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ABSTRACT

Viral hepatitis is a general term meaning inflammation of the liver
and can be caused by a variety of viruses such as hepatitis B virus.
Hepatitis B is a serious transfusion-transmissible disease affecting
millions of people throughout the world.

This study was designed to evaluate the prevalence of HBsAg and
the risk factors for HBV infection among blood donors in Thamar
governorate/Yemen, and to focus upon the importance of blood
transfusion in spreading the hepatitis B virus.

A total of 200 blood donors at the blood bank of Thamar hospital
and Al-Wehda teaching hospital, during the period of January 2009
to October 2009, and January 2010 to July 2010, were screened for
the presence of hepatitis B surface antigen (HBsAg) . Each patient
filled a questionnaire including age, sex, dental visit, blood
transfusion ..etc. The donors were all male adult (age: 17-45 years).
Four out of 200 (2%) donors were found to be HBsSAg positive by
an enzyme-linked immunosorbent assay (ELISA) using monoclonal
antibodies to HBsAg. Two of the four (50%) HBsAg-positive donors
have relative symptoms of HBV (i.e jaundice) while the other two
HBsAg-positive donors were asymptomatic. Questionnaires revealed
that: The four positive donors were all married. The two
asymptomatic HBsAg-positive donors were army soldiers. The other
two symptomatic donors were civil workers.

One of the two asymptomatic donors has donated a blood a year ago
and found to be HBsSAgQ negative.

One of the symptomatic positive donors has had two previous
surgical operations and received several pints of blood.

This study emphasizes the need for an accurate detection of this virus,
and the need for using confirmatory tests for HBsAg detection and
also the need to undertake serious measures to control the spread
of HBV among Yemeni people.
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INTRODUCTION

Viral hepatitis is a general term meaning inflammation of the liver and can be caused by a
variety of different viruses such as hepatitis A, B, C, D and E. Since the development of
jaundice is a characteristic feature of liver disease, a correct diagnasis can only be made by
testing patient’s sera for the presence of specific anti-viral antigens or antibodies® 2.,
Hepatitis B is a serious and common infectious disease of the liver, affecting millions of
people throughout the world. %% 458,

The severe pathological consequences of persistent HBV infections include the
development of chronic hepatic insufficiency, cirrhosis, and hepatocellular carcinoma
(HCC). In addition, HBV carriers can transmit the disease for many years? ®. Infection
occurs very often in early childhood when it is asymptomatic and often leads to the chronic
carrier state!””. More than 2000 million people alive today have been infected with HBV at
some time in their lives. Of these, about 350 million remain infected chronically and
become carriers of the virus® * > . Three quarters of the world’s population live in areas
where there are high levels of infection. Every year there are over 4 million acute clinical
cases of HBV, and about 25% of carriers, 1 million people a year, die from chronic active
hepatitis, cirrhosis or primary liver cancer®®.

Following HBYV infection, HBV DNA is the first detectable marker in acute HBV infection
(i.e. before HBsAg) %), then HBsAg, which is evident 2 to 8 weeks before the appearance of
jaundice and biochemical evidence of liver damage. Next to appear are the markers of the
virion, such as the soluble antigen, HBeAg"®. In acute infections, clearance of the virus is
marked by the disappearance of HBeAg and the appearance of anti-HBe. Later during
convalescence, HBsAg also disappears with the appearance of anti-HBs 2,

Levels of several hepatitis markers found in the blood can confirm hepatitis B infection and
differentiate acute from chronic infection. The diagnosis of acute hepatitis B is based upon
the presence of the hepatitis B surface antigen (HBsAQ) and hepatitis B core IgM antibody
(HBclgM). The diagnosis of chronic hepatitis B is based on the presence of the HBsAg
marker for at least six months; HBclgM antibody is usually negative.

Based on the prevalence of HBV chronic carriers (individuals positive for hepatitis B
surface antigen, HBsAg) amongst adults in the general population, countries are classified
as having low endemicity (< 2%), intermediate endemicity (2%-5%), or high endemicity (>
5%) of infection ™2, In most areas of the world (East and South Europe, South America, the
Middle East, Middle Asia, Japan, and Turkey), HBV infection is of intermediate
endemicity with HBsAg carriage rate of 2% to 7%!" ** 14 1518 studies in the Middle East
show the prevalence of HBsAg to range from 3% to 11% in Egypt, 4% to 5% in Iraq, 2.6%
to 10% in Jordan, 2% to 6% in the Libyan Arab Jamahiriya, 2.3% to 10% in Oman, 5% to
6% in Palestine, 7.4% to 17% in Saudi Arabia, 16% to 20% in Sudan, 6.5% in Tunisia, 2%
to 5% in UAE and 12.7% to 18.5% in the Republic of Yemen ™. These surveys have been
conducted on a variety of different population groups with the intention of giving a
representative estimate of the prevalence of carriers in the general population. The
endemicity of infection is considered high in Yemen where prevalence of positive HBsAg
ranges from 8% to 20%, and up to 50% of the population generally have serological
evidence of previous HBV infection®® %9,

The hepatitis B virus can be transmitted in many ways. The main route of HBV
transmission is via blood and blood products. Needle-stick injuries in health personnel,
haemodialysis, shared needles in drug abusers, dental surgery, receiving blood or blood
products, ear and nose piercing practices, tattooing, sexual contact and contact with body

2
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fluid or mucosa of HBV carriers (e.g., workers in clinical laboratories) have been
associated with increased risk of transmission .

Aims

The aim of this study is to:

1- evaluate the prevalence of HBsAg and risk factors for HBV infection among blood
donors in Thamar hospital and Al-Wehda teaching hospital /Yemen

2- Focus upon the importance of blood transfusion in spreading the hepatitis virus and the
importance of accurate detection of this virus.

MATERIAL & METHODS

Material

The blood of the donors were collected in white tubes (without anticoagulant). Sera
collected by centrifugation and subjected to this study. Blood collected by venipuncture,
allowed to clot naturally and completely. Care was taken to ensure that the serum samples
are clear. Any visible particulate matters in the sample were removed by centrifugation at
3000 RPM for 20 minutes at room temperature or by filtration. Highly lipaemic or
haemolysed samples were excluded as they can give false results in the assay.
Blood donors were also asked to answer questionnaires, which were used to obtain
informations about risk factors associated with HBV infection.

Methods

The blood samples of 200 donors were subjected to ELISA technique (sandwich method )
for the detection of HBsAg using PARAMAX LABO diagnostic kit (USA). Controls were
included in each test run.With monoclonal antibodies specific to HBsAg. Patient's serum
sample is added to the microwell together with a second antibody conjugated with
horseradish peroxidase (HRP) and directed against a different epitope of HBsAg. During
incubation, the specific immunocomplex formed in case of presence of HBsSAg in the
sample, is captured on the solid phase. After washing to remove sample serum proteins and
unbound HRP-conjugate, Chromogen solutions containing tetramethylbenzidine (TMB)
and urea peroxide are added to the wells. In presence of the antibody-antigen-antibody
(HRP) "sandwich" immunocomplex, the colorless Chromogens are hydrolyzed by the
bound HRP-conjugate to a blue colored product. The blue color turns yellow after stopping
the reaction with sulfuric acid. The amount of color measured and is proportional to the
amount of antigen in the sample. Wells containing samples negative for HBsAg remain
colorless.

RESULTS

The donors were all male adult (age: 17-45 years). Of the 200 blood donors subjected to
this study, four were found to be HBsAg positive i.e , 2% of the blood donors have HBsAg.
The results are presented in the following figure (figure; 1).
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Figure (1): HBsAg positive donors (95.5%) & HBsAg negative donors (4.5%)
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n =
Al positive samples were within age group 26-35 years (Table; 1).

Table (1): No. of HBsAg positive blood donors according to age

Age No. Examined No. positive %
17-25 50 0 0
26-35 110 4 4
36-45 40 0 0
Total 200 4 2

Two of the four (50%) HBsAg-positive donors have relative symptoms of HBV (i.e
jaundice) while the other two HBsAg-positive donors have no symptoms (asymptomatic).

Questionnaires revealed that:

1-The four positive donors were all married (age 26-35 years).

2- The two asymptomatic HBsAg-positive donors were army soldiers. The other two
symptomatic donors were civil workers.

3- One of the two asymptomatic donors has donated blood a year ago and found to be

HBsAg negative .

4- One of the symptomatic positive donors has had two previous surgical operations
and received several pints of blood.

The results are tabulated in the following table:

Table (2): Results of the questionnaires of the HBsAg positive donors

Patients | Age Occupation Symptoms History
1 26 army soldier asymptomatic nothing significant
2 29 army soldier asymptomatic blood donation
. . . 2 surgical operations &
3 32 civil worker jaundice received blood
4 35 civil worker jaundice nothing significant
DISCUSSION

While transfusion-transmissible diseases, including AIDS and viral hepatitis, continue to
spread especially in developing countries, the issue of safeguarding the community's blood

4
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supply is of paramount importance. Blood banks at Thamar hospital and Al-Wehda
teaching hospital receive many donations daily, and thus their blood supply has the
potential to affect the community.

Four out of 200 donors were found to be positive for HBsAg. Two of the four positive
donors were asymptomatic.

The two asymptomatic donors are either in the early stage of the infection or may be
chronic carriers. Their condition is unknown because no further investigations were made
(e.g. anti-HBclgM, HBeAg) as these investigations are not available.

One of the asymptomatic donors had donated blood a year ago at Taiz medical center
and found to be HBsAg negative using chromatography method. This indicates that either
this donor was not infected at that period or that the negative result of Taiz medical center
was false as the screening method (chromatography) is not as sensitive as ELIZA. In
addition, no confirmatory test used. Researchers in Turkey ®® recommend that
asymptomatic HBsAg positive blood donors should be followed-up for signs of hepatitis.
They found, after long follow up of asymptomatic HBsAg positive blood donors, that 15%
of HBsAg positive blood donors have chronic hepatitis.

Our data showed that the two asymptomatic donors were Army soldiers. Hepatitis B is
an expanding health problem in the Army®* 2%, Military personnel are one of many core
populations at increased risk for acquiring sexually-transmitted diseases and HBV
infection® %, Further studies are needed to clarify associations between Army soldiers and
HBV infection.

The other two positive cases in this study were symptomatic donors (jaundice). One of
them has had two previous surgical operations suggesting that he might have been infected
during operation (using contaminated tools) or from blood transfusion during or after
operation.

In this study 98% of blood donors were HBsAg negative. Transmission by blood
components negative for HBsAg can still occur in the acute phase of infection during the
seronegative window period, or during chronic stages of infection (“occult” HBV infection,
OHB). OHB is defined as the presence of HBV DNA in blood or liver tissues in patients
negative for HBsAg, with or without any HBV antibodies® %",

Acute HBV infection is self-limiting in approximately 97% of immunocompetent adults
leading to recovery and immunity. However, in 3% of cases, individuals remain chronically
infected (i.e. carrier state), usually testing HBsAg positive and anti-HBc positive. Some of
these chronically infected individuals can, however, have very low and/or intermittently
detectable levels of HBV DNA and, on testing, are found to be HBsAg negative® 2" . In a
study by El-Sherif, et al ®*, HBV DNA was detected in 3.3% of blood donors negative for
HBsAg and HBsAb. Because of limitations in current blood screening practices, OHB is an
overlooked source of HBV transmission. Liu et al, © indicated that nucleic acid
amplification test (NAT) or new HBsAg tests of enhanced sensitivity would be effective in
the screening of blood donors for OHB in highly endemic countries.

In this study 2% of blood donors at Thamar hospital and Al-Wehda teaching Hospital
were found to be HBsAg positive. This incidence is lower than that reported in Egypt, for
instance, as the frequency of HBsAg in Egyptian blood donors was found to be 4.3%%" and
much lower than that reported in Saudi Arabia's blood donors (13.9%)"*. We atributed the
differences in the carrier rates to the use of different measurement techniques. Also the
results of this study is much lower than the carrier rates of the middle east countries *7.
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These surveys have been conducted on a variety of different population groups. Higher
rates may be observed in community-based studies than in studies conducted amongst
blood donors ™. Blood donors may not be representative of the general population. In
some settings, blood donors tend to be healthier than individuals in the general population
and consequently are more willing and capable of donating blood. In Saudi Arabia, blood
donors appeared to have a lower prevalence of HBsAg (13.9%) when compared to the
general population (16.7%) ®*. On the other hand, in Yemen, Scott et al. % found blood
donors to have a significantly higher prevalence of HBsAg (20.6%) than non-donor
(12.1%) apparently healthy individuals. Therefore, one cannot generalize findings based on
studies conducted on blood donors. The 2% of the HBsAg positive cases presented here
underestimate the number of hepatitis B infections transmitted by transfusion as infection is
often asymptomatic and not all acute infections are diagnosed. Nevertheless, these data
show that transmission of hepatitis B by transfusion does occur and emphasizes the need for
improving the detection of HBV in all blood banks to reduce the chance of getting hepatitis
B from a blood transfusion. Also mandatory reporting of the disease allows state health care
workers to track people who have been exposed to the virus. Giving the hepatitis B vaccine
or a hepatitis B immune globulin (HBIG) shot to those who have not yet developed the
disease may help prevent hepatitis B infection if it is given within 24 hours of exposure. In
recent years, blood centers in Yemen have tried to improve the nation's blood safety.
Although a progress has already been made, many difficulties remain. Other developing
countries face the same challenges as Yemen.

ACKNOWLEDGMENT

The authors thank Dr. Ahmed Al-Hadhrany, the president of Thamar university for his
support. The authors also thank Dr. Quis A.S. Mohammed & the workers in the blood bank
of Thamar hospital and Al-Wehda teaching hospital for their cooperation.

REFERENCES

[1] Ha I, Roberts S., Maldonado E., Sun X., Kim L. U., Green M., and Reinberg D. (1993).
Multiple functional domains of human transcription factor 11B: distinct interactions with
two general transcription factors and RNA polymerase 1. Genes Dev. 7: 1021- 1032.

[2] Mahoney FJ and Kane M. (1999) Hepatitis B vaccine. In: Plotkin SA, Orenstein WA,
eds. Vaccines, 3rd ed : 158-182.

[3] Robinson WS. (1995). Hepatitis B virus and hepatitis D virus. In: Mandell GL, Bennett
JE, Dolin R, eds. Principles and Practice of infectious Diseases, 4th ed : 1406-1439.

[4] Chisari FV, Ferrari C. (1997). Viral hepatitis. In: Nathanson, N et al. eds. Viral
pathogenesis :745-778.

[5] Ganem D, Schneider RJ. (2001) Hepadnaviridae: the viruses and their Replication . In
:Knipe DM et al. eds Field virology , 4" ed : 2923-2969.

[6] Hollinger FB, Liang TJ. (2001). Hepatitis B virus. In : Knipe DM et al. eds Field
virology , 4™ ed : 2971-3036.

[7] Nair S, Perillo R. Hepatitis B and D. In: Zakim D BT, editor.(2003). Hepatology. 4th
ed. Philadelphia: WB Sunders : 959-1016.



TUJNAS, 2012 A(5) 1-9

[8] Robinson WS. (1994). Hepatitis B viruses. General Features (human). In: webster RG,
Granoff A, eds. Encyclopedia of Virology : 554-569.

[9] Liu CJ, Chen DS, Chen PJ. (2006). Epidemiology of HBV infection in Asian blood
donors: emphasis on occult HBV infection and the role of NAT. J Clin Virol. 36 (1):
S33-44.

[10] Curry MP, Koziel M. (2000). The dynamic of immune response to acute hepatitis
:New lesson's using new technique : hepatology 32: 1177-1179.

[11] Gunther S, :Fischer L, Pult L sterneck M, Will H (1999) Naturally occuring variant
of hepatitis B virus advance in virus Research, 52: 25-137.

[12] Lee WM. (1997). Hepatitis B virus infection. N Engl J Med. 337 (24):1733-45.

[13] Lavanchy D. (2004). Hepatitis B virus epidemiology, disease burden, treatment, and
current and emerging prevention and control measures. J Viral Hepat. 11 (2): 97-107.

[14] Curry M, Chopra S. (2005). Acute Viral Hepatitis. In: Mandell G, Bennett J, Dolin R,
editors. Principles and practice of infectious diseases. Sixth ed. Philadelphia: Elsevier
Churchill Livingstone: 1426-41.

[15] Ertekin V, Selimoglu MA, Altinkaynak S. (2003). Sero-epidemiology of hepatitis B
infection in an urban paediatric population in Turkey. Public Health 117 (1): 49-53.

[16] Merat S, Malekzadeh R, Rezvan H, Khatibian M. (2000). Hepatitis B in Iran. Arch
Iranian Med. 3: 192-201.

[17] Qirbil N. and Hall A.J.( 2001). Epidemiology of hepatitis B virus infection in the
Middle East Eastern Mediterranean Health Journal 7 (6):1034-1045

[18] WHO Technical Report Series No. 691. Prevention of liver cancer. WHO, 1983.

[19] Haidar NA. (2002). Prevalence of hepatitis B and hepatitis C in blood donors and high
risk groups in Hajjah, Yemen Republic. Saudi Medical Journal 23 (9):1090-4.

[20] Mert A. et al, (2000). Evaluation of HBsAg positive blood donors and results of long-
term follow-up. The 10th European Congress of Clinical Microbiology and Infectious
Diseases, Stockholm, Sweden.

[21] Assem M. EI-Sherif, Mohamed A. Abou-Shady, Mohsen A. Al-Hiatmy, Ashraf M. Al-
Bahrawy, and Elham A. Motawea. (2007). Screening for hepatitis B virus infection in
Egyptian blood donors negative for hepatitis B surface antigen. Hepatol Int. 1 (4): 469-
70.

[22] Scott DA et al. (1990). A seroepidemiological survey of viral hepatitis in Yemen Arab
Republic. Transactions of the Royal Society of Tropical Medicine and Hygiene 84 (2):
288-91.

[23] Zagminas K: Balciuniene L, Voinic A: Risk factors for acute hepatitis B: casecontrol
study, p 31. In: second Conference on Public Health Research in the Baltic Countries,
June 15-18, 2000, Kaunas, Lithuania.

[24] Memish Z, Qasim L, Abed E, et al (2003). Pattern of viral hepatitis infection in a
selected population from Saudi Arabia. Milit Med; 168: 565-8.

7



The Prevelance of Hepatitis B Surface Antigen (Hbsag) Among Blood... M. Al-Alousi, et al

[25] Bauduceau O, Berlioz A, Buisson Y (2000). [Hepatitis B, C, E in New Caledonia.
Seroepidemiologic study in military recruits]. Med Trop; 60: 167-70.

[26] Bond MM, Yates SW (2000). Sexually transmitted disease screening and reporting
practices in a military medical center. Milit Med: 165: 470-2.

[27] Hollinger F. B. and Sood G. (2010). Occult hepatitis B virus infection: a covert
operation. Journal of Viral Hepatitis 17 (1) : 1-15



TUJNAS, 2012 A(5) 1-9

?.ﬁ\u&)mw(u).uﬁ\u.uylﬁ
M\-Jhduma'mumuﬁ

‘53_);]\ Ql.é_)r_ 9 daaall ?thc cu.m}l\]\ L@.A

Dbed dadla - dpaall o glall g ulall 4dS

udla

Gl e e i 5 pall o yha e Jii Al dpnall ial 5aY) laal (e s s ldll 2SI Ol yiny
A 05 Lgia s s s lall (pe Adlide o) i gV 138 Cany g allal) elail asan 8

adailae Clifine any (8 pdl oo pite On o 28D sl L) sae e el Al o3 NN
ol 13 gl il Gl 48 jaa 4l glaal G5 jlad

W}ew\)udweﬂ\d_uuﬁm45 17@5)\.«;\C_,\‘)ueaﬂ&‘).\.mzooujcm\)ﬂ‘a.mum
02010 55 2010 1k 5 2009 258 2009 nl (e 5l I lad adiilaa (A addail 32s )
PAJL‘QA\);U_:L\L‘L suLu.u\)“ ;L\L\)]U_l\‘)b‘)sum;.“ ‘)Aﬂ\dhau)u\uau&)&ds“a_ﬂu\?ﬁ.\ﬂ}
ol

A G ld 3sm o) e il paand 5 1y 4k 35 (17 cm el 79l 58 83 alS 1SS e i)
Ol (%2) peie 4l O aa s aily (1Y) 43 )y 530G Alda yall dpelial) dpaliaial) HLidl) ddaul 5
Al ISl el Gan A ((Sliall Jie) al e V1 Gan 1ol L sall S o 0l o 2SI Gy il
IS A LAY B s dand S5 4iu 0 aall ¢ aa0al02 53 peie L) (s Sia 1SS Cibiadl)
A e 8 s gmi,@ulgugp\ﬁdgm@»m (e (23 5a aguand

S5 Glagd ) dalally g pldl) 13 i€l aiy ST cllia sad aladinY dalall X Ayl oda
i) el Lol gl (8 (pu g paill 138 il e 5 jland] sandia il jal 3AS) 5 a5 jlal)






Thamar University Journal of Natural & Applied Sciences ISSN: 2073-0764
2012 A(5) 11-19 © 2012 Thamar University

Biochemical Compositions of Urolithiasis among
Yemeni Patients

Taher Aithah!, Saaed Albahlooliz Ahmed A. K.
Thabet® and Khaled Baker*

1. Urologist, Surgical Department, Faculty of Medicine & Health Sciences,
Thamar University , Yemen. E.maile : taheraithah@gmail.com.

2, Surgical Department, Faculty of Medicine & Health Sciences, Thamar
University , Yemen. E.maile :Dr.saeed58@hotmail.com.

3 Epidemiologist, communicable diseases specialist, Community Medicine
Department, Faculty of Medicine & Health Sciences, Thamar University,
Yemen. e-mail: thabet64@live.com.

4.Urologist, Surgical Department, Faculty of Medicine & Health Sciences,
Thamar University , Yemen. E.maile : bakerkhaled@hotmail.com

ABSTRACT

Objectives: Since the chemical composition of calculi is very
important for the purpose of determining both the origin and etiology,
the present study was therefore done to perform the chemical analysis
of stones to know the pattern of biochemical composition of stones
among Yemeni patients.

Methodology: Kidney stones were sent to Central Laboratory; in
Sana’a, the capital of the Republic of Yemen for chemical analysis.
The stones were washed in distilled water grinded and powdered in a
mortar and were analyzed by samiquantitative method. The
poweredred stones and standard both were analyzed for uric acid,
cystine, oxalate, carbonates, phosphates; ammonia, calcium and
magnesium contents. Data extracted from the records included age,
sex, occupation and place of residence. The software SPSS 13.0 for
Windows was used for data entry and analysis. Chi-Square test was
used to compare between different results. P values < 0.05 were
considered significant.

Results: One hundred eight (108) stones were analyzed chemically
during the period from 1st January, 2010 to 30th October 2011. All
patients were Yemeni from different part of the country working in
the military and their families were included in the study. The mean
age of the participants included in the analysis was 29.65 + 11.36.
There were 94 (87%) stones belonged to males, while 14 (13%) stones
to female. The male to female ratio was 6:1.0ut of a total of 108
stones, 60 stones (55.6%) were calcium oxalate, 30(27.8%) were uric
acid mixed with calcium oxalate and 5 (4.6%) stones were phosphate
mixed with calcium oxalate. The association between gender and
biochemical composition of renal stones were positive and statistically
significant (3 = 19.072, P s= 0.025).
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Conclusions: Renal stone disease in Yemini was not uncommon .The
majority were calcium oxalate, followed by uric acid stones. The
relative increased frequency of stones in Yemen, which is a part of
Mediterranean region, indicates that nutritional, environmental and
genetic factors play a role in the occurrence of stones.

Keywords: urolithiasis, biochemical composition, Yemen.

INTRODUCTION

Urolithiasis is the first most common urological disease affecting both males and females; it
is predominant among males in a proportion of approximately 2:1 [1, 2].

Urolithiasis incidence varies in different parts of the world , high incidence areas are
Scandinavian Countries, Mediterranean Countries, British Isles , Northern Australia,
central Europe, portion of the Malayan Peninsula, China, Pakistan and northern India,
whereas the incidence of kidney stones formation is lower in areas like Central and South
America and some parts of Africa.

In Asia stone -forming belt has been reported to stretch across Saudi Arabia, the United
Arab Emirates, the Islamic Republic of Iran, Pakistan, India, Myanmar, Thailand Indonesia
and Philippines [3]. Yemen lies in the south of Saudi Arabia.

The peak incidence is observed in the 2" and 3™ decades of life. Renal Calculi are
characterized clinically by renal colic as they pass down along the ureter and manifest as
haematuria[4].

Both genetic and environmental factors contribute to stone formation. Factors believed
to predispose to sporadic urinary lithiasis include hygienic-dietic issues, occupation,
geographic and climatic aspects, as well as the special characteristics of drinking water.
[5,6].

The biochemical aspects of the disease have centered on the metabolic activity of the
patient including certain enzyme disorders. Winer [7], listed seven factors that may
contribute to the formation of calculi:

e Metabolic disturbance such as gout

e Endocrinopathies

e Urinary obstruction

e Infectious

e  Mucosal metaplasia

e Intrinsic conditions such as dehydration

e Dietary excess, drug excess, or hemotherapy
e Isohydruria

Analysis of urinary calculi is an essential step in the examination and initial treatment of
the patient with kidney stones (urolithiasis). Knowledge of the composition of calculi yield
fundamental information concerning the pathogenesis of the disease, including metabolic
abnormalities, presence of infection, possible artifacts and even drug metabolism [8].

Most stones, approximately 75% are calcium containing largely of calcium oxalate
mixed with calcium phosphate. Another 15% are called triple phosphate stones or struvite
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stones composed of magnesium ammonium phosphate. 6%are uric acid stone and 1-2% is
made up of cystine stones [9, 10].

Since the chemical composition of calculi is very important for the purpose of
determining both the origin and etiology, the present study was therefore done to perform
the chemical analysis of stones to know the pattern of biochemical composition of stones
among Yemeni patients.

METHODOLOGY

Kidney stones were sent to Central Lab; in Sana’a, the capital of the Republic of Yemen for
chemical analysis. These stones were removed surgically from the patients exposed to
surgical treatments between 1%t January, 2010 to 30™ October 2011, in the *“48 Model
Hospital” in Sana’a, which is one of the majors Teaching Hospitals in the Republic Of
Yemen. A request form having a brief history was sent with the patient’s stone.

