokinesia,
akinesia, and dyskinesia) was significantly higher at ACS patients than non ACS patients.

Ejection fraction (EF) was significantly lower among ACS patients. The Ejection
fraction increases when the necrosis parts of the heart are less. So we hypothesize that
ACS patients have more necrosis in heart muscle than non ACS patients.

CONCLUSION

The mean age was higher among other cardiac patients than ACS patients in Yemen.
History of hyperlipidemia and history of CAD were higher among ACS patients than other
cardiac patients. In-hospital complications; A Cerebro-vascular accident (CVA) rate was
higher among ACS patients, while heart failure (HF) and arrhythmias were comparable
between ACS and other cardiac patients. Ejection fraction was lower among ACS patients
than other cardiac patients in Yemen.
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ABBREVIATIONS

ACS; acute coronary syndromes, BP; blood pressure, CAD; coronary artery disease,
CK; creatine kinase, CK-MB; creatine kinase —MB iso-inzyme, DM; diabetes mellitus,
ECG,; electrocardiography, EF; ejection fraction, FBG; fasting blood glucose, HA; high
altitude, Hb; hemoglobin, HDL; high-density lipoprotein, HF; heart failure, HT;
hypertension, IHD; ischemic heart disease, LA; low altitude, LDL; low-density lipoprotein,
MI; myocardial infarction, NonQMI; none Q wave myocardial infarction, QMI; Q wave
myocardial infarction, RBG; random blood glucose, T.G; triglycerides.
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ABSTRACT

Background: Malignant hypertension (MHTN) is characterized by
very high blood pressure (BP), and organ damage. It is a
complication ~ of  uncontrolled  hypertension.  Malignant
hypertension requires immediate treatment and admission to the
hospital to manage and control the high elevation of the blood
pressure. Systemic hypertension is increasing in our society in
recent years due to the changes in the lifestyle of the Yemenis and
chewing Khat in large scale in most governments than before.
Hypertension is a silent disease in which the majority of patients
do not have symptoms. Lack of early detection, proper
management of hypertension, routine medical check up and
awareness of the society, lead to the malignant hypertension and its
end organ damage.

Aim of the study: To study the clinical presentation and
complications of the malignant hypertension in patients admitted to
the cardiac centre at Al thawrah hospital (TMGH), Sanaa in one
year time (May 2009-May 2010)

Method of the study: Descriptive Study including all patients
admitted to the cardiac centre at TMGH, Sanaa with a diagnosis of
MHTN between May 2009-May 2010.

Results: 16 cases were reported, with a mean age of 54.7+ 7.8
years. 65.3% of them were male. A 62.5% (10 patients) discovered
to have HTN on admission, and 37.5 % (6 patients) were presented
with history of hypertension, only 2 of them (12.5%) were on
antihypertension medication but with improper doses and 25% (4
patients) refused to take medications. The measurement of the
systolic BP on admission showed 81.2% (13 cases) had systolic BP
between 180-200 mmHg ,12.5% (2cases) were between 210-220
mmHg and 6.25%(1case) the reading was 240mmHg , 50% (8
patients) had a diastolic BP of 130 mmHg, 25% (4 cases) had
>130mmHg and 18.7% (3 cases) was <130mmHg.

Conclusion: Malignant hypertension in Yemen presented with
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high morbidity. This can be explained by an inadequate drug therapy, poor adherence and follow
up, khat chewing, lack of society awareness and poverty. These findings emphasise the
importance of early detection, patient education, proper treatment and close follow up of
hypertensive patients.

Keywords: Malignant hypertension, Thamar university, Khat chewing.

INTRODUCTION

Hypertension (HTN) is a major risk factor for the development of cardiovascular
diseases. It is associated with a high mortality all over the world. Hypertension still a major
health problem worldwide. Each year, 7.1 million deaths in the world are attributed to HTN
[1. 2 Despite the advances in drug therapy, guidelines in management of hypertension,
evidence-based data which provide better management of HTN that reduce the incidence of
cardiovascular events; the control of hypertension in the United States and throughout the
world has been grossly inadequate [l Severe HTN can lead to life-threatening
complications that are usually considered hypertensive crisis. This is a serious condition
which is associated with end-organ damage or may result in end-organ damage if left
untreated. Prompt and rapid reduction of blood pressure is essential in patients who have
acute end-organ damage 4

The term hypertensive emergency is defined as severe HTN or a sudden increase in
blood pressure with evidence of acute injury to target organs (i.e., cardiovascular, renal, and
central nervous system).It implies the need for hospitalization to immediately lower blood
pressure with parenteral therapy, in order to protect vital organs function ® 1. Delay in
treatment may cause irreversible organ damage and death [}

The primary goal of intervention in a hypertensive crisis is to safely reduce BP.
Immediate reduction in BP is required only in patients with acute end-organ damage (i.e.
hypertensive emergency) which are best treated in an intensive care unit- Hypertensive
emergencies frequently present with chest pain, dyspnea and neurological deficit, end-
organ damage include cerebral infarction, acute pulmonary edema and hypertensive
encephalopathy, as well as cerebral hemorrhage. The most important factor that limits
morbidity and mortality from these disorders is prompt and carefully considered therapy []

It has been estimated that approximately 1% of patients may develop a hypertensive
crisis during their livest® The annual incidence of hypertensive emergencies being about 1-
2 cases per 100000 patients ¥} Significantly higher rates have been recently reported in
ethnic minorities (i.e., African Americans) and in low socio-economic states as well as in
developing countries!®l In the other hand the treatment of HTN has shown marked
improvement and better control that reduces its complications mainly in developed
countries*?,

METHODS

The study was a descriptive study; all patients admitted to the Cardiac centre at TMGH,
Sanaa, with the diagnosis of malignant hypertension were enrolled during the period from
May 2009 to May 2010.

Severe hypertension associated with; papilledema, exudates with or without
haemorrhage. Patients with hypertensive encephalopathy, secondary malignant
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hypertension, hypertension with cardiac disease and hypertension with kidney disease were
included.

The study was built on the different age groups, both genders, patients presented with
severe hypertension, previous history of hypertension with or without past drug history.
Height, weight and BMI were measured, BP was taken on admission and then serially and
fundoscopy was performed to all patients on admission. Drugs on admission and during
hospital stay as well as investigations and the outcome were included.

RESULTS

16 cases were enrolled, with a mean age of 55 + 8 years. 65% of them were males.
62.5% (10 patients) were discovered to have HTN for the first time on admission, and 37.5
% (6 patients) had a previous history of hypertension prior to admission. Among these 6
patients only 12.5% (2 patients) used to have antihypertensive medication but with
improper doses. The other 25% (4 patients) refused to take their prescribed medications.

Forty four percent [44%] (7 patients) presented with pulmonary oedema, 37.5% (6
patients) with myocardial infarction, 18.8% (3 patients) with renal failure, 12.5% (2
patients) with hemiplegia and one patient presented in coma.

75% (12 patients) of our patients were khat chewers, and 50% (8 patients) were active
smoker. BMI measurement was taken for all patients. 25% (4 cases) had a BMI less than
20; 37.5% (6 cases) between 21-25 and 37.5% (6 cases) had a BMI above 25. No one of our
patients was obese.

The measurement of the systolic BP on admission showed 81.2% (13 cases) had systolic
BP between 180-200 mmHg, 12.5% (2 cases) systolic BP was between 210-220 mmHg and
6.25% (1 case) the reading was 240mmHg. The diastolic BP was 130mmHg in 50% (8
patients), more than 130mmHg in 25% (4 cases) and less than 130mmHg in 18.7% (3
patients).

Fundus examination revealed grade IV retinopathy changes in 68.7% (11 patients), and
31.25% (5 patients) had grade Il changes. Left ventricular hypertrophy was found in
56.2% of patients by ECG and in all patients (100%) by Echocardiography.

Intravenous antihypertensive drugs was given for 93.7% (15 patients), 43.75% (7
patients) had nitro-glycerine infusion, 18.7% (3 patients) nitroprusside and 31.25% (5
patients) had taken both. A 93.7% of the patients (15 patients) received angiotensin
converting enzyme inhibitors (ACEI) on admission. B-blocker (BB) was given to 50% (8
patients), and Ca channel blocker (CCB) was given to 2 patients only (12.5%). BB and
CCB were used in addition to ACEI (Table 1).

During the first 24 hours after admission and institution of antihypertensive
medications, 43.7 % had a systolic BP <140mmHg, 31.2% 140 mmHg and 25% between
150-170mmHg Diastolic BP in the first 24 hours was 90 mmHg in 50% of them, 80 mmHg
in 18.7%, 70mmHg in 12.5%, 100 mmHg in 12.5% and 6.25% had a diastolic BP of 120
mmHg.

The hospital course showed that 50% (8 patients) complicated with heart failure, 18.8%
(3 patients) had CVA, 18.8% (3 patients) had pulmonary oedema and only 12.5% (2 cases)
had no complications. One of the CVA patients died in the hospital representing 6.3% in-
hospital mortality.
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Table 1: In-Hospital Medications.

Sodium Nitrprusside 50 % (8 pts)
Nitroglycerine 75% (12 pts)
Lasix 75% (12 pts)
ACEI 93.8% (15 pts)
Calcium Channel Blocker 18.8% (3 pts)
B-Blockers 43.8 % (7 pts)
Spirinolactone 6.3% (1 pts)
DISCUSSION

Systemic HTN is one of the common cardiovascular diseases in Yemen. Modernization
and changing of the lifestyle of the Yemenis in recent years lead to increase prevalence of
the HTN. Diet has been changed to be more unhealthy, fatty and salty food. Overweight,
lack of physical activity and tension are among the other factors, which contributed to the
increase prevalence of HTN. Khat chewing, an herb with sympathomimetic action, had
been reported to increase heart rate and systemic hypertension [l This increase of BP and
heart rate was concomitant with the level of the main gradient of khat leaves, the cathinone,
in the blood M4 Khat chewing not only increases BP but also leads to difficulty in
controlling BP and it is a risk factor for cerebral hemorrhage ™%

There is a poor awareness in the society about the problem of HTN and its
complications. The lack of routine medical checkup and medical services in the rural areas
make HTN (the silent killer) under diagnosed and poorly managed. HTN discovered mainly
in the medical clinics via BP measurement by the BP devices. Many hypertensive patients
live with high BP without symptoms and without management and they present to the
hospital with complications. Furthermore, some patients with diagnosed high BP are not
adherent to the prescribed drugs and the instructions of their physicians for better BP
control. Non-adherence to medication was reported to be the most important factor
associated with hypertensive crisis [161

Table (2) show the characteristics of our patients where the majority of them (62.5%)
were discovered to have HTN for the first time and were not taking any drugs for their
HTN. Among those who knew that they are hypertensive 12.5% (2 patients) refuse to take
the antihypertensive therapy,12.5% (2 cases) stopped the antihypertensive drugs perhaps
they believe that they are well as long as they do not have any symptoms, and 18.75% (3
patients) were taking antihypertensive drugs with an inadequate dose to control their high
BP. Therefore, 81.3% of our patients were not taking any drugs for their severe HTN and
18.8% had inadequate therapy. As a result, 87.5% (14 patients out of 16) had complications
(table 3). Uncontrolled HTN had been reported in patients with hypertensive urgency where
the high BP without end organ damage was associated with an increase risk for subsequent
cardiovascular eventst*’!

Despite the simplicity of diagnosis of malignant HTN, it still a common medical
problem in particular in the developing countries where the hypertensive population is
growing and patients present with clinical symptoms only at a late stage with the
development of irreversible end organ damagel*8l.
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Malignant HTN should be considered by the clinician as a sequel to various forms of
benign HTN if not managed properly. Therefore early detection, proper hypertensive
management, antihypertensive campaign, hypertensive clinics and close medical follow up
may reduce the prevalence of malignant HTN.

Table 2: Baseline Characteristics of the malignant HTN patients.

Mean age 54.7+ 7.8 years
Male 65.3%
Hx of HTN 37.5% (6 patient)
HTN discovered on admission 54.3% (9 patient)
Family Hx 12.5% (2 patients)
Ml 37.5% (6 patients)
Pulmonary oedema 43.8% (7 patients)
CVA 18.8% (3 patients)
BMI;
Overweight >25 50% (8 patients)
Normal weight < 24.9 50% (8 patients)
Khat chewing 75% (12 patients)
Smoking 50% (8 patients)
15t Systolic BP;
180-199 56.25%
200-240 43.75%
15t diastolic BP;
>130 31.25%
100-130 68.75%

Table 3: Complications & in-hospital course.
Impaired Creatinine 31.3 % (5 patients)
Heart Failure 43.8 % (7 patients)
Pulmonary oedema 25.0% (4 patients)
EF < 50% 37.5% (6 patients)
CVA 18.8% (3 patients)
LVH 43.8% (7 pts)
Eye;
Papillae Oedema 75% (12 pts)
Flame shape Hge 18.8% (3 pts)
Exudates 6.3 % (1 pts)

Limitations of the study

The study done only on the patients admitted to ICU of cardiac center in AlThawra
General Hospital and not involved patients those who may admitted to other ICUs in the
hospital or other hospitals.
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CONCLUSION AND RECOMMENDATIONS

Malignant HTN is a serious medical problem, which needs immediate and proper
therapy to avoid its serious complications. Improving society awareness about the disease,
change in patient’s lifestyle including stopping khat chewing, routine checkup, early
detection and proper management of the systemic HTN are the best ways to prevent
malignant HTN and its complications.

We recommend the-health authorities to establish an educational programs about HTN
that encourage regular routine BP chick up for every person above 18 years old.
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ABSTRACT

Carcinoma of the rectum often presents as painless bleeding per
rectum, abdominal discomfort and rarely as intestinal obstruction
or bowel perforation. The studied case was presented with large
perianal fistula and signs of intestinal obstruction.

Keywords: Adenocarcinoma, Rectum, Perineal fistula.

INTRODUCTION

Overall, colorectal cancer is the second most common malignancy in
western countries; the rectum is the most frequent site involved.

Carcinoma of the rectum can occur early in life, but the age of
presentation is usually above 55 years, when the incidence rises rapidly.

Bleeding is the earliest and most common symptom, tenesmus; alteration
in bowel habit is the next most frequent symptom?.

Rectal cancer is more common in men, with women having a higher
incidence of more proximal cancers2.

Colorectal cancer occurs in hereditary, sporadic, or familial forms.
Hereditary forms characterized by family history, young age at onset, and the
presence of other specific tumors and defects. Familial adenomatous
polyposis (FAP) and hereditary non-polyposis colorectal cancer (HNPCC)
have been the subject of many recent investigations that have provided
significant insights into the pathogenesis of colorectal cancer.

Sporadic colorectal cancer occurs in the absence of family history3. The
most common histological type is adenocarcinoma. Other rare variants of
epithelial tumors include squamous cell carcinomas, adenosquamous
carcinoma (adenoacanthoma), undifferentiated carcinomas, small cell, and
neuroendocrine cancers®.




Rare Presentation of Rectal Carcinoma in a Yamani Patient M. Aldhaleg, et al

There are four types of possible tumor differentiation: well, moderately,poorly and
undifferentiated tumours®.

The incidences of colon and rectum cancer in the Arab world are relatively low?.

In Yemen, the frequency of colorectal cancer according to prospective study worked at
oncology unit Al-Gumhoria teaching hospital, Aden, Yemen, was studied over a period of
12 months (January to December 2008) was 50 case, 34% were female and 68% were male,
the main age at presentation was 48 years for female and 56 years for male.

Abdominal pain was (70%), bleeding per rectum was (50%) were the main presenting
complaint the most common site was rectum 34 % and the most common histological type
was adenocarcinoma 82% and the most patient came in third and fourth stage of tumour’.

Metastasis from rectal adenocarcinoma can occur by lymphatic, haematogenous, direct
or peritoneal spread. The most common sites of colorectal metastasis are the liver and
lung?®.

Involvement of the skin and skeletal muscles are quite rare and occur in 4% of all
patients with

diagnosis of rectal cancer®.

CASE

A 70 year old male patient presented to Al-wahda Teaching Hospital of Thamar
University; with bleeding per rectum for last seven months & ulcer in the left buttock for
last one month. initially patient noticed passage of small amount of fresh blood per rectum
during defecation only but in the last month, the bleeding was aggravated and became
continuously dripping in small amount, also the patient complained of pain during
defecation and this made patient to restrict his feeding, hens, worsen the complaint of
constipation but when the patient underwent conservative treatment the condition
improved. In the last one month, the patient noticed the presence of painful swelling in the
left buttock (2x2cm) with red head, which ulcerated with white discharge then the ulcer
gradually increased in size to attain the present size.

On physical examination, the patient was cachexic with severe pallor. The abdomen was
soft. there was an ulcer in the left buttock, irregular in shape, size was 4 x 3.5 cm, the
margin of the ulcer was undermined, the floor of ulcer was covered by necrotic tissue, the
depth of ulcer was approximately 5¢cm. On per rectal examination there was ulcerated mass
palpable about 5 cm from the anal verge.

On investigation, the flexible proctosigmoidscopy revealed an ulcerated polypoid mass
about 5 cm from the anal verge & there was also a polyp at the level of 35 cm from the anal
verge. Then the rectosegmoid polypoid mass biopsied and sent for histopathological
examination.

Histopathology report showed focal villotubular adenomatous growth with moderate to
high-grade dysplasia, negative for invasive malignancy. re-biopsy was advised to rule out
invasive malignancy, therefore, the procedure repeated but the histopathological report
revealed the same result as before; so we decided to collect new samples in operative
theatre using rigid proctoscope by direct tissue cutting forceps then the histopathology
report revealed presence of hyperplastic glandular change in the mucosa with focal
infiltration by few malignant glandular growth seen in the mucosa & submucosa consistent
with adenocarcinoma.
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CT scan showed luminal narrowing with asymmetrical wall thickening of mid and distal
parts of the rectum forming(8x5x4.5 cm) lobulated heterogeneously enhancing mass in the
left side associated with, haziness of the surrounding fat with effacement of the ischiorectal
fossa, infiltration of the subcutaneous fat of the adjacent parts of the left gluteal region,
multiple lymphadenopathies in the mesenteric and ipsilateral inguinal groups, average sized
liver with an about 7.5 x 7.2 cm well defined focal lesion of large necrotic area & rapid
washout of the contrast in the portal & delayed phases.

Findings are suggestive of malignant rectal tumor with local infiltration of the
surrounding fat, nodal involvement & distant (hepatic metastasis)

The blood level of carcinoembryonic antigen was 213 ng / ml (normal level 0-5 ng /ml).

The biopsy taken from ulcer edge, from the external opening of fistula and sent for
histopathological examination and the result was infiltration with the signs of
adenocarcinoma of rectum.

Then, the patient was referred to oncology center to start chemotherapy and the first
session was started but the patient was severely malnourished and failed to tolerate further
sessions and came back again for supportive treatment to improve his general condition.

GHBIF - N 3 A7 »
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Figure: CT scan shows liver metastasis from rectal carcinoma

DISCUSSION

Rectal cancer occasionally invades adjacent organs. However, rectal cancer with
perineal invasion is uncommon. Massive invasion of rectal cancer to the perineal skin is
considered extremely rare, since the sensation of a perianal lump, altered bowel habits,
bleeding or soiling,usually leads to diagnosis prior to the occurrence of massive invasion to
the perineal area. Patients with perineal skin invasion by rectal cancer present with
symptoms of severe pain, continuous bleeding and distressing discharge, which
significantly affect their quality of life®.

The most common presentation is bleeding per rectum and change in bowel habit and
there are only few cases presented with gluteal invasion and recto-perianal fistula.
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CONCLUSION

Perianal fistula is extremely rare presentation of rectal carcinoma, so with the presence
of perianal fistula and bleeding per rectum, colonoscopy should be considered to rule out
colorectal carcinoma and an adequate histopathological sample should be taken from both
the primary lesion and the sides of fistula or ulcer to exclude presence of malignancy and
local infiltration
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ABSTRACT

This study was conducted to determine the incidence of
bacterial pneumonia among Yemeni patients whose diagnosed
clinically as a pulmonary tuberculosis infection attending the
National Tuberculosis Control Center in Sana’a city, Yemen.

All patients were out patients and sent to the laboratory for
laboratory investigation. Patient’s age ranged from 6 to 56 years
and were from both sexes.

Three hundreds and eighty eight sputum samples were
collected from the patients, stained and cultured on the appropriate
media. Sociodemographic and health information were collected
using questionnaire filled by the patients.

Results showed that the rate of infection by Mycobacterium
tuberculosis was 13/388 (3.4%) whereas the infection by bacterial
pneumonia other than tuberculosis was 166/388 (42.8%).

Isolated bacterial etiologies were; Staphylococcus aureus (17.5%),
Streptococcus pneumonia (12.4%), Klebsiella pneumonia (9.8%),
and Pseudomonas aeruginosa (3.1%).

Pneumonia was most predominant among the age group 46-55
years and occurred more commonly among females (44%) than
males (41.4%). There was statistically significant correlation
between family size and pneumonia infection but the correlation
between pneumonia and other predisposing illness like diabetes
mellitus, arthritis, Kidney and liver diseases were not significant.
Keywords: Pneumonia, Yemeni, Bacteria, Infection, Tuberculosis.
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INTRODUCTION

Pneumonia is one of the most common causes of morbidity and mortality worldwide,
particularly in developing countries where it kills more than 1.6 million people each year
(UNICEF, 2006 and WHO, 2011).

Bacterial pneumonia is the most important complication of the lower respiratory tract
and classified as either community acquired or nosocomial infection (EI Sheikh, et al., 1998
and Garner, et al., 1988).