The stones were washed in distilled water grinded and powdered in a mortar and were
analyzed by samiquantitative method [11]. The kits supplied by Mascia Brunell S.P.A
(Italy) were used for chemical analysis of stones. The synthetic standard available in the
form of fine powerder was analyzed along with the test samples to serve as a control. The
poweredred stones and standard both were analyzed for uric acid, cystine, oxalate,
carbonates, phosphates; ammonia, calcium and magnesium contents. Data extracted from
the records included age, sex, occupation and place of residence.

The software SPSS 13.0 for Windows was used for data entry and analysis. Chi-Square
test was used to compare between different results. P values < 0.05 were considered
significant.

RESULTS

One hundred eight (108) stones were analyzed chemically during the period from 1%
January,2010 to 30" October 2011. All patients were Yemeni from different part of the
country working in the military and their families were included in the study.

The mean age of the participants included in the analysis was 29.65 = 11.36. There were
94 (87%) stones belonged to males, while 14 (13%) stones to female (graphl& 2). The
male to female ratio was 6:1.

Graph.1: distribution of urolithiasis according to the gender
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Graph2. Distribution of urolithiasis according to the age groups

Out of a total of 108 stones, 60 stones (55.6% ) were calcium oxalate, 30(27.8%) were uric
acid mixed with calcium oxalate and 5 (4.6%) stones were phosphate mixed with calcium
oxalate . Tablel.Type of stones.

Table 1: urolithiasis according to the types of stones

Type of stones frequency %

uric acid 2 1.9
calcium+oxalate 60 55.6
calcium+oxalate+phosphate 5 4.6
magnisium+calcium+oxalate 2 1.9
calcium+oxalate+amonia+uric acid 3 2.8
calcium+oxalate+uric acid 30 27.8
calcium+oxalate+ammonia 1 9

amonia+uric acid+oxalate 1 9

calcium+phosphate+uric acid 2 1.9
cabonate+calcium+uric acid 2 1.9

The association between gender and biochemical composition of renal stones were
positive and statistically significant (y = 19.072, P = 0.025). Table2.
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Table2. Relation between gender and biochemical compositions of renal stones

biochemical compositions of renal stones*** T |y p.
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*** M = Male, F = Female, T = total, y = Chi square test, P = p — value < 0.05 significant.

Most patients were from Sana’a governorate 38.9% as shown in the graph 3.
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Graph3. Distribution of urolithiasis according to the patient's place of residence

DISCUSSION

Analysis of urinary calculi is an essential step in the examination and initial treatment of the
patient with kidney stones (urolithiasis). Knowledge of the composition of calculi yield
fundamental information concerning the pathogenesis of the disease, including metabolic
abnormalities, presence of infection, possible artifacts and even drug metabolism [8].

The present study shows that majority of stones were composed of calcium oxalate
(55.6% ) followed by uric acid (27.8%) . Almost similar observations were made from
studies done in Saudi Arabia and Sudan [12, 13, and 14]. This might be due to the large
consumption of meat and poultry by the people here. These types of food tend to increase
the amount of acid in the urine. These stones are formed in acid urine called primary stones.
On other hand secondary stones are formed in alkaline urine as a result of infection and
compromise of magnesium ammonium phosphate [9]. In our study 4.6% of stones
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composed of calcium oxalate mixed with phosphate followed by magnesium mixed with
calcium oxalate 1.9 %.

The exact pathogenesis of urolithiasis is not known. A number of promoters, inhibitors
and predisposing factors can contribute to the development of stone formation. From the
above results it appears that nutritional and environmental factors play a role in the
pathogenesis of urolithiasis in Yemen.

The male to female ratio in this study was 6:1. Most studies reported that it is 5 times
more in male than females [15]. Alhadramy MS has reported that, it is 2-4 times more in
males as compared to females [15,16]. These findings are in close proximity to our reports

The disease affected all age groups from less than 1 year old to more than 70; however
the increased incidence of recurrence in patients in the older age may be contributed to the
influence of aging and diet. In our study the mean age of the participants included in the
analysis was 29.65 = 11.36 and these findings support other observations done in the
literatures [ 3,12,13,15,17].

Increased incidence in males has been attributed to increased dietary protein intake
,which increases urinary excretion of phosphates and magnesium and reduced urinary
citrate concentration . The lower risk of stone formation in women was attributed initially
to increased urinary citrate concentrations due to the lower urinary saturation of stone
forming salts ,while later reports indicated that endogenous estrogen and estrogen treatment
in postmenopausal women may decrease the risk of stone recurrence by lowering urinary
calcium and calcium oxalate saturation [3]. In this study there were 94 (87%) stones
belonged to males and 14 (13%) stones to female. This finding indicate positive association
between gender and biochemical compositions of renal stones (x = 19.072, P = 0.025).

The effect of geography on the incidence of stone formation may be direct, through its
effect on temperature,high temperatures increase perspiration ,which may result in
concentrated urine ,which in turn promotes increased urinary crystallization .In our study
87% of participants were from different part of the country working in the military in
different local environment - extreme heat and dryness, lack of rehydration , dietary habits,
etc. These findings support other observations done in the previous studies [ 3, 4,6, 10, 17].

CONCLUSION
From the study we can conclude that:
- Renal stone disease in Yemini was not uncommon .The majority were calcium
oxalate, followed by uric acid stones.
- The relative increased frequency of stones in Yemen, which is a part of
Mediterranean region, indicates that nutritional, environmental and genetic factors
play a role in the occurrence of stones.

RECOMMENDATION
It is stated that nutritional and environmental factors seem to play a role in stone
formation. Hence dietary intervention on a large scale and health education in this regard
may be helpful on the preventive side.
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ABSTRACT

The objective of this study was to identify and determine the
prevalence of tick species infesting sheep in some areas of Thamar
governorate, Yemen. A total of 392 indigenous sheep breeds of either
sex and different age were randomly selected and examined for
presence of ticks using standard parasitological techniques from
December, 2010 to May, 2011. The results revealed that the overall
prevalence of tick infestations on sheep was 43.37 %. Of total 875
ticks collected, Seven species of ixodid ticks were identified. The
species on hierarchy of overall prevalence abundance were
Rhipicephalus sanguineus (13.01%), Rhipicephalus (Boophilus)
decoloratus (9.69%), Rhipicephalus evertsi evertsi (5.87 %),
Hyalomma marginatum (4.59 %), Amblyomma variegatum (4.34%),
Rhipicephalus (Boophilus) annulatus (3.06%), Haemaphysalis sulcata
(2.04%). Rhipicephalus (Boophilus) decoloratus species is recorded
for first time in Thamar governorate and Yemen as well as.
Statistically, there was significance difference (P<0.05) in the
prevalence among different species identified. The highest prevalence
rate of ticks infestations was recorded in month of May (62.90%);
whereas the lower rate in the month of December (26.67 %).
Prevalence of tick infestations was influenced significantly (P<0.05%)
by Month variation (season). The effect of associated risk factors
(determinants) i.e. age, sex, breed of host and area in distribution of
ticks was non-significant. Attention should be given to the control and
prevention of tick infestations on sheep reared under traditional
management in study areas.

Keywords: Preliminary study, Prevalence, Sheep, Thamar, Tick.

INTRODUCTION

The livestock sector represents a significant part of the global
economy, particularly in the developing world. Thus, livestock
provide energy, food, raw materials, and manure for crops. It is
therefore not surprising that the livestock sector has emerged as an
important economic source for a vast majority of the rural population
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and a target for agribusiness in the dairy, meat, and various other products in the
processed foods sector [ 1, 2, 3, 4].

The livestock sector contributes about 16% of the total National Gross
Domesticated Product (GDP) and over 23.3% of the Agricultural GDP [5 ]. The
current population of livestock in Yemen is estimated as 19.7 million and is
predicted to increase 3.2 % per year to reach 30 million by 2025 [ 6].

The livestock sector has increasingly become eminent in terms of its
contribution to household nutrition and food security. However, sustainability of
this sector has been negatively affected by the high prevalence and incidence of
animal diseases and pests [ 7].

Tick infestation presents a serious challenge to farmers of small ruminants in
developing countries like Yemen. They exert a major hindrance to improving
animal production and livestock industry. Economically, ticks impact the
availability of good quality hides and skins to the leather industry. Severe irritation,
allergy, and toxicosis often plague livestock growers. In addition, in both small and
large ruminants, ticks reduce milk production, increase mortality, and transmit
serious diseases such as babesiosis, theileriosis, and anaplasmosis [8, 9, 10].

The control of ticks and tick borne diseases is a major component of animal
health programme for the protection of livestock and enhances global food
security. Successful control strategy of ticks and the diseases they transmit depends
on improving our understanding on the epidemiology, distribution and dynamics of
the ticks in the field [11, 12].

Since the previous surveys on ticks infesting livestock in some agro-ecological
zones of Yemen [13,14,15,16], to our best knowledge, no work has been carried
out on tick infestation on sheep and other ruminants in Thamar. Therefore, this
study aimed to identify, determine the prevalence of tick species infesting sheep
and associated risk factors (determinants) in some areas of Thamar governorate,
Yemen.

MATERIALS AND METHODS

Study area

The study was carried out in some areas of Thamar governorate in the period from
December, 2010 to May, 2011. Geographically, Thamar is located at 14.58'N
latitude, 44 43'E longitude and at an altitude of 2425 meter above sea level (m. a. s.
). It enjoys a temperate, rainy summer and a cool, moderately dry winter with
temperatures occasionally dipping below 0°C . The mean minimum and maximum
annual temperatures for the area are 8.8°C and 25.05°C respectively. The area
receives an average annual rainfall of about 22.27 mm and relative humidity of
about 44.33%.

Study population
The study population constitutes indigenous sheep (Thamari and Ainsi/Boni)
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breeds kept under traditional management system. The animals depend on grazing
for their feed sources, the flocks are regularly moved to pasture for daytime grazing
in the morning and are brought back to the villages in the evening. In house,
animals are occasionally supply with crop residues and house-wastes.

Study design and sampling strategy

A cross-sectional study design was employed to address the objective of this study.
Multistage cluster random sampling was used as described by Thrusfield [ 17] to
select a total of 392 sheep of either sex and different age from five localities of
Thamar, namely, Da'r Alhanash, Livestock Market, Mangadha, Mawahep and
Yafa'a. All selected animals were examined thoroughly for the presence of ticks.

Tick collection and identification

The selected animals were restrained; all visible ticks were collected from whole
body of animal. Ticks were removed carefully and gently from body surface of
animal with forceps. The collected ticks were preserved in universal bottles
containing 70% ethyl alcohol and labeled with the date of collection (months), age,
sex and breed of the hosts. The specimens were brought to laboratory, Department
of Veterinary Parasitology, College of Agriculture &Veterinary Medicine, Thamar
University, for counting and identification. The ticks were counted and
subsequently identified to species level using stereomicroscope according to
identification keys given by Urquhart et al. [18 ] and Walker et al. [ 19].

Data analysis

The data obtained were uploaded into Microsoft Excel spreadsheet and
summarized by using tables. Statistical analyses were performed by using SPSS
17.1[20]. Descriptive statistics like prevalence, percentages, counts and Ratio were
calculated to display the status of ticks relative to some considered variables. Chi-
square was used for comparison of binary variables. P value less than 0.05 was
considered significant.

RESULTS

Out of a total 392 sheep examined for presence of the hard ticks, 170 were found
to be infested by one or more tick species. The overall prevalence of ticks recorded
was 43.37 %. Ticks have shown a permanent presence through the study period.
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Table 1.The overall prevalence of tick infestation on sheep in Thamar governorate

Animal species | No. of animals examined No. of animals infested | Percentage %
Sheep 392 170 43.37

Table 2. The prevalence of tick species identified on sheep in Thamar governorate

No. of animals

Species infested (n=392) Prevalence (%) P value
A. variegatum 17 4.34 0.000
H. marginatum rufipes 18 4.59
H. sulcata 8 2.04
R. evertsi evertsi 23 5.87
R. sanguineus 54 13.78
R.(Boophilus) decoloratus 38 9.69
R. (Boophilus)annulatus 12 3.06
Table 3. Sex ratio and distribution of ticks on body of sheep
Site of Ear Sternum | Hand leg | Other Body To_tal of Fe_male l\_/lale Ratio
attachment & flank & udder parts ticks ticks | ticks
No. of Ticks 331 136 282 149 875 523 352 | 1.3
& Percentage [(36.9%)| (15.1%) | (26.9%) (16.6%) (59.8%) [(40.2%)| 0.9

Of total 875 ticks collected from sheep, Seven species of ticks were identified,
which they are belonging to four genera, namely, Rhipicephalus, Hyalomma,
Amblyomma and Haemaphysalis. The species on hierarchy of overall prevalence
abundance were R. sanguineus (13.01%), R.(Boophilus) decoloratus (9.69 %), R.
evertsi evertsi (5.87 %), H. marginatum (4.59 %), A. varigatum (4.34%),
R.(Boophilus) annulatus (3.06 %), H. sulcata (2.04%) as indicated in Table 2.
Statistically, there was significant difference (p<0.05) in the prevalence among the
different species of ticks collected from sheep. R.( Boophilus) decoloratus species
is recorded for first time in study areas of Thamar governorate and Yemen.

The sex ratio ( female/ male) and distribution of the ticks on body parts of
sheep are presented in Table 3. As shown, females ticks were dominant on sheep
compared to males. Various body sites were categorized based on attachment
preference. The ears (36.9 %), were primary sites of attachment, followed by hand
leg & udder (26.9 %), sternum & flank ( 15.1 %) and other parts of the body
(16.60%), as depicted in Table 3.

Considering the analyses of the prevalence of tick infestion on sheep and
associated risk factors, namely, Month variation (season,), age, sex, breed of host
and area. The effect of month variation (season) on distribution of tick infestation
is presented in Table 4. As shown, the higher prevalence rate was recorded in
month of May (62.90%); whereas the lower rate in month of December (26.67%).
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Significant difference (p<0.05) was observed between prevalence of ticks and
month variation (season).

Table 4. Risk factors (determinants) influencing prevalence of tick infestation on sheep

Risk factors Noéx(;fnz]air:]lg?jals No.i r?;‘ei?el(rjnals Prevalence P value
Month

Dec 75 20 26.67 0.000
Jan 60 20 33.33
Feb 60 22 36.67
Mar 75 33 44.00
Apr 60 36 60.00
May 62 39 62.90

Age
lyr< 55 29 52.73 0.209
1yr 136 64 47.06
2yrs 77 25 32.47
3yrs 71 32 45.07
4yrs 32 11 34.38
5 yrs and
above 20 29 145.0

Sex
Female 279 119 42.65 0.654
Male 113 51 45,13

Breed
Thamari 211 87 41.23 0.357
Ainsi/Boni 181 83 45.86

Area 0.777
Da'r
Alhanash 75 35 46.67
Livestock
M 92 37 40.22
Mangadh 90 36 40.00
Mawahep 60 26 43.33
Yafa'a 75 36 48.00

The results of age-wise showed that, the higher prevalence rate of tick
infestation was recorded in young animals below one year ( 52.73 %), whereas the
lower rate (32.9%) was recorded in animal groups with two-year old ( 32.47 %), as
presented in Table 4.

Sex-wise results revealed that, sheep males (45.13%) were found to be more
prone to tick infestation compared to females ( 42.65 %). No significance
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difference (P<0.05) was observes between prevalence of tick infestation and sex of
sheep (Table 4).

Ainsi sheep breed was more susceptible to tick infestation compared to Thamari
breed. The prevalence rate recorded in both breeds was 45.86% and 41.23 %
respectively.

The distribution of ticks in different localities (areas) of Thamar governorate
included in this study are presented in Table 4. The higher prevalence rate was
recorded in Yafa'a (48.0%), whereas the lower rate in Mangadh (40.0 %).

Statistically, analyses showed that no significant association (P<0.05) was
observed between prevalence of tick infestation and hypothesized risk factors Viz.
age, sex, breed and area.

DISCUSSION

An attempt was carried out to identify, determine the prevalence of tick species
infesting sheep and associated risk factors in Thamar governorate. The problem of
ticks on sheep in the study area seems to be very important as they are widely
distributed, poor management and poor level of awareness of sheep owners
regarding the effect of ticks are believed to be the main causes for wide spreading
of ticks. In the present study, the overall prevalence of tick infestation was
43.37%. The results of this study are in agreement with findings of other workers
[3, 4, 8, 21, 22] who studied the tick infestations in sheep and other domestic
ruminants and reported the prevalence rate ranged from 12.8 to 89.90%. The higher
prevalence rate reported by some of above workers could be attributed to size of
samples, environmental conditions and topo- geography of study area.

Seven species of ticks were identified, which are belonging to four genera,
namely, Rhipicephalus, Hyalomma, Amblyomma and Haemaphysalis. The species
identified were R. sanguineus, R.(Boophilus) decoloratus, R. evertsi evertsi, H.
marginatum rufipes, A. varigatum, R. (Boophilus) annulatus, H. sulcata. All
species identified were previously reported by many workers in some geographical
areas of Yemen [13,14,15,16] and other regions of the world [3, 8, 23, 24, 25].
Furthermore, these results support the findings of Friedhoff [26], who reported that
majority of tick species belong to Rhipicephalus, Haemaphysalis, Amblymma and
Hyalomma genera are the most common tick species infesting domestic animal in
the Middle East. The absence of some species reported by above workers in current
study may be due to the fact, the present study was limited to Thamar city and
surrounding areas; whereas in previous studies different animal species from
different geographical areas of Yemen and world were subjected to examination
for the presence of ticks.

R.( Boophilus) decoloratus species is recorded for first time in study areas of
Thamar governorate and Yemen. This could be attributed to importing live
animals from Africa, for the purposes of meat consumption and scarifies during
religious festivals, where is this species more prevalent [ 3, 12, 22, 27].
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R. sanguineus tick was the most predominant species in sheep. These results are
in line with findings of Shemshad et al [10], who studies species diversity and
geographic distribution of hard ticks infesting domestic ruminants in Iran and
reached to similar results. This could be explained that, the R. sanguineus, have
ability to enjoy wide host range in domestic animals and high adapted to climatic
condition of study area.

In general, the number of ticks collected from sheep was very low compared to
similar studies [21, 22, 28] carried out in other regions of the world. This could be
attributed to complicated interplay factors such as climate, vegetation, host density,
host resistance and animal husbandry practices. The sex-ratio results showed that,
female ticks were more compared to males. This may be due to sampling efficacy
and male ticks are difficult to find on host compared to female [29].

Ticks are known to be distributed on different parts of the host body. In this
study, the highest number of ticks were seen in ears of sheep, while their
distribution on other body parts were with varying percentages. Solomon [30]
suggested that factors such as host density, interaction between tick species, time
and season and inaccessibility for grooming determine the attachment site of ticks.

As far as could be ascertained, no or a limited amount of literature is available
on the tick infesting livestock and associated risk factors in Yemen [15, 16]. Such
factors influencing prevalence of tick infestation on sheep are studied for first time
in Thamar. As shown in Table 4, the prevalence infestation rate was the highest in
May and the lower in December. The results of this study are in accordance with
findings reported by other workers [ 2, 15, 23, 25, 31], who studied the relationship
between the prevalence of tick infestations and month variation (season). The high
prevalence rate of tick infestion in May, could be attributed to environmental
conditions which were conducive for survival, development and breeding of ticks
in study area.

The current study revealed that younger animals showed high susceptibility to
tick infestations compared to adults. This could be explained as resistance in adult
animals are building up as the age advance and the animals become more
adaptable than in younger. In addition, the soft skin and tissue of younger animals
may be easy to penetrated by mouth parts of ticks during feeding [9 ].

Sex-wise data revealed that males were slightly more infested by ticks
compared to females. No significant difference was observed between prevalence
rate and sex of animal. The higher prevalence rate recorded on males may be due to
managemental factors.

In the present study, Anisi breed showed slightly more susceptible to tick
infestation compared to Thamari breed. This could be attributed to genetical factors
or may be due to the fact that, the farmers in study area have more interest in
Thamari breed; thus, taking more care about this breed compared to Ainsi breed.

The highest prevalence rate of tick infestation was recorded in Yafa'as area;
whereas the lower rate in Mangadh area. No significant difference was observed in
prevalence rate of tick infestations among different areas surveyed. The higher
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prevalence rate recorded in Yafa'a locality may be due to moving of livestock,
animal husbandry practice and microclimate conditions of Yafa a locality (area).

In conclusion, hard tick species are prevalent in Thamar governorate. The
conducive environmental factors, poor veterinary infrastructure services and lack
appropriate knowledge on tick impact on livestock are suggested to be the main
causes for abundance of ticks. Further studies on epidemiology of ticks, tick-borne
diseases and related factors are recommended as these may provide a valuable
basis for designing and launching an all-round control programme in Thamar and
other regions with similar environmental conditions.
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ABSTRACT

Twenty five samples were collected from the beach sand of Socotra
Island. These samples are covered the northern shoreline of the island.
They were treated for extracting the foraminiferal content. Eighty Six
foraminiferal species have been identified from the collected samples.
These species belonging to 52 genera, 22 subfamilies, 35 families, 16
superfamilies and 6 suborders.

The systematic classification of the recorded species is mentioned and
then they were compared with the type- species.

Key words: Key words: Recent foraminifera, Socotra Island, Indian
Ocean, Yemen.

INTRODUCTION

Socotra island is the largest Yemeni Island, located between the longitudes
53° 19" and 54° 33" E, and latitudes 12° 18 and 12° 42" N (Fig.1). This

island has been living in isolation with the three nearby small islands (Abd
Al-Kouri, Samhah and Darsa) to form the Socotra Archipelago in the Indian
Ocean off the Horn of Africa, some 380 km S-SE of Ras Fartaq, the nearest
point on the south Arabian coast. The length of Socotra Island is about 135
km from east to west with a maximum N-S breadth of 42 km. This
archipelago rests on a shelf platform that is attached to the horn of Africa,
some 250 km E-NE of cape Gaurrdafui at the north-east tip of Somalia
(Samuel et al., 1997).

The geography of the area is very interest and variable, there are
mountains ground, littoral, fluvial and aeolian plains. Different sedimentary
environments such as valleys, coasts, lagoons, brackish water lakes....etc. are
widely distributed in the island. All of these environments are distinguished
by their own particular environmental conditions which controlling the
endemic faunal assemblages inhabiting them.

At the surface of the island, four kinds of relief can be distinguished,
these including: (1) The central plateau: It occupies most of the island area
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and is divided into two main parts: the eastern and the western plateaus, which overlooking
gradually the coastal plains., (2) Coastal Plains: The coastal plains are situated in the
northern and southern parts of the island and are non-existent in the eastern or western parts
of the island due to the extension of drifts to the coast. The coastal plains are divided into
two parts, the northern coastal plain named Hadibo plain and the southern plain named
Nawgeed., (3) The Mountains: The most important of which are the mountainous range of
Haggier Mountains, which are located at the eastern part of the island (Fig. 1). and (4) The
Wadis (valleys): Wadis are interspersed and pour at the northern and southern parts of the
island. Some of these valleys springing out from the Haggier mountainous range which are
characterized by the running water all the year.

Geology and Stratigraphy of Socotra Island was introduced in detailed by Beydoun and
Bichan, 1970, Morrison et al., 1997, Birse et al., 1997 and Samuel et al., 1997. Pre-Cambrian
basement rocks are distributed at the eastern part of the island (Haggier Mountains) and in a
narrow strip along much of the northern coastline at the base of the cliffs and in the west
around Qalansiyah and Ras Shu'ab areas.

Thick sedimentary sequence rests on the Pre-Cambrian basement rocks and exposed in
different areas of the island. This sedimentary sequence consists mainly of sandstone
(Triassic) and carbonate rocks (Jurassic—Tertiary). The carbonate sequence is highly
karstified and cliff-forming massive limestone varies considerably in thickness, from 30m
up to 600m (Samuel et al., 1997). Pleistocene and Holocene sediments formed on older
rocks in inland depressions, valleys and on coastal plains. The Quaternary deposits of the
island include marine, fluvial and continental facies (Flettmaan et al., 2004).

In the studied areas marine deposits are generally horizontal terraces of sandy
conglomeratic limestone and heterogeneous calcareous and cemented conglomerates with a
variety of marine organisms. The most common amongst them being corals and bivalves.
Other marine deposits include pebble banks, beaches, spits and bars giving rise to lagoons
or damming up the mouths of streams and wadis to result in the formation of seasonal fresh
and brackish water lakes. Marine deposition grades inland into continental and fluviatile
conditions.

The island lies on the margins of sub-equatorial and northern tropical climate belts.
Therefore; the climate is characterized by marked seasonal, spatial-altitudinal and inter-
annual variability. The local climate is influenced by large-scale weather phenomena,
particularly the seasonally reversing Monsoons, the EI Nino-southern oscillation and the
Indian Ocean Dipole, and the episodic passage of tropical cyclones.

The diverse topography of the islands creates various micro-climates which cause
marked changes in Socotra weather patterns, sea and air temperatures and rainfall. The
Nawgeed plains is typical of extremely arid conditions, while parts of the Haggier are in a
humid cloudy zone and may experience substantial rainfall occasionally in excess of
100mm per day during the rainy season where the total annual rainfall on the north coast
measured is 125-175mm. The annual average temperature in Hadibo attains 28-31°C and

the average annual humidity is approximately 65-76%.
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Figure 1: Geological map of Socotra Island including positions ofcollected samples

METHODOLOGY

Fieldwork was carried out along the northern coastline of Socotra Island during November
2007. Twenty five samples from the surface sediments of the selected area (Fig. 1) were
collected for detail study and separation the foraminiferal tests from sediments which
depends on the difference in density between saline water and the shells, which composed
of calcium carbonate. The samples were washed by running distilled water using a (200-
mesh) sieve. Shells of foraminifera were concentrated and extracted from the sediments by
using turbulent movement to the salt water and the sediments inside a plastic container. The
carbonate shells were separated and floated on the surface of water according to the low
density of the calcium carbonate. The floating materials were separated from the saline
solution and concentrated in a plastic sieve. Foraminiferal tests were picked by using
double zero (00) size brush and arranged in micropaleotolgical slides. This fauna were
studied and identified by using light binocular microscope. Photos of identified
foraminiferal species were taken by Scanning Electronic Microscope (SEM) but some of
them taken by 12 Mega Pixel digital camera.

35



Recent Foraminifera from Socotra Island, Indian Ocean, Yemen M. A. Al-Wosabi,et al

Foraminiferal species from Socotra Island did not study before. Therefore, the present work
is considered the first contribution on the foraminiferal assemblages from surface sediments
of the Island.

The foraminiferal species are recorded and assessed in the present study The
classification of recorded foraminifera based primarily on characters of the shells. The
differences between the type species and our identified species are mentioned and the
unknown species will describe here.

Based on the classification of foraminiferal genera by Loeblich and Tappan, 1988, an
assemblage of 86 foraminiferal species is recorded. These recorded species belong to 52
genera, 22 subfamilies, 35 families, 16 superfamilies and 6 suborders. The described
specimens are deposited in the Department of Earth and Environmental Sciences, Faculty
of Science, University of Sana'a.

TAXONOMY AND SYSTEMATIC PALEONTOLOGY
Order : Foraminiferida EICHWALD, 1830
Suborder: Textularina EHRENBERG, 1839
Superfamily: Textulariacea EHRENBERG, 1838
Family: Eggerellidae CUSHMAN, 1937
Subfamily: Eggerellinae CUSHMAN, 1937
Genus: Martinottiella CUSHMAN, 1933
Martinottiella communis D'ORBIGNY, 1846
PI. I, Fig. 1
Remarks: This species was recorded from Maldives Ridge and south eastern Arabian Sea
(Sarkar et al., 2009). In this study, Martinottiella communis D'orbigny was found as a rare
form in SQB12 (Table 1).
Martinottiella sp.
PI. 1, Figs. 2-3
Description: Test free, elongate, uniserial, ovate; periphery lobulate, sub-angular; suture
flash, curved; wall finely agglutinated, aperture arcuate slit-like, terminal.
Remarks: in this study, Martinottiella sp. was found as rare form in SQB12 (Table 1).
Subfamily: Textulariinae EHRENBERG, 1838
Genus: Textularia DEFRANCE, 1824
Textularia agglutinans D'ORBIGNY, 1839
PI. I, Figs. 4-9
Remarks: This species was recorded from several areas such as southern Thailand
(Jumnongthai, 1980) and East Coast of India (Gandhi et al., 2002). In this study, it recorded
as a common and rare form from several samples (Table 1).
Textularia conica D'ORBIGNY, 1839
PI. I, Figs. 10-11.
Remarks: Chambers of this species are increasing gradually in size. This species was
recorded from different regions such as south Maldives Ridge, Arabian Sea and from the
north-west Indian coastline by Srinath, 2002 and Sarkar et al., 2009. In this study, this
species was found with a huge numbers of up to more than 500 specimens in many samples
(Table 1).
Textularia foliacea HERON-ALLEN and EARLAND, 1915
PI. I, Fig. 12.
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Remarks: This species was distinguished from recent deposits of the Red Sea and the Gulf
of Agaba (Hottinger et al., 1993). In the present study, this form is distinguished from
SQB26 as an abundant and as frequent form in SQB25 and rarely form in SQB3 (Table 1).
Suborder: Spirillinina HOHENEGGER and PILLER, 1975
Family: Spirillinidae REUSS and FRITSCH, 1861
Genus: Sejunctella LOEBLICH and TAPPAN, 1957
Sejunctella sp.
PI. I, Figs. 13-14.
Description: Test discoidal to enrolled tubular, globular to ovate; complete and rounded
Periphery; wall hyaline, numerous prominent perforations on one side, and opposite side
imperforate; aperture terminal, rounded at the end of the tube.
Remarks: In this study, this form is distinguished from SQB25, SQB26 as a rare form
(Table 1).
Suborder: Miliolina DELAGE and HEROUARD, 1896
Superfamily: Cornuspiracea SCHULTZE, 1854
Genus: Vertebralina D'ORBIGNY, 1826
Vertebralina striata D'ORBIGNY, 1826
PI. 1, Figs. 15-18.
Remarks: Vertebralina striata D'orbigny was recorded from different regions such as East
Coast of India (Gandhi et al., 2002), Maldives Ridge and south eastern Arabian Sea (Sarkar
et al., 2009) and from Turkey (Merig et al., 2009).
In this study, this form is distinguished from SQB25 as a frequent and as a rare form in
SQB3, SQB13 and SQB26 (Table 1).

Superfamily: Miliolacea EHRENBERG, 1839
Family: Spiroloculinidae WIESNER, 1920
Genus: Spiroloculina D'ORBIGNY, 1826
Spiroloculina aequa CUSHMAN, 1917
PI. 11, Figs. 2-3.
Remarks: This species was recorded from the beach sands along Saurashtra coast in north-
west India (Rao and Srinath, 2002) and Indian coast (Devi and Rajashekhar, 2009). In the
present study, this form was found as a common form in SQB25 and SQB26 (Table 1).
Spiroloculina depressa D'ORBIGNY, 1826
PI. I, Fig. 19.
Remarks: This species is very similar to the type species which was described by D'orbigny,
1826. It was recorded several regions such as Florida (Buzas and Severin, 1982), France
(Debenay et al., 2001), Thailand Gulf (Melis and Violanti, 2006) and Turkey (Merig et al.,
2009).
In this study, it was recorded as rare form in SQB3, SQB13, SQB25 and SQB26 (Table 1).
Spiroloculina laevigata CUSHMAN and TODD, 1944
PI. I, Fig. 20.
Remarks: This species was recorded in beach sands along Saurashtra coast in north-west
India (Rao and Srinath, 2002). This form was recorded as a rare form from the Red Sea
coastline (Hudaydah, Mukha and Zabeed) by EI-Nakhal, 1980. In this study, Spiroloculina
laevigata Cushman and Todd was recorded as rare form in SQB25 (Table 1).
Spiroloculina ornate D'ORBIGNY, 1839
PI. 11, Fig. 1.
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Remarks: In this study, Spiroloculina ornate D'orbigny has been recorded as a rare form in
SQB12 and SQB25 (Table 1).
Spiroloculina sp.
PI. 1l Figs. 4-5.
Description: Test ovate in outline, biconvex; tube-shaped; milioline; complete and semi-
rounded periphery; suture lines curved, depressed; surface smooth; wall porcelaneous,
imperforate; aperture terminal, rounded at the end of the final chamber with simple tooth.
Remarks: In this study, Spiroloculina sp. has been recorded as rare form in SQB12 and
SQB26 (Table 1).
Family: Hauerinidae SCHWAGER, 1876
Subfamily: Haueriniae SCHWAGER, 1876
Genus: Hauerina D'ORBIGNY, 1839
Hauerina bradyi CUSHMAN, 1917
PI. 1l Figs. 6-10.
Remarks: This species is similar to the type species. It was recorded in southern Thailand
(Jumnongthai, 1980). In the study samples Hauerina bradyi Cushman was recorded as an
abundant form in SQB25 and SQB26 and rarely from SQB3 and SQB13 (Table 1).

Genus: Massilina SCHLUMBERGER, 1893
Massilina granulocostata GERMERAAD, 1946
PI. 11, Figs. 11-12.

Remarks: Massilina granulocostata was recorded from different regions such as
Challenger Station in Papua New Guinea, Gulf of Mexico, Mediterranean Sea, New
Zealand and from USA. In the present study, this species was distinguished as a frequent
form in samples SQB3, SQB25 and SQB26 (Table 1).

Genus: Quinqueloculina D'ORBIGNY, 1826

Quinqueloculina flavescens D'ORBIGNY, 1826
PI. 11, Fig. 13.

Remarks: Quinqueloculina flavescens was originally described from Madagascar
(D'Orbigny, 1826). It was recorded from the coastline of Yemen by El-Nakhal, 1984. In
this study, this species was recorded from samples SQB2, SQB19 and SQB25 (Table 1).

Quinqueloculina poeyana D'ORBIGNY, 1839

PI. 11, Figs. 14-15.

Remarks: The present species was described from the recent deposits of Cuba and Jamaica
(D'Orbigny, 1839). In Yemen, this species was recorded by El-Nakhal, 1980. Also, it was
recorded in different regions such as Florida (Buzas and Severin, 1982), Western Australia
(Glover et al., 2003) from Thailand (Melis and Violanti, 2006). In this study, it occurs in
samples SQB10, SQB12, SWQ1 and SWQ2 as a common form (Table 1).

Quinqueloculina parkeri BRADY, 1881
PI. Il, Figs. 16-17
Remarks: This form was described by Brady, 1881. It was identified from different regions
such as southern Thailand (Jumnongthai, 1980) and East Coast of India (Gandhi et al.,
2002), beach sands along Saurashtra coast in north-west India (Rao and Srinath, 2002) and
from Indian coast (Devi and Rajashekhar, 2009). In this study, Quinqueloculina parkeri
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Brady was occurred as rare form in samples SQB1, SQB4, frequently from samples
SQB25 and SQB26 (Table 1).
Quinqueloculina subdecorata CUSHMAN, 1918
PI. 1l, Fig. 18.
Remarks: This species was recorded by El-Nakhal, 1984 From the Red Sea coastline of
Yemen. In this study, Quinqueloculina subdecorata was recorded as a rare form in
sample SWQ2 (Table 1).
Quinqueloculina sp.
PI. 11, Fig. 19.
Description: Test ovate in outline, biconvex; chambers shape tube, milioline; complete and
sub-rounded periphery; suture lines curved, slightly depressed; wall porcelaneous, imperfo-
rate; surface striated lines; aperture terminal, rounded with a bifid tooth.
This species has recorded here as a commonly from sample SQB26, as a frequent form in
sample SQB3, and as rare form in sample SQB19 (Table 1).
Subfamily: Miliolinellinae VELLA, 1957
Genus: Biloculinella WIESNER, 1931
Biloculina labiata SCHLUMBERGER, 1891
PI. 11, Fig. 20.
Remarks: Biloculina labiata Schlumberger was recorded from Turkey (Meric et al., 2009).
In this study, it has been recorded as a frequent form in samples SQB25 and SQB26 and as
a rare form in samples SQB3 and SWQ?2 (Table 1).
Genus: Triloculina D'ORBIGNY, 1826
Triloculina bertheliana BRADY, 1884
PIL. 111, Figs. 14-15.
Remarks: In this study, Triloculina bertheliana was identified rarely form in sample SQB2
and frequently from sample SQB25 (Table 1).
Triloculina longidentata BANDY, 1953
PIL. 111, Figs. 3-5.
Remarks: El-Nakhal, 1993 recorded Triloculina longidentata Bandy from Hudaydah and
Zabeed, Salif and Mukha areas. In this study, it was identified as an abundant form in
sample SQB26, as a common form in sample SQB25 and as a rare form in samples SQB13,
SQB14, SQB23 and SQB27 (Table 1).
Triloculina mindenensis HOWE, 1939
PI. 111, Figs. 6-7.
Remarks: Howe, 1939 described Triloculina mindenensis from the Eocene of Louisiana,
U.S.A. It was identified by El-Nakhal, 1980, 1984 and 1993 from Yemen (Hudaydah,
Zabeed and Mukha). In this study, this species was recorded form as an abundant form in
sample SWQ2 and as a frequent form in samples SQB3 and SQB13 (Table 1).
Triloculina oblonga MONTAGU, 1803
PI. 111, Figs. 8-10.
Genus: Coscinospira EHRENBERG, 1839
Coscinospira hemprichii EHRENBERG, 1839
PI. 1V, Figs. 1-3.
Remarks: This species was recorded by El-Nakhal, 1984 from Mukha area. In this study it
was recorded as a rare form in sample SQB1 and SQW 1 (Table 1).
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Plate |

Plate |

1- Martinottiella communis D'orbigny, side view, scale
bar 320um., 2- Martinottiella sp., side view, scale bar
220um., 3-Martinottiella sp., apertural view, scale bar
315um., 4- Textularia agglutinans D'orbigny, side
view, scale bar 510um. 5- Textularia agglutinans
D'orbigny, apertural view, scale bar 485um., 6-
Textularia agglutinans D'orbigny, side view, scale bar
420pum. 7- Textularia agglutinans D'orbigny, edge
view, Scale bar 175um., 8- Textularia agglutinans
D'orbigny, apertural view, scale bar 120 pm., 9-
Textularia agglutinans D'orbigny, edge view, scale bar
290pm., 10- Textularia conica D'ORBIGNY, side
view, scale bar 160pm., 11- Textularia conica
D'orbigny, apertural view, scale bar 135um., 12-
Textularia foliacea Heron-Allen and Earland, edge
view, scale bar 680um., 13- Sejunctella sp., spiral side,
scale bar 230pum., 14- Sejunctella sp., umbilical view,
scale bar 255um., 15- Vertebralina striata D'orbigny,
spiral side, scale bar 325um., 16- Vertebralina striata
D'orbigny, spiral side, scale bar 395um., 17-
Vertebralina striata D'orbigny, umbilical view, scale
bar 165um., 18- Vertebralina striata D'orbigny,
apertural view, scale bar 173um., 19- Spiroloculina
depressa D'orbigny, side view, scale bar 100um., and
20- Spiroloculina laevigata Cushman and Todd, side view,
X60.

M. A. Al-Wosabi,et al

Plate 11

Plate 11

1- Spiroloculina ornate D'orbigny, side view, scale
bar 100pm., 2- Spiroloculina aequa Cushman, side
view, scale bar 460um., 3- Spiroloculina aequa
Cushman, side view, scale bar 405um., 4-
Spiroloculina sp., side view, scale bar 190um., 5-
Spiroloculina sp., edge view, Scale bar 185um., 6-
Hauerina bradyi Cushman, spiral side, scale bar 260um.,
7- Hauerina bradyi Cushman, 1917, scale bar 285um., 8-
Hauerina bradyi Cushman, edge view, scale bar 260um.,
9- Hauerina bradyi Cushman, apertural view, scale bar
270um., 10- Hauerina bradyi Cushman, edge view,
scale bar 295um., 11- Massilina granulocostata
Germeraad, side view, scale bar 370um., 12- Massilina
granulocostata Germeraad, apertural view, scale bar
310um., 13- Quinqueloculina flavescens Dorbigny, side
view, X60, 14- Quinqueloculina poeyana D'orbigny, side
view, scale bar 230um. 15- Quinqueloculina poeyana
Dlorbigny, side view, scale bar 265um., 16-
Quinqueloculina parkeri Brady, side view, scale bar
100pum., 17- Quinqueloculina parkeri Brady, side view,
X60, 18- Quinqueloculina subdecorata Cushman, side
view, X60, 19- Quinqueloculina sp., side view, scale
bar 155pm. and 20- Biloculina labiata
Schlumberger, side view, scale bar 50um.

Remarks: This species was recorded from the beach sands along Saurashtra coast in north-
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west India (Rao and Srinath, 2002) and Indian coast (Devi and Rajashekhar, 2009). It was
recorded by EI-Nakhal, 1980 and 1993 from sea shores of Yemen. In this study,
Triloculina oblonga was occurred as an abundent form in sample SQB12, as frequent form
in samples SQB3, SQB14 and SQB25 and as a rare form in samples SQB1 and SQB19
(Table 1).
Triloculina peroblonga CUSHMAN, 1922
PI. 111, Fig. 11.
Remarks: This form was recorded by El-Nakhal, 1980 and 1993 from sea shores of Yemen.
In this study, Triloculina peroblonga Cushman was distinguished as a common form in
samples SQB3, SQB13 and SQB25, as a frequent form in sample SQB25 and as a rare form
in sample SQB14 (Table 1).
Triloculina quadrata COLLINS, 1958
PI. 11, Figs. 12-13.
Remarks: Collins, 1958 described Triloculina quadrata from the recent deposits of the
Great Barrier Reef of Australia. This species was recorded by El-Nakhal, 1980 and 1993
from sea shores of Yemen. In this study, it was recorded as a common form in sample
SQB3, as a frequent form in samples SQB25 and SQB26 and as a rare form in samples
SQB13 and SQB19 (Table 1).

Triloculina trihedra LOEBLICH and TAPPAN, 1953

PL. 111, Figs. 1-2.
Remarks: This species was recorded by Michelsen, 1967 from island of Lasg in Denmark.
Triloculina trihedra Loeblich and Tappan was recorded by El-Nakhal, 1980 and1984 from
the Red sea coastline of Yemen. In this study, It was found as an abundant form in samples
SQB26 and SWQ?2, as a common form in samples SQB1 and SQB13, as a frequent form in
sample SQB3 and as rare form in samples SQB12, SQB25 and SWQL1 (Table 1).

Triloculina sp.

PI. 111, Fig. 16.
Description: Test ovate in outline, biconvex; chambers shape tube; milioline, three
chambers visible from the exterior; complete and sub-rounded periphery; suture lines
curved, depressed; wall porcelaneous, imperforate; surface smooth; aperture terminal,
rounded at the end of the final chamber with a short bifid tooth.
Remarks: This species was found as rare form in SQB25 (Tablel).

Subfamily: Tubinellinae RHUMBLER, 1906
Genus: Articulina D'ORBIGNY, 1826
Articulina antillarum CUSHMAN, 1922

PI. 111, Fig. 17.
Remarks: This species was recorded in Gulf of Mexico. In this study, Articulina antillarum
was occurred as rare form (two shells only) in SQB3.

Articulina carinata WIESNER, 1923
PL. 111, Figs. 18-20.
Remarks: Articulina carinata Cushman was recorded from the recent sediments of
Queensland, Australia. In this study it was recorded frequently from SQB25 and rarely
from SQB26 (Table 1). It is very similar to the type species but the ornamentation is more
clear in our specimens.
Superfamily: Soritacea EHRENBERG, 1839
Family: Peneroplidae SCHULTZE, 1854
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Genus: Peneroplis DE MONTFORT, 1808
Peneroplis planatus FICHTEL and MOLL, 1798
PL. 1V, Figs. 4-6.
Remarks: This species is very similar to the type species that was described by Fichtel and
Moll, 1798, but our specimens characterized that their chambers are increasing slowly in
size. It was recorded from southern Thailand (Jumnongthai, 1980), East Coast of India
(Gandhi et al., 2002) and from Turkey (Merig et al., 2009). In this study, it was recorded
frequently from samples SQB2 and SQB26 and and as a rare form in samples SQBI,
SQB13, SQB19 and SQB25 (Table 1).
Peneroplis pertusus D'ORBIGNY, 1839
PI. IV, Figs. 7-8.
Remarks: This species is similar to the species Dendritina ambigua Fichtel and Moll, but it
has different in the aperture type. It was recorded in Florida (Buzas and Severin, 1982) and
Turkey (Merig et al., 2009). In this study, this species was recorded as an abundant form in
samples SQB13 and SQB25, frequently form in samples SQB2 and SQB7 and as a rare
form in samples SQB1, SQB4, SQB8, SQB14, SQB19 and SQB26 (Table 1).
Family: Soritidae EHRENBERG, 1839
Subfamily: Soritinae EHRENBERG, 1839
Genus: Sorites EHRENBERG, 1839
Sorites orbiculus FORSKAL, 1775
Pl. IV, Figs. 9-10.
Remarks: In Yemen Sorites orbiculus Forskal recorded as an abundant form at the Yemeni
Red Sea coastline by El-Nakhal, 1980 and 1993. In this study, this form was distinguished
abundantly from many samples (Table 1). This species was recorded in East Coast of India
(Gandhi et al., 2002) and Turkey (Merig et al., 2009).
Suborder: Lagenina DELAGE and HEROUARD, 1896
Superfamily: Nodosariacea EHRENBERG, 1838
Family: Nodosariidae EHRENBERG, 1838
Subfamily: Nodosariinae EHRENBERG, 1838
Genus: Dentalina RISSO, 1826
Dentalina inornata D'ORBIGNY, 1846
PI. IV, Fig. 11.
Remarks: This species was recorded in Maldives Ridge in south eastern Arabian Sea
(Sarkar et al., 2009). It is similar to the laevidentalina aphelis which was described in
Loeblich and Tappan, 1986; but the surface of our specimens smooth. In this study, this
species was found as a rare form in sample SQB26 (Table 1).
Genus: Amphimorphina NEGEBOREN, 1850
Amphimorphina butonensis KEYZER, 1953
PI. IV, Fig. 12.
Remarks: This species is too similar to the type species of Amphimorphina haueriana
Negeboren, 1850, but it differs by its rounded aperture. In this study, it was recorded as a
rare form in sample SQB25 (Table 1).
Family: Vaginulinidae REUSS, 1860
Subfamily: Marginulininae WEDEKIND, 1937
Genus: Amphicoryna SCHLUMBERGER, 1893
Amphicoryna sp. 1971
PI. 1V, Fig. 13.
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Plate 111

Plate IV

Plate 111

1- Triloculina trihedra Loeblich and Tappan, side
view, X60., 2- Triloculina trihedra Loeblich and
Tappan, side view, X60., 3- Triloculina longidentata
Bandy, side view, X60, 4- Triloculina longidentata
Bandy, apertural view, X60., 5- Triloculina
longidentata Bandy, side view, X60., 6- Triloculina
mindenensis Howe,, side view, X60., 7- Triloculina
mindenensis Howe, apertural view, X60., 8-
Triloculina oblonga Montagu, side view, scale bar
100um., 9- Triloculina oblonga Montagu, side view,
scale bar 100um., 10- Triloculina oblonga Montagu,
apertural view, scale bar 100pum., 11- Triloculina
peroblonga Cushman, side view, X60., 12-
Triloculina quadrata Collins, side view, X60., 13-
Triloculina quadrata Collins, side view, X60., 14-
Triloculina bertheliana Brady, side view, scale bar
230um., 15- Triloculina bertheliana Brady, apertural
view, scale bar 205um., 16- Triloculina sp., apertural
view, scale bar 170um., 17- Articulina antillarum
Cushman, side view, X60., 18- Articulina carinata
Wiesner, edge view, scale bar 170um., 19- Articulina
carinata Wiesner, side view, scale bar 160um., 20-
Articulina carinata Wiesner, apertural view, scale bar
120pm.

Plate IV
1- Coscinospira hemprichii Ehrenberg, spiral view,
scale bar 375um., 2- Coscinospira hemprichii
Ehrenberg, apertural view, X100., 3- Coscinospira
hemprichii  Ehrenberg, spiral side, X60., 4-
Peneroplis planatus Fichtel and Moll, spiral side,
scale bar 665um., 5- Peneroplis planatus Fichtel
and Moll, spiral side, scale bar 575um., 6-
Peneroplis planatus Fichtel and Moll, apertural view,
scale bar 430um., 7- Peneroplis pertusus D'orbigny,
spiral side, scale bar  325um., 8- Peneroplis
pertusus D'orbigny,  apertural view, scale bar
340um., 9- Sorites orbiculus Forskal, spiral side,
scale bar 280um., 10- Sorites orbiculus Forskal,
edge view, scale bar 260um., 11- Dentalina
inornata  D'orbigny, side view, X60., 12-
Amphimorphina butonensis Keyzer, side view, scale
bar 560um., 13- Amphicoryna sp. side view, scale
bar 190um., 14- Procerolagena clavata D'orbigny,

side view, 300um. 15- Pseudopolymorphina
hanzawai Cushman and Ozawa, side view, X60., 16-
Pseudopolymorphina  hanzawai Cushman and
Ozawa, side view, X60., 17- Sigmoidella

elegantissima Parker and Jones, side view, scale bar
100um., 18- Sigmoidella elegantissima Parker and
Jones, apertural view, scale bar 100pm., 19-
Sigmoidella elegantissima Parker and Jones, side
view, scale bar 100um. and 20- Oolina sp., apertural
view, scale bar 105um.
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Description: Test elongate, uniserial and rectilinear, consist of two global chambers, base
commonly apiculate; semi-lobulate and angular periphery; suture lines curved, depressed,;
wall hyaline, perforate; surface longitudinally striate; aperture terminal, rounded at the end
of neck.
Remarks: In this study, it was recorded as a rare form in SQB25 (Table 1).
Family: Lagenidae REUSS, 1862
Genus: Procerolagena R. W. JONES, 1984
Procerolagena clavata D'ORBIGNY, 1826
PI. IV, Fig.14.
Remarks: This species was identified by D'orbigny, 1826, from The Hebridean shelf, west
of Scotland (Murray, 2003). In this study, it was distinguished as a rare form in SQB25
(Table 1).
Family: Polymorphinidae D'ORBIGNY, 1839
Subfamily: Falsoguttulininae LOEBLICH and TAPPAN, 1986
Genus: Pseudopolymorphinoides VAN BELLEN, 1946
Pseudopolymorphina hanzawai CUSHMAN and OZAWA, 1928
PI. 1V, Figs. 15-16.
Remarks: Pseudopolymorphina hanzawai Cushman and Ozawa was originally described
from Sado Island, Japan (Loeblich and Tappan,1988). In this study, it was recorded as a
rare form in QB3 and SQB12 (Table 1).
Subfamily: Polymorphininae D'ORBIGNY, 1839
Genus: Sigmoidella CUSHMAN and OZAWA, 1928
Sigmoidella elegantissima PARKER and JONES, 1865
PI. 1V, Figs. 17-19.
Remarks: In this study, Sigmoidella elegantissima Parker and Jones was found as a
common form in SQB25 and SQB26 (Table 1).
Family: Ellipsolagenidae SILVESTRI, 1923
Sub Family: Oolininae LOEBLICH and TAPPAN, 1961
Genus: Oolina D'ORBIGNY, 1839
Oolina sp.
PI. 1V, Fig. 20.
Description: Test unilocular; chamber shape globular to ovate; complete, sub-rounded
periphery; wall calcareous, hyaline, radial, surface with very fine longitudinal striate;
aperture terminal, rounded.
Remarks: In this study, it was found two shells only. Oolina sp. was found as a rare form in
SQB25 (Table 1).
Subfamily: Ellipsolageninae A. SILVESTRI, 1923
Genus: Fissurina REUSS, 1850
Fissurina lacunata BURROWS and HOLLAND, 1895
Pl. V, Figs.1-2.
Remarks: Fissurina lacunata Burrows and Holland was recorded from different regions
such as Gulf of Mexico, and New Zealand. In this study, it was recorded frequently from
sample SQB25 and as a rare form in SQB26 (Table 1).
Fissurina sp.
PI. V, Fig. 3.
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Description: Test ovate in outline with short neck, unilocular; complete and sub-angular
periphery; wall calcareous, hyaline, finely perforate; surface smooth, with random or
regularly aligned punctae; aperture terminal, ovate.