Although, children under five years and elderly patient are the most susceptible groups
affected by the infection, there are some predisposing factors including uncontrolled
diabetes mellitus, arthritis, urinary disease and liver disease (Gilbert, et al., 2010; Joseph
and Mazgred, 2008; and Masria, 2008).

Pneumonia currently accounts for 20% of annual deaths in low-income countries
compared to only 4.3% in high-income countries (Black, et al., 2010).

Yemen is considered one of the largest countries in southern Arabia both in area and in
population (24,407,000). However, according to income, most of the population is below
the poverty line.

Pneumonia has been studies poorly in Yemen. One study in Al-Sabe'en Hospital,
Sana'a-Yemen, among children under 5 years suffering from acute respiratory tract
infection, reported a mortality rate of 221/2554 (8.7%) and mostly among infants under 6
months of age (Banajeh, et al., 1998) and (Abdo, et al., 2006).

According to latest report by WHO, (2010) Yemen was classified in the countries where
almost no observable decline in infectious diseases including respiratory tract infection.

This study was carried out to determine the prevalence of bacterial etiologies
pneumonia among patients whose suffering from pneumonia disease and diagnosed
clinically as a pulmonary tuberculosis infection. The effect of sociodemographic factors on
the disease were investigated.

METHODS

Ethical consideration

This study approved by the university ethics committee. Consents was obtained from
the each participants or their legal guardian before enrollment in the study.

It was carried out during a period of six months, starting in February - September 2011.

Samples collection

A total of 388 early morning sputum samples were collected from patients referring the
National Tuberculosis Control Center in Sana'a city-Yemen.

Demographic information was obtained from the patients through a questionnaire
containing parameters including; presence of other diseases, family size and income.
Patients” age ranged from 6-95 years and were from both sexes.

Sputum samples were collected in sterile, screw cap containers.

The expectorated sputum was obtained by asking the patient to cough deeply into the
container.

Part of specimen was inoculated into Blood Agar with 10% human blood, Chocolate
Agar with 10% human blood, and MacConkeys Agar (Oxiod, UK) and incubated at 37 °C
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aerobically and anaerobically for 24-48 hours for detection of pathogenic bacteria that
cause pneumonia (MacFaddin, 2000).

Isolated bacteria were identified by colony morphology, hemolytic characteristics,
lactose fermentation, Gram stain and biochemical reactions including catalase and
coagulase tests for Gram-positive cocci and oxidase, citrate utilization test, urease, for
Gram-negative bacteria (Cheesbrough, 2006).

The confirmation of identified isolated bacteria was accomplished using automated
technique Vitek 2 compact biomriex, following the procedure described by the
manufacturer (bioMerieux Inc. Hazelwood, MO, USA).

The other part of specimen was processed for diagnosis of Mycobacterium tuberculosis.
Direct smears were prepared from the samples and stained by Ziehel-Nelseen stain for
detection of acid fact bacilli (AFB), all samples that yield positive AFB were cultured on
special egg based solid media (Ogawa) medium according to the National Tuberculosis
Institute (NTI) program and Japan International Cooperative Agency (JICA) in Yemen.

Statistical analysis

The data were coded, tabulated and analyzed using SPSS program version (11.5).
Relative risk (RR) was calculated to detect ratio of incidence among different groups P <
0.05 was used as the cut-off level of significance.

RESULTS

This cross sectional study was included 388 patients, whom 181 were males (46.6%)
and 207 were females (53.4%). Their age ranged from 6 to >56 years with a mean age of
38.7 years and a standard deviation (SD) of + 18.2 years (Table 1).

The rate of incidence by M.tuberculosis was 13/388 (3.4%) whereas infection by other
bacterial pneumonia was 166/388 (42.8%) and the disease affecting all age groups with
highest prevalence rate among age group 46— 56 years (56.6%) with significant in p< 0.05
as describe in (Table 1).

Table 1: Prevalence of pneumonia infection according to the age

Agelyears Total (n = 388) POSItI\(/It::pilgg)monla RR x2 [

NO % NO %

6-15 27 7 12 44.4 1.04 0.03 0.98

16 -25 96 24.7 39 40.6 0.93 0.14 0.7

26 -35 68 175 28 41.2 0.95 0.09 0.87

36-45 61 15.7 25 41 0.95 0.86 0.45

46 — 55 53 13.7 30 56.6 14 4.8 0.02

>56 83 21.4 32 38.6 0.88 0.77 0.37
Crude Total 388 100 166 42.8

2
% =3.84, P <0.05 (Significant), RR >1 (at risk).
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Staphylococcus aureus was the most commonly isolated bacteria (17.5%), followed by
Streptococcus pneumonia (12.4%), Klebsiella pneumonia (9.8%) and Pseudomonas
aeruginosa (3.1%) which present in table (2).

Table 2: Distribution of bacterial species other than Mycobacterium tuberculosis causing pneumonia
among patients.

Staphylococcus Streptococcus Klebsiella Pseudomonas Total
aureus pneumonia pneumonia aeruginosa
No % No % No % No % No %
68 175 48 12.4 38 9.8 12 31 166 42.8

A strong relationship between pneumonia incidence and the rate of individual income
rate compared with size of family, which clear present in table (3)

Table 3: Effect of family size and income rate risk factors on the incidence of pneumonia.

Positive Negative

Character pneumonia pneumonia Total b G OR P
g 13 NO % NO % NO %

'CE‘ 19 40.4 28 59.6 47 121 0.12 | 0.9 |0.727
E 4-7 57 39.6 87 60.4 144 37.1 096 | 0.8 |0.328
& >8 90 457 107 54.3 197 50.8 1.4 1.3 | 0.241
o | Medium 96 38.6 153 61.4 249 64.2 5.1 0.6 |0.024
5

= Low 70 50.4 69 49.6 139 35.8 51 1.6 |0.024

Statistically no significance correlation between the occurrence of bacterial pneumonia
among predisposing illness listed diseases and patients not suffering from those underlying
diseases which shown in table (4).

Table 4: Effect of co factors on the incidence of pneumonia.

Positive Negative Total
Character pneumonia | pneumonia X2 | OR | 95% ClI P
No % No % [No| %

Diabetes mellitus| 9 2.3 12 |31 |21|54/|0000| 15 [0.499-4521| 0.470

Arthritis 4 1.0 5 1319 |23/0.010]0.181|0.017-1.882| 0.152
liver disease 1 0.3 8 21|19 |23]3.776]0.162|0.020-1.309 | 0.050

Renal insufficiency| 4 1.0 6 16 (10| 2.6 | 0.038 | 0.581 | 0.125-2.710| 0.490

Chi-square , OR =Odds ratio ,95%CI =confidence intervals ,P = P Vale = X?
*y? = 3.84, p< 0.05 (Significant), OR >1 (at risk).
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DISCUSSION

Pneumonia is the sixth leading infectious cause of death in young and older age
particularly in developing countries worldwide (Black, et al., 2010). In Yemen, there has
been inadequate information on the prevalence of bacterial causing pneumonia among
Yemeni patient.

Although all patients were suffering from acute respiratory tract infection and diagnosed
clinically as a pulmonary tuberculosis out patients and sent to the National Tuberculosis
Control Center which followed to the Ministry of Health in Sana’a city the Capital city-
Yemen for confirmatory the diagnosis. But the results yielded that only 13/388 (3.4) was
infected by M.tuberculosis .

The rate of prevalence of bacteria causing pneumonia other than tuberculosis was
(42.8%). This prevalence rate was high and nearly similar to that reported from India in
2004 (Shailaja, et al., 2004), Southern Estonia in 2006 (Leesik, et al., 2006) and Iran in
2010 (Hashemi, et al., 2010).

In Yemen the low health services, absence of medical health insurance, and high rate of
population poverty increasing the size of infection.

We found that the higher prevalence of pneumonia were noted in the age group 46-55
years and this result was highly statistically significant with value of p< 0.029.

This result was different from that observed by Alghamdi in the Western region of
Saudi Arabia which they found that most affected age group was 26-45 years (Alghamdi, et
al., 2009) and results reported from Finland and UK in which the peak of bacterial
pneumonia occurred in very old patients over age of 60 years (Hashemi, et al., 2010 and
Leesik, et al., 2006).

Staphylococcus aureus was the most commonly isolated bacteria (17.5%), followed by
Streptococcus pneumonia (12.4%), Klebsiella pneumonia (9.8%), Pseudomonas aeruginosa
(3.1%). This result was nearly similar to a previous study reported in Yemen (Abdo, et al.,
2006).

Regarding to the income rate highest percentage of infection was found in the medium
and low-income rate with a percentage of 50.4% and 38.6% respectively. This result can be
explained the medium income individuals had better chance to the health services than low-
income individuals, which might be reflected in our result.

In addition, this result insured us that the low rate incidence by tuberculosis among the
medium income patients because tuberculosis is considered the disease of the poor.

The high rate of bacterial pneumonia infection in association with Co factors was found
in Diabetes mellitus with percentage 2.3% followed by renal insufficiency with percentage
1% and arthritis with percentage 1%. All these results were not statistically significant with
value p<0.47, p<0.152, respectively except for renal insufficiency p<0.052.

This result was nearly similar to that reported in Finland in 2001, with Diabetes mellitus
8% and liver disease 0.7% (Jokinen, et al., 2001).

Our results were different from the result reported from Finland and Spain in which
arthritis, diabetes mellitus (DM), liver disease or renal insufficiency found to be significant
risk factors of contracting bacterial pneumonia (Lim, et al., 2001; Nagalingam, at al., 2005;
and Arancibia, et al., 2002).

53



Bacterial Etiology of Acquired Community Pneumonia Among Yemeni ... A. A. Al-Mahbashi, et al

CONCLUSION

The prevalence rate of bacterial pneumonia infection among suspected TB patients was
high and is roughly similar in both sexes. The most commonly isolated bacteria were
Staphyllococcus aureus and Streptococcus pneumoniae.

Family size rate is important factor contributed to the occurrence of the disease
significantly.
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ABSTRACT

The concept of C"- recurrent Finsler space has been studied by
M.Matsumoto [6] . H.lzumi ([4],[5]) gave the concept of *P- spaces
which was the generalization of C™-recurrent spaces and P2-like
spaces of M.Matsumoto ([6],[7]). R.Verma [15] discussed C"-

birecurrent spaces where these spaces are generalization of C"-
recurrent spaces of M.Matsumoto [6] .Besides the correlation of

C"- birecurrent spaces which C"- recurrent space , some special
C"- birecurrent spaces has been discussed . The result concerning
h- isotropic C"- recurrent space due to M.Matsumoto [6] has been
extended to C™- birecurrent spaces by P.N. Pandey and R.Verma
[15]. C.K.Mishra and G.Lodhi [9] studied the properties of C"-
recurrent and CY- recurrent for torsion tensor field of the second

order in Finsler spaces .
The purpose of the present paper is to study the properties of

C™- trirecurrent torsion tensor field and the recurrence covariant

vector field of the third order in Finsler spaces .

Keywords: h- Trirecurrent Tensor , C"-Trirecurrent Finsler Space ,
C™-Trirecurrent Affinely Connected Space and P*-
C"- Trirecurrent Space.

INTRODUCTION

Let us consider an n-dimensional Finsler space F, equipped with a metric
function F(x!,y') satisfying the requestic conditions of a Finslerian
metric[10],the corresponding symmetric metric tensor g;; =+ and Cartan's
connections parameters .

The relations between the metric function F and the corresponding metric
tensor g;; are given by

1 ) a ok ok
Corresponding to each contravariant vector y' , there is a covariant y; ,
such that
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(1.2) Yi= gijyj .
The (h) hv —torsion tensor C;j,, defined by M.Matsumoto [6]
(1.3) Cijy = %a.igjk = iaiajdsz ,

it is positively homogenous of degree -1 in y* and symmetric in all its indices .
The (v) hv- torsion tensor ]-ik which is the associate tensor of C;j, and is defined by
(1.4) jlk: = 9" Cipi
For an arbitrary vector field X! , E. Cartan deduced ([1],[2])

(1.5) Xio=0. X' — (0, X)) GL + X" T3,

where the functions T} and G} are defined by
(1.6) a) Iy = Ty -Gy Tsey*
and

b) Gi = Tk y°
The functions T';i. defined by (1.6a) are called Cartan's connection parameters. These are
symmetric in its lower indices are positively homogenous of degree zero in y* .
The equation (1.5) gives a process of covariant differentiation known as h-covariant
differentiation (Cartan's second kind covariant differentiation ) .M.Matsumoto ([6] ,[7])
calls this derivative as " h-covariant derivative" .
The associate tensor g% of the metric tensor g; ; is covariant constant with respect to the

above process , i.e.

(L7) gii =0
The h-covariant derivative of the vector y' vanishes identically , i.e.

The commutation formula for Cartan's covariant differentiation of an arbitrary vector field

Xt expressed as follows:

The h-curvature tensor R, (which is the third of Cartan's curvature tensors) is defined by

(1.10) R}kh: = ahrﬁc + (9, F]*Il() Loy +C,-"m(0k1“221y5 — L Ty )+ Ty Tig' — k/h :
The (hv)- curvature tensor Pj, ( which is the second of Cartan curvature tensor) is

defined by

(1.11) P]Lkh = Climj = 3" Ciknir + Cﬁcprlh - PjThCrlk .

This tensor satisfies tensor

(1.12) le(chy] = Pep = Crnir 7 -

The tensor Py, is called v (hv) — torsion tensor.

1. C" —Trirecurrent Finsler Space
M.Matsumoto [6]defined an —recurrent Finsler space by the condition
(2.1) a) Cijkn = L, Cijk v Cijr # 0
or equivalent to the con_dition [_9]
(21) b) lek” = Alelk y jlk *0 y
where A; is non-zero covariant vector field .
R.Verma [15] defined an C"* —birecurrent Finsler space by the condition
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22) ) Cijrum = amCijk y Cijk #0

or equivalent to the condition [10]

(22) b)) Cagm = amCix » C #0 ,

where a;, = Ay, + 44, 1S a recurrence covariant tensor field of second order.
Taking h- covariant differentiation of (2.1a) with respect to x™ , we get

(A) Cijkiim = AimCiji + L AmCijikc -

Again taking h-covariant differentiation of (A) with respect to x™ , we get

23)  Cijrumm = QGmnCijie Cij #0
where
(B) Qmn = imin + AimAn + Aindm + Lidimin + L4y

Definition 2.1. The space in which the (h) hv- torsion tensor C;j,, satisfies the condition (2.3)
, Where a;,,, i recurrence covariant tensor field of third order defined by the equation (B)
, the space and the tensor satisfying the condition (2.3) will be called C" — trirecurrent and
h-trirecurrent tensor respectively , we shall denote such space and tensor briefly by C*-TR-
E, and h-TR respectively.

If we assume the condition (2.3) which is the characterizing equation of C"-TR-E, ,
where a,,,, is the recurrence covariant tensor field of third order , it does not imply the
condition (2.1a) in general.

Therefore the condition (2.3) is more general than the condition (2.1a) .In this case the
recurrence covariant tensor field a;,,,0f third order need not to be of the form (B) .
Thus , we conclude

Theorem 2.1. Every C"-recurrent Finsler space (for which the recurrence vector field
satisfies (B) is not zero) , is C*-TR-F, .
Corollary 2.1. In C"- TR-E, , the (v) hv-torsion tensor is h-TR .
Proof
Let us consider C"- TR-E, characterized by (2.3) .
Transvecting (2.3) by g% and using (1.7) and (1.4) , we get
(2.4) Cittmin = @mnCiie + Ciie # 0

Now , transvecting (2.4) by y‘and using (1.8) and (1.12) , we get
(2.5) Pitm = @mnY'Cii.
Also , let us consider a C"- TR-E, characterized by (2.3) which is also a P* —Finsler space.
For such space we have the condition (2.5) and the equation
(26)  Ri= ¢Ci
where ¢ is non-zero scalar.
Taking h-covariant differentiation of (2.6) with respectto x™ , we get

(2.7) Pliim = GmCiy + ¢Clhy -

Transvecting (2.7) by y™ and using (2.10) , we get

(2.8) PlhmY™ = Gim Y™ Cii, + OP

In view of (2.6)' , the equation (2.8) can be written as

(2.9) PiemY™ = b " Ciie + ¢ Cj, -

Taking h-covariant differentiation of (2.9) with respect to x™ and using (1.8) , we get
(2.10) Primin Y™ = Bimin Y™ Cite + Pim Y™ Cin + 20b1n Ciip + 0® Cii -
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In view of (2.5) and (2.10) , we get
almnyl yng{ = Gimin ymcgc + dim ymcgdn + 2¢pin Cgc + ¢2 ngm

or

a L,ym_ m_o
Cic;dn = ( ImnY y¢|milrrnn:jz PP ) Cg(
which shows that the space is C* —recurrent provided
( almnylym_¢|m\nym—2¢'¢ln ) =0
Dimy™+p? ’
Thus , we conclude

Theorem 2.2. The C"-TR-E, is C"-recurrent if itisa P* —Finsler space and ¢, # 0, ¢
being defined in (2.6) .

Commutating (2.4) with respect to the indices m and n and using commutation formula
(1.9) , we get
(2-11) Ci}llcRZmnIl - C;llkRi};nnll - CiglRI}clmnll - Ci?cl Hrlrllnll - Ci}ILcIlRiillmn - C}gkIlRi};nn

—CipiRitmn = Cite nuHm = (Qumn = @nm) G -

Note 2.1. An affinely connrcted space is characterized by any one of the following equivalent
conditions

a) Gjlkh = and b) Cijk”‘l. =0.
Thus , we may conclude

Theorem 2.3. If the C"-TR-E, is affinely connected space , the recurrence covariant tensor
field of third order a;,,,, is symmetric in its last two indices .

Contracting the indices g and i in (2.11) and putting C;, for Cgk , We get

(2-12) (almn - alnm) Cy= _ChIlR}}llmn — Gy hIlH;rlm - ChRI}clmnll = Cy hHr}rlmll :
Due to the skew —symmetric of Ry, in its last two indices , we have

(2.13q) CrRitmmiC* = RpommuC"C* =0

and

(2.13b) CritRitmn C* = RpamnCiC* =0

where Ck = g¥(; .
Transvecting (2.12) by C* and using (2.13a) and (2.13b) , we get

(2.14) (@imn — Qnm) CkC*= —Cy i C¥HE — Cn CRHE
which can be written as
(2.15) (@imn = Anm) CkC*= —Ci i C* R Y™ — Cign C* R} y”

Transvecting (2.15) by C, and using (2.13) , we get
(almn - alnm) CkaCr =0.
This implies at least one of the following :
(2.16) Q) Ay — A, = 0 and b) C,CkC,=0 .
The condition (2.16a) , implies that the recurrence covariant tensor field a;,,,,, of third order
is symmetric in its last two indices .
The condition (2.16b) , implies C,- = 0 which in view of Deicke's theorem [4] implies that
the space is Riemannian .
Thus , we conclude
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Theoram 2.4. A C"-TR-E, either its recurrence covariant tensor field of third order is
symmetric in its last two indices or Riemannian space .
Suppose that there exists a non-null covariant vector field A; such that

(2.17) Q) Hympy + Heppuy + Hyppy = 0
and

b) AnHimn + AnHrpp + AnHynp = 0
Transvecting (2.15) by A, , we have
(2-18) blmn/lqckck: _Ck hil AquHj}mnyr - Ck hqukamnllyr )
where bDrmn = Qmn — Unm. -

Taking skew-symmetric part of (2.18) with respect to the indices m, n and g, we get
(blmn)‘q + blqmln + blnqlm) Cka = _Ckhckyr(AqHﬁmn + AnHﬁqm + AmHﬁnq)
_Ck|hIleyr(AqH;lmn + Aanqm + AmH;Inq .
In view of (2.17) , the above equation implies
(2.19) (bimniq + bigmAn + bingAm) C.C*¥=0
This implies at least one of the following :
(2.20) ) bunndq + bigmAn + bingAm =0
and
b) C,Ck=0 .
The condition (2.20b) implies C, = 0 which in view of Deicke's theorem[4] implies that the
space is Riemannian.
That is , if a C"TR-E, admits the identity (2.17) , the space is either admits (2.20a) or
Reimannian space .
Thus , we conclude

Theorem 2.5. If a C"—TR-E, admits the identity (2.17) , the space either admits (2.20a)
or Reimannian space .

Since a R"-recurrent Finsler space [15] , a K "—recurrent Finsler space [11] and a H-
recurrent Finsler space [13] admit the identity (2.17) .
Similarly, we may conclude
Corollary 2.2. AC'TR-E, is either admits (2.20a) or Reimannian space provided if
satisfies one of the following :
1) ltisa R™—recurrent Finsler space ,

(2) ltisa K™recurrent Finsler space ,
(3) ItisaH-recurrent Finsler space .

If the deviation tensor H}: of C"~TR-E, vanishes identically . In view of H}, =
g(ékH,"l — 0, HL) , the equation (2.14) reduces t0 (Amn — Amm) CxC* =0 . This implies
that the space either its recurrence covariant tensor field of third order is symmetric in its

last two or Riemannian space .
In the later case , the equation (2.12) reduces
(2-21) ChIlRI’;mn = CthfclmnIl '
Thus , we conclude
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Theoram 2.6. A C"-TR-E, with vanishing deviation tensor if either its recurrence tensor
field of third order is symmetric in its last two indices or Reimannian space , then the
curvature tensor Ry, satisfies (2.21).

Taking h- covariant differentiation of (2.2a) with respect to x™ , we get

(2.24) Cijrnmin = QmmCijie + AmCijrm  Cije # 0.