Remarks: In this study, this species was found as a rare form in SQB26 and frequently from
in SQB25 (Table 1).

Genus: Palliolatella PATTERSON and RICHARDSON, 1987
Palliolatella bradii SILVESTRI, 1902
PIl. V, Fig. 4.
Remarks: Palliolatella bradii Silvestri was identified from the Gulf of Agaba. In this study,
this species was recorded as an abundant form in sample SQB25, as a common form in
sample SQB26, as a frequent form in sample SQB13 and as a rare form in sample SQB12
(Table 1).
Palliolatella sp.
Pl. V, Figs. 5-6.
Description: Test elongate ovate, unilocular; complete and subangular periphery; wall
calcareous, hyaline, surface smooth, surrounded with three costae; aperture terminal,
rounded on a small neck.
Remarks: In this study, this present species was recorded as a rare form in SQB25 and
SQB26 (Table 1).
Suborder: Globigerinina DELAGE and HEROUARD, 1896
Superfamily: Globorotaliacea CUSHMAN, 1927
Family: Globorotaliiddae CUSHMAN, 1927
Genus: Globorotalia CUSHMAN, 1927
Globorotalia mendardii PARKER, JONES and BRADY, 1865
Pl. V, Figs. 7-9.
Remarks: In umbilical view, the suture lines are depressed and curved, but they are flush
and curved in spiral view. This species was distinguished as an abundant form in sample
SQB26, as a frequent form in samples SQB3 and SQB25 and as a rare form in samples
SQB12 and SWQ2 (Table 1).
Family: Candeinidae CUSHMAN, 1927
Subfamily: Globigerinitinae BERMUDEZ, 1961
Genus: Globigerinita BRONNIMANN, 1951
Globigerinita sp.
PIl. V, Figs. 10-11.
Description: Test coiled, subglobular, trochospiral; chambers globular to ovate; sutures
curved, depressed; rounded lobulate and sub-rounded periphery; wall calcareous,
microperforate; surface pitted; aperture in the early stage a low interiomarginal,
extraumbilical-umbilical arch.
Remarks: In this study, this species was recorded as a frequently form in SQB13 and
SQB25 (Table 1).
Family: Globigerinidae CARPENTER, PARKER, and JONES, 1862
Subfamily: Globigeriniae CARPENTER, PARKER, and JONES, 1862
Genus: Globigerina D'ORBIGNY, 1826
Globigerina bulloides D'ORBIGNY, 1826
Pl. V, Figs. 12-13.
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Remarks: The initial chamber larger than the subsequent chambers. It was recorded from
different regions such as East Coast of India (Gandhi et al., 2002) and Indian coast (Devi
and Rajashekhar, 2009). In this study, this species was found as a common form in samples
SQB3 and SQB25 and as a frequent form in samples SQB26 and SWQ2 (Table 1).
Globigerinoides rubber D'ORBIGNY, 1839
Pl. V, Figs. 14- 15
Remarks: Globigerinoides rubber D'orbigny, was recorded from different regions such as
South Africa, Gulf of Mexico, Kenya, Mediterranean Sea, west and east coasts of India,
New Zealand Exclusive Economic Zone and European waters (Devi and Rajashekhar,
2009). In this study, this species was distinguished as a common form in samples SQB3
and SQB26, as a frequent form in sample SWQ2 and as a rare form in sample SQB25
(Table 1).
Globigerinoides sacculifer BRADY, 1884
Pl. V, Figs. 16-17.
Remarks: chambers of this form is increasing gradually in size. Globigerinoides sacculifer
Brady, was recorded from Indian coast (Devi and Rajashekhar, 2009). In this study, this
form was recorded abundantly from samples SQB25 and SQB26, as a common form in
sample SWQ2, as a frequent form in sample SQB3 and as a rare form in samples SQB1 and
SQB27 (Table 1).
Suborder: Rotalina DELAGE and HEROUARD, 1896
Superfamily: Bolivinacea GLAESSNER, 1937
Family: Bolivinidae GLAESSNER, 1937
Genus: Bolivinellina SAIDOVA, 1975
Bolivina pseudopunctata HOGLUND, 1947
PI. V, Figs. 18-19.
Remarks: This species was recorded in Hebridean Shelf west of Scotland (Murray, 2003),
Island of Laesg in Denmark (Michelsen, 1967) and Disko Bugt, West Greenland ( Lioyd,
2006). In this study, this species form was recorded abundantly from samples SQB25 and
SQB26, as a common form in sample SWQ2, as a frequent form in samples SQB3 and
SQB12 and as a rare form in samples SQB1 and SQB27 (Table 1).
Bolivina seminuda CUSHMAN, 1911
PI. V, Fig. 20.
Remarks: This species was recorded in shelf of Congo in tropical west Africa (Mojtahid et
al., 2006). In this study, Bolivina seminuda Cushman was recorded as an abundant form in
sample SQB10, as a frequent form in samples SQB3, SQB7, SQB8 and SQB25 and as a
rare form in samples SQB9 and SQB26 (Table 1).
Bolivinella folia PARKER and JONES, 1865
PI. VI, Fig. 1.
Remarks: Bolivinella folia Parker and Jones was originally described from South Australia
by Parker and Jones, 1865. In this study, this species was found as a rare form in study area,
in SQB25 and SQB26 (Table 1).
Superfamily: Bolivinitacea CUSHMAN, 1927
Family: Bolivinitidae CUSHMAN, 1927
Genus: Abbditodentrix PATTERSON, 1985
Abditodentrix rhomboidalis MILLETT, 1899
Pl. VI, Figs. 2-4.
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Plate V

Plate VI

Plate V
1-Fissurina lacunata BURROWS and HOLLAND,

side view, Scale bar= 155pm., 2- Fissurina
lacunata BURROWS and HOLLAND, edge view,
Scale bar= 145um., 3- Fissurina sp., side view,
Scale bar= 115um., 4- Palliolatella bradii
SILVESTRI, edge view, Scale bar= 180um., 5-
Palliolatella sp., side view, Scale bar= 160um., 6-
Palliolatella sp., side view, Scale bar= 160pm., 7-

Globorotalia mendardii  Parker, JONES and
BRADY, spiral side, Scale bar=" 290um., 8-
Globorotalia mendardii  Parker, JONES and
BRADY, umbilical view, Scale bar= 265um., 9-
Globorotalia mendardii  Parker, JONES and
BRADY, apertural view, Scale bar=220pm., 10-

Globigerinita sp., spiral side, Scale bar= 130pm.,
11- Globigerinita sp., umbilical view, Scale bar=
128um., 12- Globigerina bulloides D'ORBIGNY,
spiral side, Scale bar= 100um., 13- Globigerina
bulloides D'ORBIGNY, apertural view, Scale bar=
100um., 13- Globigerina bulloides D'ORBIGNY,
apertural view, Scale bar= 100pm., 14-
Globigerinoides rubber D'ORBIGNY, spiral side,
Scale bar= 190um., 15- Globigerinoides sacculifer
BRADY, aperture view, Scale bar= 290um., 15-
Globigerinoides sacculifer BRADY, edge view,
Scale bar= 275um., 16- Bolivina pseudopunctata
HOGLUND, side view, Scale bar=200um., 17-
Bolivina pseudopunctata HOGLUND, side view,
Scale bar= 100um., 18- Bolivina seminuda
Cushman, edge view, Scale bar= 100um, 19-20,
side views, Scale bar= 100um.

Plate VI

1-Bolivinella folia PARKER and JONES, Side
View, scale bar= 100um., 2- Abditodentrix
rhomboidalis MILLETT, side view, Scale bar=
130um.,  3-  Abditodentrix ~ rhomboidalis
MILLETT, apertural view, Scale bar = 120um., 4-
Abditodentrix rhomboidalis MILLETT, edge
view, Scale bar= 140pum., 5- Loxostomina
limbata BRADY, side view, Scale bar = 215um.,
6- Loxostomina limbata BRADY, side view,
Scale bar = 290um., 7- Loxostomina limbata
BRADY, side view, Scale bar= 190um., 8-
Sagrinella lobata BRADY, side view, Scale
bar=165um., 9- Sagrinella lobata BRADY, side
view, Scale bar= 175um., 10- Sagrinella lobata
BRADY, side view, Scale bar= 190um., 11-
Chrysalidinella dimorpha BRADY, side view,
Scale bar= 255 pm. 12- Chrysalidinella
dimorpha BRADY, side view, Scale bar = 180
pm., 13- Chrysalidinella dimorpha BRADY,
apertural view, Scale bar = 190 pm. 14-
Chrysalidinella dimorpha BRADY, edge view,
Scale bar = 355 pum., 15- Chrysalidina pacific
UCHIO, side view, x60, 16- Pavonina
flabelliformis D'ORBIGNY, side view, Scale bar
= 225um., 17- Pavonina flabelliformis
D'ORBIGNY, side view, Scale bar= 420um., 18-
Pavonina flabelliformis D'ORBIGNY, apertural
view, Scale bar= 210um., 19- Sigmavirgulina
tortuosa BRADY, side view, Scale bar= 155um.,
20- Sigmavirgulina tortuosa BRADY, side view,
Scale bar = 165um.
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Remarks: This species was recorded from different regions such as European waters and
Mediterranean Sea. In this study, Abditodentrix rhomboidalis Millett was found as a rare
form in samples SQB3, SQB12 and SQB13 (Table 1).
Superfamily: Buliminacea JONES, 1875
Family: Siphogenerinoididae SAIDOVA, 1981
Subfamily: Siphogenerinoidinae SAIDOVA, 1981
Genus: Loxostomina SELLIER DE CIVRIEUX, 1969
Loxostomina limbata BRADY, 1881
Pl. VI, Figs. 6-7
Remarks: This species was recorded from beach sands along Saurashtra coast in north-west
India (Rao and Srinath, 2002) and East Coast of India (Gandhi et al., 2002). In this study,
this species was found as a frequent form in samples SQB10 and SQB12 and as a rare form
in samples SQB3 and SQB13 (Table 1).
Genus: Sagrinella SAIDOVA, 1975
Sagrinella lobata BRADY, 1881
PI. VI, Figs. 8-10.
Remarks: In Yemen, El-Nakhal, 1984 recorded this species from Salif area. In this study,
Sagrinella lobata Brady was distinguished as an abundant form in sample SQB12, as a
frequent form in sample SQB13 and as a rare form in samples SQB14 and SQB25 (Table
1).
Family: Reusseeidae CUSHMAN, 1933
Subfamily: Angulogerininae GALLOWAY, 1933
Genus: Chrysalidinella SCHUBERT, 1908
Chrysalidinella dimorpha BRADY, 1881
PI. VI, Figs. 11-14.
Remarks: This species was recorded from southern Thailand (Jumnongthai, 1980). In this
study, this species was recorded as an abundant form in samples SQB25 and SQB26 and as
a rare form in samples SQB13 and SWQ2 (Table 1).
Chrysalidina pacific UCHIO, 1952
PI. VI, Fig. 15.
Remarks: : Chrysalidina pacific Uchio seems as Chrysalidinella dimorpha Brady, 1881,
but it is taller. In this study, it was recorded in samples SQB25 and SQB26 as a rare form
(Table 1).
Family: Pavoninidae EIMER and FICKERT, 1899
Genus: Pavonina D'ORBIGNY, 1826
Pavonina flabelliformis D'ORBIGNY, 1826
PI. VI, Figs. 16- 18.
Remarks: In this study, Pavonina flabelliformis D'Orbigny was recorded as an abundant
form in samples SQB25 and SQB26 (Table 1).
Superfamily: Fursenkoinacea LOEBLICH and TAPPAN, 1961
Family: Fursenkoinidae LOEBLICH and TAPPAN, 1961
Genus: Sigmavirgulina LOEBLICH and TAPPAN, 1957
Sigmavirgulina tortuosa BRADY, 1881
Pl. VI, Figs. 19-20 and PI. VI, Figs. 1-2.
Remarks: This species was recorded from Florida (Buzas and Severin, 1982), Maldives
Ridg in south eastern Arabian Sea (Sarkar et al., 2009). In Yemen, it was recorded by El-
Nakhal, 1993 from Hudaydah, Mukha and Zabeed Sea shores. In this study, it was found
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frequently from samples SQB3, SQB12 and SQB25 and a rare form in samples SQB13 and
SQB14 (Table 1).
Superfamily: Discorbacea EHRENBERG, 1838
Family: Eponididae HOFKER, 1951
Subfamily: Eponidinae HOFKER, 1951
Genus: Eponides DE MONTFORT, 1808
Eponides cribrorepandus ASANO and UCHIO, 1951
PI. VII, Figs. 3-4.
Remarks: In initial stages, this species is trochospiral. The aperture extends from the
umbilicus to the outer edge on the umbilical side and may be cribrate (Nobes and Uthicke,
2008). In this study, it was found as a frequent form in samples SQB25 and SQB26 and as a
rare form in samples SQB1, SQB2 and SQB13 (Table 1).
Eponides repandus FICHTEL and MOLL, 1798
PI. VII, Fig. 5.
Remarks: It was recorded from different regions such as southern Thailand (Jumnongthai,
1980), Florida (Buzas and Severin, 1982), beach sands along Saurashtra coast in north-west
India (Rao and Srinath, 2002) and from Indian coast (Devi and Rajashekhar,2009). In this
study, it was recorded as a common form in sample SQB25 and as a rare form in samples
SQBS5 and SQB13 (Table 1).
Family: Pegidiidae HORN-ALLEN and EARLAND, 1928
Genus: Neoeponides REISS, 1960
Neoeponides schreibersii D'ORBIGNY, 1846
PI. VII, Figs. 6-7.
Remarks: In this study, this species was distinguished as a common form in sample SQB13,
as a frequent form in samples SQB20, SQB26 and SWQ?2 and as a rare form in samples
SQB2, SQB14 and SQB25 (Table 1).
Genus: Schaferina MC CULLOCH, 1977
Schaferina annamaryae MC CULLOCH, 1977
Pl. 7, Fig. 8.
Remarks: In this study, Schaferina annamaryae McCulloch was recorded as a rare form in
samples SQB3, SQB25, SQB26 and SWQ2 (Table 1).
Family: Rosalinidae REISS, 1963
Genus: Rosalina D'ORBIGNY, 1826
Rosalina bradyi CUSHMAN, 1915
PI. VII, Figs. 9-13.
Remarks: This species was recorded in several regions such as France (Debenay et al.,
2001), Marmara Sea (Kaminski et al., 2002), Australia marines (Nobes and Uthicke, 2008),
Turkey (Merig et al., 2009), and Indian coast (Devi and Rajashekhar, 2009). In this study,
this species was found as an abundant form im samples SQB25 and SQB26, as a common
form in sample SQB3, as a frequent form in sample SQB10 and as a rare form in samples
SQB12 and SWQ2 (Table 1).
Superfamily: Glabratellacea LOEBLICH and TAPPAN, 1964
Family: Glabratellidae LOEBLICH and TAPPAN, 1964
Genus: Discorbinoides SAIDOVA, 1975
Discorbinoides minogasiformis UJIIE, 1992
PIl. VII, Figs.14-17.
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Remarks: In this study, this species was occurred as an abundant form in samples SQB13,
SQB25 and SQB26 and as a rare form in samples SQB20 and SWQ2 (Table 1).
Family: Buliminoididae SEIGLIE, 1970
Genus: Buliminoides CUSHMAN, 1911
Buliminoides williamsoniana BRADY, 1881
PI. VII, Fig. 18.
Remarks: It was recorded from Maldives Ridge in south eastern Arabian Sea (Sarkar et al.,
2009). In this study, this species was found as a rare form in sample SQB26 (Table 1).
Superfamily: Siphoninacea CUSHMAN, 1927
Family: Siphoninidae CUSHMAN, 1927
Subfamily: Siphoninoidinae LOEBLICH and TAPPAN, 1984
Genus: Siphoninoides CUSHMAN. 1927
Siphoninoides cf. laevigatus HOWCHIN, 1889
PIL. VII, Fig. 19.
Remarks: In this study, this species was found as abundant form in samples SQB25 and
SQB26 (Table 1).
Siphoninoides echinatus BRADY, 1879
PI. VII, Fig. 20 and PI. 8, Figs.1- 2.
Remarks: This species was recorded from Yemen (Hudaydah, Salif, Zabeed and Mukha) by
El-Nakhal, 1993. In this study, Siphoninoides echinatus Brady was found as abundant form
in samples SQB25 and SQB26 and as a rare form in samples SQB13 and SWQ?2 (Table 1).
Siphoninoides sp.
PIL. 11X, Figs. 3-4.
Description: Test sub-globular, irregularly trochospiral; periphery sub-lobulate, sub-
rounded; wall calcareous, hyaline, thin in the early stage, later much thickened and
coarsely perforate; surface pustulose; aperture elevated on a short neck, rounded.
Remarks: In this study, this species was occurred as a common form in samples SQB25 and
SQB26 (Table 1).
Family: Cibicididae CUSHMAN, 1927
Subfamily: Cibicidinae CUSHMAN, 1927
Genus: Cibicides DE MONTFORT, 1808
Cibicides refulgens MONTFORT, 1808
PI. 11X, Fig. 5-8.
Remarks: Cibicides refulgens Montfort, 1808 was recorded from different regions such as
France (Debenay et al., 2001), Marmara Sea (Kaminski et al., 2002), beach sands along
Saurashtra coast in north-west India (Rao and Srinath, 2002), Hebridean Shelf in west of
Scotland (Murray, 2003), Maldives Ridge in south eastern Arabian Sea (Sarkar et al.,
2009), Indian coast (Devi and Rajashekhar, 2009), and Mediterranean Sea in Italy (Dias et
al., 2010). In this study, It was found as an abundant form in samples SQB13, SQB25,
SQB26 and SWQ2, as a common form in sample SQB20, as a frequent form in sample
SQBL1 and as a rare form in samples SQB2, SQB10, SQB12, SQB19 and SQB24 (Table 1).
Genus: Montfortella LOEBLICH and TAPPAN, 1963
Montfortella bramlettei LOEBLICH and TAPPAN, 1963
PI. 11X, Fig. 9.
Remarks: In this study, this species was found as a rare form in samples SQB25, SQB6,
SQB27 and SWQ2 (Table 1).

50


http://gsi.ir/Science/Lang_en/Page_01-05-02/SubOrderId_2311/SuperFamilyId_2625/FamilyId_2647/Action_FamilyView/paleontology.html

TUJNAS, 2012 A(5) 33-65

Plate VII

Plate 11X

Plate V11

1- Sigmavirgulina tortuosa Brady, side view, scale
bar 115um., 2- Sigmavirgulina tortuosa Brady,
apertural view, scale bar 135um., 3- Eponides
cribrorepandus Asano and Uchio, spiral view, scale
bar 100pm., 4- Eponides cribrorepandus Asano and
Uchio, umbilical view, scale bar 100um., 5- Eponides
repandus Fichtel and Moll, spiral view, X60., 6-
Neoeponides schreibersii D'orbigny, spiral view,
scale bar 100pum., 7- Neoeponides schreibersii
D'orbigny, umbilical view, scale bar 100um., 8-
Schaferina annamaryae Mc Culloch, spiral view,
X60., 9- Rosalina bradyi Cushman, spiral view,
scale bar 130pum., 10- Rosalina bradyi Cushman,
umbilical view, scale bar 135um., 11- Rosalina
bradyi Cushman, spiral view, scale bar 170um., 12-
Rosalina bradyi Cushman, umbilical view, scale bar
185um., 13- Rosalina bradyi Cushman, spiral view,
scale  bar 215um.,  14-  Discorbinoides
minogasiformis Ujiié, spiral view, scale bar 145um.,
15- Discorbinoides minogasiformis Ujiié, umbilical
view, scale bar 140um., 16- Discorbinoides
minogasiformis Ujiié, side view, scale bar 135um.,
17- Discorbinoides minogasiformis Ujiié, scale bar
160um., 18- Buliminoides williamsoniana Brady,
apertural view, scale bar 100pum., 19- Siphoninoides
cf. laevigatus Howchin, scale bar 155pum. and 20-
Siphoninoides echinatus Brady, scale bar 125um.

Plate 11X

1- Siphoninoides echinatus Brady, side view, scale
bar 160um., 2- Siphoninoides echinatus Brady, side
view, scale bar 123um., 3- Siphoninoides sp., side
view, scale bar 120um., 4- Siphoninoides sp., side
view, scale bar 120pum., 5- Cibicides refulgens
Montfort, spiral view, scale bar 100um., 6- Cibicides
refulgens Montfort, edge view, scale bar 100pm., 7-
Cibicides refulgens Montfort, spiral view, scale bar
100um., 8- Cibicides refulgens Montfort, spiral view,
scale bar 100um., 9- Montfortella bramlettei Loeblich
and Tappan, spiral view, X60., 10- Planorbulina
mediterranensis D'orbigny, spiral view, scale bar
435pum., 11- Planorbulina mediterranensis D'orbigny,
umbilical ~ view, scale bar  380um., 12-
Cymbaloporella tabellaeformis Brady, spiral view,
scale bar 320um., 13- Cymbaloporella tabellaeformis
Brady, apertural view, scale bar 100um., 14-
Epistomaroides punctulatus Parker and Jones, spiral
view, scale bar 230um., 15- Asterigerinata mamila
Williamson, spiral view , scale bar 50pm., 16-
Asterigerinata mamila Williamson, umbilical view,
scale bar 50um., 17- Amphistegina vulgaris D'orbigny,
spiral view, scale bar 100um., 18- Amphistegina
radiata Fichtel and Moll, spiral view, scale bar
100pum., 19- Nonion tennerbankense Mc Culioch,
spiral view, scale bar 220pum. and 20- Nonion
tennerbankense Mc Culioch, edge view, apertural
view, scale bar 205pum.
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Family: Planorbulinidae SCHWAGER, 1877
Subfamily: Planorbuliniae SCHWAGER, 1877
Genus: Planorbulina D'ORBIGNY, 1826
Planorbulina mediterranensis D'ORBIGNY, 1826
PI. 11X, Figs. 10-11.
Remarks: this species was recorded indifferent regions such as Florida (Buzas and Severin,
1982), France (Debenay et al., 2001), Marmara Sea (Kaminski et al., 2002), Guadiana Shelf
in southwestern lberia (Mendes et al., 2004) and from Mediterranean Sea in Italy (Dias et al.,
2010). In Yemen, Planorbulina mediterranensis D'Orbigny was recorded from Hudaydah,
Salif and Zabeed Sea shore by EI-Nakhal, 1993. In this study, this species was identified as
a rare form in samples SQB25 and SQB26 (Table 1).
Family: Cymaloporidae CUSHMAN, 1927
Subfamily: Cymbaloporinae CUSHMAN, 1927
Genus: Cymbaloporella CUSHMAN, 1927
Cymbaloporella tabellaeformis BRADY, 1884
PI. 11X, Figs. 12-13.
Remarks: This species was identified from Maldives Ridge in south eastern Arabian Sea
(Sarkar et al., 2009). In this study, this species was found as abundant form in sample
SQB3 and as a rare form in sample SQB13 (Table 1).
Superfamily: Asterigerinacea D'ORBIGNY, 1839
Family: Alfredinidae S. N. SINGH and KALI, 1972
Genus: Epistomaroides UCHIO, 1952
Epistomaroides punctulatus PARKER and JONES, 1865
PI. 11X, Fig. 14.
Remarks: In this study, Epistomaroides punctulatus Parker and Jones was found as rare
form in samples SQB25, SQB26, SQB27 and SWQ?2 (Table 1).
Family: Asterigerinidae D'ORBIGNY, 1839
Genus: Asterigerina D'ORBIGNY, 1839
Asterigerinata mamila WILLIAMSON, 1858
PI. 11X, Figs. 15-16.
Remarks: This species was recorded in different regions such as France (Debenay et al.,
2001), Marmara Sea (Kaminski et al., 2002),Guadiana Shelf in southwestern Iberia (Mendes et
al., 2004) and Turkey (Merig et al., 2009). In this study, this species was found as a common
form in sample SQB13 and as a rare form in samples SQB12 and SWQ2 (Table 1).
Family: Amphisteginidae D'ORBIGNY, 1839
Genus: Amphisteginida D'ORBIGNY/, 1826
Amphistegina vulgaris D'ORBIGNY, 1839
PI. 11X, Fig. 17.
Remarks: Amphistegina vulgaris D'Orbigny was recorded as a frequent form in samples
SQB22 and SQB25, and as a rare form in samples SQB2, SQB26 and SWQ?2 (Table 1).
Amphistegina radiata FICHTEL and MOLL, 1798
PI. 11X, Fig. 18.
Remarks: It was recorded from different regions such as beach sands along Saurashtra coast
in north-west India (Rao and Srinath, 2002), East Coast of India (Gandhi et al., 2002) and
Indian coast (Devi and Rajashekhar, 2009). In this study, the present species was found as
an abundant form in samples SQB2, SQB23, SQB26 and SQB27, as a common form in
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samples SQB20 and SWQ?2, as a frequent form in sample SQBland SQB7 and as a rare
form in samples SQB4, SQB8, SQB13, SQB14, SQB22 and SQB25 (Table 1).
Superfamily: Nonionacea SCHULTZ, 1854
Family: Nonionidae SCHULTZ, 1854
Subfamily: Nonioninae SCHULTZ, 1854
Genus: Nonion DE MONTFORT, 1808
Nonion tennerbankense MC CULIOCH, 1977
PI. 11X, Figs. 19-20.
Remarks: In this study, Nonion tennerbankense was found as a rare form in samples SQB1,
SQB2, SQB13, SQB25 and SQB26 (Table 1).
Superfamily: Rotaliacea EHRENBERG, 1839
Family: Rotaliidae EHRENBERG, 1839
Subfamily: Pararotaliinae EHRENBERG, 1839
Genus: Pararotalla Y. LE CALVEZ, 1949
Pararotalia calcar D'ORBIGNY, 1839
PI. IX, Figs. 1-3.
Remarks: Pararotalia calcar D'orbigny was recorded in East Coast of India (Gandhi et al.,
2002). In this study, this form was found as an abundant form in samples SQB25 and
SQB26 and as a rare form in samples SQB2, SQB19, SQB23 and SWQ2 (Table 1).
Pararotalia sp. NOBES and UTHICKE, 2008
Pl. IX, Figs. 4-5.
Remarks: Pararotalia sp. was recorded in Australia marines by (Nobes and Uthicke,
2008). In this study, It was found as abundant form in samples SQB25 and SQB26 and as a
rare form in samples SQB 12 and SQB13 (Table 1).
Subfamily: Ammoniinae SAIDOVA, 1981
Genus: Ammonia BRUNNICH, 1772
Ammonia beccarii CUSHMAN, 1926
Pl. IX, Figs. 6-7.
Remarks: Ammonia beccarii Cushman, was recorded from different regions such as
southern Thailand (Jumnongthai, 1980), Florida (Buzas and Severin, 1982), France
(Debenay et al., 2001), beach sands along Saurashtra coast in north-west India (Rao and
Srinath, 2002), East Coast of India (Gandhi et al., 2002), Marmara Sea (Kaminski et al.,
2002), Western Australia (Glover et al., 2003), and from Guadiana Shelf in southwestern Iberia
(Mendes et al., 2004). In Yemen, Ammonia beccarii Cushman was recorded as an abundance
form in Hudaydah, Mukha Salif and Zabeed Sea shores by El-Nakhal, 1993. In this study,
this species was found as abundant form in samples SQB2, SQB10, SQB12, SQB25,
SQB26, SWQ1 and SWQ2, as a common form in sample SQB20, as a frequent form in
samples SQB1, SQB11, SQB16 and SQB22 and as a rare form in samples SQB13, SQB17,
SQB19 and SQB24 (Table 1).
Ammonia convexa NOBES and UTHICKE, 2008
Pl. IX, Figs. 8-9.
Remarks: This species was recorded in Australia marines (Glover et al., 2003) and (Nobes
and Uthicke, 2008). In this study, this species was found as abundant form in samples
SQB10, SQB12, SQB25, SQB26, SWQ1 and SWQ?2 (Table 1).
Family: Calcarinidae SCHWAGER, 1876
Genus: Elphidiella CUSHMAN, 1936
Elphidium macellum FICHTEL and MOLL, 1798