If the (h) hv- torsion tensor C;jy is h-TR , the equation (2.24) can be written as
(2.25) Cijkimin = bunnCijk s Cije #0

here

(C) bimn = Qi + Gy

If we assume the condition (2.25) is characterizing equation of C*~TR-E, , where by,,,,is
the recurrence covariant tensor field of third order , it does not imply the condition (2.2a) in
general . Therefore the condition (2.25) is more general than the condition (2.2a) . In this
case the recurrence covariant field b,,,,,, of third order need not to be of the form (C).
Thus, we conclude

Theorem 2.6. If the (h) hv- torsion C;j; is h-TR , then every C"-TR-E, (for which the
reucerrence vector field satisfies the equation (C) is not zero). is C"-TR-F,.
Corollary 2.3. In C"-TR-E, , the (v) hv- torsion tensor Cjik is h-TR provided Cjik is h-
recurrent .
Proof
Let us consider C"—TR-E, characterized by (2.3) .
Transvecting (2.3) by g@ and using (1.7) and (1.4) , we get
(2.26) Chivmm = bumnCie s Cl#0 .

Let us transvecting (2.26) by y* and using (1.8) and (1.12) , we get
(2.27) Pimin = bumn ¥* Cii

Let us consider a C"—TR-F, characterized by (2.3) which is also a P* —Finsler space. For
such space we have the condition (2.27) and the equation (2.6) .
In view of (2.6) , the equation (2.8) can be written as
Pitim @ 9™ = ($im Y™ + &%) Pi,
Note 2.2. P* —Finsler space.is characterized by the condition ([4], [5])
Pep = Cenjy' = dCrp 0+ 0.
Thus , we conclude

Theorem 2.8. If the C"-TR-E, is P* —Finsler space , the h- covariant derivative of the v(hv)
—torsion tensor P is proportional to the tensor P! for which the recurrence ¢y, y™ + ¢* #0

In view of (2.6) , the equation (2.5) can be written as
(228) a) PiZImIn = %almnylpiz
or

b) ¢PiZImIn = almnylpiz :
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Thus, we conclude

Theorem 2.9. If the C"-TR-E, is P" —Finsler space , the v(hv) —torsion tensor PiZ is

l
birecurrent for which the recurrence covariant tensor field of second order almn% is not zero.

or
Theorem.2.10. If the C*~TR-E, is P* —Finsler space , the second h- covariant derivative of
the v(hv) —torsion tensor P} is proportional to the second directional derivative of the tensor
P] inthe directional of y" and y™ .
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ABSTRACT

With the exponential growth of textual information available
from the Internet, there has been an emergent need to find relevant,
in-time and in-depth knowledge about crime topic. The huge size
of such data makes the process of retrieving and analyzing and use
of the valuable information in such texts manually a very difficult
task. In this paper, we attempt to address a challenging task i.e. a
crawling and classification of crime-specific knowledge on the
Web. To do that, a model for online crime text crawling and
classification is introduced. First, a crime-specific web crawler is
designed to collect web pages of crime topic from the news
websites. In this crawler, a binary Naive Bayes classifier is used
for filtering crime web pages from others. Second, a multi-classes
classification model is applied to categorize the crime pages into
their appropriate crime types. In both steps, several feature
selection methods are applied to select the most important features.
Finally, the model has been evaluated on manually labeled corpus
and also on online real world data. The experimental results on
manually labeled corpus indicate that Naive Bayes with mutual
information and odd ratio feature selection methods can accurately
distinguish crime web pages from others with an F1 measure of
0.99. In addition, the experimental results also show that the Naive
Bayes classification models can accurately classify crime
documents to their appropriate crime types with Macro-F1 measure
of 0.87. Our results also on online real word data show that the
focused crawler with two-level classification is very effective for
gathering high-quality collections of crime Web documents and
also for classifying them.

Keywords: Crime Data Mining, Web Mining, Focused Crawling,
Classification
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1. INTRODUCTION

As of today, the indexed web contains more than 50 billion web pages® and continues to
grow at a rapid pace. With the rapid growth of the World Wide Web, the volume of the
crime information that is available on the web is growing exponentially. Since there has
been an explosion of media reports for different kind of crime news, this makes the process
of analyzing and processing them manually a very difficult task. It is also widely known
that general purpose search engines are not tailored at providing topic specific information
(Samarawickrama and Jayaratne 2011). Finding relevant and in time information from
these crime documents are crucial for many applications and can play a central role in
improving crime-fighting capabilities, helping to enhance public safety and reducing future
crime. Therefore, the huge amounts of crime news need to be organized in an effective
way. One way of organizing this overwhelming amount of data is to gather these crime web
pages from the Internet and classify them into their appropriate categories. This organized
and classified data is essential to many information retrieval tasks such as constructing or
expanding web directories (web hierarchies), improving search results, helping question
answering systems and building domain-specific search engines. To gather such domain-
specific web pages, domain- specific web crawler has to be developed to collect web pages
from the Internet by choosing to gather only pages related to this domain. This type of web
crawler does not need to gather every web page from the Internet. In fact, during the
focused crawling process of a search engine, the crawler uses an automatic classification
mechanism to determine whether the Web page being considered is ‘‘on the specific topic”
or not(Ozel 2011; Qi and Davison 2009).

Text classification or Web page classification is the task of classifying natural language
documents or Web pages into a pre-defined set of categories from a predefined classes or
topics. It has become one of the key methods for organizing online information. Many
machine learning methods have been proposed for text classification in the previous years
such as N-gram (Farhoodi et al. 2011; Suzuki et al. 2010), Naive Bayes (Chen et al. 2009;
Fan et al. 2001; Metsis et al. 2006), Nearest Neighbors (Sun and Lim 2001), decision tree
(Lietal. 2011),and support vector machine (Joachims 2001).

Our contribution: In this paper, we describe a new model for online crime text crawling
and classification which seeks, acquires, maintains and classifies pages on crime topic. This
model consists mainly from two main modules: a crime-specific crawling system and a text
classification system. The crime-specific crawler is used to collect as many crime web
pages as possible from the news websites and avoid irrelevant ones. This focused crawler is
guided by a binary supervised classifier (crime filter) which learns to recognize the
relevance of a web page with respect to the crime topic and it is also utilized a set of
domain specific keywords. The text classification system is a multi-class text classification
model which has been applied to categorize the crime Web pages into their appropriate
crime sub-classes. In addition, we also compare between the two-level classification
approach and the flat classification approach in the context of crime Web pages
categorization.

This paper is organized as follows: In Section 2, we give a summary of related works in
focused crawling, Web page classification and Crime data mining. Section 3 describes our

! http:/fwww.worldwidewebsize.com/
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model for crime Web pages classification. Section 4 describes the evaluation methods. The
data sets used in this study, the experimental results and discussion on the results are
presented in Section 5. Finally, Section 6 concludes the study and gives some future work.

2. RELATED WORK

Focused crawling is a promising approach to improving the recall of expert search on
the Web. A variety of methods for focused crawling have been proposed (Batsakis et al.
2009; Can and Baykal 2007; Ehrig and Maedche 2003; Hsu and Wu 2006; Liu et al. 2006;
Samarawickrama and Jayaratne 2011; Wang et al. 2010; Yang 20103, b; Zheng et al. 2008).
The term focused crawler was first coined by Chakrabarti in 1999. Chakrabarti (1998) uses
a canonical topic taxonomy and seed documents to build a model for classification of
retrieved pages into categories. Earliest work on focused crawling dealt with simple key-
word matching or regular expression matching. Related research in focused web crawling
algorithms is presented in (Liu and Lu 2007; Novak 2004). Topic specific crawlers attempt
to focus the crawling process on pages relevant to the topic. They try to keep the overall
number of downloaded web pages for processing as minimum as possible and maximizing
the percentage of relevant pages (Batsakis et al. 2009). Angkawattanawit (2002) deal with
improving recrawling performance by utilizing several databases (seed URLs, topic
keywords and URL relevance predictors) that are built from previous crawl process and
used to improve harvest rate. Several works (Martin and Khelif 2011; Yang 2010b) utilize
search engines as a source of seed URLs and back-references.

Web classification is considered to be an important and challenging task(Ozel 2011). It
has attracted more and more research work in recent years(HUSSAIN and ASGHAR 2012).
In the detailed survey of Qi and Davison (2009) , the Web page classification problem has
been divided into many problems such as subject classification, functional classification,
genre classification, binary/multi-class classification, single/multi-label classification, and
hard/soft classification. Due to domain diversity and complexity, there remain many
problems not solved.

In the recent decade, several studies have been performed on crime data mining. The
results are usually used in developing new software applications for detecting and
analyzing crime data. Oatley et al. (2005) introduce a general overview on applying
intelligent crime analysis methods including neural networks, Bayesian networks, and
genetic algorithms in predicting and matching crime incidents. Adderley (2007) have
applied neural networks for crime data clustering and crime data classification through
using both supervised and unsupervised learning methods. Keyvanpour et al. (2011) applied
a SOM clustering method in the scope of crime analysis and then they use the clustering
results to identify crime matching patterns. The COPLINK project (Atabakhsh et al. 2001;
Chung et al. 2005; Hauck et al. 2002; Hauk and Chen 1999) represents a prominent
framework for text mining, classification and clustering of crime data aiming. Nath (2006)
and Phillips and Lee (2009) used clustering algorithms to detect the crimes patterns and
speed up the process of solving crime. (Ghosh et al. 2016) used a Machine Learning
approach to automate and help crime analysts identify the connected entities and events by
collecting, integrating and analyzing diverse data sources to generate alerts and predictions
for new knowledge and insights that lead to better decision making and optimized actions..
(Sharef and Martin 2015) introduces the evolving fuzzy grammar (EFG) method for crime
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texts categorization. The learning model is built based on a set of selected text fragments
which are then transformed into their underlying structure called fuzzy grammars.

3. ONLINE CRIME TEXT CLASSIFICATION

The objective of our proposed task is to classify crime-specific web pages to help the
user to find relevant, in time and in-depth knowledge about crime topic. In this study, we
use a two stage classification approach to online crime text classification. In this scenario,
web pages are first crawled and classified to crime or irrelevant class. Then, web pages
which are classified as crime, as shown in (Figure 1), are passed to a second level of
classification (multiclass classification system) which then classifies this crime information
to their classes. Before execution of any of the classification level in the crime web
classification, the features should be extracted and expressed at first.

[ Web ]
}

— Crime Web Pages Crawler
Training Data (Crawling and Filtering) Feature Extraction
(Crime, Non-Crime) First-Level Classification

‘ Non Crime Pages ‘ ‘ Crime Pages ‘

v

. Trainin‘gl E_)_;ua " Multi-Classes Classifier |
Crime Sub-classes Data Second-Level Classification
[ Crime Specific Class ]

Figure 1: The Two Level Crime Web Pages Classification System.

3.1 Architecture of the Focused Crawler

As the size of the Web grows, topic-specific Web Crawlers are becoming more
important due to their ability to acquire, and maintain a collection of Web pages relevant to
a certain topic .The success of such topic-specific search tools depends on their ability to
locate topic-specific pages on the Web while using limited resources.

In this section, we describe the architecture of our crime-specific crawler which
represent the first level. (Figure 2) shows the architecture of our crime-topic crawler. The
proposed crawler has the following components: 1) a URL Ranking algorithm which
determines the relevancy of each URL in the starting URLSs to the crime topic. 2) A URL
Queue which contains ordered URLs obtained from search engine’s starting URLs and
from crawled pages. 3) A preprocessor module which is used for parsing the web page to
remove stop words and the entire HTML tags. 4) A Page Downloader which download
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pages from WWW. 5) A binary classifier which makes relevance judgments on pages
crawled and filters crime pages from non crime pages.

The detailed process of our crime-topic crawler as suggested in Figure 3. In Algorithm
1, the first step is to determine the starting URLSs or the starting point of a crawling process.
The crawler is unable to traverse the Internet without starting URLS. Moreover, the crawler
cannot discover more relevant web pages if starting URLs are not good enough to lead to
target web pages. In this step, the crawler sends crime keywords to a search engine 2 in
order to build an initial set of seed URLs. The search engine returns a set of URLs with
their titles and description texts, the crawler will use both titles and description texts to
compute topic similarity scores to order the URLSs in that set. The topic similarity score
(rank) of each URL is easily obtained by computing the similarity between the profile of
the URL title and description text and the profile of the crime class that were calculated
from a manually crawled crime corpus. In this work, we use a vector matching operation,
based on the cosine similarity (in Eg. (1)), to compute URLSs similarity scores and to rank

them.
W
SR xJz,.zlwz

where g is a crime corpus, di is the title and the description text of the ith URL in the
starting URLs, q is the profile of the joined crime documents in the manually crawled
corpus, and W, ; stands for the weight of the term W, in document J.

. d,. q
RL. )= d;, =
score (URL, ) =sim(d, ,q) = d d @

Crime keywords H Search Envine |

Seed URL |

|

4 URL Ousue |— URL Ranking

!

B Web page
Downloader
1 | Link Extraction J
- Crime Web Page l
Crime Web “ Filtering Link Relevancy
Pages Calculation

|

Figure 2: The Architecture of the Crime-Topic Crawler.

2 www.Bing.com
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Starting URLs will then be put into a URL queue and sorted by their scores. Then, the
crime crawler selects the highest score URL from the URL Queue. A page downloader
downloads the page associated with this URL. Then, a preprocessing module is used for
parsing the web page, performing stop word removal, and removing all the HTML tags.
After that, a crime filtering (binary classifier) is used determine whether the downloaded
web page is crime page or not. If the web page is classified as crime web page, the
algorithm extracts all the new URLs from this page. For each new URL, its relevancy
(priority) to crime is deduced by merging its page score and the similarity score of the
crime corpus with the following three values together(the link information); the anchor text
associated with the link, the heading of the section where the link is found and the text of
the paragraph containing the link. The priority of link i in the crawled page p is depend on
two values; the similarity of the page to the crime corpus and the similarity of the link
information to crime corpus:

Priority (link; ) = A score(p) + (1— A)score (link _inf ormation) 2
New extracted URLs will be ordered by their scores and then be put into a URL queue.

3.2 Crime Classification Phase

The objective of phase is to classify crime-specific web pages to their crime topics:
Arson, Drugs, Fraud, Kidnap, Money Laundering, Murder, Sexual Crime, Theft, and
Traffic Violation. To do this, we use a two level classification model to online crime text
classification. As shown in (Figure 2), the major function of the crime web pages filtering
module (first-level classification) is to define whether a web page has crime information or
not. For those web pages, which have been classified as crime web page in the first level,
there is a further classification (second level classification) which will be conducted for the
crime subtype classification. The second level of classification is  a multi-classes
classification which classifies each crime web page to their specific crime topic.

In this study, we used the Naive Bayes (NB) classifier which is used in both level of
crime text categorization due to their simplicity and they are very effective in text
categorization (Feng et al. 2015; Metsis et al. 2006; Tang et al. 2016). The main advantages
of Naive Bayes classifiers is that they are easy to implement, they have a linear
computational complexity, and their accuracy especially in filtering, which is comparable
to that of more elaborate learning algorithms (Metsis et al. 2006; Nath 2006). For more
details about NB classifier, see (Chen et al. 2009; Schneider 2003).
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Algorithm 1. Crime Web Pages Crawling (Crime Keywords)

Starting_urls:=search Engine (crime keywords);

For each (ur! in Srarting_urls)

Url_Info:=Join{url. Title,url Description);
Sim_Secore:= Score (Url_Info, CRIME_CORPUS);
Enqueue (Ur!_Score,url,Url_Info, Url_Queue);

Endfor
while Url_Queue is not empty do
url :=Dequeue_url_with_max_score(Url_Queue):

page:=Crawel_Document(ur/);
page_content:=Preprocess (page);
page_nype:=Binary_Classification(page_content ,CRIME_CORPUS);
if page type is crime do
Save_Page(page);
For each(link in page_links)
link_Info:=Join(link. AnchorText, link_sectionHeadingText, link_surroundingParagraphText );
link_score:=Score(host page score, link_Info, CRIME_CORPUS),
Enqueue (link _score link, , Url Queue);
‘ endfor

| endif

‘ endwhile

Figure 3: The Crime-Topic Crawler. Algorithm

3.3 Feature Selection

Feature selection is a process which selects a subset of features that is considered as
important. Such selection can help in building faster, cost effective and accurate models for
data processing. The process typically involves certain metrics that are used for finding
utilities or importance level of features. However, in this work, in the first level of
classification, the feature selection methods extract the global feature vector to optimize the
work of crime filter. The global feature vector is extracted from all the crime documents. In
the second level of classification, these feature selection methods extract and construct
feature vectors of each crime type. However, we have used the following feature selection
methods in both classification levels to calculate the score of term (1) belonging to

category C; (Chen et al. 2009; Feng et al. 2015; Li et al. 2015) :

i B N x (AD-BC)
d (C’t)_(A+c)(B +C)(A+B)(C +D) ¥
A xN
MI (c,t) =log, [(A+C)><(A+B)J ¥
AD
OddR (¢.t) = - ©
GSS(c,t) = (Aii-?c) ©

where A is the number of times t and ¢ co-occur, B is the number of times t occurs
without ¢, C is the number of times ¢ occurs without t, D is the number of times neither ¢
nor t occurs, and N is the total number of documents
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4. EVALUATION METHODS

In order to evaluate the components of our model, several experiments have been
conducted. Fist, we have evaluated the performance of the classification modules in both
levels i.e. the binary NB classification algorithms and the multi-label classification
modules. We have measured the performance of these classification algorithms on
manually labeled crime data sets. For binary classification task, we use the following
metrics:

Precision = L (@)
(TP + FP)
Recall = L (8)
(TP + FN)
2* Recall *Precision
F= )

h (Recall + Precision)

In the multi-label classification, the Macro-averaged (Macro-F1) (Forman 2003) is used.
The macro-averaged F-measure is the traditional arithmetic mean of the F-measure
computed for each problem.

macro _i S :
R = Z;Fl(l) ©)

In addition, we also evaluate and compare both the two-level classification approach
and the flat classification approach in the context of crime text categorization. In this

context, we use the accuracy measure (Sun and Lim 2001) denoted by Ac, for

category C, :
TP, +TN,
" T TP TN, +FP, +FN,
Secondly, we empirically evaluate the effectiveness of our model through evaluating the
components of the model on online real world data. The crawler performance is typically

measured by the harvest rate i.e. the percentage of downloaded pages that are relevant to
the crime topic.

Ac

(10)

relevant _ pages

Harvest _rate =
- pages _downloaded

(10)

5. EXPERIMENTAL RESULT

5.1 First-Level Classification Experiment

In this experiment, our corpus consists of 2179 crime documents and 2257 non-crime
documents, collected from Malaysian news web pages, is used to train the classifier. A test
set consists of 472 files are used to test the classifier. The feature selection methods, that
have been discussed, have been implemented to reduce the size of each feature set under
each category.

For testing the effectiveness of the binary classification models phase, we have
investigated the performance of the NB classifier according to each feature selection
method (MI, CHI, GSS and OddR) by varying the size of the top rated features. These
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features are selected from feature space at different size 500, 750, 1000, 1500, 1750 and
2000.

However, we first examined the impact of the number of features on the effectiveness of
the NB classifier with the feature selection methods (MI, CHI, GSS and OddR). As shown
in (Figure 4), the NB-MI and NB-GSS achieve important improvement, when the size of
features is 2000, of approximately 1.3% over their results, when the size of features is 500.
The best performances in term of Macro-F1 achieved by NB-MI and NB-GSS are 0.99 for
both when the number of terms is 2000. From these results, we can conclude that Naive
Byes classifiers are highly accurate crime filtering models.
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Figure 4: Macro-F1 Values of the Feature Selection Methods with NB Classifier (Crime
Text Filtering)

5.2  Second-Level Classification Experiment

In the second experiment, our training corpus which consists of 2179 crime documents
is used. The data in the corpus is divided into nine crime categories i.e. Traffic Violation,
Theft, Sex Crime, Money laundering, Murder, Kidnap, Fraud, Drugs, and Arson (Chen et
al., 2004). A test set which consists of 532 files is used to test the classifiers. The feature
selection methods that have been discussed have been implemented to reduce the size of the
feature set under each category. For testing the effectiveness of these classification models,
we investigated the effectiveness of the four NB models namely, NB-MI, NB-CHI, NB-
OddR, and NB-GSS. From (Figure 5), we can see that in NB-MI gets the highest
categorization performances. We can also see that NB-CHI model leads to the worst
performance overall.

In addition, we have investigated the performance of the NB classifier with each feature
selection method (MI, CHI, GSS and OddR) by varying the size of the top rated features.
These features are selected from feature space at different size 500, 750, 1000, 1500, 1750
and 2000. Fig. 4 shows the macro-averaged F-measure for each of the feature selection
metrics as we vary the number of features to select. The results of these experiments
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indicate that overall the best results are achieved with 2000 features, as one might have
expected. As shown in (Figure 5), the performances of the classification models, NB-Ml,
NB-CHI, NB-OddR, and NB-GSS, are generally improved as the size of features used is
increased. The best performance is obtained by NB-MI which is according to Macro-F1 is
0.84 when the number of features is 2000.
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Figure 5: Macro-F1 values of the feature selection methods with NB Classifier (Crime
Text Classification

5.3 Flat Classification VS Two Level Classification

In this experiment, we also evaluate both the two level (hierarchical) classification
approach and the flat classification approach in the context of crime text categorization.
The data set used in this experiment is classified to ten categories: traffic violation, theft,
sex crime, money laundering, murder, kidnap, fraud, drugs, and arson and the others.

In the flat classification experiment, 2000 features have been extracted according to the
type of the crime web pages, and each of them was assigned a weight based on their emerge
frequency. The performance of classifying the crime dataset with a single NB-MI classifier
is evaluated. The detailed results are shown in Table 1.

In the second experiment (two levels), first the same data set is separated into two sets:
crime data set and non-crime data set. Then, we utilize the global feature vector. After that,
the performance of classifying the dataset with first NB-MI classifier is evaluated. After the
results has been produced. The documents which have been classified as crime documents
by the first classifier have been used as the test set for the second level classifier.

The results of web page classification using the two-level classification model are list in
Table 1. Comparing the two-level approach with one-level (flat) classification, the
classification accuracy achieved by the two-level approach is 88% while the classification
accuracy achieved by one-level approach is 83%. A 5% increase is gained. So it is
obviously that the two-level classification is better than the one- level classification.
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Table 1: Result of Crime Text Classification with One-Level and Two-Level Classifier

NB-MI
Hierarchal Classification Flat Classification
Quantity Class Two Levels One Level
Accuracy C‘?’Fe“_ Accuracy C‘?rTe“_
Classification Classification

Arson 41 1.00 41 0.83 34
Drugs 65 0.69 45 0.91 59
Fraud 56 0.88 49 0.82 46
Kidnap 71 0.94 67 0.94 67
Money Laundering| 49 0.80 39 1.00 49
Murder 55 0.69 38 0.93 51
Sexual Crime 56 0.68 38 0.66 37
Theft 57 1.00 57 0.89 51
Traffic Violation 27 0.89 24 0.85 23
Non-crime 192 0.69 132 0.98 188
Average 0.83 0.88

5.4 Crawler Evaluation

In this section, we present the evaluation of our crime specific crawler and classifier. At
the initial stage, the crawler is initialized using a set of seed URLSs for each keyword. These
URLs are selected automatically from the fetched results of Bing search engine. All
crawling and searching processes are limited to Malaysian news web pages. Then, the
URLSs are put into a priority queue according to the cosine similarity of their description
and the crime corpus. After that, the crawler begins to download these web pages according
to their URLSs priority. Hyperlinks are extracted from the downloaded web pages and put
into the priority queue.

The results for each method are represented by a plot showing the number of relevant
pages returned by the method as a function of the total number of downloaded pages. The
results of the crawler using both two levels classification and one-level classification
approaches are shown in (Figure 6). The x-axis shows the total number of pages crawled.
The y-axis shows the number of crawled crime web pages. As shown in (Figure 6), the total
number of relevant crawled web pages of the crawler which uses two-level classification is
higher than the total humber of relevant crawled web pages of the crawler which uses flat
classification. However, the harvest rate of both crawlers are high, all crawlers download
large number of crime web pages. In the crawler with the flat classification model, the
crawled web page is classified directly to irrelevant class or one of the crime classes. This
means the multi-classes classification module is a part of the crawler. While in hierarchal
crawling and classification, two-level classifier, the crawled web pages are first classified
as crime page or irrelevant. Then, it is classified to its appropriate crime class using the
second level classifier.

To analyze the data further, we studied the nature of these downloaded crime web pages
and the percentage of each crime type during different stages of the crawling process. For
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each crime type, we calculated the number of relevant pages that belong to this type along
the crawling process. (Figure 7) shows the size of each crime type from the crawled web
pages. As shown in the (Figure 7), sexual crimes constitute the highest percentage of crimes
followed by theft, murder....etc. Although these experiments are carried at certain time, the
results may indicate the most frequent types of crimes in the community or it may indicate
the types of crimes topics that attract the press more to write about them.

In general, it can be observed that all NB models are highly accurate crime filters. In
addition, their performances are increased when the number of features is increased. The
two-level NB classification approach has better performance than flat NB classification
approach based on classification accuracy. In the crime web pages crawling and classifying
task, the crime-focused crawling approach with two-level classification can crawl relevant
crime web pages more effectively than its counterparts with flat classification throughout
the whole crawling process. However, both approaches have high harvest rates.

3500

3000

2500

2000

1500

1000

RELEVANT PAGES

500

1 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400
CRAWELED PAGES

Figure 6: Harvest Rate of the Crime-Topic Crawler with Two-Level and Flat Classification methods
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Figure 7: Harvest rates of the crawled pages for different crime classes (Percentage of Each Crime
Type from the Crawled Pages)

6. CONCLUSION

This paper describes our work in crawling and classification the crime Web pages. In
particular, we have proposed a new model for online crime text crawling and classification.
The model consists of two levels. In the first level, crime-topic web pages is proposed to
crawl web pages and to filter them to crime and non-crime documents using Naive Bayes
binary classification. In the second level, ,a multi-classes Naive Bayes classification models
are proposed to assign each crime documents to its appropriate crime type. The empirical
study conducted using offline crime dataset has verified that the two-level proposed two
level Naive Bayes classification models are reliable classifiers for crime web pages. The
empirical study also conducted using online Malaysian news web pages has verified that
the proposed crawling and classification models creates high-quality web pages collections
for each crime type.

In the future, we have identified several important directions for future research. We
plan to will expand the multi-class classification methods into multi-label and multi-classes
classification models in which a crime document can be assigned to more than one class.
We also plan to integrate utilizes natural language processing technology and machine
learning algorithms to analyze content, extracting useful information and to provide clear
insight into the content of crime Web pages.
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ABSTRACT

The new tetradentate Schiff base ligand (L), which was used as
stabilizers for homotrinuclear metal complexes were prepared from
condensation of 3-pentanone and ammonium hydrazinedithio-

carbamate have been used into in situ reactions with metal
chlorides in molar ratio of 3: 2 (M : L) in ethanol, leads to the
Schiff base homotrinuclear metal complexes of the general formula
[M3(L)2CI2(H20)2] where L = N-isopentylidine hydrazinedithio-
carbamate and M= Co (II), Ni(ll) and Cu(ll), which have been
characterized by elemental analysis, molar conductivity and
magnetic susceptibility measurements, FT-IR and UV-Vis
spectroscopy as well as MM2 calculation by using CsChem3D
Ultra program package. The spectroscopic evidences and magnetic
data exhibits presence of mixed properties for both the square
planar configuration around the center metal ion and the
tetrahedral configuration around the two terminal metal ions within
the homotrinuclear units.

INTRODUCTION

Coordination chemistry of Schiff bases derived from dithiocarbamate
with various metal ions leading to mono- or poly-nuclear complexes [1,2]. A
successful of this strategy allowing for the control of the nuclearity consists
in the ingenious use of compartmental ligands [3,4] which are organic
molecules able to hold together two or more metal ions.
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Moreover, discrete homo and hetro-polynuclear complexes have contributed to
understanding of the factors governing the sign and magnitude of exchange interaction
between paramagnetic ions, either identical or different [5]. Transition metal complexes of
Schiff bases containing nitrogen and sulfur and other donors have been widely studied due
to M-S, M-N and other bonds in their structure and the effects of the bonding on diversified
applications basically in biological field [6,7]. In the 70s,M. Iskander and L. El. Sayd. used
hydrazinedithiocarboxylic acid, as a precursor for the synthesis of Schiff base which
behaved as monobasic bidentate ligand and giving only mononuclear nickel (1) complex
containing a new Schiff base type N-isopropylidine hydrazinedithiocarbamate [8]. In this
study we synthesized the homotrinuclear metal complexes containing a new tetradentate
Schiff base type N-isopentylidine hydrazinedithiocarbamate by in situ reactions with metal
chlorids, Co (1), Ni(ll) and Cu(ll), in 3 : 2 molar ratio metal ions to ligand (Fig. 1). The
spectroscopoic and magnetic data confirm the presence of mixed properties for both the
square planar configuration around the central metal ion and the tetrahedral configuration
around the two terminal metal ions within homotrinuclear units.

EXPERIMENTAL

Chemicals

Hydrazine hydrate, carbon disulphide, ammonium hydroxide, CoCl,. 6H,0, NiCl..
6H,0 and CuCl,. 2H,0, 3-pentanone and ethanol (96%) were of analytical reagent grade
(BDH, Aldrich or Fluka).
Instruments

The Schiff base homotrinuclear complexes were analyzed for carbon, hydrogen and
nitrogen using 1106 (Carlo Erba) microanalyser. Infrared absorption spectra were recorded
on a Unicam SP-2000 spectrophotometer as Csl discs in the range 4000-200 cm™. The
magnetic susceptibility measurements were made by the Faraday method at room
temperature using a Bruker B.M. 6 instrument. The electronic spectra were recorded on a
Shimadzu UV/Vis spectrophotometer (range 200-1100 nm), model 160 Koyoto (Japan)
using acetonitrile as a solvent. Conductivity measurements were carried out on 10° M
solutions of the complexes in acetonitrile at room temperature on a digital conductivity
meter, model 4070 (Jenway). The optimized geometry, steric energy and MM2 calculated
of the prepared complexes were done using CsChem3D Ultra program package.
Preparation of the ligand

Ammonium hydrazinedithiocarbamate (NH,NHCS,"NH4*) was prepared by the reaction
of hydrazine hydrate with carbon disulphide in presence of ammonium hydroxide by
known method [9].
Preparation of the complexes

0.033 mol of the hydrated metal chloride (CoCl,. 6H20, NiCl,. 6H,0 and CuCl,. 2H,0)
was added to an ethanolic solution of the 0.022 mol of the ammonium
hydrazinedithiocarbamate with 0.05 mol 3-pentanone. The mixture was refluxed for 15
min. and then cooled to room temperature. The product was then washed with ethanol and
dried over P,Os in a desiccator vacuum for 24 hr.

84



TUJNAS, 2016 A(6)83-92

RESULTS AND DISCUSSION

Syntheses and physical Properties

The physical properties of the homotrinuclear metal complexes are tabulated in Table 1,
the FT-IR data are listed in Table 2 and the UV-Vis and molar conductivities of the
complexes are listed in Table. 3. The elemental composition of the prepared complexes
[M3(L)2Cl2(H20)2] is shown in Fig. 1, which is corresponds to 3 : 2 (metal : ligand). These
complexes are insoluble in most organic solvent but are soluble in DMSO and DMF. They
are quite stable in air and decompose above 250 °C as shown in Table. 1.

Figure 1: The Schiff base ligand and the suggested structures of complexes, where M=Co(ll), Ni(ll)
and Cu(ll).

Molar conductivity measurements
The conductivity of the three complexes are showed values ranging between 14.4-19.5
ohm*cm?mol™? and are listed in Table 3, indicating non-electrolyte in DMSO [10].

Table 1. Physical properties of the Schiff base complexes.

% Analysis,
(éc;m. Complex Color ?gICF)’ found (calcd (Elilelzf/l)
4 C% H% N% '
20.88 3.08 7.96
1 [Cos(L)2Cl2(H20)2] | Gray | 250 (21.54) (3.29) (8.37) 2.92
. 21.32 3.17 8.19
2 [Ni3(L)2Cl2(H20) 2] | Brown | 300 (21.56) (3.29) (8.37) 3.85
3 | [Cus(L):Cl2(H20)2] | Brown | 260 | 20.78 3.17 7.98 1.02
(21.10) | (3200 | (8.20)

IR spectra and mode of bonding

IR spectra and the mode of bonding values are shown in Table. 2.The significant
increase and decrease in the absorption IR bands v(C=N) and v(C-S) and the appearing of a
new bands v(M-N) and v(M-S) the most important band which appeared at 1663-1652 cm'?

85



Synthesis and Structural Characterization of Homotrinuclear Metal Complexes... R. A. Mukred, et al.

due to the v(C=N) stretching in the homotrinuclear metal complexes, the shifted to the
lower frequency which proves very clearly that the Schiff base had been formed during
their in situ reactions with the metal chloride [10-14]. Another important band which at
1040-1025 cm* due to v(C-S) stretching in the all complexes [14], the shifted to the higher
frequency, which indicated that the ligand has a coordinate with two or more metal ions
[15]. Addition support to this the appearance of new bands in the region 450-430 and 380-
363 cm! due to v(M-N) and v(M-S) ,respectively, are further evidence of coordination
[16,17]. These spectra also show bands in the region 280-247 and 510-483 cm* which
may be due to v(M-Cl) and v(M-OHy) stretching frequencies[18,19].

Table 2: Selected IR bands (cm) of the complexes

Com.

Seq. V(C-S) | v(C=S) | v(C-N) | v(C=N) | v(H20) | V(M-N) | v(M-S) | v(M-CI)

1 1040 m 973s | 1482s | 1652m | 483s 448 s 363 m 270 m

2 1025w | 978 m | 1467s | 1663 m | 510w | 450 m 380s 280 m

3 1032m | 980s | 1464 m | 1658 m | 496 m | 430s 367s 247 m

For IR spectra, S = strong; m = medium; w = weak

UV-VIS spectra and magnetic susceptibility
Measurement

The magnetic properties with pes value of cobalt (11) complex 1 is 2.92 B.M. (Table. 1),
which is in good agreement with the structure complex of both the square planer
configuration around the central cobalt ion (Low spin) and the tetrahedral configuration
around the two terminal cobalt ions (High spin) [20-25]. The slittly lower value is due to
antiferromagnetic exchange interaction occurred when the ligand is coordinated with three
cobalt ions. The electronic spectral band of the complex appearing at 11534 cm* (Table. 3),
which attributed to the transition dxy—dyz in the square planer configuration [26,27] could
be attributed to the tetrahedral configuration, which is the transition *Ax(F)—*T1(F) (v).
The strong bands appeared at 13106-18021 cm™ which attributed to the transition
4A2(F)—*T1(P) (v3) in the distorted tetrahedral configuration and could be also attributed to
the square planer configuration, which is the transition 2A;g—2E;g'".

The nickel (1) complex 2 gave esr of 3.85 B.M. (Table. 1), the proportion higher value
due to some orbital contributions for both the two terminal nickel ions (High spin) in the
tetrahedral configuration, whereas the central nickel ion (Low spin) appeared to be
diamagnetic [20,21,23]. This argument was supported by electronic spectral of obtained for
this complex in the Table. 3. The electronic spectral bands at 13003-16320 cm attributed
to the transition 3T1(F)—3%Ax(F) (v3), which is again assigned to a distorted tetrahedral
configuration and could be also attributed to the square planer configuration, which is the
transition *A;g — *Azg [28]. A single band at 21490 cm™* due to transition A;g—Big in
the square planer configuration [29,30].

The copper (I1) complex 3 showed magnetic properties with pesr value of 1.02 B.M.
(Table. 1) [31], the lower value may be attributed to antiferromagnetic exchange interaction
occurred on the adjacent copper ions within homotrinuclear units. The electronic spectra of
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complex ( Table. 3) showed one band at 16025 cm™ attributed to the transition 2B;g—?Eg’
in the square planer configuration [31,32], since the tetrahedral structure does not, usually,
give electronic band in the range 10000- 20000 cm™.

Table 3: Electronic spectra and molar conductivity of the complexes (in DMSO).

Am
com. Spectra (cm™) ohm?
Seq. 2mol-1

cm?mol
1 11534, 13106, 14934, 18021, 21834, 27100, 28490, 29239, 32274, 35222 15.6
2 13003, 14341, 16320, 21490, 25706, 27027, 29498, 32467,33222 195
3 11086, 16025, 28985, 32467, 34222 14.4

Molecular modeling studies

In order to get finer structural details of these complexes, we have optimized and MM2
calculated the molecular structure of complexes. Therefore we could obtain the optimized
geometry for each complex by competing the minimum steric energy and the theoretical
physical parameters, such as bond lengths and bond angles using CsChem3D Ultra program
package. The optimized structures of complexes 1 and 2 (Fig. 3 and 4) were some selected
calculated parameters in coordination sphere (Table. 4 and 5). In complexes, coordination
by chelation involving the various modes of sulfur, nitrogen, oxygen and chloride are
possible. These results reveal presence of mixed properties for both the square planar
geometry around the central metal ion and the tetrahedral geometry around the two terminal
metal ions. All three studied complexes reveals minimum steric energies values (7.75
kcal/mol for Schiff base ligand, 59.78 kcal/mol for complex 1, 52.28 kcal/mol for complex
2 and 86.236 kcal/mol for complex 3) associated with mixed properties geometries. MM2
calculated is in good agreement with the experimental results and confirms the expected of
mixed properties geometry.
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Figure 2: Optimized structure of cobalt (1) complex 1
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Table 4. Some selected calculated parameter of the cobalt (1) complex. 1.

Bond lengths A (Central ion)

Bond lengths A (Terminal ions)

S(M)-Co(1) [ 248 | Co(10)-0(17) 0.60 N(5)-Co(13) 1.84
Co(1)-S(6) | 2.18 | Co(10)-CI(16) 2.15 Co(13)-0(15) 0.60
N(4)-Co(1) | 1.84 N(3)-Co(10) 1.84 Co(13)-CI(14) 2.15
Co()-N@2) | 216 S(7)-Co(1) 218 S(12)-Co(13) 1.88
Bond angles® (Central ion) Bond angles® (Terminal ions)
S(7)-Co(1)-5(6) | 169.2 | N(3)-Co(10)-O(17) | 168.52 | N(5)-Co(13)-O(15) | 168.12
S(7)-Co(1)-N(4) | 90.00 | N(3)-Co(10)-CI(16) | 24.55 | N(5)-Co(13)-CI(14) | 21.76
S(7)-Co(1)-N(2) | 90.00 | N(3)-Co(10)-S(11) | 65.45 | N(5)-Co(13)-S(12) | 68.24
5(6)-Co(1)}N(4) | 9000 | Ol 82510)- 39 | O 8%13)' 146.36
S(6)-Co(1)-N(2) | 79.17 0(175)‘310)(10)- 126.1 | O(15)-Co(13)-5(12) | 123.64
N(4)-Co(1)-N(2) | 90.00 CI(16$)(-1Clc;(10)- 90.00 CI(14$)(—1C:2c;(13)- 90.00

43)

L&

Figure 3: Optimized structure of nickel (1) complex 2
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Table 5: Some selected calculated parameter of the nickel (11) complex. 2.

Bond lengths A (Central ion) Bond lengths A (Terminal ions)
N(8)-Ni(2) 2.13 N(7)-Ni(6) 1.83 0(19)-Ni(11) 1.79
N(13)-Ni(2) 1.83 Ni(6)-CI(15) 2.14 S(10)-Ni(11) 1.91
S(3)-Ni(2) 2.17 S(5)-Ni(6) 1.69 Ni(11)-N(12) 1.83
S(1)-Ni(2) 2.17 0O(14)-Ni(6) 1.79 Ni(11)-CI(20) 2.14
Bond angles® (Central ion) Bond angles® (Terminal ions)

N(8)-Ni(2)-N(13) | 96.49 | O(14)-Ni(6)-S(5) | 129.24 | O(19)-Ni(11)-S(10) | 1314
N(8)-Ni(2)-S(3) | 76.92 | O(14)-Ni(6)-N(7) | 129.24 | O(19)-Ni(11)-N(12) | 131.4
N(8)-Ni(2)-S(1) | 1095 | O(14)-Ni(6)-CI(15) | 93.07 | O(19)-Ni(11)-CI(20) | 91.83
N(13)-Ni(2)-S(3) | 1605 | S(5)-Ni(6)-N(7) | 72.62 | S(10)-Ni(11)-N(12) | 67.93
N(13)-Ni(2)-S(I) | 90.00 | S(5)-Ni(6)-CI(15) | 117.7 | S(10)-Ni(11)-CI(20) | 118.6
S(3)-Ni(2)-S(1) | 109.5 | N(7)-Ni(6)-CI(15) | 117.7 | N(12)-Ni(11)-CI(20) | 118.6

CONCLUSION

New N-isopentylidine hydrazinedithiocarbamate Schiff base ligand with their of the
type [Ms(L).Clx(H20),] were synthesized. The mixed properties structures of the
homotrinuclear metal complexes were characterized by FT-IR and UV-Vis spectroscopy
and magnetic susceptibility measurement in addition to MM2 calculation by using
CsChem3D Ultra program package. The spectroscopic and magnetic data confirms
presence of mixed properties for both the square planar configuration and the tetrahedral
configuration. The tetradentate Schiff base is used as stabilizer ligand for homotriuclear
metal complexes and according to the measurements and MM2 calculations, the Co (1),
Ni(ll) and Cu(ll) complexes have mixed properties for both the square planer geometry
around the central metal ion and the tetrahedral geometry around the two terminal metal
ions. The MM2 calculations were performed to obtain the theoretical information on the
geometry which is identical with the experimental results.
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ABSTRACT

Polymer Nano composites and lithium polymer electrolytes are
always scientifically speaking. It is formed by dissolving
Multiwalled carbon nanotubes(MWNT) and lithium salt in
poly(ethylene glycol), poly(vinyl alcohol) blends with the aim of
developing new types of polymer composite characterized by
enhanced thermal stability, as well as by improved electrical
properties. The interaction of the MWNT and LiNO3 with the
polymer blend were confirmed by a Fourier transform infrared
(FTIR) spectroscopy study. The thermal properties of the polymer
blend with the MWNT were carried out by means of differential
scanning calorimetry (DSC). It is evident from DSC that the
polymer/MWNT had a decreased of Tm and heat crystalline
fusion(AHc) with of increased MWNT. Scanning electron
microscopy is used to study the dispersion of the MWNT and
LiNO3 in the polymer blend. Electrical conductivity was observed
for PVA/PEG/MWNT containing 0.40 wt % MWNT was 7.98
X10-7S/cm where the PVA/PEG was 8.31 X10-8S/cm also
electrical conductivity of PVA/PEG/LINO3 containing 40wt %
was 1.02 X10-7S/cm. Relative changes in the conductivity of
blends with different concentrations and temperatures are
analyzed.