53


http://gsi.ir/Main/Lang_en/Page_48/SubOrderId_2311/SuperFamilyId_2826/Action_SuperFamilyView/NONIONACEA.html
http://gsi.ir/Main/Lang_en/Page_48/SubOrderId_2311/SuperFamilyId_2826/FamilyId_2827/Action_FamilyView/NONIONIDAE.html
http://gsi.ir/Main/Lang_en/Page_48/SubOrderId_2311/SuperFamilyId_2826/FamilyId_2827/SubFamilyId_2830/Action_SubFamilyView/NONIONINAE.html
http://gsi.ir/Science/Lang_en/Page_01-05-02/SubOrderId_2311/SuperFamilyId_2981/Action_SuperFamilyView/paleontology.html
http://gsi.ir/Science/Lang_en/Page_01-05-02/SubOrderId_2311/SuperFamilyId_2981/FamilyId_2996/Action_FamilyView/paleontology.html
http://gsi.ir/Science/Lang_en/Page_01-05-02/SubOrderId_2311/SuperFamilyId_2981/FamilyId_2996/SubFamilyId_3006/Action_SubFamilyView/paleontology.html
http://gsi.ir/Science/Lang_en/Page_01-05-02/SubOrderId_2311/SuperFamilyId_2981/FamilyId_2996/SubFamilyId_3027/Action_SubFamilyView/paleontology.html
http://gsi.ir/Science/Lang_en/Page_01-05-02/SubOrderId_2311/SuperFamilyId_2981/FamilyId_3041/Action_FamilyView/paleontology.html

Recent Foraminifera from Socotra Island, Indian Ocean, Yemen M. A. Al-Wosabi,et al

PI. IX, Figs. 10-11.
Remarks: This species was recorded from different regions such as Island of Laesg in
Denmark (Michelsen, 1967), Marmara Sea (Kaminski et al., 2002), Maldives Ridge in
south eastern Arabian Sea (Sarkar et al., 2009), Indian coast (Devi and Rajashekhar, 2009)
and from Turkey (Merig et al., 2009). In this study, Elphidium macellum Fichtel and Moll
was found as an abundant form in samples SQB25, SQB26 and SWQ2, as a common form
in sample SQB2 and as a frequent form in samples SQB1, SQB13, SQB14, SQB20 and
SQB23 (Table 1).

Elphidium gerthi VAN VOORTHUYSEN, 1957

PI. IX, Figs. 12-13.
Remarks: this species was recorded in Island of Laesg in Denmark (Michelsen, 1967). In
this study, Elphidium gerthi Van Voorthuysen was found as an abundant form in samples
SQB26 and SWQ2, as a common form in sample SQB25, as a frequent form in sample
SQB12 and as a rare form in samples SQB1, SQB2, SQB3, SQB13 and SQB19 (Table 1).

Elphidium jenseni CUSHMAN, 1924

PI. IX, Figs. 14-15.
Remarks: This species was recorded from different regions such as Marmara Sea
(Kaminski et al., 2002) and Indian coast (Devi and Rajashekhar, 2009). In this study, it was
found as a common form in sample SQB25, as a frequent form in samples SQB3 and
SQB26 and as a rare form in samples SQB2, SQB8, SQB12, SQB13 and SWQ2 (Table 1).

Plate IX

1- Pararotalia calcar D'orbigny, scale bar 265um.,
2- Pararotalia calcar D'orbigny, edge view, scale
bar 235um., 3- Pararotalia calcar D'orbigny, spiral
view, scale bar 340um., 4- Pararotalia sp. spiral
view, X60, 5- Pararotalia sp. umbilical view,
X60., 6- Ammonia beccarii Cushman, spiral view ,
Scale bar 100pum., 7- Ammonia beccarii Cushman,
apertural view, Scale bar 100um., 8- Ammonia
convexa Nobes and Uthicke, spiral view, Scale bar
100mm., 9- Ammonia convexa Nobes and Uthicke,
apertural view, Scale bar 100mm., 10- Elphidium
macellum Fichtel and Moll, spiral view, scale bar
305um., 11- Elphidium macellum Fichtel and Moll,
edge view, apertural view, scale bar 280um., 12-
Elphidium gerthi Van Voorthuysen, spiral view,
scale bar 300pum., 13- Elphidium gerthi Van
Voorthuysen, edge view, apertural view , scale bar
260pm., 14- Elphidium jenseni Cushman, spiral
view, scale bar 285um., 15- Elphidium jenseni
Cushman, edge view, apertural view, scale bar
220um.
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Table 1: Distribution of recorded foraminiferal species in collected samples

SAMPLES

NO

Recorded
Species

Martinottiella
communis

Martinottiella
sp.

Textularia
agglutinans

Textularia
conica

Textularia
foliacea

Sejunctella sp.

Vertebralina
striata

Spiroloculina
depressa

Spiroloculina
laevigata

10

Spiroloculina
ornate

11

Spiroloculina
aequa

12

Spiroloculina
sp.

13

Hauerina
bradyi

14

Massilina
granulocostata

15

Quingueloculin
a flavescens

16

Quingueloculin
a poeyana

17

Quinqueloculin
a parkeri

18

Quinqueloculin
a subdecorata

19

Quinqueloculin
asp.

20

Biloculina
labiata

21

Triloculina
trihedra

22

Triloculina
longidentata

23

Triloculina
mindenensis

24

Triloculina
oblonga

25

Triloculina
peroblonga

26

Triloculina
guadrata

SQB1
SQB2
SQB3
SQB4
SQBS
SQB6
SQB7
SQB8
SOB9
SQB10
S0B11

T | SOB12
SQB13
SQB14
SQB16
SQB17
SQB19
SOB20
SQB22
SOB23
SQB24
SOB25
SOB26
SWQ1
SWQ2

py)

o™ > > >
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27

Triloculina
bertheliana

R

28

Triloculina sp.

29

Articulina
antillarum

30

Articulina
carinata

31

Coscinospira
hemprichii

32

Peneroplis
planatus

33

Peneroplis
pertusus

34

Sorites
orbiculus

35

Dentalina
inornata

36

Amphimorphin
a butonensis

37

Amphicoryna
sp.

38

Procerolagena
clavata

39

Pseudopolymo
rphina
hanzawai

40

Sigmoidella
elegantissima

41

Oolina sp.

42

Fissurina
lacunata

43

Fissurina sp.

44

Palliolatella
bradii

> |m| m | ™

45

Palliolatella
sp.

46

Globorotalia
mendardii

47

Globigerinita
sp.

48

Globigerina
bulloides

49

Globigerinoide
s rubber

50

Globigerinoide
s sacculifer

51

Bolivina
pseudopunctat
a

52

Bolivina
seminuda

53

Bolivinella
folia

54

Abditodentrix
rhomboidalis

55

Loxostomina
limbata
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56

Sagrinella
lobata

A

57

Chrysalidinella
dimorpha

58

Chrysalidina
pacific

59

Pavonina
flabelliformis

60

Sigmavirgulina
tortuosa

61

Eponides
cribrorepandus

62

Eponides
repandus

63

Neoeponides
schreibersii

64

Schaferina
annamaryae

py)

65

Rosalina
bradyi

66

Discorbinoides
minogasiformis

>

> | >

67

Bulimina
williamsoniana

py)

68

Siphoninoides cf.
laevigatus

69

Siphoninoides
echinatus

70

Siphoninoides sp.

71

Cibicides
refulgens

> O] > | >
> 0| > | >

72

Montfortella
bramlettei

pe)

73

Planorbulina
mediterranensis

74

Cymbaloporella
tabellaeformis

75

Epistomaroides
punctulatus

76

Asterigerinata
dominicana

77

Amphistegina
vulgaris

78

Amphistegina
radiata

Py
>

79

Nonion
tennerbankense

80

Pararotalia sp.

81

Pararotalia
calcar

py)

82

Ammonia
beccarii

83

Ammonia
convexa

84

Elphidium
macellum

F

85

Elphidium gerthi

R|R|R

F

R

86

Elphidium
jenseni

F

R

R

R

o> |>»|>|>»|>» =©
M > | > | > | > |> =D

(> >|>]|>

R=Rare:

1-5, F=Frequent: 6-15, C=Common: 16-25, A=Abundant: over 25 specimens.
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ABSTRACT

The antimicrobial effect of aqueous extracts of Six medicinal plants
Cinnamomum  zylanicum (Bark), Dianthus caryophyllus (Fruit),
Zingiber officinale, Allium sativum (Fruit), Curcuma longa and
Elettaria cardamomum), three kinds of musk (Red musk, China&
Indian musk), Propris and Teab were studied against four fungi
namely, Aspergillus flavus, Epidermophyton floccosum, Microsporum
canis and one yeast Candida albicans that are had a medicinal
importance and cause skin infections. The inhibition zones were
determined by using agar well diffusion method. The results revealed
that Dianthus caryophyllus was had the best antimicrobial properties
(Fruit), followed in order by Allium sativum (Fruit), Cinnamomum
zylanicum (Bark), then Red musk and Teab. The minimum inhibitory
concentration (MIC) for the aqueous extract was between (1:6) and
(1:1) dilutions for fungi under study. The results therefore established
a good support for the use of Dianthus caryophyllus, Allium sativum
and Cinnamomum zylanicum, in traditional medicine

INTRODUCTION

Plants have a great potential for producing new drugs of great benefit to
mankind. There are many approaches to the search for new biologically
active principles in higher plants (1). Many efforts have been done to
discover new antimicrobial compounds from various kinds of sources such as
soil, microorganisms, animals and plants (2). The active components of
herbal remedies have the advantage of being combined with many other
substances that appear to be inactive. However, these complementary
components give the plant as a whole a safety and efficiency much superior
to that of its isolated and pure active components (3).

In spite of the existence of potent antibiotic and antifungal agents,
resistant strains are continuously appearing, so the antibiotic resistance has
become a global concern (4). Imposing the need for a permanent search and
development of new drugs (5). The screening of plant extracts and plant
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products for antimicrobial activity has shown that higher plants represent a potential source
of novel antibiotic prototypes (6). Numerous studies have identified compounds within
herbal plants that are effective antibiotics (7). Traditional healing systems around the world
that utilize herbal remedies are an important source for the discovery of new antibiotics (8).
Some traditional remedies have already produced compounds that are effective against
antibiotic-resistant strains of bacteria (9) others only use aquatic , alcoholic or organic
extractions for the same purpose (10)

The aims of this study is to investigate the aqueous extracts of some natural compound
and medicinal plants that may be used as therapeutic potential to control fungal diseases.

MATERIAL AND METHODS

Collection of Plants and other natural compound:

Six fresh or dried plant parts were collected randomly from Sana'a market, Yemen. Whole
medicinal plants (Cinnamomum zylanicum (Bark), Dianthus caryophyllus (Fruit), Zingiber
officinale, Allium sativum (Fruit), Curcuma longa and Elettaria cardamomum), in addition
to three kinds of musk (Red musk, China musk& Indian musk), Propris and Teab were
taken for investigation of antimicrobial property. The Fresh plant material were washed
under running by sterilized distilled water, air dried and then homogenized to fine powder
and stored in airtight bottles.

Preparation of extracts:
Aqueous extraction, 10 g of air-dried powder was added tol0 ml distilled water and
extracted by shaking at room temperature, for 30 minute and stored at 4 °C (11).

Microorganisms:

In vitro antimicrobial activity was examined for aqueous extracts from six medicinal plants
and three natural products that used by traditional healers. The well identification
microorganisms were obtained from Central Public Health Laboratory (CPHL) (20
specimens) and Modern International Laboratory (52 specimens), Sana'a, Yemen.
Microorganisms were maintained at 4°C on Sabouraud dextrose agar.

Antimicrobial assay:

The antimicrobial assay was performed by well diffusion method (12). The Sabouraud
dextrose agar was inoculated with the 100 pl of the inoculum (1 x 108 Cfu) and poured into
the Petri plate. With the help of a cork-borer (0.8cm). 100 pl of the extract was introduced
into the well. The plates were incubated overnight at 37 °C. Control was maintained where
pure sterile distilled were used instead of the extract. The result was obtained by measuring
the inhibition zone diameter (mm). The experiment was done three times and the mean
values are presented.

Determination of minimum inhibition concentration (MIC).

Different concentration of the extracted antimicrobial agent were carried to
obtain the lowest concentration that give antimicrobial effect. Dilution series
was by using sterile distilled water (Gul, et al.,2004). Seven fold dilutions
were prepared in the water serially. One ml of each dilution was added in to
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the holes of the seeded plates with target organisms. The MIC was
determinate by agar well method; the inhibition zones that appeared around
the wells determinate the effect of the extract. The highest dilution
preventing the organism growth was represented as MIC (13; 14).

RESULTS AND DISCUSSION

The data reported in Table (1) presents the antimicrobial activity of the aqueous extracts
agonist Candida albicans. The results indicate that the extracts from the medicinal plant
studied showed the largest inhibition zone around Dianthus caryophyllus (40mm), and the
MIC was at (1:6), follows by Cinnamomum zylanicum (35mm ), and the MIC was at (1:4),
Allium sativum (28mm), (see Fig 1), then Red musk and the MIC was at (1:2) dilution after
one day. However the rest extracts were shown no effect.

Table (1): Antimicrobial activity of aqueous extracts at different dilutions on Candida

albicans
Dilutions Zone of inhibition (mm)

Extracts 1.1 | 1:2 1:3 1:4 1.5 1:6 1.7
Allium sativum 28 16 16 15 - - -
Curcuma longa - - - - - - -

Cinnamomum zylanicum 35 20 17 16 - 11 -

Dianthus caryophyllus 40 29 25 23 12 11 -
Zingiber officinale - - - - - - -
Elettaria cardamomum - - - - - - _
Teab - - - - - - _

Red musk 18 15 - - - - _
China musk - - - - - - _
Indian musk - - - - - - -

Propris - - - - - - -

Values are mean of three replicates; -: no inhibition zone; cork-borer diameter 8 mm, the extract diluted by sterile
distilled water

Fig (1) Inhibition zones of Allium sativum (left) Cinnamomum zylanicum(mid) Dianthus
caryophyllus (right) on Candida albicans at (1:2) dilution , after (1) day
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Table (2) shows the antimicrobial activity of the aqueous extracts on
Aspergillus flavus. The results of the medicinal plant extracts studied
showed the largest inhibition zone around Dianthus caryophyllus (45mm),
and the MIC was at (1:6), follows by Cinnamomum zylanicum (39mm), and
the MIC was at (1:6), Allium sativum (28mm) , Red musk at (22mm) and the
MIC was at (1:2), then Teab (19) and MIC was at (1:1) dilution after one
day (Fig 2,3). Although the other extracts had no effect.

Table (2): Antimicrobial activity of aqueous extracts at different dilutions on Aspergillus

flavus
Dilutions Zone of inhibition (mm)
Extracts 1:1) 1.2 | 1:3 |14 15 1.6 | 1.7
Allium sativum 28 | 21 19 | 17 | 14 14 -
Curcuma longa - | 10 - - - - -
Cinnamomum 39| 23 17 | 16 | 15 15 -
zylanicum

Dianthus caryophyllus | 45| 31 | 26 | 15| 13 10 -
Zingiber officinale - - - - - - -
Elettaria cardamomum | - - - - - - -

Teab 19 - - - - - -
Red musk 22 | 15 - - - - -
China musk - - - - - - -
Indian musk - - - - - - -
Propris - - - - - - -

Values are mean of three replicates; -: no inhibition zone; cork-borer diameter 8 mm, the extract diluted by sterile
distilled water

Fig (2) Inhibition zones of the teab (left) and Red musk (right) on Aspergillus flavus at (1:1)
dilution, after (1) day
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Fig (3): Inhibition zones of Allium sativum (left) Cinnamomum zylanicum(mid) Dianthus
caryophyllus (right) on Aspergillus flavus at (1:2) dilution , after (1) day

All most all of studied extracts had no bioactivity on Microsporum canis
except of the Teab aqueous extracts that shows in Fig (4), the inhibition
zone was (17mm) at (1:1) dilution

Fig (4): Inhibition zones of Teab on Microsporum canis at(1:1) dilution, after (10) days

Table (3): Antimicrobial activity of aqueous extracts at different dilutions on
Epidermophyton floccosum

ilutions Zone of inhibition (mm)
Extracts 11| 12 1:3 |14 | 15 1:6 1:7
Allium sativum - 35 - - - - -
Curcuma longa - - - - - - -
Cinnamomum zylanicum - 12 - - - - -
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Dianthus caryophyllus Cl Cl Cl -
Zingiber officinale - - - - - - -
Elettaria cardamomum - - - - - - -
Teab - - - - - - -
Red musk - - - - - - -
China musk - - - - - - -
Indian musk - - - - - - -
Propris - - - - - - -

Values are mean of three replicates; - no inhibition zone; Cl: Completely inhibited, cork-borer diameter 8 mm, extracts
diluted by sterile distilled water

Fig (5): Inhibition zones of Allium sativum (left) Dianthus caryophyllus (right) on
Epidermophyton floccosum at (1:2) dilution , after (5) days

The present study has shown that Dianthus caryophyllus (Fruit), Allium sativum (Fruit),
Cinnamomum zylanicum (Bark) possesses remarkable fungi toxic activity against many
human skin pathogens. Thus, there is a possibility of developing these plants sources of
antifungal agent and further investigations are necessary to identify the bioactive principles.
The antimicrobial effect of powerful extracts may be due to their characteristic, strongly
aromatic taste, furthermore the effect of some essential oil and antimicrobial substances
found in these plants. Afterward we can talk over researches that similar or related to our
research, also had analogues result by similar or different microorganisms. Certain
researches studied the antimicrobial agent in vitro or in vivo

Dianthus caryophyllus major chemical constituents is an essential oil, which is

characterized by the presence of eugenol (60-95%), eugenol acetate (2-27%), and o- and p-
caryophyllene (5-10%) (15, 16, 17, 18, 19), and use in pharmacopoeias and in traditional
systems as external or local applications for the treatment of toothache, and minor
infections of the mouth and skin. Also used as an antiseptic for dressing of minor wounds,
and, in the form of lozenges, for sore throats and coughs associated with the common cold.
The essential oil (1-5%) is used in mouthwashes (20, 18, 21)

In vitro ethanol (95%) or aqueous extracts of Flos Caryophylli (Dianthus
caryophyllus) inhibited the growth Staphylococcus aureus (21). The juice of

the flower bud inhibited the growth of Mycobacterium tuberculosis
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(minimal inhibitory concentration [MIC] 1:160) (22). The powdered crude
drug inhibited the growth of Yersinia enterolitica when added to the
medium at a concentration of 1-3% (w/w) (23, 24). An aqueous extract of
the flower buds inhibited the growth of Bacillus subtilis (25). A chloroform
extract of the flower buds inhibited the growth of Cladosporium werneckii
(26). A 50% ethanol extract of the flower buds inhibited the growth of
Aspergillus fumigatus, Aspergillus niger, Botrytis cinerea, Fusarium
oxysporum, Penicillium digitatum, Rhizopus nigricans, Trichophyton
mentagrophytes, Candida albicans and Saccharomyces pastorianus at a
concentration of 500mg/ml (27).

Eugenol, of Dianthus caryophyllus is one of the active constituents of the
flower buds, inhibited the growth in vitro of Staphylococcus aureus,
Propionibacterium acnes and Pseudomonas aeruginosa, with an MIC of
0.05, 0.05 and 0.80mg/ml, respectively (29, 28). In other studies, eugenol
had a broad spectrum of antibacterial activity in vitro, inhibiting the growth
of Clostridium sporogenes, Enterobacter aerogenes, Escherichia coli,
Klebsiella pneumoniae, Proteus vulgaris, Pseudomonas aeruginosa,
Salmonella pullorum, Staphylococcus aureus, Streptococcus faecalis and
Comamonas terrigena at various concentrations (30, 31). Eugenol also had
a broad spectrum of antifungal activity in vitro, inhibiting the growth of
Alternaria alternata, Aspergillus fumigatus, Aspergillus niger, Aspergillus
flavus,  Cladosporium  werneckii,  Cladosporium  cucumerinum,
Colletotrichum capsici, Helminthosporium oryzae, Microsporum canis,
Penicillium expansum, Phytophthora parasitica, Rhizopus nodosus,
Trichophyton mentagrophytes and T. rubum at various concentrations (32-
33).

An aqueous extract of Dianthus caryophyllus flower buds suppressed the
replication of herpes simplex virus (HSV) in vitro at a concentration of
50ug/ml (34). An aqueous extract of the flower buds had antiviral activity
against HSV-1 in vitro (ICso 60ug/ml), and in mice (250mg/kg body weight
by gastric lavage) (35). A hot aqueous extract of the flower buds suppressed
the replication of HSV-1, measles virus and poliovirus-1 in Vero cells in
vitro at a concentration of 0.5mg/ml (36). Intragastric administration of a
decoction of the flower buds (750mg/kg body weight) decreased HSV-1
genome titres and the severity of HSV infection in mice with recurring
herpetic lesions induced by ultraviolet light (37). Eugenol at a concentration
of 0.1-10pg/ml demonstrated antiviral activity against HSV and adenovirus-
6 in vitro (38). Eugeniin isolated from the flower buds exhibited anti-HSV-1
activity in mice (39).
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In vitro studies, Allium sativum (garlic) has been found to have
antibacterial, antiviral, and antifungal activity. However, these actions are
less clear in vivo. It is also claimed to help prevent heart disease (including
atherosclerosis, high cholesterol, and high blood pressure) and certain types
of cancer, including stomach and colon cancers.(40)

Garlic cloves(Allium sativum) are used as an antiseptic to prevent
gangrene during World War | and World War 11.(41) More recently, it has
been found from a clinical trial that a mouthwash containing 2.5% fresh
garlic shows good antimicrobial activity, although the majority of the
participants reported an unpleasant taste and halitosis.(42]) and remedy for
infections (especially chest problems), digestive disorders, and fungal
infections such as thrush.(43) Garlic can be used as a disinfectant because of
its bacteriostatic and bacteriocidal properties.(44) Likewise, has been used
reasonably successfully in AIDS patients to treat Cryptosporidium in an
uncontrolled study in China.(45 )It has also been used by at least one AIDS
patient to treat toxoplasmosis, another protozoal disease. (46)

When crushed, Allium sativum vyields allicin, an antibiotic (47) and
antifungal compound (phytoncide). Fresh or crushed garlic also affords the
sulfur-containing compounds alliin, ajoene, diallyl polysulfides,
vinyldithiins, S-allylcysteine, and enzymes, B vitamins, proteins, minerals,
saponins, flavonoids, and Maillard reaction products, which are not sulfur-
containing compounds. Furthermore, a phytoalexin (allixin) was found, a
nonsulfur compound with a y-pyrone skeleton structure with antioxidant
effects, antimicrobial effects, (48) antitumor promoting effects, inhibition of
aflatoxin B2 DNA binding, and neurotrophic effects. Allixin showed an
antitumor promoting effect in vivo, inhibiting skin tumor formation by TPA
and DMBA initiated mice. Analogs of this compound have exhibited
antitumor promoting effects in in vitro experimental conditions. Herein,
allixin and/or its analogs may be expected useful compounds for cancer

prevention or chemotherapy agents for other diseases.(49)

The researches of Cinnamomum zylanicum, had explained that; the external treated as a
poultice can treat minor bacterial and fungal infections on the skin. Some of the plant
constituents have proven value against bacteria and fungi, including the fungi that produce
the carcinogenic aflatoxins. Its essential oil contains both antifungal and antibacterial
principles that can be used to prevent food spoilage due to bacterial contamination.
(50,51,52)Certain uses of cinnamon as a germicide, that used internally in typhoid fever
and in the treatment of cancer and other microbial diseases. It is also said to be used as an
antiseptic. Further studies with regard to cinnamon extracts against food borne pathogens
and foliage microorganisms by Lopez, p, et al, (2009) has proven that the highest
antibacterial activity was found for cloves and cinnamon against most of the bacterial
cocktails and they have further concluded that use of cinnamon essential oil can provide an
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adequate degree of protection against food borne pathogens to a certain extent due to its
anti-bacterial quality(50,51)

A number of plants such as Vitis vinifera L. extract (Vitaceae) is used in conditions like
burning sensations, hemorrhages, anemia, leprosy, skin diseases, syphilis, asthma,
jaundice, bronchitis (Anjaria et al., 2002; Sriram et al., 2004). Similarly, an essential oil in
the tubers has antibiotic activity and has been shown to arrest the growth of Micrococcus
pyrogenes (53)

A similar study of screening the natural plant extracts against different fungal and
bacterial pathogens was well recorded in literature (54,55). The systematic screening of
plant species with the purpose of discovering new bioactive compounds is a routine activity
in many laboratories. In particular, the search for components with antimicrobial activity
has gained increasing importance in recent times, due to growing worldwide concern about
the alarming increase in the rate of infection by antibiotic-resistant microorganisms (56).