INTRODUCTION

In recent years solid polymer electrolytes have become a subject of great
interest due to their potential applications in rechargeable batteries, fuel cells,
sensors, electrochromic display devices, smart windows and other
applications®2,
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The development of solid polymer electrolytes with high ionic conductivity at ambient
and sub-ambient temperature has been made extensively due to its potential applications in
electrochemical devices, such as high energy-density batteries, electrochromic devices and
chemical sensors®Y. The PVA based lithium salts complexed electrolytes for the
application in electric double layer capacitors was studied. Magnesium acetate
Mg(CH3COO). and magnesium nitrate Mg(NOs).are mixed in equal wt% and are used as
the salt for this system®. Most of the solid polymer electrolytes are reported based on alkali
metal salts®: alkaline earth and other divalent and trivalent metal salts ©. Polyethylene
glycol (PEG) based composite gel electrolytes using polyvinyl alcohol (PVA) as guest
polymer have been synthesized with 1M solution of ammonium thiocyanate (NH4SCN) in
dimethylsulfoxide(DMSO)™. In addition to the discovery of carbon nanotubes (CNT) in
1991® which was the realization of their unique physical properties including mechanical,
thermal, and electrical, many investigators have endeavored to fabricate advanced CNT
composite materials that exhibit one or more of these properties®10:19),

CNT owing to their outstanding electrical conductivity, small diameter, light weight,
high aspect ratio, high thermal and air stabilities, are superior fillers for electrically
conductive polymer composites. One of the main reasons for the incorporation of
conductive nanoparticles into a polymer matrix is the production of conductive materials
ambiguous new applications, such as electromagnetic interference (EMI) shielding,
electrostatic dissipation and gas sensors213),

Electrical conductivity can be explained by the established percolation theory™* with an
onset of the conductivity when a critical filler concentration commonly named percolation
threshold is reached to form conductive pathways. The percolation threshold of nanotubes
filled composites primarily is dependent on the processing methods, eventually on the
dispersion of the SWNT or MWNT in a matrix. Direct blend of carbon nanotubes and a
thermoplastic polymer by melt processing results in a high threshold since the dispersion of
the very thin tubes is not facile®,

Miscible polymer blends are attractive host materials to which CNT can be inserted
because this type of mixture has a degree of mixing down to the molecular level. Many
literature reports deal with the addition of CNT as fillers into polymer matrices; however,
just a few researchers have investigated the effect of adding CNT to a polymer matrix
specifically formed by a miscible polymer blend. Because of CNT are typically insoluble in
organic solvents and severely bundled, their homogeneous dispersion in a desired polymer
matrix is difficult to achieve. The dissolution of CNT in common organic solvents has been
described®®-18), We investigate the effects of different ratios of MWNT and LiNO; on the
morphology, thermal and electrical properties of PVA/PEG blends. The interaction of the
MWNT and LiNOj3 with the polymer blend were confirmed by a Fourier transform infrared
(FTIR) spectroscopy study.

EXPERIMENTAL

Materials

Polyvinyl alcohol (PVA) of molecular weight 67000 was supplied by Fluka,
Polyethylene glycol (PEG) with an average molecular weight of 3500-4500 and melting
point (mp=58-64-C) was obtained from Scharlu, dimethylsulfoxide (DMSO) was supplied
by Aldrich with purity 99.9%. Multi-walled carbon nanotubes (MWNT) with diameter 10
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nm, length 0.1-10 micron and purity 90%, was supplied by Nanocyl S. A, Lithium Nitrate
(LiNOs3) was supplied by Merck.
Preparations

The blends were prepared by solution casting using DMSO as solvent. In the first part
of the work PVA/PEG were blended in several weight percent ratios and dissolved in
DMSO. The solutions are stirred overnight and then poured into glass dishes and allowed to
evaporate at 120 °C under vacuum.. The selected weight ratio PVA:PEG (50:50) was
selected for the second part of the experiments. Here, different weights of MWNT (0.1, 0.2,
0.3, 0.4wt %) and (10, 20, 30, 40 wt %) from LiNO3z were mixed into the chosen ratio of
PVA/PEG.
Instruments

Differential scanning calorimetry (model-DSC-910) was used to measure the thermal
properties for prepared samples. The sample was heated at a scanning rate of 10°C/min
from 20 to 500 °C under a nitrogen gas.

FTIR spectra (SHIMADZU, FT-IR Spectrometer, Scimitar) was used to measure the
polymer blends and its composites carried out with KBr pellets

SEM (JSM-6380 LA) used to examine the surface morphology and microstructure or to
investigate the inner microstructure from fracture cross-sections.

RESULTS AND DISCUSSIONS

The DSC thermal analysis results for PVA/PEG(1:1) and PVA/PEG(1:1) + 0.1wt%
MWNT are shown in Figures 1 and 2 respectively show typical DSC curves of PVA/PEG
and PVA/PEG/MWNT Nano composite at the range from 20-500°C. The results and the
area of heat crystalline fusion (AHc), Tm, and thermal degradation of PVA/PEG blend, and
PVA/PEG/MWNT, were shown in Table 1.

Peak 59.23C
Heat -556.31mJ
-55.63Jig

Peak 393.23C
Heat 2.524
635.61J/g

“0.00 o000 20000 ~ 300.00 400.00  500.00
Temp [C]

Figure 1: DSC curve of PVA/PEG blend (1:1).
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| 10.00 Onset 50.51C
| I Endset 53.61C
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52.39C
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193.38C
Heat 0.37mJ
0.05J/g

Peak 321.91C
Heat 151.28mJ
118.81J/g

Too0 10000 0 200.00 300.00 " 400.00 " 500.00
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Figure 2: DSC curve of PVA/PEG blend (1:1)+ 0.1wt%MWNT.

The DSC of PEG shows an endothermic peak at 62.21°C with a Heat of fusion of
186.57 J/g. with increased the ratios of PVA in the blends from (186.57J/g) for a net PEG
to (55.63J/g), (24.63J/g) and (3.91J/g) for the ratios (1:1), (2:1) and (3:1) of PVA in the
blend. This behaviors clearly observed with the decreased in the area of melting crystalline
peaks.

The T was about (59.56°C) and (57.86°C) respectively for the higher ratio of PEG with
(1:2) and (1:3). The heat of crystalline fusion of blend (AHc) increased as the PEG content
increased from (55.63 J/g) in equal ratio to (135.45J/g) for (1:3) PVA/PEG in blend. Higher
arise in the heat of fusion indicates a higher crystallinity of the PEG in blend composites.

The effect of the MWNT composition on the thermal degradation Tq values of the
PEG/PVA/MWNT; there was an apparent decrease in the Tq of the PEG/PVA film from
339.23°C to approximately 321.19°C in content of MWNT(1:1) and decrease with
increasing MWNT content (0.1-0.2 wt %). Also T increasing when increased of MWNT
contents (0.1-0.2 wt %) from 50.51 to 57.68°C. This decrease in the crystallinity was due to
the nanotubes impeded the crystallization formation®®),

Figure 3 Shown the FTIR spectra of the PVA/PEG/MWNT composites were analyzed
to confirm the interaction between the polymer blends and the MWNT. The PVA/PEG
blend (1:1) spectrum shows absorbance peak of (OH) at 3440 and shifted to 3384cm™ for
PVA /PEG/MWNT® these change were more broadened in (b, and c) and disappearance
in (d, and e) with increases of MWNT content. The (PVA/PEG) band, originally appearing
at 1600 cm, shifted slightly to 1640 cm™ for the PVA/PEG/MWNT composite which
demonstrates a small shift of the (PVA/PEG) and OH peaks following the MWNT
embedding compared PVA/PEG blend.
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Table 1: The results of DSC curves for all samples (Tm, AHc, AHm, Td).

Compound AHc[J/g]| Tm [°C]|AHm [J/g] Therm_a;lddfgcr:eadatlon

PVA -439.61 | 224.35 - -

PEG -186.57 | 62.21 - -
PVA/PEG (1:1) -55.63 59.23 635.61 393.23
PVA/PEG (2:1) -24.63 54.53 - -
PVA/PEG (3:1) -3.91 55.51 -

PVA/PEG (1:2) -129.61 | 59.56 - -
PVA/PEG (1:3) -135.45 | 57.86 - -
PVA/PEG (1:1)+ (0.1wt.%)MWNT - 50.51 118.91 321.19
PVA/PEG (1:1)+ (0.2wt.%)MWNT | -76.76 57.68 85.26 310.24
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Figure 3: FTIR spectrum for (a)[(PVA/PEG)blend(1:1)], [(b, c, d, e ) for blend(1:1)+ (0.1, 0.2, 0.3
and 0.4wt.%) of MWNT respectively.
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The FTIR spectra of the PVA/PEG/LINO; blends were analyzed to confirm the
interaction between the polymer blends and the LiNOs;. The PVA/PEG/LINO; spectrum
shows absorbance peaks at 2741 cm™ of (-CH), 3440 cm? of (-OH), to blend of
(PVAJPEG), characteristic of the polymer composite. The inset in Figure 4 demonstrates a
change (-OH) band from3450 to more broadened in (b, ¢) and disappearance in (d,e) with
increases of LiNO3 concentrations. The peak for (C-O-) can be observed this change at
~(1248)cmwhich shift to ~(1253,1257)cmand from ~(1344)cm™ to ~(1347-1352)cmt in

97



Development of Thermal and Electrical Properties of ... A. M. Al-Hussam, et al

(b) to (c)respectively, this change due to coordination of lithium ions to the oxygen atom
which has been reported elsewhere @122, The absorption peak can be de-convoluted into
two components centered at about ~(685 and 750) cm™?, respectively. The band at ~(685)
cm? is attributable to the free NO3™ and the (750,776) cm™ mode is assigned to the ion-pair
formation or the contact of NO3s™ with lithium ion. The ratio of peak areas in (685) and
(750,776) cm* can be used as an index of the degree of ionization of the lithium salt in the
polymer blend electrolytes®®,

=

|
! C .

st A Y

’;w'““‘-vth-*"" T TN quf‘
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Figure 4: FTIR spectrum for (a)[(PVA/PEG)blend(1:1)], [(b,c)]for blend(1:1)+ (10,and 40wt.%) of
LiNOs salt respectively.

The morphology of PVA/PEG films and MWNT dispersion in PVA/PEG composite
films were observed by scanning electron microscopy (SEM) to determine miscibility of
polymer blends. The uniformity of the dispersion of the solution cast films of PVA and
PEG ratio (1:1), PVA/PEG with LiNOs and PVA/PEG with MWNT blend compositions
were examined through SEM and the corresponding micrographs are as shown in
Figure5(a, b and c). Figureb, b shows that in the PVA/PEG blend (1:1) with (0.4wt.%) of
MWNT was observed network structure and relatively good dispersion of MWNT in
PVA/PEG(1:1) blend. The similar result by electron microscopy was shown improve
uniformity of the PEG/nano composite®). Whereas Figure 5, ¢ shows the PVA/PEG
blend(1:1) with (10wt.%) of LiNO; salt, which shows that the size of spherules have been
reduced and dispersed completely and showed single phase while adding LiNOs content to
the blend as observed in previous literature®,
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@) (b) ©

Figure(5):a; SEM for (PVA/PEG)blend (1:1), b; SEM for (PVA/PEG)blend(1:1)+0.4 wt.%
MWNT, c; SEM for (PVA/PEG)blend (1:1) +10 wt.% LiNOs.

The measurements of the ionic conductivity of the PVA/PEG blend (1:1) and
PVA/PEG/MWNT composites were carried out at different concentrations in the
temperature range (303 — 343) K.

The conductivity activation energy of the polymer composite at 303K were calculated
by using flowing equation

o
o =0, exp
kT

Whereas Ea is the conductivity activation energy, K is Boltzmann’s constant, and o, is
the pre-exponential factor and includes the charge carrier mobility and density of state

Conductivity activation energy for PVA/PEG/LINO; has been calculated in the same
way connectivity for calculating for PVA/PEG/MWNT in accordance of above equation.
The semi logarithmic plots of Ln o vs. T illustrated in figure 6. Activation energy Ea
values of 325.23 and 296.3 m.ev for PVA/PEG and PVA/PEG/LINOs, respectively. The
corresponding values of activation energies are shown in Table 2. For all compositions of
PVA/PEG blend with LiNOj salt, the conductivity increases with increase of temperature.
It was for PVA/PEG without Lithium salts about 8.3 x10® S/cm at 303K and about 9.68
x10® S/cm at 343K. The increase of temperature causes the increase in conductivity due to
the increase of free volume and their respective ionic and segmental mobilities. This
increase in free volume would facilitate the motion of ionic charges®®. However, the
conductivity is found to increase with increase of salt content which was added to blend and
showed conductivities range from 8.66 x108S/cm t01.02 x107 S/cm at 303K for different
salt ratios. It was also found that the activation energy values increased with increasing
concentration of LiNO3.This may be due to the fact that the addition of salt forms charge
transfer complexes in the host lattice®”. These charge transfer complexes increase the
electrical conductivity by providing additional charges in the lattice, resulting in a decrease
of activation energy.
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Figure 6: Arrhenius plots of PVA/PEG/LiINOs composites with (a) 10 wt %., (b) 20wt %, (c) 30 wt
%, (d) 40 wt % of LiNOs.

Table 5: Activation energy for PVA/PEG/LiNOs electrolyte.

Compound o (S/cm) Ea (m.eV)
(PVA/PEG ) blend (1:1). 8.31 x10® 325.23
blend (1:1) +10wt.% LiNOs salt. 8.66 x108 296.3
blend (1:1) +20wt.% LiNOssalt. 8.82 x108 432.1
blend (1:1) +30wt.% LiNOs salt. 9.58 x108 408
blend (1:1) +40wt.% LiNOssalt. 1.02 X107 348.5

Conductivity of a neat PVA/PEG has increased by two orders from 1. 8.3 x10® s/cm at
303K to 9.66 x10°® S/cm when (0.1wt%) MWNT was added, where a value of activation
energy Ea decreased from 325.46 to 167.1 respectively . Generally, activation energy Ea
values, still low with further increase of MWNT content in composite, as shown in Table 3.
A sharp increase of conductivity was observed at 0.3wt%. The main factor influencing in
conductivity for composite was the concentration of the filler particles. At low filler content
the conducting particles are separated and the electric current is low®®. While at filler
content increase the percolation threshold appears. So, the conductivity rises over several
orders. Conductivity for composite increases with an increase of MWNT content Up to
(0.4wt%) MWNT in blend, the conductivity increases to [7.98x107 S/cm] at the same
temperature which increased by (two orders) of magnitude as compared with pure PVA
which is about 10-°S/cm, and one orders of magnitude compared with neat PVA/PEG. This
result also shows improvement in conductivity when added MWNT to blend comparison
with PVA/MWNT composite which observed by Literature®® .
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Figure 7: Arrhenius plots of PVA/PEG/MWNT composites with (a) 0.1 wt%, (b) 0.2 wt %, (c) 0.3
wt % and (d) 0.4 wt % of MWNT.

Table 3: Activation energy for PVA/PEG/MWNT composites.

Compound 6 (S/cm) | Ea(m.eV)
(PVA/PEG )blend (1:1) 8.31 x10® | 325.23
blend(1:1)+(0.1wt.%) MWNT | 9.66 x10-8 167.1
blend(1:1)+(0.2wt.%) MWNT | 2.42 x107 155.8
blend(1:1)+(0.3wt.%) MWNT | 3.12 x107 220
blend(1:1)+(0.4wt.%) MWNT | 7.98 x107 108.6

CONCLUSION

The studied Poly(vinyl alcohol)/Poly(ethylene glycol) composites containing
Multiwalled carbon nanotubes or LiNO3; have been successfully prepared through solution
cast method.

The thermal properties, morphology and interaction between studied polymers have
been characterized by using DSC, SEM and FTIR. The PEG showed miscible with the high
molecular weight PVA and show that the PVA/PEG blend with ratio (1:3) has greater
enthalpy (135.45J/g) than blend with (3:1) which was (3.91 J/g) and the blend was appeared
thermal stability (393.23°C) for an equal ratio .The SEM technique indicates that, the
PVA/PEG with an equal ratio in blend were given network structure, relatively good
dispersion, and sizes of spherules have been reduced. It was confirmed by appearance of
newly peak and shifted the wave numbers for other peaks in FT-IR spectrum.

Composites were produced by solution mixing of PVA/PEG with different weight ratios
of LiNO;z and MWNT. The addition of 40wt.% LiNO;z exhibits an improving in
conductivity with a value of 1.07x107 S/cm by one ordered magnitude. It was found that
the electrical conductivity of PVA/PEG(1:1) is 8.66x108S/cm where the highest electrical
conductivity was observed for PVA/PEG/MWNT containing 0.40wt.% MWNT with a
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conductivity of 7.98x107 S/cm. In comparing with PVA/PEG/LiNO3 (40wt.% LiNO3) and
PVA/PEG/MWNT (0.40 wt.% MWNT), it was found that the electrical conductivity
improved by one ordered magnitude and two ordered magnitude respectively.

As a result, the thermal and electrical properties of PVA/PEG/MWNT composites are
significantly better than PVA/PEG blends and PVA/PEG/LINOs;. These composites
promise a new opportunity for the design of low cost polymer composites for numerous
future applications such as solar energy utilization, sensors and electronic devices.
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ABSTRACT

The Poly [MWCNT/ester] composites were synthesized by
solution blending method from reacted MWCNT-COOH with
Hydroquinone (HQ), Catechol (CA) and Ethylene glycol (EG).The
obtained poly-composites were characterized by FT-IR, UV-Vis,
XRD, TEM, SEM, TGA, DSC and DC electrical conductivity. The
formation of Poly[MWCNT/ester] composites was confirmed. The
DC electrical conductivity of poly-composites was in the range 10-
6-10-4 S/cm due to the interaction between the nanotubes.

Key words: MWCNT; Polymer nanocomposites; Solution
blending; Polyester; Catechol; Hydroquinone;
Ethylene glycol; FTIR;SEM, TEM, XRD; UV; DSC;
TGA and DC electrical conductivity.

1 INTRODUCTION

Polymer nanocomposites with CNT filler have been around almost as
long as CNTs themselves, with the publication of the first report on this topic
by Ajayan et al.! in 1994.The interest in this area stems from the fact that
polymers offer many desirable qualities, such as toughness, space saving, low
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weight, good surface finish, flexibility, and low cost. Using CNTs as a property enhancing
nanofiller for a high performance, lightweight composite is one of the lynchpins of
nanocomposite research. The exceptional and unique properties of CNTs offer a significant
advantage for the production of improved composites; but their utilization within a matrix
depends primarily on the relationships between the matrix and nanoconstituent, specifically
the particle’s spatial orientation and interactions at the particle interface?. There are
currently several methods used to process polymer/carbon nanotube composites, including
melt mixing?, in situ polymerization* and Solution Blending®. Many research efforts have
been directed toward producing MWCNT/Polyester Nanocomposites. Abuilaiwi et
al.breported the functionalization of MWCNTs via the Fischer esterification method. Four
functional groups: phenol, dodecylamine, 1-octadecanol and polyethylene glycol were
covalently attached to MWCNTSs via amidation or esterification. A similar reaction was
reported by Sobkowicz et al.”. Fischer esterification of surface hydroxyl groups on multi
walled carbon nanotubes. E.Y. Malikov et al.® reported that Fischer esterification approach
was used to graft poly vinyl alcohol (PVA) to oxidized MWCNTSs by connecting the
MWCNTs to the PVA via ester groups. Other examples of esterification reactions include
the grafting of poly(bisphenol-A-co-epichlorohydrin) chainstooxidized MWCNTs by a
reactive blending process and the grafting of hyper-branched polyester based on 2,2-bis
(methylol) propionic acid to the surfaces of MWCNTS °,%°,

In this paper, we report on synthesis, characterization and DC electrical conductivity at
room temperature of four Poly[MWCNT/Ester] Composites. These Poly[MWCNT/Ester]
Composites were obtained via polymerization of the MWCNT-COOH with HQ, CA and
EG. These composites have been characterized by FTIR, SEM, TEM, XRD, UV, DSC,
TGA and DC electrical conductivity.

EXPERIMENTAL

2.1 Materials

Carboxy Multi Walled Carbon Nanotubes (MWCNT-COOH) were purchased from
Timesnano (Chengdu Organic Chemicals Co. Ltd., Chinese Academy of Sciences) China.
The diameter and length of MWCNT ranged between 8-15 nm and 50 um respectively.
Purity was over =>95%, and the carboxyl group coverage over the nanotube surface of (2.56
%wt.). Catechol (CA), Hydroquinone (HQ) and Dimethylsulfoxide (DMSO) were
purchased from Scharlau. N,N-Dimethylformamide (DMF 99%), Tetrahydrofuran (THF
99.9%), Ethylene glycol (EG) were purchased from Aldrich. Ethanol (96%) was purchased
from Fluka and used as received without any further treatment in this study.

2.2 Instrumentation

The FTIR spectra were recorded using the KBr disc technique on a JASCO 410 FTIR
Spectrophotometer (at Sana'a University, Sana'a, Yemen). The melting points were
measured with an electrothermal melting point apparatus (at Sana'a University, Sana'a,
Yemen). The thermal analyses (TGA and DSC) were carried out on a Mettler Toledo
TGA/SDTABS851e analyzer, and Mettler Toledo DSC823e analyzer, respectively, at 23 to
1000 °C under 20 ml nitrogen per minute and a heating rate of 10 °C per minute (at UPM
AND UM Universities, Kuala Lumpur, Malaysia). UV-vis absorption spectra were
measured using a Specord 200, Analytik Jana, Germany in DMF (~10-4 mol/dm3) (at
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Sana'a University, Sana'a, Yemen). The X-Ray diffraction was carried out on a BrukerAxs
Da Advance, Germany (at UPM AND UM Universities, Kuala Lumpur, Malaysia).
Electrical conductivity measurements were taken on a Keithley Picoammeter/\oltage
Source Model 6487 using a double probe locally fabricated conductivity bridge cell (at
Sana'a University, Sana'a, Yemen). The Scanning Electron Microscope (SEM) was carried
out on a (SEM HITACHI S-3400N) (at UPM AND UM Universities, Kuala Lumpur,
Malaysia). The Transmission Electron Microscope (TEM) was carried out on a Phillips
CM-12, USA, the samples were prepared by Leica ultracut UTC ultramicrotome (JEOL,
Japan) with an accelerating voltage of 100 kV.