Consequently plants are potent biochemists and have been components of
phytomedicine since times immemorial; man is able to obtain from them a wondrous
assortment of industrial chemicals. Plant based natural constituents can be derived from any
part of the plant like bark, leaves, flowers, roots, fruits, seeds, etc (57) i.e. any part of the
plant may contain active components. The beneficial medicinal effects of plant materials
typically result from the combinations of secondary products present in the plant. The
medicinal actions of plants are unique to particular plant species or groups are consistent
with this concept as the combination of secondary products in a particular plant is
taxonomically distinct. Since plants have co- evolved with pathogens, it is reasonable to
expect a variety of such compounds with specific as well as general antifungal activity (58).
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ABSTRACT

This paper studies the effect of 2-Amino-2-mthyl-1-propanol
(C3H;NO) on corrosion behavior of boiler steel pipes with low
carbon content at sodium sulfite (Na,SOs) in the additive mixtures
form as oxygen scavengers in the boiler feed water.

Experiments were done at temperatures (100 - 150) °C and pressures
(5 - 9) x 101.3 KN/m? in cylinder autoclave with 7.4 ppm dissolved
oxygen in used water, then the corrosion rate is measured by weight
loss technique and the concentration of dissolved oxygen in feed water
was determined before and after the experiment by Winkler method
(Titration).

This analysis can provide valuable information for mixture scavengers
and corrosion behavior on boiler steel pipes with range of used
temperature and pressure. The better ratios found is 60 ppm for every
one of amine and sulfite, with the best result in decreasing corrosion
rate in acceptable way. The above mentioned ratio is optimal and
recommended. This opens up the field for formulation synergetic
packages of additives as O, scavengers .

Keywords: Oxygen Scavenger, Na,SO3, C3H;;NO, Boiler Steel Pipes,
NA-Sulfite & 2-Amino-2-mthyl-1-propanor Additive Package

INTRODUCTION

The main use of water in industry is transferring of heat and the production of
steam’. The steam boilers are constructed according to various designs, but
they consist essentially of low carbon steel for water which is heating by hot
gases®?,

Appreciable corrosion of steel requires dissolved oxygen in neutral solution’.
Therefore, the dissolved oxygen was the main cause of corrosion in neutral
aqueous solution, because it is represented the main cathodic reaction which
occurs in that cathodic areas”.

2H,0+0; +4e” > 40H " cainodic (reduction) reaction
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While the anodic reaction represent the oxidation of metal iron to its ions and transfer
into the solution, which causes losing in the weight of metal®®.

Fe — Fe*” +2e” Anodic (oxidation) reaction

The oxygen is very energetic cathodic and depolarizer. With an increase of oxygen
concentration in the water can expect an increase in the rate of corrosion of metals,
particularly steel®’. Therefore, any remained of dissolved oxygen in the water of boiler
unites quantitatively with the metals of the boiler system and causing pitting of the boiler
tubs and general attack elsewhere®*®° Stringent control of dissolved oxygen to absolute
minimum levels is an obvious requirement to control corrosion in closed high temperature
boiler system®.

Dissolved oxygen may be removed mechanically or chemically. Mechanical deaeration
involves either heating or purging with a counter flow of gas to strip the oxygen from the
water. Both heating and stripping may be accomplished with a counter flow of steam™**.
Chemical scavenging is usually necessary to reduce dissolved oxygen to levels acceptable
for applications™***,

Sodium sulfite has been used as oxygen scavenger'?, which is very effectively in
feedwater and neutral solution where oxygen reduction is the controlling corrosion cathodic
reaction®. And amine components are well known in the boiler feed water. The selection
one or more of amines must be based upon system pressure, temperature, Complexity types
of equipments used and their ability to retard corrosion rate*****°, Typical of such amines
are 2-amino-2-methyl-1-propanol™****>!® |n addition to that, mixtures of synergetic
packages of amines and with other additives can be used 46171819,

Research Aim

The aim of this research is the control on corrosion behavior and the minimizing in
corrosion rate of carbon steel through using optimum package of sodium sulfite and 2-
amino-2-methyl-1-propanol in feed water of boiler system at different operation conditions
(DOC).

EXPERIMENTAL

Experiments were done at temperatures (100 - 150) °C and pressures (5 - 9) x 101.3 KN/m?2
in cylinder autoclave apparatus with a wall thickness of 12 mm, heating tape surrounded the
outside of the autoclave, temperature controller and recorder, pressure gauge, N, gas
cylinder, sensor record temperature and control valve to get rid of excess saturated steam.
Maximum capacity of the autoclave is 1700 ml, as shown in figure 1.

The corrosion behavior of carbon steel in the investigation was carried out using weight
loss technique under controlled condition of temperature, pressure & high efficiency
amounts (20 - 60 ppm) for every one of amine™ and sodium sulfite* as additive package of
oxygen scavengers. Three rectangular specimens were used for measuring the corrosion
rate of low carbon steel in gram per square meter per day (g/m?/d). The concentration of
dissolved oxygen in feed-water was determined before and after the experiment by Winkler
method (Titration) at atmospheric condition.
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Heating Tape

Figure 1. Process Measurement Unit

The chemical composition analysis of low carbon steel alloy specimen was made at the
State Company of Geological Inspection- Irag. It is shown in the Table 1.

Table 1. Chemical analysis of carbon steel alloy specimens

Element Percentage Content Wt%

C 0.085-0.1

Mn 0.4-0.6

S 0.05
P 0.04

Ni 0.017

Cr 0.014

Mo 0.061

Fe Remainder

RESULTS AND DISCUSSION

Results of measurement of dissolved oxygen in feedwater by titration before and after
experiment are given in table 2.

Figure 2 explains that the concentrations of dissolved oxygen before experiment is 7.4
ppm and after adding (0 , 20 , 40 , 60) ppm of amine on constant concentration of Na-
Sulfite (20 ppm ) are (3.5, 3.21, 2.05, 1.7) ppm respectively. But when the concentration
of Na-sulfite is fixed 60ppm and the concentrations of amine are (0 , 20 , 40 , 60) the
remaining concentrations of dissolved oxygen are about nil (0.05)ppm. This means that the
increasing in concentration of 2-amino-2-methyl-1-propanol (20 , 40 , 60 ppm) on fixed
amount of Na-sulfite (60 ppm) leaded to highest efficiency of scavenging oxygen, thus
decreases the corrosion rate of boiler steel pipes.
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Figure (2): Effevt of conceentration of amine and sodium sulfite on concuming of oxygen in feed
water

Results of effect of additions of the 2-amino-2-methyl-1-propanol on corrosion rate at
20 ppm of Na-sulfite and at different temperatures and constant pressure 5x101.3 KN/m?
are given in figure 3.

% \ \ \
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Figure (3): Effevt of additions of the (Amine and sodium sulfite) on corrosion rate steel pipes at
5*101.3 KN/m? and different tempertures.

From figure 3. It is noted that at constant pressure (5x101.3 KN/m?) the corrosion rate
increases up to high level (30 - 80 g/m?/d) by increasing the operation temperature (100 —
150) °C in the closed system. This increasing is due to the dissolved oxygen, which
accelerates corrosion. The oxygen is a strong and rapid oxidizing agent in cathodic
reactions and this case is confirmed by references® *. When corrosion is controlled by
diffusion of oxygen, the corrosion rate at given oxygen concentration (7.4ppm)
approximately doubles from 43 to 80 g/m2/d for 30°C rise in temperature from 120 to 150
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°C at constant pressure (5x101.3 KN/m?) . However, in a closed system, oxygen can not
escape and the corrosion rate continues to increase with temperature. And it is noted that
the presence of inhibitor (Amine + Na-Sulfite) leaded to decreasing the corrosion rate up to
lower levels (13 g/m2/d). In addition, it is noted that when the temperature increases the
corrosion rate increase for all additions of (2-amino-2-methyl-1-propanol + Na-Sulfite), but
when adding the additive package (2-amino-2-methyl-1-propanol + Na-Sulfite) the starting
point of corrosion rate was shifting down from 30 to 13 g/m#/d. This case is due to the
dissolved oxygen in feed water solution was approximately consumed with the increase of
concentration of oxygen scavenger (2-amino-2-methyl-1-propanol + Na-Sulfite). The figure
explanes that the increasing in concentration of 2-amino-2-methyl-1-propanol (20 , 40 , 60
ppm) on fixed amount of Na-sulfite (20 ppm) leaded to high efficiency of scavenging
oxygen and decrease the corrosion rate of boiler steel pipes specially at ratio (60:20) ppm of
amine and sodium sulfite in feedwater solution.

Results of effect of additions of the 2-amino-2-methyl-1-propanol on corrosion rate at
60 ppm of Na-sulfite and at different temperatures and constant pressure 5x101.3 KN/m?
are given in figure 4.

30

25

/I
z ]
[5\]
<
E 20 / -
i ol
E /
T ! L
2 15 / ——
o
Ei /-0- 0 ppm Amine + 60 ppm Na -Sulfite

10 —&— 20 ppm Amine + 60 ppm Na-Sulfite
=& 40 ppm Amine + 60 ppm Na-Sulfite
=< 60 ppm Amine + 60 ppm Na-Sulfite
5 I \ I
100°C 120°C 150°C
Temperature, C

Figure (4): Effevt of additions of the (Amine and sodium sulfite) on corrosion rate of boiler steel
pipes at 5*101.3 KN/m? and different tempertures.

Figure 4 explains that the additions of 2-amino-2-methyl-1-propanol (20, 40, 60) ppm to
the effective amount of Na-Sulfite (60ppm) against corrosion rate of boiler steel pipes. This
is according to reference Harharah and his group'®. We noted that the efficiency again
increases by the addition of 2-amino-2-methyl-1-propanol + Na- Sulfite from 19 to 10
g/m?/d. The best ratio found is 60 ppm for every one of amine and Na-sulfite, with the best
result in decreasing corrosion rate in acceptable way. Therefore, we well recommend this
synergetic ratio of additive package (60ppm amine + 60ppm Na-sulfite) as oxygen
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scavenger and decreases corrosion reaction in low carbon steel pipes of boilers . This is
conformed by references Saad and Harharah®® and Harharah et all** for individual
compound, too.

Results of ratio (60ppm amine + 60ppm Na-sulfite) at different temperatures and
pressures are given in figure 5.

Corrosion Rate g/m”2/d

7

Pressure,
....x101.3N/m”2

100°C
120°C

Temperature, C

150°C

Figure (5): Effevt of additions of the (60 ppm Amine + 60 ppm sodium sulfite) on corrosion rate
boiler steel pipes at different operation conditions..

The figure 5 explains that influence of pressure changes (5, 7, 9) x101.3KN/m?2 on the
corrosion rate at 100°C is lower than the influence of the same values of pressure on
corrosion rate at 150°C. Therefore, at 100°C and the values of pressure are (5, 7 , 9)
x101.3KN/mz2 the corrosion rates are (10 , 10.5, 11.4) g/m#d respectively. And at 150°C
and the values of pressure are (5, 7, 9) x101.3KN/m? the rates of corrosion are (16.55 ,
32.12, 45.5) g/m?/d respectively. Then that the increasing in the corrosion rate not depends
only on the temperature, but also depends on the pressure. That increasing in corrosion rate
with increasing in pressure may be for the reason of increasing the velocity of feed solution,
which leads to increasing of the diffusion of the oxygen. With other words the increasing in
temperature and pressure leaded to increasing in corrosion rate.

CONCLUSIONS

This analysis can provide valuable information for mixture scavengers and corrosion
behavior on boiler steel pipes with range of used temperature and pressure. The increasing
in temperature and pressure leaded to increasing in corrosion rate, but when adding the
additive package (2-amino-2-methyl-1-propanol + Na-Sulfite) the starting point of
corrosion rate was shifting down. The better ratio found is 60 ppm for every one of amine
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and sulfite in mixture, with the best result in decreasing corrosion rate in acceptable way.
The above mentioned ratio is optimal and recommended. This opens up the field for
formulation synergetic packages of additives as oxygen scavenger .
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ABSTRACT

Solid state reaction used to prepared the high temperature
superconductor of YBa,Cus,Ag,Og 55 COmMpounds, Ag was isovalent
substitution Cu for (x=0.0, 0.15, 0.25, 0.35, 0.45). lodometric titration
used to determine the oxygen content in the samples. The value of O,
was varies from sample to another .The result of titration exhibited
value of 9 is increasing when increasing of concentration of Ag. The
samples was analyzed by x-ray diffraction(XRD) patterns has been
used to determine the purity of the used materials ,calculation of the
lattice constants and determination of its phase .The study shows a
high purity samples with an orthorhombic single phase resistivity
measurement by four probe technique and morphological analysis by
Scanning Electron Microscopy (SEM).These parameters are the
forming pressure of the pellets , the sintering temperature was 950°C
for sintering time (30hours) with the flow of oxygen gas of about
(1.25)L/min.  The maximum Tc value was 942K for
YBa,Cus 5Ad0.4506.5+5, it is found Tc value increasing when increased
x in the YBa,Cus; ,Ag,Og 55 SUpercomputers.

1. INTRODUCTION

A fter the discovery of YBa,Cus;O;;5 (YBCO)superconductors, extensive
studies have been made on the effect of Ag additions in YBCO system with
a view to understanding the mechanism of superconductivity and to improve
the current carrying capacity of these materials (1-5)it has been reported that
silver addition is effective in improving mechanical properties of the brittle
superconducting oxides YBa,CuzO7.5(Y123) (6-8)For examples studies on
textured Ag doped Y123 samples showed that the Ag addition improved
fractured toughness and the resistance to thermal.(9).At mesoscopic level,
silver fills the integranular spaces and increases plasticity and the resistance
to crack formation(10).It has been found that Ag enhance the critical current
density and magnetic —flux trapping (11,12).Also silver improves the grain
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growth and helps to obtain a better grain orientation lowering the electrical resistance in the
normal state.(13,14).In general manner. Silver addition to Y(123)clearly enhances the
process dominated by the weak links (15).Silver can introduced into the samples by various
ways ,such as by mixing with metallic Ag, by mixing with Ag,O or by electro chemical
method (16,17).Due to its excellent chemical compatibility. The silver ion can by
encountered into the Y-123grains (12,18).Yet as Copper and silver are from the same group
of the periodic table .Ag atoms can substitute Cu(19).In the Y-123 grains and consequently
many physical properties are affected by presence of microscopic granularity.(20). The
samples were characterized by x-ray diffraction, electrical resistivity measurement and
scanning electron microscopy.

2-EXPERIMENTAL

A series of samples were prepared by a conventional solid state reaction method using
high-purity powder of Y,03, BaCO3, CuO, and Ag,O with 99.99% purity .The mixture to
make the specimens was prepared by homogeneously mixing and grinding prescribed
amounts of all powders, into a gate mortar. Appropriate amounts of these powders were
mixed with alumna mortar and pestle for (3 hours) in 2- propanole and dried. The
calcinations process performed at (930°C) for (20 hours) in order to remove the CO,
amount from the mixture as gas and then crushed into fine powder. The calcinations and
grinding procedure were repeated three times at least, that make insure the completely
evolve of CO, —amount from the mixture. Measuring the weight of reactants with the
required amounts using sensitive balance with (4-digitals), type (STATON) 462AL. The
resulting powder then pressed into pellets.. The die has a stainless steel cylinder of 0.5 cm
(13mm) diameter and (1.5-1.8) mm thick using manually hydraulic press RAKIN-EIMER,
under a pressure of (0.6Gp).

The final step of sample preparation was high temperature treatment that causes
particles of the materials to join together and gradually reduce the volume of pore space
between them the powder is compacted into a pellet shape with a certain pressure then
powder particles with then be in contact with one another at numerous sites, with
significant amount of pore space between the particles.

In order to reduce the boundary energy, atoms diffuse to the boundaries, permitting the
particles to be bound together and eventually causing the pores to shrink. If sintering is
carried out for a long time the pores may be eliminated and the material becomes dense.
The programming data for this process include, the rate of heating (60°C/hour) up to
(950°C) for (30 hours) with the flow of oxygen gas of about (1.25)L/min and then with
slow rate of cooling (30°C/hours) reached 550°C stopped for this temperature at 7 hours
before it returned to room temperature. The significance of oxygen flow is to enhance the
value of & to reach the content of oxygen atoms in the samples to about (6.88). X-ray
diffraction (XRD) data were obtained by powder diffraction utilizing Co(ka) radiation
,Scanning electron microscope, morphology of the crystalline grains in the samples
prepared .The transition temperature of HTSC samples was determined using the four probe
“resistive”.

3-RESULTS AND DISCUSSION
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The superconductivity of Ag substitution in Cu for YBa,Cus,Ag,Og.s+5 Samples for (x=0,
0.15, 0.25, 0.35, 0.45) were studied using x-ray diffraction, temperature resistivity
measurements and scanning electron microscopy.

3-1-X-ray diffraction studies

X-ray powder diffraction studies were carried out on Ag,O added YBCO samples sintered
at 950°C and cooled slowly to room temperature. Temperature at the rate of 2°C/min in
flowing oxygen . Figure (1) represents the powder diffraction patterns of (YBCO)
specimens with 0.0 to 4.5 wt % of Ag substitution type creating a YBa,Cus,AgyOg 515 -All
samples showed an orthorhombic structure and no shift in the peak positions ,in the x-ray
patterns of YBCO was observed because of Ag substitution. However in the doped samples
, a few peaks were observed at 20 =36.875° , 45.625 ° and63.750 ° apart from those of pure
(YBa,Cus0g 5:5)- The intensities of these additional peaks were found to increase with the
increase in levels of Ag,O substitution in Cu for YBCO samples .The presence of these
extra peaks in the diffraction pattern indicates the formation of a second phase in the system
.This new phase could not be readily identified from the data a available in the joint
committee on powder diffraction standards (JCPDS) file .X-ray diffraction pattern as
shown in figure (1) taken into account with a presence of computational program to
determine the lattice constants and to show the effect of substitution Ag on the structure
comparable with the pure system (YBCO-compound).Table (1) showing orthorhombic
phase with the lattice constants, exhibited some deviation in their value compared with
pure ,this is the first data investigated and comparison with Kupper man et al( 21 ).who
studied the effect of 15%Ag as additives to compound YBa,Cuz0.5 .Also with Diko et
al(22).They condensed their study on using 5wt%Ag with respect to compound
YBa,Cuz07.5 . Also with Pavund et al(23).Using of 10wt%Ag with respect to YBa,CuzO7.5
.In other words, our studies confirmed by Taylor etal (24),who suggest that Ag play an
important role due to the substitution as function of Cu site of YBa,Cuz0,.5 .The Ag atoms
change the dimension of the unit cell ,because the Ag ion size is larger than that of the Cu
ion .1t is also reported Ag atoms saturates at nominal concentrations higher than 2.5wt% Ag
(25) .

3-2Temperature Resistivity Measurements

The temperature resistivity — measurements on YBa,Cusx Ag x Ogs:s Samples cooled
slowly to room temperature were carried out by the four —probe method (26) using digital
Nanovoltmeter type ( KETHLY) model 180 with sensitivity of about(+0.1 nanovolt) used
to measured the voltage drop , and D-C power supply type (Electronic Veneta DV30/V3)
and a KETHLY model 1221 current source after removing a substantial part of the surface
layer of specimens by polishing . Silver paste was used for point contacts and the
temperature was measured by a copper-constant thermocouple with an accuracy of + 0.2 K.
Figure (2) shows the temperature versus resistivity curves for YBa,Cus,AgyOgs:s fOr
(x=0,0 .15, 0.25, 0.35,0.45) when the samples were slow cooled at a rate of 2°C/min in
oxygen atom sphere .The transition temperature ( Tc =92.7 K) for x=0 and Tc=92.8 K for
x=0.15, Tc= 93.2 K for x= 0.25, Tc=93.6 K for x= 0.35,and Tc= 94.2 K for x= 0.45.
These results indicated clearly that zero resistivity temperature is improved by excess
substitution of Ag in Cu in the composition compared with pure compound.

Table (1): INSERT CAPTION????

| Samples name | Tc(K) | Latticeconstant(A®) [ Volume(A®) | &
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a=3.820
YBa,Cu30¢.5:5 92.7  |b=3.8855 170.4451 0.380
c=11.4835
a=3.820
YBa,CUs gsA0.1506 545 92.8  |b=3.8855 170.4451 0.383
c=11.4835
a=3.820
YBa,CU; 75A00.2506 545 932  |b=3.8855 170.4436 0.388
c=11.4834
a=3.820
YBa,CUs 65A0.3506 545 936  |b=3.8855 170.4436 0.41
c=11.4834
a=3.820
YBa,CUy.55A00.4506 545 942  |b=3.8855 170.4451 0.421
c=11.4835
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Figure (1) X-ray diffraction patterns for components YBa,Cu;.,AgxO¢.5+5
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Figure (2): The resistivity veruse temperature for HTSC for YBa,Cus ,AgyOg.s+5

3-3- Surface Morphology

To compare the microstructure of pure and Ag substitution on cu in the YBa,Cus.
A0xOs s:55amples .SEM micrographs were taken by a JOEL JSM 4600 scanning electron
microscope is used for studying the microstructure of the samples coating with metal and
operated at 15KV.Figure (3) shows the microstructure of compound YBa,CuszxAgyOs 55
for (x=0, 0.15,0.25,0.35,0.45) cooled slowly after sintering at 950°C .The micrographs
clearly show that the size of the plates shapes become is between (19.23-11.4) u m .It was
found that the grain growth of plate .like increased rapidly with increasing Ag substitution
and reaches to maximum size at the interior region of the fracture surface as shown in
figure (3)E. The large homogeneity of the chemical species .This agree with stability of

3-4-Enhanced Oxygen absorption in YBa,Cus ,Ag,Og.s+5 Samples

The “Todometrics titration “ method used to find oxygen content of oxide superconductor
YBa,CuzOq5.5 ,the superconducting prosperities of YBCO are intimately connected with
the tetragonal — orthorhombic phase transition (27,28) which in turn depends on the oxygen
stoichiometry (29, 30) . Therefore processing atmosphere and annealing temperature are of
great importance in obtaining high temperature superconductivity In the case of YBCO
materials it has been extensively reported that slow cooling of the sintered YBa,Cus.
«A0,06 55 samples in flowing oxygen or annealing between (500 -550)°C for several hours
is an essential requirement for obtaining orthorhombic phase (31). As the tetragonal tp
orthorhombic transformation takes place below 700°C by absorbing oxygen, samples
quenched in liquid nitrogen from temperature above 700°C were always semiconducting
and they did not show superconductivity (32). In our on the effect of Ag substitution in
YBCO, we observed that the widely accepted procedure of slow cooling at 2 °C/min or
annealing at 550 °C for several hours after high temperature sintering is not necessary to
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obtain superconducting in YBCO samples. Table (1) showing the values (3) of oxygen
content for all samples.

Figure (3): Morphology of fracture surface of compound YBa,Cuz ,AgxOg.s+5

4-Discuusion

The x-ray diffraction studies of all samples (YBa,Cus,AgxOgs:5)showed that there is no
structure change in superconducting YBCO compound due to Ag substitution .A few
additional peaks at 20 =36.87 ,45.625 and 63.75 other than those of pure YBCO ,indicate
the presence of a second phase in the composite .It is found that the extensively used
procedure of flow cooling or annealing at 550°C for several hours for oxygenation is not
essential to obtained superconductivity in Ag substitution in Cu, superconducting transition
was obtained by quenching Ag substitution in Cu directly from a sintering temperature 950
°C .In the present study one may suspect that tetragonal to orthorhombic phase
transformation temperature has been raised to a higher temperature (950 °C),due to Ag ,O
additional resulting in an orthorhombic structure on quenching the sample to room
temperature . If that is true then sample quenching in liquid nitrogen should also have
shown orthorhombic structure .All the electrical measurement were taken on samples after
polishing and removing the outer surface layers. X-ray diffraction patterns were also taken
on powdered samples which again confirms that the observed effect in quenched samples in
a bulk property .Indicating that the rate of oxygen absorption has been tremendously
increased by the addition of small amount of Ag,O in YBCO and the materials become
superconducting by air quenching .However it is not clear that the enhanced oxygen
absorption is due to the second phase formed ,it is likely that second phase (YBa,Cus.
A0xOg s:5)May be acting as for the oxidation a catalyst for the oxidation of YBCO
materials . Appearance of texture in SEM images for all samples under study such as plate
—like accompanied the formation of superconducting phase.
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ABSTRACT

This paper presents a method for optimizing unstructured triangular
meshes using a floating-point genetic algorithm. A mesh generation
algorithm based on a modified advancing front method and sets of
heuristic rules are used to generate the initial non-smooth triangular
meshes for complex shapes. The developed mesh is then smoothed
using a floating-point genetic algorithm that is more flexible than the
usual binary genetic algorithms, and can handle non-smooth regions
containing several local extrema. Three approaches are used in
selecting the fitness function to be optimized in the genetic algorithm,
namely, the triangle aspect ratio, the maximum angle at each node of
the triangular mesh, and a weighted linear combination of both
functions. The genetic algorithm has been tested and validated for a
number of test cases covering a wide range of complex geometry
applications. The results have shown a high degree of improvement in
the quality of the smoothed meshes and an ability to handle non-
convex regions.

Key Words: Genetic algorithms, mesh generation, unstructured

meshes.

1. INTRODUCTION

The development of sufficiently smooth unstructured surface meshes (grids)
plays an important role in the geometry processing of real world objects. In
most application the term unstructured meshes refer to triangular and
tetrahedral meshes in two and three dimension respectively. A primary
application of unstructured meshes concerns the geometric modeling of
complex real world objects, soft tissue modeling, and multi-resolution
representation of complex shapes. Additionally unstructured meshes play a
pivotal role in the numerical simulation of many physical problems in solid
mechanics, geo-mechanics, and fluid dynamics.