2.3 Preparation of Poly[MWCNT /ester] composites

The method employed to prepare the Poly-composites was solution blending. This
method is the most widely used for dispersing nanotubes on the laboratory scale because it
is effective and it can be used to fabricate small amounts of a sample. Solution processing
begins by dispersing nanotubes in solvent, followed by mixing with the monomer that is
dissolved in a suitable solvent. The poly-composite is then formed by precipitation or by
evaporation of the solvent %12,

Preparation of poly-composites of MWCNT-COOH with HQ or CA

0.3 g of MWCNT-COOH was dispersed in 15 ml of DMSO and 0.2 g of (HQ or CA)
was dissolved in 10 ml of ethanol and added to the MWCNT-COOH dispersion in DMSO.
The mixture was then stirred at 180 °C for 24 h under reflux. After cooling to room
temperature, the mixture was vacuum-filtered through a 0.22 um membrane and was
thoroughly washed several times with little amount of ethanol. The filtered solid was then
dried in a vacuum oven at 90°C.

Preparation of poly-composite of MWCNT-COOH with EG:

0.3g of MWCNT-COOH was dispersed in 15 ml of DMF and 1 ml of EG was added to
the MWCNT-COOH dispersion in DMF. The mixture was then stirred for 24 h at 90 °C
under reflux. After cooling to room temperature, the mixture was vacuum-filtered through a
0.22 um membrane and was thoroughly washed several times with ethanol. The filtered
solid was then dried in a vacuum oven at 90 °C.

RESULTS AND DISCUSSION

3.1 Characterization

Poly[MWCNT/ester] composites were prepared by reaction MWCNT-COOH with
(HQ, CA and EG) in refluxing solvent (DMSO) to give poly-composites products. The
method used to prepare the Poly[MWCNT/ester] composites was solution blending. The
chemical reaction of Poly[MWCNT/ester] composites is shown in Figure 1. Table 1
summarizes the physical properties (melting point, color, percentage yield and solubility) of
MWCNT-COOH and Poly[MWCNT/ester] composites. Generally, these compounds
showed good solubility mainly in DMSO, and either partially soluble or insoluble in the
other common organic solvents.
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Figure 1: Synthesis of Poly[MWCNT/ester] composites.

Table 1: Physical properties of MWCNT-COOH and of Poly[MWCNT/ester] composites.

. Solubility
No Symbol %Yield | Color M.P. DMSO | DME | EtoR
1 MWCNT-COOH - Black > 350°C ++ + -
2 Poly[MWCNT/HQ] 98% Black > 350°C ++ + -
3 Poly[MWCNT/CA] 90% Black > 350°C ++ + -
4 Poly[MWCNT/EG] 95% Black > 350°C ++ + -

(++;Soluble, +;Partially Soluble,-; Not Soluble.

3.2 Fourier Transform Infrared Spectroscopy (FTIR)

The infrared spectroscopy (IR) is a common method for characterizing chemical bonds.
Comparison of the IR spectra of MWCNT-COOH was made before and after
functionalization might show whether new bonds were formed.

The FT-IR spectra of MWCNT-COOH and Poly[MWCNT/ester] composites are
given in Figure 2, and the results are summarized in Table 2.

In Figure 2(a), the IR spectra of MWCNT-COOH show a broad peak at 3434 cm*
which can be attributed to the O-H stretching of carboxyl groups (COOH). The peak at
1542 cm? can be associated with the C=C stretching vibration of the MWCNT
backbone!®. The peak at 1637 cm? is related to the C=0O stretching vibration of the
carbonyl group acid.

Figure 2 (b, C and d) show the IR spectra of MWCNT-COOH after
functionalization with HQ, CA and EG respectively. The figure shows that the peaks at
(1654, 1646 and 1653 cm™) can be attributed to the C=0 stretch of the ester which is
overlapped with the unreacted C=0 acid. The peaks at (1024, 1026 and 1048 cm) arise
from the C—-O stretching of the ester group respectively.

The broad peaks at (3433, 3432 and 3436 cm™) can be assigned to the O-H stretching of
unreacted carboxyl groups, which means there is still a little amount of unreacted
carboxylic acid group®.
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3.3 UV/Vis Spectroscopy

UV-visible absorptions of MWCNT-COOH and its Poly[MWCNT-esterJcomposites are
summarized in Table 3. Figure 3 illustrates the electronic spectra of MWCNT-COOH and
its esters. MWCNT-COOH shows three bands n-n* transition at Amax 286,290 and 298 nm,
and another two bands n-n” transition at Amax 320 and 338 nm. However, spectra of the
Poly[MWCNT/HQ], PolylMWCNT/CA] and Poly[MWCNT/EG] show a blue shift of n-n*
transition at Amax (283), (282,296) and (278,282) nm respectively. But, n-r” transition shows
a red shift Amax at (312,340), (322) and (348) nm respectively. This confirms the ester

formation.

Table 2: Main FT-IR absorption bands of the MWCNT-COOH and Poly[MWCNT/ester] composites.

c Bands | 5 st | ce=cst C=0st C-Ost
ompound
MWCNT-COOH 3434 1542 1637 1032
Poly[MWCNT/HQ] 3433 1560 1654 1024
Poly[MWCNT/CA] 3432 1578 1646 1026
Poly[MWCNT/EG] 3436 1557 1653 1048
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Figure 2:FTIRspectraof (a) MWCNT-COOQH, (b) Poly[MWCNT/HQ],
(c) Poly[MWCNT/CA] and (d) Poly[MWCNT/EG].

Table 3: UV-visible spectra of MWCNT-COOH and Poly[MWCNT/ester] composites

Compound Amaxt-m* hmaxn-1T"

MWCNT-COOH 286,290,298 | 320,338

Poly[MWCNT/HQ] 283 312,340
Poly[MWCNT/CA] 282,296 322
Poly[MWCNT/EG] 278,282 348
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Figure 3:UV-vis spectra of MWCNT-COOH and Poly[MWCNT/ester]Jcomposites.

3.4 Microscopy Characterization (TEM, SEM)
Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) is often used to observe the length and
diameter of carbon nanotubes. Figure 4 (a-h) displays TEM microphotographs of the
MWCNT-COOH and Poly[MWCNT/ester] composites at different magnifications. Figure
4 (a and b) shows TEM images of MWCNT-COOH. It shows that MWCNT-COOH formed
an entangled structure with an average diameter of 8-15 nm and their average length is
approximately equal to 50 mas announced by the supplier (Timesnhano). In addition, a
small spot shape was observed which might be ascribed to -COOH group.

As shown in Figure 4 (c-f) the TEM of MWCNT-COOH after polymerization HQ, CA
and EG, respectively. Poly[MWCNT/ester] composites relatively exhibit good dispersion
and less entangled except EG. The most entangled, showed on Poly[MWCNT/EG], may be
due to EG is an aliphatic compound has only two carbons in backbone, which make a tight
crossed connecting between the nanotubes.

The images clearly show that the spot shape for —COOH groups disappeared in
Poly[MWCNT/ester] composites.

Scanning Electron Microscopy (SEM)

Scanning electron microscopy was used also to confirm the possible morphological
changes on functioned MWCNT. Figure 5 (a-P) presents SEM microphotographs of the
surface morphology and dispersion of the MWCNT-COOH and Poly[MWCNT/ester]
composites at different magnifications. Figure 5 (a-d) shows that the group of MWCNT-
COOH forms large agglomeration, random and curled structure, and possesses high aspect
ratio; this may be because of the hydrogen bonds between the nanotubes. Figure 5 (e-l)
shows MWCNT-COOH after polymerization with HQ and CA; many walls were broken
and appear to be thicker compared to the MWCNT-COOH. In addition, it is noted that the
conglomerates have become smaller and the ester bonds exist between MWCNT with HQ
and CA, which reduced the hydrogen bonding.

On the other hand, Figure 5 (m-p) shows that the SEM of Poly[MWCNT/EG] forms
large random masses, and possesses high aspect ratio, suggesting that covalent bonding of
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ester exists between the MWCNT and EG, while EG is an aliphatic compound that has a
small size, and which will form a tight crossed link between the nanotubes.

The images clearly show that the surface morphology of Poly[MWCNT/ester]
composites is significantly different in contrast with MWCNT-COOH.

Figure 4: TEM microphotograph of MWCNT-COOH and Poly[MWCNT/ester] composites:
MWCNT-COOH (a) x50 000; (b) x100 000, Poly[MWCNT/HQ] (c) x50 000; (d) x100
000, Poly[MWCNT/CA] (e) x50 000, (f) x100 000 and Poly[MWCNT/EG] (g) low
magnification, (H) high magnification.

3.5 X-ray Diffraction

X-Ray diffraction (XRD) is used to identify materials by determining their
crystallographic structure, and in this way it is a characterization tool on the scale of
nanometers, and even angstroms, thus, providing a high degree of accuracy.

X-ray diffractions of the MWCNT-COOH and Poly[MWCNT/ester] composites are
shown in Figure 6. The diffraction patterns having large diffraction peaks resulting from the
nanoscale, suggest enhanced crystallinity. The sharp and strong diffraction peaks of
MWCNT-COOH at 26=26.6°and 45.45° correspond to the hexagonal graphite structure
support *® in Figure 6(a). In Figure 6 (b and c) it would appear that the intensity of the
Poly[MWCNT/HQ)] is sharper than that of the Poly[MWCNT/CA]. This behavior may
indicate that the crystallinityof Poly[MWCNT/HQ)] is higher than Poly[MWCNT/CA] due
to angle strain. The pattern of Poly[MWCNT/EG] is the highest crystalline due to straight-
chain.
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Figure 5: SEM microphotograph of MWCNT-COOH and Poly[MWCNT/ester] composites: (a) MWCNT-
COOH (x300), (b) MWCNT-COOH (5000),(c) MWCNT-COOH (20 000), (d) MWCNT-COOH (X40
000) (e) Poly[MWCNT/HQ] (X 300) (f) Poly[MWCNT/HQ] (X5000), (g) Poly[MWCNT/HQ] (X 20 000), (h)
Poly[MWCNT/HQ] (X40 000), (i) Poly[MWCNTI/CA] (x300), (j) Poly[MWCNT/CA] (x5000), (k)
Poly[MWCNT/CA] (X20 000), (f) PolylMWCNT/CA] (x40 000), (m) Poly[MWCNT/EG] (X100), (n)
Poly[MWCNT/EG] (X 1000), (0) Poly[MWCNT/EG] (X 2500), (P) Poly[MWCNT/EG] (X 5000).

= e e

Figure 6: X-ray diffraction of MWCNT-COOH and Poly[MWCNT/ester] composites: (a) MWCNT-
COOH, (b) Poly[MWCNT/HQ], (c) Poly[MWCNT/CA] and (d) Poly[MWCNT/EG].

3.6 Thermal properties: [Thermogravimetric analysis (TGA) and Differential
Scanning Calorimetry (DSC)]

The TGA (TG and DTG) and DSC curves recorded for the MWCNT-COOH and
Poly[MWCNT/ester]composites are given in Figures 7 and 8. These curves show the
characterization and comparison of the thermal decomposition behaviour of the MWCNT-
COOH and their poly-composites at 10 °C min of the heating rate under nitrogen. In
general, the curves show consecutive steps for almost uninterrupted weight losses in the
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sequential decomposition of these four compounds over the experimental temperature range
(25-1000 °C). Therefore, the Tore peaks are determined for all steps in the decomposition
sequence with a maximum rate of weight loss in their DTG curve, and the peaks Tpsc are
observed only for some steps in the DSC curves.

The thermal decomposition process of these four compounds may be describe as
follows: In general, it was observed that the MWCNT-COOH was more stable than their
poly-composites; and the order of thermal stability is MWCNT-COOH,
Poly[MWCNT/HQ], Poly[MWCNT/CA] and Poly[MWCNT/EG].

The Poly[MWCNT/HQ] starts with two rapid and consecutive steps of mass losses
(steps | and 2) followed by a slow bleed of mass loss (step 3 and step 4). The
Poly[MWCNT/CA] decomposes rapidly in only two steps, one rapid step of mass loss (step
I) followed by a slow bleed of mass loss (step 2). The Poly[MWCNT/EG] starts with two
rapid and consecutive steps of mass losses (steps | and 2) followed by a very fast step of
mass loss to evaporate all the material at 600 °C (step 3). On the other hand, the MWCNT-
COOH decomposes only by a slow bleed of mass loss and rapidly in all steps (steps 1, 2, 3
and 4). These are summarized in Tables 4 and 5.

In conclusion, we noticed the highest thermal stability of MWCNT-COOH; such results
are also related to the intra-hydrogen bond between carboxylic groups. The carboxyl group
at the surface of MWCNTSs grew to form a hexagon hydrogen bond net. This could enhance
and increase the thermal stability of the material that is why decomposition temperature
rose. The poly-composites that were prepared would make the COOH concentration
disappear or reduce; furthermore, the terminal and unreacted carboxyl's group can create a
little bit of H-bonded and decomposition temperature also obviously increased'’.

For comparison, in addition, we can say that the molecular weight and the staking of
tubes factors play a key role in the thermal stability in the poly-ester composites; the order
of thermal stability is MWCNT-COOH >Poly[MWCNT/HQ] >Poly[MWCNT/CA] >
Poly[MWCNT/EG].

120
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MWCNT-COOH
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Poly[MCNT/CA]
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o 200 400 600 800 1000
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Figure 7: TGA curves of MWCNT-COOH and Poly[MWCNT/Ester] composites.
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Table 4: %Weight loss at different temperature of the MWCNT-COOH and Poly[MWCNT/ester]

composites.
Compound % Wit Loss at
100°C |300°C 500°C 700°C| 900°C |1000°C
MWCNT-COOH 0.57 1.30 1.63 2.10 10.9 6.02
Poly[MWCNT/HQ]| 11.50 9.97 2.99 2.04 7.60 6.73
Poly[MWCNT/CA]| 2250 | 18.97 2.53 0.50 6.90 4.97
Poly[MWCNT/EG]| 5.14 9.31 15.05 - -

The differential scanning calorimetry (DSC) curves obtained for MWCNT-COOH and
Poly[MWCNT/ester] composites are presented in Figures 8. The DSC curves of the four
compounds show several peaks: endothermic peaks and exothermic peaks. All these peaks
were associated with peaks in TGA in the same range, which corresponds to decomposition
of the compound, Table 5. On the other hand, some peaks were not associated with peaks in
TGA. This may be because of physical transformation, as glass transition.

Glass Transition Temperatures (Ty) of the MWCNT-COOH and Poly[MWCNT/ester]
composites are shown in Table 6. It can be noticed that there are high variations in T for
four compounds; these variations may be because of the ability to make Hydrogen bond.
The highest T, is for Poly[MWCNT/CA], whereas the lowest Ty is for
Poly[MWCNT/HQ]. The Hydrogen bond could increase the cross-link density of the
composites, thus increasing their glass transition temperatures.

Table 5: TGA and DSC results of the MWCNT-COOH and Poly[MWCNT/ester] composites.

TGA DSC
9
Compound Step L(\)/élst.% Til°C | T#°C | Tote | Tocs| Peak Res. %
15t 0.78 | 33.46 | 149.99 | 52.54 ?é:g' endo| 99.22

MWCNT-COOH | 2™ | 530 |148.89| 673.29 |298.22| - - | 93.92

39| 819 [673.23| 880.34 | 753.55| * * | 85.73

4h | 830 [880.17]|1015.74|948.50| * * 7743

1t | 8.33 | 34.62 | 7232 | 55.12 %%’ endo| 91.67

Poly[MWCNT/HQ]| 2™ | 12.19 | 80.03 | 134.61 | 101.80| 130 | endo| 79.48

39| 293 |141.71| 514.56 | 355.94| 360 | endo| 76.55
*

4" | 16.34 | 790.26] 914.29 | 838.26 * | 60.21
2
15t | 44.99 | 39.41 | 197.19 | 2955 82’ endo| 55.01
Poly[MWCNT/CA] ' ' 7 11862| 0 '

2 | 1155 |696.77| 975.56 | 816.43| * * 43.46
18t 5.13 | 36.24 | 80.19 48 30 | exo| 5.13
Poly[MWCNT/EG] | 2 458 | 82.19| 128.93 | 104 | 129 [endo| 4,58

39 | 90.29 |465.00| 631.66 | 664 * * 0.00
endo; endothermic peak, exo; exothermic peak, *, out of the DSC range.
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Table 6: Glass Transition Temperatures (Tg) for MWCNT-COOH and Poly[MWCNT/ester]

composites.
Sampl Tg(°C) Tm (°C)
ample Onset Midpoint Onset Midpoint
MWCNT-COOH 232.49°C 233.65 °C * *
Poly[MWCNT/HQ] 153.01°C 160.25 °C * *
314.33°C 315.09 °C * *
POl[MWCNT/CAl 565 985¢ | 371.72 °C * *
Poly[MWCNT/EG] 152.00 °C 158.00 °C 165.7 167.4

* Out of range
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N K ‘.\ ——MWCNT-COOH
\ ’ .o
N . = - =Poly[MWCNT/CA]
7 H
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N / oo e Poly[MWCNT/EG]
Nt !
-6
o 50 100 150 200 250 300 350

Temperature °C

Figure 8: DSC curves of MWCNT-COOH and Poly[MWCNT/ester] composites

3.7 DC Electrical conductivity

The Poly[MWCNT/ester] composites consist of long chain-like molecules bonded by
strong covalent and hydrogen bonds along the chains and only weak Van der Waals forces
between the chains. If each repeat unit is considered a separate molecule, then the
molecular orbitals, which are degenerated on each unit, will overlap to form a series of
extended electronic states: the energy bands. Thus, the bonding and anti-bonding molecular
unit orbitals lead to bulk valence and conduction bands, respectively. Consequently, the
electronic properties of the m-electron system of the conjugated polymer or polymeric
materials can be discussed in terms of band model with a characteristic bulk energy gap
between the bulk valence band (B.V.B) and the bulk conduction band (B.C.B). The highest
occupied molecular orbital (HOMO) is at the upper edge of the valence band. The edge of
the conduction band is the lowest unoccupied molecular orbital (LUMO) supposedly at 0
K. Hence, polymers or polymeric is considered as organic semiconductors and the energy
band theory can be used to characterize their electronic states and propertiest® °,

It is generally agreed that the mechanism of conductivity in the n-conjugated polymeric
materials is based on the motion of charge defects within the conjugated framework. The
charge carriers, either positive p-type or negative n-type, are the products of oxidizing or
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reducing the material, respectively. The following overview describes these processes in the
context of p-type carriers although the concepts are equally applicable to n-type
carriers?:2.,

The infinite conjugation chain on either side can migrate in either direction without
affecting the energy of the backbone, provided that there is no significant energy barrier to
the process.

Figure 9 shows DC electrical conductivity of MWCNT-COOH and Poly
[MWCNT/ester] composites at room temperature. There is no so much enhancement of DC
conductivity after functionalization because MWCNT-COOH has already a long chain with
conjugation. The order of DC electrical conductivity is MWCNT-COOH/HQ > MWCNT-
COOH/CA >MWCNT-COOH/EG > MWCNT-COOH ((5.5838E-06, 4.47656E-06,
4.06701E-06 and 1.7181E-06 S/cm), respectively). In addition, we can say that the co-
planarity factor plays a key role in the DC electrical conductivity of Poly[]MWCNT/ester]
composites. However, the long chain with conjugation does not make a good factor to
improve the DC electrical conductivity; and it is not significant.

6.00E-06

5.00E-06 v 4 b= .

4.00E-06 /’ e ~.
3.00E-06 /

2.00E-06 v

Log Conductivity S/cm
N

1.00E-06

0.00E+00
MWCNT-COOH Poly[MWCNT/HQ]  Poly[MWCNT/CA]  Poly[MWCNT/EG]

Figure 9: DC electrical conductivity of MWCNT-COOH and Poly[MWCNT/ester] composites at
room temperature.

CONCLUSIONS

In summary, the Poly [MWCNT/ester] composites were synthesized by solution
blending method from reacted MWCNT-COOH with (HQ, CA and EG).The obtained
poly- composites were characterized by FT-IR, UV-Vis, XRD, TEM, SEM, TGA, DSC and
DC electrical conductivity. The analysis of the FT-IR and UV-V provided an evidence for
the formation of the poly-composites. X-ray diffraction confirms the crystallinity of the
MWCNT-COOH and the poly [MWCNT/ester] composites. The formation of poly-
composites on The MWCNT-COOH was confirmed by TEM and SEM. The MWCNT-
COOH and the poly [MWCNT/ester] showed improvement in the thermal stability. The
MWCNT-COOH were more stable than their poly-composites because of the intra-
hydrogen bond between carboxylic groups. The thermal stability of the poly
[MWCNT/ester] composites on the basis of the terminal and unreacted carboxyl group can
create a little bit of H-bonded. The DC electrical conductivity of poly-composites increased
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slightly due to MWCNT-COOQOH which already has a long chain with conjugation. The long
chain with conjugation does not constitute a good factor to improve the DC electrical
conductivity of poly-composites.
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ABSTRACT

Generally, the study area including the city of Taiz, in particular is
suffering from an acute shortage of water due to the increase of the
growing demand on water for domestic and industrial needs as well
as the water needs for agriculture in the region. In addition, the
water resources in the study area are limited to the aquifers while
water extraction rates exceed the natural recharge and the use is
not effective. Therefore, it highlights the importance of water
demand management to maintain the quantity and quality of
drinking water and domestic use, irrigation and industry. The
objectives of this study is to evaluate current and future
vulnerability of water sources in the study area; Development of
scenarios and analysis of future water balance to find out the best
solution to the problem of water in Taiz basin as the study area;
Select the appropriate scenario to resolve the water problem. The
results of this study will assist decision makers in the field of water
resources for better planning and management in the future. During
the period 15/1/2013 to 15/4/2013 Implementation of the field
study in 1501water points, these water points are distributed
between 954 hand-dug well, 479 deep well, 50 springs, five water
collection tanks, two dams, and six water retaining walls. For
calculating the amount of water supply in the region and the
amount of water deficit, in addition to knowing the amount of
needs that must be secured in the future, Water Evaluation And
Planning (WEAP) application as Decision Support System (DSS)
to manage the supply and demand for water in Taiz basin as the
study area. The analysis and results using WEAP program include
the following themes: Ground water storage in the aquifers: The
usable storage for the base year of the model (2013) has been
calculated for the five sub-basins in the study area, Estimated
ground water storage in alluvial aquifer (in Mm3) ranged 221.52-
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415.36 Mm3 at best estimate at 332.29 Mm3, groundwater storage in Volcanic
aquifer ranged 129.98-2599.52 Mm3 at best estimate 259.95, whereas groundwater
storage in sandstone aquifer ranged 5.044- 50.44Mm3 at best estimate at 10.088;
Unmet water demand, The gap between supply and demand for water in the study
area was estimated as (47,692,840.9 m3). Preliminary, set of adaptation strategies
that address water scarcity; Interpret the proposed set of adaptation strategies to
solve water issue from improve water services and water management for the
urban area as part of the study in Central and Al Hawban Sub Catchment:
(Increase the coverage rates for water services, Diversify water sources for the
city, Efficient water management, Implementation of control and water quality
program in water sources and drinking water factories, Development of specialized
human cadres technically and administratively for the development of water
management, Flow of water services from different water sources..... etc.); and
Improve water projects and water management for the rural area as part of the
study area Al Dabab Sub Catchment, Al Janad Sub Catchment and Thi- Sufal Al
Haimah Sub Catchment: Commitment of the Commission basin management to
Upper Rasyan Valley, The formation of committees Sub-water basin to ensure the
management of water resources from the lower level, Resolving water conflicts in
different regions of the study area and the basin provider of water to the city of
Taiz, Community participation by establishment of water users associations
(WUAS) in the sub- basin areas.

Keywords: Aquifer, Taiz basin, Water demand, Water supply, WEAP, Water

scarcity.

1. INTRODUCTION

The Taiz city being the third largest city in Yemen has a great socio-economic
importance. It is experiencing acute shortage of water as a result of increasing rate of water
demand for municipal and industrial use, together with increasing agricultural demand.
Water resources of the Taiz basin are dependent on rainfall, which varies quite a lot from
one sub-area to another within the same catchments. While the mean annual precipitation
for the whole area is around 568 mm, the highlands receive a significantly greater amount.
Heavy rainfall on the highland areas generates run-off that flows into the valleys, causing
flooding. The surface water flowing into the valleys is diverted for irrigation by means of
natural ditches called" Sawaagi". The Taiz basin has three main aquifer systems, they are:
(a) alluvial aquifers, (b) volcanic aquifers, and (c) Tawilah sandstone aquifers M . The
water tables have been falling because of continued groundwater use. Some areas are worse
hit than others 2. For Al Haima zone one of the main sources of water supply, as a whole,
the average decline in the groundwater level has been nearly 0.5 meter per year in the
alluvial aquifer and more than 3 meters in the volcanic aquifer 1.

Water supply constitutes the most pressing problem in Taiz today due to significant
shortage of supply (the average consumption is 23 L/d) caused by the depletion of existing
water resources and the lack of a clear direction in dealing with the problem. This forces
frequent water supply service interruptions (30-40 days) and the service is rarely extended
to new users (only 57% of the population are covered). Sanitation is another daunting
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problem. The poorly maintained, sewerage network covers only 44% of the population. In
Several un-sewered areas to the north, east and west of the city, raw sewage is directly
disposed to Valleys, which causes a health hazard and threatens to contaminate
groundwater resources.

2. PROBLEM STATEMENT

The water problem in Taiz is complex and multidimensional

o Request increase: The population growth in urban Taiz over the past several
decades has great pressure on the water supply, Taiz City’s population increases by 3.9 %
and rural population increases 2.6 % per year.

o Physical water losses from the urban water supply distribution network
networks losses are assumed to be 25% of total production. However, 17% of this loss is
assumed to percolate to shallow ground water and 8% is assumed lost through evaporation.
Thus, the net benefit of reduction in transmission losses is only 8%. If the aquifer is deep
and water lost from distribution cannot return to the aquifer, then the net benefit of reducing
losses is the full 25% of the total consumption. This assumption is an extreme case, since in
reality physical losses cannot be brought to zero.

= 75 % of supplied urban water goes back to the aquifer through the Waste Water

Treatment Plant (WWTP) with a 10% system loss.

= Transmission, (agricultural conveyance) losses are included in the irrigation

requirements which are based on overall irrigation “efficiencies.”

= 30 % of applied irrigation water will percolate back to the aquifer.

= 30% of applied irrigation water is lost in evaporation.

= 40% of applied irrigation water is actually consumed by plants.

= Irrigated agriculture area is reduced at the same rate (7%) as the population of Tiaz

City grows in the Central and Al Hawban Sub Catchment, indicating displacement
of irrigation by urban development.
3. OBJECTIVES

A. Evaluate current and future vulnerability of water sources in the study area;

B. Development of scenarios and analysis of future water balance to find out the best
solution to the problem of water in Taiz basin as the study area;

C. Select the appropriate scenario to resolve the water problem.

D. Preliminary, set of adaptation strategies that address water scarcity; Interpret the
proposed set of adaptation strategies to solve water issue from Improve water
services and water management for the urban and rural areas as part of the study.

4. THE STUDY AREA

4.1 Location
The study area is located in the upper part of Rasyan Valley, It is one of the seven
major Valleys which form the Red Sea drainage basin ! and which drain the high and mid-
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land region of the country and flow in a westerly direction towards the Red Sea. According
to %1 the total catchment area of Rasyan Valley “up to the mouth of the river at the sea” is
2,550 km2. However, the area of the upper and middle catchments (i.e., excluding the
coastal or Tihama part of the catchment) is only 1,990 km?  The study area which is
defined as the catchment area upstream from the point 378 UTM E and 1510 UTM N. This
area covers approximately 750 km2 (Figure 1).
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L i
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District
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181

IN00 354000 390000 396000 402000 408000

Figure 1: Location of the study area

4.2 Hydrology

Water resources of the area are heavily dependent on rainfall, which varies quite a lot
from one sub-area to another within the same catchment. While the mean annual
precipitation for the whole area is around 568 mm, the highlands receive a significantly
greater amount. For example, the annual rainfall in the Thi-Sufal highlands is 826 mm on
average while Jabal Saber sub-area receives about 621 mm. The pattern of rainfall in the
region is bimodal with one peak occurring in April-May and the other in August-
September. The intermediate months of June and July have fewer rains. The dry period
lasts from mid October to mid March.

Heavy rainfall on the highland areas generates run-off that flows into the Valleys,
causing flooding in the case of intense rainfall events. The surface water flowing into the
Valleys is diverted for irrigation by means of Sawaaqgi. These are excavated channels on
both sides of the Valleys, which irrigate the adjacent fields. Valley Al-Haima receives
about 3 million cubic meters of lateral surface inflow annually. Most of which is from the
high rainfall area Thi Sufal. Al-Dhabab Valley receives about 0.5 million cubic meters of
run-off water from both Jabal Habashi and Jabal Saber. Some of the run-off from the latter
also finds its way into the Hawban zone which receives about half million cubic meters of
run-off annually. The Central zone receives surface water flows from all zones in the upper
Rasyan Valley catchment. The estimated volume of these flows is about 9 million cubic
meters per year. The total volume of flow leaving the upper Rasyan Valley catchment area
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every year does not exceed 12 million cubic meters 61 .However, the surface water flowing
from the Central zone into the lower Rasyan catchment is highly polluted because of
mixing with the untreated industrial and domestic wastewater. Average Annual rainfall at
the various monitoring stations in the study area was collected from 1979 to 2012 from
eight stations in the study area and given in Table (1).

Table 1: Annual Rainfall (mm) of the study area ["]

Year

Aquifer

/ Sub . 11997| 1998 | 1999 |2000| 2001 {2002{2003| 2004 | 2005 {2006{2007|2008|2009|2010(2011{2012
basin Station

Al

Janad Qurf |283.5 525 |564.5| 633 | 556 (452.4/448.5| 520 | 546 |493.5(120.5| 316 | 344 | -

Thi |Jadyia | 750 | 43 [1283.5/1025(1320.9/1075|871.5(1331.8/1234.5(981.2| - - - - - -
Sufal

Sahalah| 252 | 316 |394.5]| 633 | 556 |452.4/454.5/ 520 |404.5493.5120.5 - - | 759 | 561 | 456

Lougba| 96 | 438 | 362 |576.5| 420 | 420 | 442 |537.7| 557 [535.5( 263 | 256 |551.5| - |486|656

Central Qurf |283.5| 525 |564.5| 633 | 556 [452.4/448.5] 520 | 546 |493.5(120.5/ 316 | 344 | -

Hussien| 6 | 55 | 244 |462.8| 289 | 298 [381.5/324.3| 331 | 712 | 213 | 340 [597.5 320/ 0.0

Al |Manum|(398.5| 887 | 720 | 734 | 720 |684.4| 852 | 805.8|833.6 [727.5 476 |536.5) 545 [551.5/413| 681

Dhabab| Miqap [518.5/1042.5 864 |1062|996.5[886.9] 754 | 847.3| 943.5 |932.5[716.5 102 | 759 841595
Migap [518.5/1042.5 864 |1062| 996.5[886.9] 754 | 847.3| 943.5 |932.5/716.5 102 | 759 841|595

Al [Qurf [283.5 525 |5645| 633 | 556 |452.4/448.5| 520 | 546 |493.5[120.5 316 | 344 | -
Hawban a%?ih 321 | 306 | 617 |581.8 281 | 318|677 | 303 | 309 |280 | 285 [353.6| 645 | 809 | 887|613

* The Records of 2013 no measurement

Annual rainfall distribution is record peaks in 1999,2000, and 2001,2002 2004,2005,
Whereas less rainfall is measured in 2008 and 2009. The highland part of the upper Rasyan
Valley catchment enjoys a higher average rainfall than any other part of Yemen, with the
only exception of the Ibb region, which the study area borders. Summer rains occur with
convective storms associated with spring inland winds. Cloud cover builds up from mid-
day with rains usually in the afternoon. Storms are very localized with considerable
differences in rainfall amount from any single event over short distances.

Hydrologic simulation in WEAP included partitioning of rainfall between runoff,
infiltration, and evapotranspiration in the five sub-basins using a semi-distributed, lumped
parameter hydrologic model embedded in WEAP (Yates et al., 2005). Each of these 5 sub-
basins was linked to one of the six aquifers for purposes of simulating groundwater
recharge. Irrigated, rain fed, and inactive land cover areas obtained from the National Water
Resources Authority (NWRA) were included in this parameterization. Crop types
delineated included Qat, grains, maize, and sorghum. Domestic demand was simulated
using population projections for each of the sub-basins; see Table (2) and (Figure 2).

The Five Sub Catchments areas are:
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1- Al Dabab sub-catchment (Comprising, in addition to Al Dabab, part of Jabal
Habashi and part of Jabal Saber),

2- Al Hawban sub-catchment (SE part of the area, comprising Ursum valley , Hawban
valley and tributaries),

3- Central sub-catchment (Lower part of Upper Rasyan Valley, downstream of all other
sub catchments),

4- Al janad sub-catchment (plateau in eastern part of the area),

5- Thi-Sufal/ Haimah sub-catchment (NE part of the area).

Table 2: List of Sub basins, Area (Km?) and average slope (Dar EI-Yemen and SOAS, 1997)

No Sub Basin Area (km?)

1 Al Dhabab 115

2 Al Hawban 144

3 Central 217

4 Al Janad 86

5 Thi- Sufal/ Haimah 188
Total 750

4.3 Groundwater

The Ta’iz region has three main aquifer systems. They are (a) alluvial aquifers, (b)
volcanic aquifers, and (c) Tawilah sandstone aquifers. To exploit these aquifers, a total of
1993 dug wells and 306 boreholes had been constructed until 1996, some of which have
become dry due to high rate of abstractions.

The alluvial aquifers are the uppermost layer. They are composed of sediments of
varying sizes, ranging from boulders to silt, found along the Valley beds and filling up
depressions. The primary means of alluvium recharge is from floods and from irrigated
areas. The alluvial aquifers are quite shallow. In most areas, their thickness does not exceed
30 to 40 m although, they locally can be up to 70 m in thickness. The thickest alluvium is
found in Thi-Sufal/Al-Haima and Ad-Dhabab areas. The depth to water in alluvial aquifers
is less than 20 meters but in most cases, water can be found at 11 to 13 meters below the
ground surface. The smaller depth to water makes this aquifer exploitable by hand-dug
wells, which are found in abundance in the area. In many zones, the alluvial aquifers are
prone to over exploitations. The quality of water is generally good especially in the alluvial
wells in Thi- Sufal, Al-Haima, Al-Dhabab and in upstream areas of Shara’b zone. However,
being the uppermost water bearing formation, the alluvial aquifers are vulnerable to
manmade pollution. This is specially the case in Al-Hawban and Central zones 1 . In
addition to the alluvium deposits, water is also found in fractures in the volcanic rocks that
dominate the sub-surface in the study area. The thickness of these rocks in the study area is
estimated to be 600-700 meters. The Volcanics are generally not a very productive source
and vyields of wells dug in these strata are low. The water is also low quality. This is
specially the case where the fractures are connected to overlying alluvial aquifers in the
polluted zones, although poor water quality in the Volcanics also has natural causes (e.g.
naturally occurring salinity in some zones). Major source of groundwater in the area is the
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deep-seated Tawilah sandstone. This formation has proved very productive elsewhere in
Yemen and is the focus of exploratory efforts in Ta’iz region as well. However, the
sandstone aquifer in the planning area is not fully exploited except in Thi- Sufal zone where
NWSA wells, in addition to some farmers’ wells, tap into this aquifer. These wells have
high yields and quality of water is also good. In other areas, the presence of the sandstone
aquifer is indicated by studies. However, exploratory efforts in other locations have not met
with a lot of success. This is at least in part due to the difficulties in carrying out
exploratory drilling in the face of growing opposition from local communities.

Figure 2: Schematic Representation of Zones with Demand Supply for Taiz Basin.

5. METHODOLOGY

We have used data from WEAP model and formulated a simple method to quantify
increases in aquifer life for the five aquifer zones. We developed an Excel Microsoft that
presents the results of our alternative scenarios in a very understandable way. We
implement each scenario in the WEAP and transfer the results to the Excel model. We
maintain the WEAP model as a tool to look at monthly variations and effects of climate
change on the aquifer lives. In this study we identified the following scenarios to help
improve water availability to Taiz Basin:

o Improve Urban Water Supply;

o lrrigation improvement;

o Improving industrial production technology;

o Rainwater harvesting from rooftops; City streets; streams Valleys; Dams, and
Barriers water.

Importing desalinated Red Sea water;
o Re- use Waste water from treatment plant.

e}
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- WEAP Model Application

On the basis of hydrologic and physiographic characteristics, the study area was divided
into six main sub-areas or sub-catchments. The boundaries were chosen and plotted to help
delineate the quite complex drainage pattern of the area and to provide a framework for
discussing various land and water characteristics of the study area, which would facilitate
the subsequent use of the data for management planning ! , Boundaries of the study area

A. Y. Al-Kebsi, et al.

included the following areas within the divisions of the study mentioned above.
- WEAP input
= Long term climate data (rainfall, runoff, temp. evaporation, Evaport. etc.).
= Land use and cropping pattern.
= Groundwater abstraction and use.
= Irrigation area.
= Estimated groundwater storage and spring flow in area.
= Estimated groundwater storage in the three aquifers.
= Annual natural recharge and water use in Ta'iz Region.

6. RESULTS and DISCUSSIONS

Tables (3) and (4) show the estimation of the groundwater storage in the aquifers of the
study area, whereas Table (5) shows the estimated annual natural recharge and water use in

study area.

Table 3: Estimated groundwater storage in the alluvial aquifer

. . Average | Average | Volume of | Storage of| Total
Aquifer/ | Alluvial Average alluvium | saturated | saturated Sub Spring
Sub area, | depthto |, . . .
basin km? | water. m thickness, | thickness, | alluvium, |Catchment| Flow
' m m Mm3 Mm3/Year| md3/Year
Al Dhabab| 9.8 8 39 31 303.8 36.456 | 1803.903
Al Hawban| 41.7 |11.59375| 16.3 4.70625 | 196.25063 |23.550075| 677.075
Central 55 | 5.754559 24 18.245441| 1003.4993 {120.41991| 184.59875
Al janad | 36.4 9 17 8 291.2 34.944 |184.59875
Thi-Sufall\ 5, 7 19.9221649| 38  |28.077835| 974.30088 |116.91611
Haimah
2769.0508 (332.28609

Table 4: Estimated groundwater storage in the three aquifers.

Aquifer/ Sub basin

Groundwater Storage Mm?

range best estimate
Alluvium 221.52- 415.36 332.29
Volcanic 129.98- 2599.52 259.95
Sandstone 5.044- 50.44 10.088
Total quantity of GW storage = 602.328
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In the Reference scenario, the climate sequence for future years was developed by
repeating historical data for the period 1979 to 2013 and assuming a similar periodicity
through 2050.

The results show WEAP program used for decision support systems in the study area
development and scenarios Options for multiple development and water resources
development and management of the multiple uses to solve the water problems in the city
of Taiz and the overall study over the years 2013-2050. Table (6) presents a synopsis of our
hydrologic for the various scenarios for the Study area. The following are the implications
of the results of our analyses in our proposed priority of implementation.

The current water situation sub-basins of the study area and the extent to keep up with
water needs, as results showed that the age of aquifers in the central region will supply the
city of Taiz with water to the year 2024, equivalent to 11 years, while the sub-Hawban
basin supply the city 3.1 year, which calls for urgent interventions to supply the city water,
in order to ensure the continuation of human life and the living of the population.

Desalination of sea water of Mokha area on the Red Sea are necessary to meet the needs
of Taiz City by water amount of up to 27,375,000 m? / year first phase, extend the life of
aquifers in urban areas from 10.3 to 17.7 years, and the countryside more than 50.6 years
old level, providing a steady source to supply the city with water for all uses, ensuring
attract local and foreign investment to the city to ensure that more of the standard of living
and social stability of the population of the province in general, the development of towns
and villages stretching from Mokha and even the city of Taiz and to ensure the
improvement of living style to these communities by providing water needs and operating
efficiencies technical, administrative and professional during and after the implementation
of the project. Note that the desalination process is too expensive to maintain irrigated
agriculture, as well as support the implementation of the project components, excess
population growth for the city of Taiz with desalinated water to provide a permanent basis
and the possibility of the worsening security and administrative risks during operation of
the project Figure (3).

Rainwater harvesting from rooftops scenario and the construction of dams and barriers
of water is a practical solution to cover agricultural, domestic and industrial needs at the
level of rural and urban areas, as it flows into the water resources in the region, including
the equivalent of 16,450,000 m® / year, extend the life of aquifers 25.35 - 85.35 years for
water sources in rural areas of the study area, but in urban society stretching 2.1 years, the
use of surface water for irrigation, for industries and with preventing the continued use of
groundwater in these areas, the implementation of this option save the right amount of
water to the city of Taiz, including droughts, sub-surface storage of the water, will have a
positive effect on water quality in Al-Hawgalah and Hawban water fields whom suffer from
high in salinity and will greatly reduces the evaporation rate, recharging aquifers, surface
waters and aquifers for wells in the same area. Reduce the flash floods on the soil in the
valleys and therefore drains towards the sea without benefitting from the water, Reduce the
amount of sediment carried by the flood to Al-a'amerah Dam Lake at the central region of
the study area, maintaining the cleanliness of channels and corridors valleys from pollutants
associated with floods. Ensure social stability of the population and thus the provision of
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health conditions. Stimulate and attract local investment, which will ensure increased per
capita income. Decrease employment, migration and the operation of labor during and after
the implementation of the project. Knowing that implementation of the project need large
tracts of land in the eastern and western areas of the city, to issue regulations necessary and
binding on Population and legislation city building tanks to harvest rain water within the
private courtyard housing spaces, provide adequate funding to buy land and design of
technical and environmental studies etc and implementation of components of the project,
as well as that this option is affected by changing natural conditions from one season to
another and from one year to another Figure (4).

Table 5: Estimated annual natural recharge and water use in the Study Area.