Mesh generation has a huge literature and there are excellent references
on structured and unstructured mesh generation [1-5], most grid generation
techniques currently in use can fit into one of the three basic methods;
Delaunay [6], Quadtree [7-8], and Advancing front method [5].
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1.1 Grid optimization and smoothing

It is rare that any grid generation algorithm will be able to define a grid that is optimal
without some form of post-processing to improve the overall quality of the grid. Most
smoothing procedures [9-13] involve some form of iterative process that repositions
individual vertices to improve the local quality of triangular grids.

The often used quality criteria for triangular grids are small aspect ratio and no angles
very close to 0 or to 180. However, there is a variety of other optimization problems such as
maximizing the minimum angle, minimizing the maximum angle, minimizing the
maximum aspect ratio, minimizing the maximum circumradius and the radius of the
containing circle of the incident triangles. Smoothing, averaging, and optimization-based
methods are also used to improve the quality of triangular grids. Grid smoothing adjusts the
locations of grid vertices in order to improve element shapes and overall grid quality. In
grid smoothing, the topology of the grid remains invariant.

Laplacian smoothing is the most commonly used smoothing technique. Laplacian[14-
16] smoothing is computationally inexpensive and fairly effective, but it does not guarantee
improvement in grid quality. Similar to Laplacian smoothing, there are a variety of other
averaging/smoothing techniques, which iteratively reposition nodes based on a weighted
average of the geometric properties of the surrounding grid points (nodes). Canann [11]
provides an overview of some of the common methods in use.

Optimization-based smoothing techniques measure the quality of the surrounding
elements to a node and attempt to optimize by computing then local gradient of the element
quality with respect to the node location. The grid vertices are moved so as to minimize a
given distortion metric.

Some of the developments in this area include [11,12]. Parthasrathy [13]developed an
optimization-based technique by solving a nonlinear, constrained, global optimization
problem with the aspect ratio being the objective function to be minimized. Canann [11]
presents optimization-based smoothing algorithm and recommends a combined
Laplacian/optimization-based approach. An approach developed by Freitag [16] work to
maximize the minimum angle in triangular grids by using an analogue of the steepest
decent method for smooth functions. Amenta [9] presents theoretical results showing how
some local triangle shape optimization be solved using generalized linear programming.
Other efficient algorithms are presented and many distortion metrics are discussed and
various optimization techniques are compared. Other optimization based methods include
the works of [13] that is based on making use of posteriori error estimates, and [14] that

is based on the use of distortion metrics. The selection of good distortion metrics is also
discussed in [15].

Recently, methods based on artificial intelligence concept have been used in grid
generation and optimization. In [17] Neural Networks concepts have been used in finite
element grid generations. Holder [18] presents a binary genetic algorithm for smoothing
grids used in finite element analysis. A distortion metric is used to quantify the goodness of
quadrilateral grid elements and serves as the fitness function for the genetic algorithm.

The objective of the paper is to:

» Develop an unstructured two-dimensional grid generation algorithm capable of
triangulating complex geometrical shapes.

+ Develop and apply a genetic algorithm for smoothing and optimization of triangular
grids.
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2. PROPOSED METHOD

The present method consists of a mesh generation algorithm based on the advancing front
method for the generation of the initial grid to be smoothed, and a genetic algorithm to
smooth the generated triangular mesh.

2.1 Grid Generation Algorithm

The algorithm is based on the advancing front method and a number of heuristic rules to
ensure proper triangulation of arbitrary and simply connected regions into quality triangles.
Several tests have been included into the algorithm to handle overlapping, edge crossing,
and degenerate edges that may occur during the grid generation process. An efficient
algorithm is also developed to generate the grid connectivity information needed during the
grid generation process.

2. 2 Grid Smoothing

The developed grids normally contain poorly shaped triangles that may affect the generated
grid when used in any specific application. The developed smoothing process is affected in
two steps; first a diagonal swapping algorithm is first implemented followed by a floating-
point genetic algorithm.

2. 2.1 Genetic Algorithms

The genetic algorithm starts from a set of chromosomes (assumed solutions) and evolves
different but better sets of chromosomes (sets of solutions) over a sequence of iterations. In
each generation (iteration) the fitness-measuring criterion (objective function) determines
the suitability of each chromosome and, based on these values, some of them are selected
for reproduction. The number of copies reproduced by an individual parent is expected to
be directly proportional to its fitness value, thereby embodying the natural selection
procedure, to some extent. The procedure thus selects more fit solutions; and less fit
solutions are eliminated , The structure of a simple genetic algorithm is shown in Figure 1.

Begin

t—0

Initialize P(t)
Evaluate P(t)

While (not termination-condition ) DO
Begin

t—t+1

select P(t) from P(t-1)
Crossover

Mutate

Evaluate P(t)

END

Figure 1: Structure of a simple genetic algorithm.

During iteration t, a genetic algorithm maintains a population of potential solutions
(chromosomes, vectors)

P@) = {x'p...x"n}.
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Each solution is evaluated to give some measure of its “fitness”, then, a new population
(iteration t+1) is formed to establish new solutions. Crossover combines the feature of two
parent chromosomes to form two similar offspring by swapping corresponding segments of
the parents. Mutation arbitrary alters one or more genes of a selected chromosome, by a
random change with a probability equal to the mutation rate.

The present genetic algorithm uses proportional selection, elitist model, one point
crossover and uniform mutation. A geometrical procedure that will produce an object
function for optimization works in the following manner.

2.2.2 Genetic Algorithm parameters

* Population size

Population size is one of the parameters affecting the algorithm’s convergence. The larger,
more diverse population takes longer to converge on a solution, but is more likely to find a
solution because of its diverse gene pool. For every internal node in the grid, 50 generation
of populations are generated and every population contains 100 chromosomes (nodes).

Creating a population of chromosomes initializes the process. Each chromosome
contains two floating random numbers, the first for x-coordinate and the second for y-
coordinate.

Each member of every chromosome is generated using random number generator.

* Evaluation function

For every random node (chromosome) generated the summation of areas for all
triangles around that node are computed and it must be equal the summation of areas A for
all triangles around that initial node N (to be moved to optimum location).The fitness
function for every node is described later.

* Selection Process

For the selection process (selection of a new population with respect to the probability
distribution based on fitness values), a roulette wheel with slots sized according to fitness is
used.

A roulette wheel is constructed as follows:

1. Calculate the fitness value fivalu(Ni) for each chromosome(node Ni) (i=1,2....,
Pop_Size).
2. Find the total fitness of population (i) _
1% ==pop size
i Ffivalu N.
3. Calculate the probability of a selection pi for each chromosome

(node Ni) (i=1,2,..., Pop_Size): pi

= fivalu(Ni) /F
4. Calculate a cumulative probability qi for each chromosome

(node Ni) (i=1,2,..., Pop_Size):

qi=Z'j=1Pj
5. Calculate a cumulative fitness
6. Finally select survivors using cumulative fitness probability and based on elitist model :

-Generate a random (float) number r between [0..1],for each chromosome i.e. Pop_Size
times; each time( for every chromosome ) if r < g1 then select the first chromosome (N1);

-Otherwise select the i-th chromosome Ni (2 <i <Pop_Size) such that gi-1 <r < qi.

* Crossover Probability:
Crossover probability usually ranges from 0.01 to 1.0. Crossover reflects the likelihood that
future population of nodes will contain a mix of information from the previous generation
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of nodes. A rate of 0.5 means that a child node will contain about 50% of its location from
one parent node and the rest from the second parent node. A rate of 1.0 means that no
crossover will occur, or only clones of the parents will be evaluated. A crossover
probability of 0.8 is used in the current algorithm.

* Mutation rate

The mutation rate can vary from 0.0 to 1.0. The higher the mutation rate, the more likely
future nodal chromosomes will contain some random values. Since mutation occurs after
crossover, a mutation rate that is too high will prevent crossover from having much if any
effect. A random uniform mutation with a probability of 0.15 is used in the present
algorithm.

* Evaluation (fitness) function

Three approaches are used in selecting the function to be optimized in the genetic
algorithm, namely, the least square error of the variation of angles, the average of the aspect
ratio of triangles at each node of the triangular grid, and a linear combination of both
approaches. In this method evaluation function is in a composite form, made up of the least
square error of the angles and average of aspect ratio for the triangles. Numerical
experimentation indicates that the third approach is the best criteria for the selection of the
fitness function.

The fitness function is computed at every selected node. In every iteration, the absolute
value of the change of the fitness function F and its maximum value is computed. The
process is repeated for every iteration until convergence is achieved. A fixed value of 0.01
is set for the differences in the fitness function as criteria for convergence.

3. RESULTS

The optimization algorithm is implemented for complex geometrical shapes and the results
are shown in Figures 2 through 9. The optimization algorithm selectively moves the nodes
of the poorly shaped triangles based on the fitness function which results in a marked
improvement in the grid quality. The results clearly show that the improvement in the
triangles quality from the initial grid to the optimum.

Figures 7 through 9 compares the variation of the fitness function before and after
optimization for nodes of the poorly shaped triangles. o= 0.8 and  =0.2. for the case of the
cartoon-type rooster shape The curves of figure 8 show that the optimization using the
genetic algorithm has resulted in improved values of the fitness function. The fitness values
for most nodes ranges from 0.5 to 0.85, after smoothing the fitness values improved to a
range of 0.85 to 0.94.

The analysis of the curves in figure 1-6 shows that the fitness values of the initial grid
for most nodes are in range 0.5 to 0.85. But after optimization with diagonal swapping the
range improved to a range of 0.88 to 0.97. The results shown in figures 7-9 show that
smoothing using the genetic algorithm have made a marked enhancement of the triangles
quality.

The triangles quality have improved and the range of the quality of the most triangles is
improved from (0.11 — 0.92) to (0.91 — 97).

105



A A Ali

Floating Point Genetic Algorithm Approach for Optimizing Unstructured Meshes

KR
N i o
SREI AR

4 2y =J
EANENATY
AT
A0 gy i
il

A%
Pty
ATk
<D
ey

Figure 2: Initial and smoothed grids of cartoon-type rooster shape.

Figure 3: Enlarged region of initial and smoothed grids of cartoon-type rooster shape.

Initial and smoothed grids of an artificial heart model section
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4. Conclusions

In this paper an unstructured triangular grid generation and smoothing algorithm is
developed for arbitrary two-dimensional regions. The grid generation algorithm is based on
a modified advancing front method and a set of heuristic rules to guarantee the efficient
triangulation of complex regions. The developed algorithm gives a high priority for the
smallest angle between any two adjacent segments during the triangulation process. The
developed heuristics rules are designed to avoid many of the problems encountered during
triangulation; such as, front overlapping and intersection, close proximity of neighboring
triangles.

Additionally, the algorithm uses an efficient branching strategy for triangle construction
and selection. The grid generation algorithm also includes an efficient fast permutation
algorithm to establish the connectivity of the triangular grid that is needed for the
advancing front algorithm and for post-processing the developed grids. The results show
that the grid generation algorithm is capable of generating high quality triangles for any
complex two dimensional region. A smoothing algorithm is then developed to optimize the
quality of the developed grid. The optimization process is implemented in two steps.

First, diagonal swapping is implemented, followed by the floating-point genetic
algorithm. Diagonal swapping is used according to a triangle quality that is based on the
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aspect ratio. The second step in the optimization process employs a floating-point genetic
algorithm that is more flexible than the usual binary genetic algorithms. Three approaches
are used in selecting the function to be optimized in the genetic algorithm, namely, the least
square error of the variation of angles, the average of the aspect ratio of triangles at each
node of the triangular grid, and a linear combination of both approaches. The results clearly
show the marked improvement in the quality of the optimized grids and the ability of
floating point genetic algorithm to handle non-convex regions.

Future research work may include the extension of the present method to the more
difficult case of three dimensions to establish smooth tetrahedral grids for 3D regions.
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ABSTRACT

In this paper we show two-dimensional shifts of finite type whose
transition matrices commutes and such that the entries of their product
also consist of 0’s and 1’s. In particular, the form of associated zeta
function of the two-dimensional shift was obtained. Unlike in the one-
dimensional shifts of finite type; we gather that zeta functions for
them have not closed form. This result derived by obtaining a formula
for the number of periodic points of the subshift of finite type. This
formula is then incorporated in the corresponding zeta function.

1. INTRODUCTION

There has been great deal of interest has been concerning theoretical issues
on a class of dynamical systems known as the higher-dimensional subshifts
of finite type. In part to in the one-dimensional analogue of the
aforementioned systems example(Johnson et al.,19998) and (schmidt,2000).
It is well-known that each subshift of finite type can be defined via their
corresponding transition matrices. And probably one of the first papers to
exploit this situation, as far as higher-dimensional subshift of finite type is
concerned,(markley et al.,1981)and Al-Refaei.2011). In this paper, we shall
also assume that the associated transition matrices commutes but with the
extra assumption that the product of these matrices also have 0-1 entries,
(Noorani,M.1996)and Al-Refaei,A.2011). Our main goal is to study the form
of an associated zeta function. In this paper, it shown that, unlike in the one-
dimensional case, the corresponding function for the higher-dimensional
analogue of this dynamical system may not have a closed form. To arrive at
this conclusion we shall present a formula for the number of the periodic
points of these subshifts, (Noorani,M.2002). We shall then invoke the zeta
function introduced by (Lind,D.1995).where the aforementioned formula is
then incorporated. Along the way we also recover some of the results
proposed in (Lind,D.1995). To fix ideas, we shall concentrate entirely in the
two-dimensional case.
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2. PERIODIC POINTS

We are interested in counting the number of beriodic points for a given matrix subshifts. It
is convenient to introduce the following notation which is due to (Lind,D. 1995). Let

S= {O,l, ..... .k —1} for some fix positive integer k and H, V is two K x Kk 0-1 matrices,
Also let X be the set

X :{x =(x,)eS?% :H (xn,xmel):v (X1 Xpe,) =1, 7N eZZ}

Where €'S  1=1,2 are the standard basis vectors for 7.
The set X together with the shift map o,:X — X defined by

(0,(X)), =X, &N €Z® is called the subshift of finite type with respect to the

transition matrices H and V.
We are interested in counting the number of periodic points for a given matrix subshifts.
It is convenient to introduce the following notions which are due to Lind .Let the set of

all finite-index subgroups of Ve by 3, ForLe3,, let

Fix_=card {xe X :0,(X) =XVn e L}, denote the number of points in X which are

fixed by elements of L. As is in (Lind,D.1995). We are need the following classical result
from the theory of integer matrices,(Manning,1971).

Proposition 1

Every finite-index subgroup of Z* can be uniquely represented as the image of Z°
under a matrix having the form

I’1 qlz q13 qld
0 1, Oy .. Oy

0 0 r, .. Qg
00 0 0 r
Where I, 21Vi=12,..,d &o<q; <r -1 Vi+1< j<d.
From the above general result we have the following parameterization 32* of Sz ,
r,
3, :{ 1 A jzz r,>10<q < r1—1}.
0,
From this parameterization, we have the following proposition.

Proposition 2
Let X be a 2-dimentional matrix subshift with transitions matrices H,V such that

HV =VH and HV is a 0-1matrix. Then for each L € 3", where
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L = hoa 72, we have
0

Fix_=Trace(HV").

3.ZETA FUNCTIONS

The following was introduced by (Lind,D. 1995). The zeta function associated with a 2-
dimensionsl subshift of finite type is given as

§(Z)=exp[z%zmj

L

Where the sum is taken over all subgroups L of z* with finite index and [L] denotes the
index of L. One recovers the 1-dimensional zeta function of (Artin,M.1965) when one
considers finite-index subgroups of z* which are given by the cosets {nz:n = 1} Of course

the above definition also holds for arbitrary d-dimensional subshift of finite type. The zeta
function is clearly conjugacy invariant because the number of point of each period is

preserved. For  AeGL(d,Z) then z®-shift of finite type o can be defined as
(O_A)“ — o™

Proposition 3

Let o bea  z*-shift of finite type and A eGL (d,Z) Theng (2) =¢ .(2).
Proof: .

For Le 3, let AL={A;:neL }

The L <> AL isa bijection by g : L <> AL & g(n)=An,
vnel ,AeGL(@,Z)=[L] = Z%‘: Z%L‘z[m_]

Also Xxe{xeX:o,(x)=xVnelL }

Iff o,(X)=XVnelL ,andxisfixed point of &, in X and

XE{XGX o™ (X)=xVAne AL }

= ‘{XEX :o"(X)=xVnel }‘=‘{XEX :(6")"(X) =xVAn € AL }‘
= P, (6)=P.(6")=P.(c). Then

. (z):exp( Z %z [AL]J:eXp[ Z‘ %z [L]J:C:G(Z )-

The following examples will illustrate how to calculate the zeta functions when we get
the periodic point.
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Examplel
Let o be o -invariant of finite type on single point X ={x}

Then X is compact space, and 0, (X) =xVne L&P (o)=1VLEeS,

In Z? let 3, :{[g g jZZ r,r,>1,0<q < rl_l}_Then the zeta function of o is
rZ

¢ (2)= exp[z P[IE? ]_exp[ > %ZWJ

Le3J) Le3®, 1

oo £35S Lo e S5 L (5-)-001)

n=1r,=1q=0 r r n=1r,=1 1 2

exp{ZZ J exp ZZ( i

n=1r,=1 11 n=1r,=1 2

exp(i— log(1-2 )] - exp[Z Iog(

n=1 n=1

oo{os( i) -Me

Example 2
Let o be the full Z? k-shift, then

(X =108 k=17 (0"09), =X, ¥xe X VDl |

)

Then VL e 3, &P, (o) =K = K™

L K (L]
So the zeta function is exp BANRPITY
=1

“oo 55 |-o sylte)

n=1r,=1q=0

n=1

- exp(i—log (1-(Kz )" )] - ﬁﬁ

4. RESULTS

From the above propositions, examples and by (Al-Refaei,A.2011) we get this Theorem
which will be help us to get the zeta function for any periodic point that we jet it by
transition matrix.
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Theorem
Let X=X(H,V) be a 2-dimensional matrix subshift such that HY=VH and HV is a 0-1

matrix. Then the zeta function of X is formally given by

2 - j_(ﬂ,,+ﬂ12+...+ily
4(2)=l;ﬂ:[(1—/42]) where ) = jandﬂ’lhui,,izlz are the

eigenvalue of H and V respectively .

Proof :
Since H and V commutes, one can simultaneously 'diagonals' them via a non-singular

matrix R (see, for e.g, (Jacobson 1953)) so that
Fix, =Trace (HV *)=Trace (RH'R 'RV “R )

v o 2.7 )0 (i )
=Trace (d|ag (/11[4 A 1y )) = A+ Ay

Hence
F = 2 ATrace(HV ?)
[(—.‘sz IXLJ_eXp(ZZZ ( )Z 12)
L [ ] n=1r=1q=1 112

R PRy

o e ] P
we see that
S A
7% =A% log (1 2"
22w, (t-u2’)
Therefore,

[ZFiXszexp£ii2iMZmJ BXpZZIog(l po)

L [L] i=l n=1r,=1q=1 r1r2 i=ln=1

2 »

“[11]0-w2") "

i=1 =1

In particular, we have

g(z):exp[zFlL z[Lj exp(logHH(l : “) rlj:fﬂz[(l 7y )Aq.
5. CONCLUSIONS

This papers focused on properties for shift of finite type exactly zeta function for subshift in
dimension two, to present various method to calculate periodic point and zeta function for
two-shift of finite type using subgroup and transition matrix .
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ABSTRACT

In this paper we consider non-linear system of Volterra integral
equations of the second kind (NSVIEK2), Three different kinds of
classic spline functions (Linear, quadratic and cubic) have been
modified and applied for the first time to treat the above system, A
comparison between approximate and exact results for two numerical
examples depending on the least-square error are given to show the
accuracy of the results obtained by using this method, Programs are
written in matlab program version 7.0.

Keywords: Three different kinds of classic spline function (Linear,
quadratic and cubic), system of nonlinear Volterra integral equations.

1. INTRODUCTION

Splines are functions that are mathematically equivalent to physical spline
used by draughtsman, A physical spline is a thin flexible rod held fixed at
certain points but is free to move between them, and subject of course to laws
of physics [8, 10].

Mathematical spline are piecewise polynomial, where pieces correspond
to interval between points that hold physical spline fixed, a set of knots
defines the intervals.

Al-Salhi; find numerical solution of non-linear VVolterra integral equations
of the second kind [3], Al-Kahachi; Approximate method for solving
Volterra integral equations of the first kind [2], Abd-Al-Hammeed;
Numerical solution of Fredholm integro-differential equations using spline
functions [1].

2- CLASSIC SPLINE FUNCTIONS: [9]

Generally, impose a subdivision of the interval [a, b] as; A: a=Xe<x1<...<xpn-
1=b,

And use a linear polynomial on each subinterval [Xi, Xi+1]; i=0, 1,..., n-1,

Let Axi=Xi:1-Xi, then |A|l=max{Ax;}, we control accuracy by choosing |A| as
small as is needed, thus ; under the assumption that the local error is mainly
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concentrated where the grid points are most distant, this of course; is not the entire story, as
it also depends on the spectrum of the data itself,

We will define a class of functions; S¥(A)={s:seC*[a,b], Sia) € P 1 =120, =1}...(1),

Where m, k>0 and Sk () “classic spline functions of degree m and smoothness class
k” relative to the subdivision A, so S¥(A) has differentiable stricture of C,

The continuity assumption of (1) is that k™, derivative of s is continuous everywhere on
[a, b],and in particular; at the grid points x;, i=0, 1,..., n-1 of A,

If k=m, then s= SHT consist of polynomial of degree m and whole interval [a, b], we

don’t want this, so k<m,
Three types of classic spline functions has been considered, they are in following;

2.1 Linear Classic Spline S'(x): [6]

Now; we want scst(y), . t. for fon[a, b]; S(x,)=S; where S'eS'(x,), i=12...,n,

It will be assumed that the interpolation points concede with grid locations x;, though that is
(Sil—l_sil)

(X 1= ;)

Therefore; s'(x) :[Xi”_xjshr[x_xijs.ll, for xi<xis1<x, i=1,2,...,n-1, ... (2),
h | h I+

not necessary, so we take; S'(x) =S’ +(x-x,)

This shown schematically in figure (1);

A

v

a=Xx, X, X; X, X Xg X

figure (1): Discretization of domain

2.2 Quadratic Classic Spline S?(x): [9]
Quadratic classic Spline is continuously differentiable pricewise quadratic function which

consists of n separated polynomial over each subinterval [Xi, Xi+1], i.€. S€ S;(A), s. t. for f
on [a, b]; S(x;)=S whereS? e S?(x,), i=12,...,n,
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Now; it is assumed that S’(X)=aX’+b,x+C,,where S*(X) is piecewise quadratic
function which is continuously differentiable on each subinterval [xi, Xi+1], 0< | <n-1,

The formula for Siz (X) on [xi, Xi+1] taken from some polynomials P; of order 3, the it"
polynomial piece made to satisfy condition; Pi(x)=fi(xi), Pi(xi+1)=fi(xix2) and P (x.)= f, (x.),

in order to compute coefficient of i polynomial piece P;, Newton form used as;
Pi:Pi(Xi)+(X-Xi)[Xi, Xi+1]Pi+(X-Xi)2[Xi, Xi, Xi+1]Pi (3),
And divided difference table for P; given as;

Pi(xi) [Xi, Xi+1]Pi [Xi, Xi, Xi+1]Pi
s :
Xi fi(xi) P (Xi) =—— _ dSi (Xi)
Xi fi(Xi) d X [Xi’ Xi+1]Pi d X
Xi | fi(Xis) X, X ]P; (X1 -%;)

For above; if the table substituting in (3), yields;

o5 o (5] [ o B

since se S3(A) seC'[a, b], then we have; S;(X,,) = (X, ,,), i=0,1...,n-1,

, that is
Differentiating (4) w. r. t. X, gives;isz(x) :‘Z(X‘Xw)S_Z(X_)+2(X‘Xi)s_2(x_ )+‘(X‘Xi)+(xi+1‘x) aSi(x),
dx (N " h dx
Putting x=xXis1, yields; is_z(x_ ):is_z(x_)ﬂM‘ ie. dil:diﬁzw (5),
dx T dx h dx dx h

2.3 Cubic Classic Spline S3(x): [8]
Cubic classic Spline are the lowest order polynomial endowed with inflection points, and it
is a pricewise technique, which is very popular.

To find a cubic Spline S3(x) for which S3(x)=yi, i=0, 1,...,n, ... (6),

We begin by investigating how many degrees of freedom are left in the choice of $3(x),
once it satisfies (6), the technique used will not lead directly to practical means for
calculating S3(x), but will furnish additional insight,

Write; S?(X) =a,+b,X+C.X*+d.X>, xi1<x<x;, i=1,2,...,0, ... (7),
There are 4, unknown coefficients {ai, b, ¢i, di}, the constraints are (6) and continuity

restrictions, thus;

i i
dd ,-SS(XHFO):%SS(XFO) ... (8), together gives; n+1+3(n-1)=4n-2,
X X
Constraints; as compared with 4, unknowns, thus there are at least two degrees of
freedom in choosing the coefficient of (7),
Note that nothing has been said about value of S3(x) on [Xo, Xa], it is easy to construct an
extension to (-o0, 00), although it will not be unique,
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2
Now we give method for constructing S*(x), Introduce notation M, :ddizs%(i)l i=01...,n,
X

Since; S$¥(x) is cubic on [Xi, Xi+1], is linear and thus;
d

S(x)

Mi — dd22 83(Xi)=( i+1 X)M ;—(X X )M , i:O,l,...,n—l, .« o (9), Where hi:Xi+1'Xi,
X .