Al Dabab Al Central | Al Janad | Thi- S_ufal
. Hawaban Sub- Sub | Al Haimah
Aquifer Sub
Catchment Sub-  |catchmen| Catchme Sub
Catchment t nt Catchment
Natural recharge MCM 2.3 2.15 4.28 1.54 4.2
Urban (2013) pop 0 133302.4 |769940.1 0 0
Rural (2013) pop 33927.5 0 0 108416.6| 36878.9
Commercial Urban (2013) pop 0 47834.3 |111272.3 0 0
Commercial Rural (2013) pop 4799 0 0 3287.3 1364
Industrial Urban (2013) production Unit 0 96 96 0 0
Industrial Rural (2013) production Unit 48 0 0 0 0
Urban use in 2013 MCM 0 1.2 28.1 0 0
Rural use in 2013 MCM 2.4 0 0 1.98 0.67
Commercial Urban use (2013) MCM 0 0.72 3.2 0 0
Commercial Rural use (2013) MCM 0.02 0 0 0.02 0.02
Industrial use (MCM in 213) 4.3 10.9 10.1 0 0
Irrigated area in 2013 (ha) 392.3 450.1 590.7 123.4 90.9
Irrigated use in 2013 MCM 5.3 49.8 47.2 1.2 1.1
Water balance in 2013
Auvailable storage 303.8 196.3 1003.5 | 291.2 957

Improvement of water distribution networks in the urban areas of the City of Taiz
extends the life of the aquifer in the central region at a rate of 11.1years, in general and in
Al Hawban estimated for supplying water resource application of this scenario is 3.7 years,
although the cost is too high to improve the network, but as a priority for the city because it
reduce losses of water purchase prices are expensive and that are currently being brought in
to cover the existing deficit in the city of Taiz, it provides and maintains improvement of
the system of distribution amount of water by 5,163,837.3 m®/year, reduce operating and
maintenance cost of the current system of distribution, save pro extra waste from water loss
etc.
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Table 6: Output from WEAP Scenario in the study area.

Extended Life of Aquifer
In Urban In Rural
Improve urban water supply delivery 3.7t011.1 Medium to High
Improving irrigation Efficiency 7.4t011.84| 6.7t018.5 | Medium to High
Improving industrial production technology 1.7t02.6 2.7 Medium
Rainwater harvesting 21 25.3510 85.35| Medium to high
Importing desalinated water from Mocha City | 10.3 to 17.7 50.6 High

Re- use Wastewater from treatment plant l1to2.1 0.8tol.1 Low

Scenario Priority

Unmet Demand
Scenario: Seawater desalination, All months (12)

Al Dabab Comeri

14,500,000 B Al Dzbab Domestic
14,000,000 B Al Dabab Indust
13,500,000 Al Hawban Comeri
13,000,000 Al Hawban Domestic
12,500,000 4 Al Hawban Indust
12,000,000 B AlJznad Comeri
11,500,000 B AlJ2nad Domestic
11,000,000 B Central Comeri
10,500,000 B Central Domestic
10,000,000 B Central Indust

9,500,000 4
8,000,000 1

Million Cubic Meter

500,000 4
5,000,000
4,500,000
4,000,000
3,500,000
3,000,000
2,500,000 |
2,000,000
1,500,000
1,000,000

500,000

0

13 N5 N7 N9 N2 A2 A2 N AW N3 N3 NB 0T A A4 243 245 4T 2049

Figure 3: Water Balance with Importing desalinated water from Mokah city scenario

Unmet Demand
Scenario: Rain water harvesting, All months (12)

B Al Dabab Comeri
5,500,000 B Al Dabab Domestic
B Al Dabab Indust
6,000,000 B Al Dabab Irrig
AlHawban Comeri
5,500,000 Al Hawban Domestic
Al Hawban Indust
- Al Hawban Irrig
o 00.000 AlJanad Comeri
B Al Janad Domestic
4,500,000 W AlJanad Irrig
W Central Comeri
i 4,000,000 B Central Domestic
] B Central Indust
= B Central Irrig
»2 3,500,000
z B Dhi Sufal Al Haimah Comeri
< B Dhi Sufel Al Haimah Domestic
5,000,000 B Dhi Sufal Al Haimah Irrig
z
2,500,000
2,000,000
1,500,000
1,000,000
500,000
[
2013 20 0 9 2021 2023 2025 2027 28 A 039 2041 2043 2045 2047 2049

Figure 4: Water Balance with Importing Rain water harvesting.

Improving irrigation means contributes to reduce the amount of used water to irrigate
crops, by 40% (42,277,451.3) m® / year and extends the life of the aquifers in Thi Sufal and
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Haimah area by 18.5 years and in Hawban area increased by 11.84 years, and extends the
life of the aquifer in Central region to 7.4 years. Knowing that localization of modern
irrigation technology, which requires high-cost funding addition to the lack of awareness
among farmers of the importance of the use of modern irrigation techniques. Figure (5).

Al Dabab lrrig

Figure 5: Water Balance with Irrigation improvement Scenario

Improving industrial production technology extends the life of the aquifer at a rate of
2.6 years in Hawban, Central region at a rate of 1.7 years The Al-Dhabab estimated
prolongation 2.7 years equal to 5,065,294.26 m3 / year, it contributes to reducing the cost
of industrial products by reducing the amount used of water in production processes and
reduce the cost of pollutants resulting from these processes in the industrial facilities.
Knowing that the replacement of old technology by modern techniques of high cost and
lack of awareness on the importance of the industrial sector for adopting of the technology
of water rationalization at industries Figure (6).

Re-use of treated wastewater to reduce the allocated water and kept for drinking a fresh
water, to supplement the water resources in the central region of the study area and
additional vendor estimated 7,200,000 m3 / year, providing water sources alternative less
expensive can be used in agriculture, especially after treatment, water containing treatment
on Nitrogen, Phosphorus and other nutrients for the growth of nutritious component.
Reduce of waste and thus prevent pollution, which costs a great financial burden for re-
contaminated water body rehabilitation. This option has disadvantage such as the
rehabilitation of part of the sewerage networks and existing treatment plants. Extension of
the city which does not accompanied by expansion of the sewage network. The lack of
funds for the establishment of sewerage networks, treatment plants, low environmental and
health awareness with regard to the use of wastewater by the neighboring population to the
main pipe and the treatment plant in Al Burayhi area Figure (7).
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Unmet Demand
Scenario: Improving industrial production technology, All months (L2]

Dababl

6,000 B G
500
000
500

Figure 6: Water Balance with improving industrial production technology Scenario

Unmet Demand
Scenario: Re-use of waste water &, All months (12)

Al Dabab Iig
Al Hawban Irrig
34,000 B Al Janad Irig
B Central Irig

32,000
30,000
28,000

Figure 7: Water Balance with Re- use Wastewater from treatment plant Scenario

Figures (8 and 9) forms illustrate summary of results of the discussion:
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Demand

The gap between supply
and demand for water
47,692,840.9 cubic
meters / year

Integrated
Management
Water Resources

A. Y. Al-Kebsi, et al.

1,2
- Y

(" Technical
2.3,

Institution/
ministrative
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Figure 8: Integrated Water Resource Management in region Taiz Basin.

Supply

Natural

1-Scarcity of available water resources

2- Available Water in the study area is 112m’
[capita. year

Technical

1-Degradation of water quality

2-The absence of enough wastewater treatment
3-Random Urbanization

4-Soil pollution

Social

1-Increase of population growth

2-Migration from the countryside to the city

3-Conflicts and competition on available water
resources

4- Random drilling

Institution/Administrative

1-Gap between water users and policy makers
2-The absence of applying IWRM principles
Health

-Transmissions of diseases
quality

Economical and Environmental
1-Excessive use of agriculture pesticides

due to low water
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Legal

1-The absence of enforcing laws and
implementation of rules

Demand

Technical :

A- Rainwater harvesting.

b- Desalination of sea water at Mokha City.

c- Improve water transfer and distribution system
D- Improving industrial production technology
based on rational water use.

e- Adoption of modern irrigation technology.

f- Development and maintenance of agriculture
terraces in the jabal Saber watershed.

g- Implementing reservoirs and agriculture terraces
upstream of the wells at the areas of water basin.
h- Replace damaged sewage networks.

i- Complete sewerage system for Taiz city

J- Rehabilitation of the existing wastewater
treatment plant

k- Construct new WWTP in Taiz city

Environmental:

A- Applying environmental and health guidelines
in water and wastewater services

b- Manage the solid waste emerging from the city
¢ - Force Industries, Labs and hospitals to treats
their effluents according to the environmental
guidelines
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d- Re-use of treated wastewater.
Policy:
a-Water sector governance.
b- limit urban and industrial expansion in the water
basin area.

Institution:
A-Restructuring of water resources management.
B- Institutional Development of the water
management sector.
C-Activating the role of the commission basin.
Administrative:
a- Decentralization of Management of main and
sub water basins.
b-Recognizing the role of women in the provision
and management and conservation of water
Economical:
a- Dealing with water as a commodity and as a
depleted natural resource.
b- Reconsider the water tariff to cover the real cost.
Social:
a- Activating the role of the private sector in the
field of water service .

A

Integrated water resources

management.

B- Public private participation (ppp).

C- Water basin committee.

D- Good governance.

E- Community participation.

F- Water demand management
program.

G- Administrative.

H- Technical.

I- Economical.

J- Awareness.

K- Water sub basin committee.

L- Resolving water conflicts.

M- Required techniques.

N- Institutional support.

O- Training of related staff.

P- Expansion of water services.

Q- Diversify water resources.

R- Water supplies.

S- Water quality control program.

b- Resolve social conflicts by applying the
participatory approach with beneficiaries .
C-Formation of WUAs at the water basins

d- Formation of water and environment friends at
the city

Awareness:

a- Introduction of water awareness in the
curriculum of all education stages

b- Take advantage of the role of mosques and
religious scholars in raising awareness of the need
for rationalization of water use.

c- Activating the role of lectures and seminars on
Water

d - Implementation of awareness campaign for
risks and threats to water resources.

e- Supporting research themes to solve different
issues of water and environmental problems
Media:

A-The adoption of the official media to the theme
of water as a fundamental and vital issue

Strategy provide
of water services for Taix City

Figure 9: Improvement of water service, water projects and water management in Taiz basin.

7. CONCLUSIONS

Through what was presented in the context of the study on the current status of water in

the region, we conclude the following:

+«» The amount of water available currently in the water resources of the study area is
not enough to various water needs, according to the few water points’ data.
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«» Observed during the study and a large gap between supply and demand for water in
the study area, with the deficit reaching 29%.

«» Scarcity of available water sources in order to meet the demand for water for various
uses in the study area and therefore the per capita water does not exceed in the study
area 112 m3/ year:

Increase of population growth for Taiz City amounting to 3.85% , Rural area 2.6%,
migration from the countryside to the city, and urbanization random ... etc., which offset a
lack of available water resources and the emergence of social, economic, environmental
and health problems in the city

-Sum of water points that have been counted in the study area 1501 point, divided
between: (wells (954 Hand-dug, 479 Deep), 50 Springs, 10 water tank collections, 2 dams
and 6 water retaining walls).

-Despite the paramount importance of rainwater harvesting projects in the study area,
the interest and make use of them is still limited, with carrying capacity of the dams and
ponds established in the study area 1542000 m?.

Despite the issuance of the Water Law No. (33) for the year 2002 and the declaration of
the national strategy for water for the year 2009-2014 AD by the Ministry of Water and
Environment, however, that those texts are still read-only and did not then turn to the plans
and executive programs for the water sector in the Ministry and its affiliated bodies and
government institutions at the central level and localities in the provinces, as well as the
existing gap in the general structural and planning, implementation and control of water
resources at the country level between water users on the one hand and policy makers and
legislation on the other.

Despite the existence of a committee to manage the water basin of the Upper Rasyan
Valley from a number of bodies of water relationship, headed by the governor of the
province (Taiz) and a number of water users associations in the study of the basin water
area, but the practice of the principles of integrated management of water resources in the
basin unrealized.

Weakness of groundwater recharge in the urban part of the city of Taiz as a result of the
realization of the asphalt pavement and streams valleys area of 81 km? of the study area
amounting to an area of 750 km?.

Observed Qat cultivation in the north-eastern areas of the city of Taiz (Al-Haimah and
Habir) a total area of 90.9 hectares and the spread of fodder crops in the central region of
the study area with a total area reaches 208 hectares using rain water and seasonal water
available from water wells and springs, as well as using wastewater in parts of the Central
Catchment area (AL-Bureihi and parts of AL-Aamerah), knowing that the amount of this
water is used without treatment.

The water conflicts in different parts of Taiz water basin (Jabal Saber, Al-Haimah and
Habir .... etc.) due to of the scarcity of water resources, population growth and neglecting
the traditional systems concerning the water rights and arrange its uses for drinking water
... etc. and the intensive competition for water resource according to property rights and
group influence in different areas of the basin

The present and future of water supply in different sectors needs to be calculated
(domestic, agricultural, industrial ... etc) for the base year 2013, according to the standards
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of the World Health Organization (WHO) and Food and Agriculture Organization (FAO)
and the Indian Specifications and American (APHA, ASTM), and long-term climate data in
the study area for the years from 1979 to 2013, and hydrologic data for the region,
agricultural land used and the pattern(s) of crops and groundwater extracted and their use
.... Etc as an input necessary for the implementation of decision support systems program
WEAP in the field of water resources management.

«+ The best choice to solve the problem of water supply for the city of Taiz and the
provision of adequate water of the study area is generally over the years 2050 -2013 is to
improve agricultural irrigation system. This will contribute to reduce the amount of used
water in irrigation by 40% and extends the life of aquifers in a region Thi -Sufal and Al
Haimah by 18.5 years, in Hawban area by 11.84 years, in the Central region by 7.4 years,
and will reduce the gap between supply and demand in the study area by 89%. It is worth
noting that the adopting of modern irrigation technology has high cost and lack of
awareness among farmers of the importance of the use of modern irrigation techniques to
accomplish the challenges in implementing this option.

8. RECOMMENDATIONS

8.1 Improve water services and water management strategy for; Central and Al

Hawban Sub Catchments:

1. Increase the coverage rates for water services include all Beneficiaries service during a
specific period of time.

2. Diversify water sources for the city for the purpose of continuity and sustainability in the
provision of water service for all consumers and all uses of quantity and quality
required.

3. Efficient water management in order to achieve the concept of good governance, so that
lead to optimal use of water sources available, implement guidelines, awareness
programs to rationalize water consumption , reducing losses and optimum exploitation
of water projects ...etc.

4. Implementation of control and water quality program in water sources and treatment
drinking water Units multiple mobilize so as to prevent any contamination during
transportation, distribution or storage and ensure the safety of those sources,

5. Development of specialized human cadres technically and administratively for the
development of water management, in addition to providing supplies of techniques and
materials required.... etc.

6. To ensure flow of water services from different water sources through the transport,
storage, distribution and purification systems, wherever it is required.

7. Implementation of water demand management program for the purpose of economy in
the consumption of water, the implementation of economic, technical and awareness
programs..

8. Partnership with the private sector for the purpose of providing water service to the entire
population. Implementation and operation of water projects, management of water
service, participate in institutional development for entities operating in the water
service.
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9. Community participation through the formation of committees of Water and
Environment friends in the Harrah and Neighborhood of the city to help TWSLC to
prepare proposals to improve water services ... etc.

10. Ensure necessary investments to cover the expansion of water services in the urban area
and the implementation of the proposed programs in the framework of these
recommendations.

8.2 Improve water projects, water services and water management strategy for; AL-

Dabab area;

1- Increase the coverage rates for water services include all Beneficiaries service during a
specific period of time.

2. Commitment of the Commission basin management to Upper Rasyan Valley, its
functions in accordance with the Water law No (33)2003, and its implementing rules
direct supervision on water basin management in the governorate.

3. To ensure flow of water services from different water sources across the transport,
storage, distribution and purification system, wherever it is required.

4. Community participation through the formation of committees of Water and
Environment friends in the Harra and Neighborhood of the part (Al-mudaffar district)
from the city to help Taiz Water Supply Corporation to make proposals to improve
water services ... etc.

5. The formation of committees Sub-water basin to ensure the management of water
resources from the lower level to the top level with the principle of community
participation, sustainability of the local development and the preservation of water
resources.

6. Resolving water conflicts in different regions of the study area, by popular demand,
given their economic, political, security and social effects. So it has to create
community dialogues by the main Commission basin and sub- basin Committee in
region conflict and representatives of water users associations in the same area to
develop lasting solutions that ensure water transfer to other areas or the Taiz city and
dealing the economic, social and environmental effects etc, as a result of transporting
water or passing through region.

7. Community participation complete establishment of water users associations in the sub-
basin areas to help provide practical suggestions to combat the random drilling of wells
and development of water sources in the sub-basins areas and priorities for water use
and rationalization of uses in the sub-basin water area.

8. Encourage of the house women on the participation of communities in the water
management.

9. Limit urban and industrial expansion in the water sub-basin area.

10. Implementing reservoirs and agriculture terraces upstream of the wells at the area of
water sub- basin.

11. Development and maintenance of agriculture terraces in the Jabal Saber watershed.

12. Necessary investments to ensure the implementation of the water projects, as well as
water supply, sanitation systems, construction of water harvesting and irrigation
technology, and proposed programs in the framework of these recommendations, in
countryside of the study area.
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8.2 Improve water projects, and water management strategy for; AL Janad area;

Commitment of the Commission basin management to Upper Rasyan Valley, its
functions in accordance with the Water law No ( 33) 2003, and its implementing rules
direct supervision on water basin management in the governorate and the formation of
sub- water basin committees and approve operational plans and financial budgets for the
development of water sources for the city and sub-basin areas supplied it generally and
prioritize the use of water sources.

The formation of committees Sub-water basin to ensure the management of water
resources from the lower level to the top level with the principle of community
participation and sustainability of the local development and the preservation of water
resources.

Community participation complete establishment of water users associations in the sub-
basin areas to help provide practical suggestions to combat the random drilling of wells
and development of water sources in the sub-basins areas and priorities for water use
and rationalization of uses in the sub-basin water area.

Encourage of the house women on the participation of communities in the water
management.

Limit urban and industrial expansion in the water sub- basin area.

Necessary investments to ensure the implementation of the water projects, as well as
water supply, sanitation systems, construction of water harvesting and irrigation
technology, and proposed programs in the framework of this strategic ,in countryside of
the study area.

8.4 Improve water projects, and water management strategy for; Thi-Sufal area;

1.

Commitment of the Commission basin management to Upper Rasyan Valley, its
functions in accordance with the Water law No (33)2003, and its implementing rules
direct supervision on water basin management in the governorate and the formation of
sub- water basin committees and approve operational plans and financial budgets for the
development of water sources for the city and sub-basin areas.

. The formation of committees Sub-water basin to ensure the management of water

resources from the lower level to the top level with the principle of community
participation, sustainability of the local development and the preservation of water
resources.

. Resolving water conflicts in different regions of the study area, by popular demand,

given their economic, political, security and social effects. So it has to create
community dialogues by the main Commission basin and sub- basin Committee in
region conflict and representatives of water users associations in the same area to
develop lasting solutions that ensure water transfer to other areas or the Taiz city and
dealing the economic, social and environmental effects etc, as a result of transporting
water or passing through region.

. Community participation complete establishment of water users associations in the sub-

basin areas to help provide practical suggestions to combat the random drilling of wells,
development of water sources in the sub-basins areas and priorities for water use and
rationalization of uses in the sub-basin water area.
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5. Encourage of the house women on the participation of communities in the water
management.

7. Implementing reservoirs and agriculture terraces upstream of the wells at the area of
water sub-basin

8.Necessary investments to ensure the implementation of the water projects, as well as
water supply, sanitation systems, construction of water harvesting and irrigation
technology, and proposed programs in the framework of these recommendations ,in
countryside of the study area.
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The Basis of Dealing with Heritage in Sana'a City
An Analytical and Critical Vision of the Architectural
Changes Panorama 1972-1990

Nadia Yahiya Al-Kukabani

Architecture Department, Sana'a University, Republic of Yemen

Abstract

Sana'a city has its own conditions in dealing with its architectural heritage because it has not
obtained its political nor social awareness but in late stages. It focused at the beginning of 1962
revolution on stabilizing its new political system and this created a modern capital fit with the major
political transformation without paying attention to the form or architectural structure of this capital.
Therefore, the modern architecture prevailed to become a characteristic of this city.

After ten years of revolution, and as a result of tracking what was going on in the world,
discussing its events, conflicts and cultures through cultural and scientific exchange which began
Yemen generally in and Sana'a especially strived to achieve with Arab and western countries, an
individual, government and international awareness developed about the great importance of the
cultural heritage of Yemen from a general scope and the importance of traditional architecture and the
maintenance of the Yemeni identity whose architecture specially incarnates its most important
cultural branches.

These social, governmental, and international authorities had adopted a special vision in dealing
with heritage through learning lesson from the local experiences in building, through using local
building materials and decorating frontages with traditional items incarnated with the values and
spirit of traditional architecture to exposure the cultural and historical asset of the traditional
architecture through modernity that being witnessed by the world in which Yemen is a part of.

Thus, governmental and architectural models found to use decoration items and traditional
building materials for the first time that can be considered as a basis to start dealing with heritage at
governmental and social level.

So, the research aims to tackle that perspective which represents the basis of dealing with
heritage , analysis and criticism, as it represented a dominant concept which had a great impact on the
architectural perspective at that time and later through forming a theoretical frames for heritage's
concept in language and architecture, after then how to use it in the architectural works and

studying these works which appeared for the first time on a government level and then appeared
in foreign and Yemeni designers' models, and therefore it changed the architectural view, at that
time and affected it for later stages.

Key words: Roots, architectural heritage, traditional architecture, decorative elements.
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