2
with this formula dd g3 (X) is continuous on [Xo, Xn],
x2

Integrate twice to get; §3(x)= (X=X M, + (x=x,)M —x)+D(x—xi),With C, D

2+ C(x,

6h
arbitrary,
The interpolating condition (6) implies; ¢ = Yi _ h M, , zi_m, and so;
i 6 |”li
S3(X) ( il ) Ms:]'(x X)M|+1+( il )ylh(x X yIAl h[xwl_x M. +(X X)Midl X. <X<X|+1x 0§|§n—l,(10)
Thus (10) implies continuity of S3(x) on [a, b], as well as interpolating condition (6), To
determine Mo, My,..., M, we require L:SS(X) to be continuous at X1, Xa,..., Xn-1,
dx
. d?
lim —— Li=12..n-1,.. (11),
X=>x; 0 X X—>X;
on [Xi, . ( i+l X) M, +(X X) M yi+1_yi —E[M 1—M-],a
2h, h 6 " '
2 2
and on[xi.1, Xil; SN M X ) MY —E[M- -M,. ]
2h 4 h.y I "
Using (11) and some manipulation, yield; M-y +h| hnlM N M, =Y SV
6 6 h h
(12),

For i=1, 2,..., n-1, this gives n-1 equations for n+1 unknowns Mo, My,..., My, we generally
specify an endpoint condition at Xo, Xn, to remove two degrees freedom as in (12),
Casel: “The cubic natural interpolating spline”,

One particular choice of endpoint condition is to use; Mo=M,=0 ... (13),
This may appear, but it is based on the solution of following important problem, Among all
functions g(x), which are twice continuously differentiable on [a, b], and satisfy; g(xi)=yi,

b
i=0, 1,...,n, ... (14), Choose g minimizes integral; J'[g"(x), (X)]Zd X
The solution of problem above will be an interpolating function to the data in (14), And it

should contain a minimum of oscillatory behavior g"(x) because is small,
The solution is cubic spline S"(x), which satisfies (12) and (13),

The condition dzsa(;‘ ) _4°8°(x,) -0, has interpolation that S3(x) is linear on (o0, Xo), (Xn, ),
dx dx’
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This can be given additional physical meaning by using theory of small deformation of thin
beam of an elastic material,
With the choice of (13) we have the system of equations; A M =D ... (15), S. t;

R 0
3 6 M,
A = . . y M =
(‘) han hnfl + hn72 M"_l
L 6 3 J
and D= hz _h1 _ hl _ho ,.",hn _hn—l _ hn—l _hn—Z
h1 ho hn—l hn—2

This matrix is symmetric, positive definite and diagonally dominant, also the associated
linear system (15) can be easily and rapidly solved,
Casel: “Endpoint derivative conditions”,

To specify Mo, M, implicitly, impose conditionig3(x) at endpoints;
d

X
d 3 ' d 3 '
78 X.)= ’78 X )= (16),
ix (o) =VYs ix (Xa) =Y,

this leads to additional equations;

hy h Vi-Yo . h. h,. o Yo Y-
M, +2M, =L 0y iy Ty oy 2T (17),
3 0 6 1 ho yO 6 -1 3 y o

The system composed of (13) and (17) is of order n+l, and it has exactly the same
properties as the earlier matrix A in (15) of casel.

3- THE ERRORS OF CLASSIC SPLINE FUNCTIONS

3-1 Theorem:
Let Xo, X1,..., Xn, be distinct real numbers, and f be given real-value
function of C™1,i. e. f has n+1-derivative on interval 1= {t, Xo, X1,..., xn}, With t

some given real number, then there exist E€ly, s. t. f (f) - p_(t) = M "),
! (n+1)!
Where . =X 0. ,
2,(0) :,Zo fx)L(), and that 7,()= lj_[[x—x]j i=01,.,n
Proof:
Note that result is trivially true if t is any node point, since then both sides of (18) are
zero,

Assume t does not equal node point, define; E(X)=f(X)-pa(X), G(x)= E(x)-ME(t), Vxel
plr) '

With y(x) = (X =X,)X =X,)..(x =X,), s0 G(x) is n+1time differentiable on I, as E(x), y(x)
are,
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w(X,)

Also G(x,) = E(x,)- =0,1..,n and G()=E(0)-E()=0> thus G has n+2 distinct

zeroin Iy,
when one uses the mean value theorem, G* has n+2distinct zero, inductively GO(x)

has n+2-j zero in Iy, for j=0, 1,..., n+1,

Let & be the zero of GM™YI(x), GM*Y(£)=0, since EMI(x)=f ™I(x), w I(x)=(n+1)!, we
(n+1)!

ple)

E(), E()= (r:i(?)' £™V(é), give the desired result, and this may seem a tricky derivation, but

it is commonly used technique for obtaining some error formulas,

obtain; ™ (x)= £ "Y(x)- E), substituting X=§ and solving for

4- SOLUTION OF SYSTEM OF NON-LINEAR VIE’S USING CLASSIC
SPLINE FUNCTIONS

In this section, we use classic Spline functions “quadratic and cubic” to find the numerical
solution of system of non-linear VIE’s of the form;

m X

+ZJ' (%t (0) di, xel=[a,b] ...(19), where meN, fi s. t. i=1, 2,..., n, assumed
J=0
to be continuous on I, and Kj;s. t. i, j=1, 2,..., m, denotes given continuous functions,

4-1 Using Linear Classic Spline Function S(t):
A linear interpolation S'(t) with knots to, ti,..., t,, in interval [t, tii] is given by;

S(t) = A, (6)S*+B,()S, . .. (20), where , 4 (1) = =" and B (1) ="""

i+l "

equation (20) into (19) gives; S*, i=12,...n, With r=¢_and r=12,...n, so we get;

X

_5 35 _[KU X, 1[A,(0)S% +B.(0S . ))dt | i=12,..m and r=12,.n (2D
Jj=12z=0
Where S} =S} (tr) and £, = f.(¢,) and the iterated integral above are calculated

using Trapezoidal rule, the following algorithm is considered as solve a system of non-
linear VIE’s using linear classic Spline function as follows;

The algorithm (NSVIELSP);

Stepl:

a- Assume hzé, heN:
n

b- Set S} = f,p, i=12,.,m,
Step2:

To compute S,l,

(NLVIETRP),
Step3: In same way as in step2, and using (21) we compute Sll,,Szlr, St

mr?

i=12,...,m we use stepl, put r=1 in (21) and using algorithm

r=2.3,..,Nn
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4-2 Using Quadratic Classic Spline Function S(t):
Quadratic Classic Spline S2(t) with knots to, ti,..., tn, in [ti, tita] can be written as;

S0 = 405! +B0S%, +D.O @)
Where?Ai(t):l—[t_ht’j B()=1 and D,(1)-= W
Putting (22) into (19) gives; u;; i=1,2,...,n, with t=t;, r=1,2,...,n, we get;
=f, +zzz j X, t[4,(0)S% +B.(1)S? .+ D. (1) dS-f"] dt
e o .(23)

m | X ds?
IK[ ﬂamw;ﬁﬂﬂmﬁﬁﬂﬁ);@ﬂm+i=mwm
J=1 [ x

Where S2 =S?(z.) and f, = £.(t,), i=12,..,m,
2
Now for r=1 we need to calculate deO, j=12..,m, we can find this value by
dt

differentiating (19) one- timew r. t. X, SO we get;

MI.dK X (

X) + d ZK X X1 (X ), j=12,..,m, putting t=a, we obtain;

J= 0

Uy = [y +ZKU(a,a,ujo), j=12,..m, ... (24),

=i

2 2 2 2
But for r=2,3,...,n we calculate —— by; dS—’": 45,4 + 28, Sf'r?l), j=12..n ... (25),
dt de dt h
The following algorithm is considered to solve a system of non-linear VIE’s using
quadratic classic Spline functions,
The algorithm (NSVIEQSP);

Stepl:
b
a- Assume i=—, neN,
n
b-Set 8% = fp, i=12,...,m,
Step2:
2
b- To compute Sfl, i=12,...,m we use stepl and step2-a, put r=1 in (23) and
using algorithm (NLVIETRP),
Step3:
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ds?
a- Using stepl, step2, to find 7’1 , by putting i=0 in (25),
t

b- Putting r=2 in (23) to find Sé, i=12,...,m, and using algorithm (NLVIETRP),

Step4:
In same way as in step3, and using (21, 25) we compute;
ds?, dS23
dt’ , 8%, —2,8%,..and so on, ;=12

4-3 Using Cubic Classic Spline Function S3(t):
A cubic Classic Spline S3(t) with knots to, ti,..., tn, in [ti, tia] can be written as;

3 3
5, +D,(7) dS”l ... (26), where;

S(6) = 4,(t)S?

1+1

-t (1t ) -1, -1, 2'
Af(f)=1-3( p j +2[ p j B (1)=1-4,(t), C,()=(t- l)[ p ) and D, (r)=(r- t,+1)[ ; j

Substituting (26) in (19) gives; u;; i=1,2,...,n, with t=t,, r=1,2,...,n, we get;
m r-2 dS3 dS2

=f + ZZ{ j [x, 4,182 +B, (1S3, +C. (z)Tf +D.(1) ét *1]} dt}

5]

j=1
J X -1

(27)

, , dse, dss, ,
K| X, t[4, (OS], +B,,0)S;, +C.(t) " +D,(t) di] dt+; i=12,..,m,

3

Where §° =5°(¢.) and f, = f(¢,), i=12...,m, we calculate =/ a5 , j=12,..,m, by equation;
dt

deSr 1 dS3 3(S_/ r+l /'r 1)

= =120 - (28),
dr o a h J=4

The following algorithm is considered to solve a system of non-linear VIE’s using Cubic
classic Spline functions,

The algorithm (NSVIECSP);

Stepl:

ds?

Jior+l

Assume h:%, nen.andset 3 =f  i=12..m,

Step2:
3

a- To calculate 5o we use stepl, with equation (24),
dt

b- To compute Sj, i=12,...,m, use stepl, 2-a, put r=1 in (27) and use (NLVIETRP),
Step3:

3
a- Using stepl, step2, to find a5 , by putting i=0 in (28),
dt
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b- Putting r=2 in (21) to find S;, i=12,...,m, and using algorithm (NLVIETRP),

Step4:
In same way as in step3, and using (27, 28) we compute;
ds?, dS?3 '
= o ~ ,S%,...and so on, j=12...m,

5- NUMERICAL EXAMPLES
5-1 Example:

Consider problem; , o) — 1(1-¢%*) + [(x-)(u, () dr and u, () = -(xe* ~2¢* +3 + 1™ ar-
0 0

L . . 1
Which is system of two non-linear VIE’s with; u,(X) =—~x, u,(X)=€",
2

Tables (1, 2), present comparison between exact and numerical solution using classic
Spline “Quadratic and Cubic”, for respectively depending on last square error and running
time with h=0.1,

Table(1),

Table(2),

Exactl

LSP

QSP

CSP

0.0

0

0

0

0

0.1

-5.0000e-002

-5.2151e-002

-5.2151e-002

-5.0351e-002

0.2

-1.0000e-001

-1.0356e-001

-1.0294e-001

-1.0074e-001

0.3

-1.5000e-001

-1.5456e-001

-1.5384e-001

-1.5117e-001

0.4

-2.0000e-001

-2.0642e-001

-2.0503e-001

-2.0165e-001

0.5

-2.5000e-001

-2.5827e-001

-2.5638e-001

-2.5216e-001

0.6

-3.0000e-001

-3.0903e-001

-3.0832e-001

-3.0285e-001

0.7

-3.5000e-001

-3.6983e-001

-3.6043e-001

-3.5315e-001

0.8

-4.0000e-001

-4.4377e-001

-4.1377e-001

-4.0558e-001

0.9

-4.5000e-001

-4.6974e-001

-4.6712e-001

-4.6108e-001

1.0

-5.0000e-001

-5.4390e-001

-5.2290e-001

-5.0261e-001

L.S.E.

6.2481e-002

1.2791e-003

1.8818e-004

R.T.

0.118000

0.141000

0.156000

Exact2

LSP

QSP

CSP

0.0

1.0000e+000

1.0000e+000

1.0000e+000

1.0000e+000

0.1

1.1052e+000

1.1053e+000

1.1053e+000

1.1053e+000

0.2

1.2214e+000

1.2207e+000

1.2207e+000

1.2218e+000

0.3

1.3499e+000

1.3484e+000

1.3484e+000

1.3504e+000
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0.4

1.4918e+000

1.4889e+000

1.48893e+000

1.4925e+000

0.5

1.6487e+000

1.6449e+000

1.6449e+000

1.6494e+000

0.6

1.8221e+000

1.8159e+000

1.8159e+000

1.8227e+000

0.7

2.0138e+000

2.0067e+000

2.0067e+000

2.0135e+000

0.8

2.2255e+000

2.2154e+000

2.2154e+000

2.2261e+000

0.9

2.4596e+000

2.4488e+000

2.4488e+000

2.4662e+000

1.0

2.7183e+000

2.7052e+000

2.7052e+000

2.7108e+000

L.S.E.

7.1242e-002

5.0352¢-003

1.0218e-004

R.T.

0.118000

0.141000

0.156000

D. M. Al-rahal

Tables (3), presents the error and running time for Cubic classic Spline when h is changing
and initial value is fixed,

H=0.1

H=0.05

H=0.02

H=0.01

CSP

1.8818e-004

2.0280e+919

8.3653e+067

NaN

1.0218e-004

8.8485e+006

2.1605e+003

NaN

R.

T.| 0.156000

0.421000

2.235000

9.047000

Tables (4), presents the error and running time for Cubic classic Spline when initial value is
changing and h is fixed,

LV.

u1

Uz R.T.

0.0

1.8818e-004

1.0218e-004

0.156000

0.001

3.0520e-004

3.4644e-005

0.141000

0.01

2.5423e-003

1.2761e-002

0.140000

0.1

1.8072e-001

9.7074e+001

0.156000

0.5

3.2369e+003

5.4064e+002

0.157000

5-2 Example:

2 3

Consider problem; , . _ (. x?).+ [(u,() + 4, (Ot and uz(x):(x—ﬁ—ihj(uf(tﬂuz(t))dt'

0

Which is system of two non-linear VIE’s with; u,(X) = x, u,(X) =x,
Tables (5, 6), present comparison between exact and numerical solution using classic
Spline functions “Quadratic and Cubic”, for u,(f) and u, () respectively, depending on last
square error and running time with h=0.1,

Table(5),
t Exactl LSP QSP csp
0.0 0 0 0 0
0.1 | 1.0000e-001 |5.4933¢-002 | 7.9233¢-002 | 9.9233e-002
0.2 | 2.0000e-001 | 0.9345¢-001 | 1.8245¢-001 | 1.9985e-001
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0.3 | 3.5000e-001 | 2.4384e-001 | 2.6754e-001 | 2.9985e-001
0.4 | 4.0000e-001 | 3.5818e-001 | 3.7858e-001 | 3.9978e-001
0.5 | 5.5000e-001 | 4.3855e-001 | 4.5185e-001 | 4.9990e-001
0.6 | 6.0000e-001 | 5.6667e-001 | 5.7617e-001 | 5.9930e-001
0.7 | 7.5000e-001 | 6.0101e-001 | 6.2291e-001 | 7.0134e-001
0.8 | 8.0000e-001 | 7.5892e-001 | 7.8202e-001 | 7.9354e-001
0.9 | 9.5000e-001 | 7.6116e-001 | 7.6346e-001 | 8.7086e-001
1.0 |1.0000e+000 |1.0294e+000|1.0200e+000 |1.0054e+000
L.S. E. 2.1189e-001 | 3.0450e-002 | 9.2268e-004
R.T. 0.097000 0.109000 0.141000
F Exact2 LSP QSP CSP
0.0 0 0 0 0
0.1 | 1.0000e-001 | 8.1805e-002 | 9.1805e-002 | 9.9805e-002
0.2 |2.0000e-001 | 0.9999e-001 | 1.9027e-001 | 2.0025e-001
0.3 |3.0000e-001 | 2.1821e-001 | 2.8477e-001 | 3.0042e-001
0.4 | 4.0000e-001 | 3.5679e-001 | 3.8472e-001 | 4.0052e-001
0.5 |5.0000e-001 | 4.6881e-001 | 4.7021e-001 | 5.0081e-001
0.6 |6.0000e-001 |5.7678e-001 | 5.8190e-001 | 6.0038e-001
0.7 | 7.0000e-001 | 6.2789e-001 | 6.4163e-001 | 7.0259e-001
0.8 |8.0000e-001 | 7.8119e-001 | 7.9791e-001 | 7.9489e-001
0.9 |9.0000e-001 | 7.7821e-001 | 7.8992e-001 | 8.7128e-001
1.0 |1.0000e+000|1.1981e+000|1.1935e+000 |1.0046e+000
L.S. E. 7.5391e-001 | 2.8080e-002 | 8.8035e-004
R.T. 0.97000 0.109000 0.141000

and initial value is fixed,

H=0.1 H=0.05 H=0.02 | H=0.01
csp 9.2268e-004|1.0507e-005| NaN NaN
8.8035e-004|7.2419e-006| NaN NaN

R.T.| 0.141000 | 0.359000 |1.875000 7.485000

Tables (8), presents the error and running time for Cubic classic Spline when initial value is
changing and h is fixed,

R.T.
0.141000

1.V. U1 Uz
0.0 |9.2268e-004 | 8.8035e-004
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0.001| 9.2269e-003 | 8.8488e-003 | 0.141000
0.01 |5.7983e-001 | 2.7313e-000 | 0.141000
0.1 |6.2564e-002 |5.8120e+004|0.140000
0.5 [4.5803e+004|3.8322e+007|0.141000

6- DISCUSSION

This Paper; introduce numerical methods for approximation solution of system of non-
linear VIE’s, which are classic Spline “Linear classic Spline, Quadratic classic Spline, Cube
classic Spline”, we have tried to emphasize some important ideas while maintaining a
reasonable level of complexity, for one thing; we have always used a uniform step size,
This method for solving a system of non-linear VIE’s has some advantages and
disadvantages, the following remarks are concluded,;
- The cube classic Spline gives better accuracy than Quadratic classic Spline,
- The quadratic classic Spline gives better accuracy than Linear classic Spline,
- The running time of quadratic classic Spline is less than running time of cubic

classic Spline,
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ABSTRACT

In this paper we introduced a class of locally convex involution
algebras called MBG*-algebras as generalized of GB*-algebras was
introduced by Allan. We obtain some results on this class and
established a necessary and sufficient conditions for a commutative
MGB*-algebra to be symmetric.
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1. INTRODUCTION

Since the theory of Banach algebras has undergone considerable
development, the concepts of locally convex *-algebras and pseudo-complete
locally convex *-algebras (PL*-algebras) was introduced by Allan [1] and as
generalizations of normed *-algebras and in particular Banach *-algebras. In
[2], Allan defined a class of locally convex *-algebras called GB*-algebras as
a generalization of B*-algebras. In this paper we introduced a new class of
locally convex *-algebras called MGB*-algebras (definition (3.3)) as a
modification of GB*-algebras. This class is more general of the definition of
GB*-algebras introduced by Allan [2]. The required definitions and results
from books and research papers (cited in the bibliography) are listed in §2.

In 83 we obtain some results on locally convex MBG*-algebras and establish
a necessary and sufficient conditions for a commutative MGB*-algebra to be
symmetric, Theorem (3.11).

2. LOCALLY CONVEX*-ALGEBRAS

We shall use the basic terminologies of definitions and results of this section
from books and research papers cited in the bibliography.
DEFINITION 2.1 [7] A *-algebra is an associative linear algebra A over

the complex filed T with an involution * satisfying the usual axioms
() (x+uy)" =" +3y° (xy€EAALueC);
(i) (xy) =y« (uy€A) ;
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(iii) x*=x (x€ A4).
An element x€ A will be called hermitian if ** = x and normal if x*x = xx*.The
set of all hermitian elements of A will be denoted by A4;,.
DEFINITION 2.2 [1] A locally convex algebra is an associative linear algebra A over the
complex filed T equipped with a topology T such that
(1) (A, 1) is a Hausdorff locally convex topological vector space ;
(i) for any element x, € A the maps x—= X, x and x—*xx, of A into itself are
continuous.
DEFINITION 2.3 [1] Let E be a locally convex space. A subset B of E is said to be
bounded if for each neighborhood V of the origin, there is A == 0 such that B & AV,
DEFINITION 2.4[1] Let A be a locally convex algebra. An element x4 is bounded if

and only if for some non-zero A € € the set {(Ax)™ : m = 1,2, ... } is a bounded subset
of A. The set of all bounded elements of A will be denoted by 4, -

REMARK 2.5 Every element of a normed algebra is bounded so for each normed
algebra A, 4 = A4,.

NOTATION 2.6 If A is a locally convex algebra, then 81 will denote the collection of all
subsets B of A such that

(i) B is absolutely convex and B> < B,

(ii) B is bounded and closed.

Foreach B € 3, let A(B) denote the sub-algebra of A generated by B. Then from (i) and
(i)

A(B) ={Ax: A€ C,x EB}.

And the Minkowski functional

| x ll;=inf{A > 0:x € AB} (x € A(B)),
defines a norm on A(B), which make A(B) a normed algebra. Unless mention is made to
the contrary, it will always be assumed that A(B) carries the topology induced by this
norm.

DEFINITION 2.7[1] The locally convex algebra A is called pseudo-complete algebra if
and only if each normed algebra A(E) (B € $,) is complete (Banach algebra) and
denoted by PL-algebra.

DEFINITION 2.8 A subcollection 8. of $B; is said to be basic in B, if for every B in B,
there is some B5 in B2 suchthat By & B, .
PROPOSITION 2.9 Let A be a locally convex algebra and let %82 be any basic
subcollection in $B;. Then
A, =U{A(B):BE®,}.
Proof . See [1] Proposition(2.4).
PROPOSITION 2.10 Let A be a locally convex algebra. If A is sequentially complete then
A is pseudo-complete but not conversely.
Proof. See [1] Proposition(2.6) and examplel.

DEFINITION 2.11 If A is a locally convex algebra, then the radius of boundedness,

(), of x is defined by
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B(x) =inf{A = 0: {(A7'x)™:n = 1,2, ...} is bounded }
with the convention inf¢ = +w.
DEFINITION 2.12 (i) Let A be a locally convex algebra with identity e and let x € A .

=

The spectrum of x in A denoted by a4 (x) (o7 just o(x) ), isthat subset of C (The
extended of IC ) defined as follows
(a) for A+ 0,4 E a(x) if and only if Ae — x has no inverse belonging to
Ap (i.e. has no bounded inverse),
(b) = € o(x)ifandonly if x & A, .
(ii) If A has no identity, we define @y (x] = G, (x],
where A, is the unit adjoint . By [ 1] A is PL-algebra if and only if A, is PL-algebra.
DEFINITION 2.13 Let A be a locally convex algebra with identity e and let x € A .
Then the spectral radius of x in A denoted by 7 () [m‘ justr (x]) will be defined by

1y (x) = sup{|d|: A E g(x)}.
THEOREM 2.14 Let A be a locally convex algebra and let x € A . Then
B(x) = r(x) and if A is PL-algebra then f(x) = r(x).
Proof. See [1] Theorem(3.12) .
DEFINITION 2.15 A locally convex *-algebra is a locally convex algebra with a
continuous involution. And a pseudo-complete locally convex *-algebra (PL*-algebra) is a
PL-algebra with a continuous involution.
PROPOSITION 2.16 A closed subalgebra of pseudo-complete algebra (resp. *-algebra) is
itself pseudo-complete algebra (resp. *-algebra).
Proof. See [1] Proposition(2.8).
PROPOSITION 2.17 If A is a commutative pseudo-complete algebra (resp. *-algebra)
then Ay is a subalgebra (resp. *-algebra) of A.
Proof. See Corollary(2.11) in [1].
DEFINITION 2.18 Let A be a locally convex*-algebra. The involution in A is said to be
hermitian if for each h € Ay, o, (k) is real.

PROPOSITION 2.19 Let A be a PL*-algebra with identity e . If x* € A such that
B(x) <1 then there exists ¥ €A such that 2y — ¥ =x, furthermore if
X € A thenalso ¥ € A,

Proof. See [6] Lemmal.
REMARK 2.20 If A is a complex *-algebra then every element has a unique representation

xtx x—x
and k =

2 Zi
THEOREM 2.21 Let A be a real or complex algebra and let P(x) be any polynomial with
coefficients in the field of the scalars of A and with constant term zero in case A does not
have an identity. Then, for every x € 4, P(x) € Aand P(a,(x)) = a,(P(x)).
Proof. See [7] Theorem(1.6.10).
PROPOSITION 2.22 Let A be a locally convex algebra. Then
(i)Any subset or any scalar multiple of a bounded set is bounded,
(ii)Any finite union or sum of bounded sets is bounded,

in the form x=h+ik where h and k are hermitian. In fact h =
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(iii) The image by a continues linear mapping of a bounded set is bounded,

(iv)The closure, convex envelope and absolutely convex envelope of a bounded set are
bounded.

Note: The following propositions (Proposition 2.23 and Proposition 2.24) was we obtained
in another work (as a paper ) and we need them in this paper, so we also give him prove
here.

PROPOSITION 2.23 If A is a locally convex*-algebra with identity e .Then

(i)If xEA, then x” andx—x? € 4,,
(i) If x> EA,, then x €A, .
Proof. (i) let x € A, , then there exists & # 0 such that
S, ={(lx)™n=12,..1}

isabounded setinAand 54 & A, . Let

S,={(FxH"n=12.1
It is clear that 55 & 54. Since every subset of a bounded set is bounded, then 5 is a
bounded set and thus x* € A, . Also 715, and A7*5, are bounded sets, then by
Proposition(2.22) 1725, — 2725, is a bounded set. Since x — x* € 1715, — 1775,
then x —x* € 4.
(ii)Suppose X~ € A, . Then there exists & # 0 such that the set

S, ={(FxH"n=12..}
is bounded. Let 5, = 5; U AxS, U {Ax}. Since A is a locally convex*-algebra then
foreach ¥ € A the function

fiA—= A, fylx) = yx
is a continuous function . Since 5y and {E}are bounded sets in A and by
Proposition(2.22) the image by a continuous function of a bounded set is bounded, and

since

fo(51) = 54, fr.(81) = Ax5y,and f;.({e}) = {Ax].
then 5, AxS;and {Ax} are bounded sets in A. Since any finite union of bounded sets is
a bounded set, therefore S, = §; U AxS, U {Ax} is a bounded set in A. since

{(Ax)™n=12,.}E5,.

Then the set
{(Ax)™:m = 1,2, ... } is a bounded set . Therefore x € A4, . [
PROPOSITION 2.24 Let A be a locally convex*-algebra with identity e. If the involution
in A is hermitian then for every h €4, , & + h* has a bounded inverse. Further, the
element h{e + h*)™1 is also bounded.

Proof. Assume that the involution in A is hermitian and let i € A, | then g, (h) is real
and by Theorem(2.21), @, (h*) = ( o, (h))2. Then , (h*) is non-negative real and
hence —1 & o, (h%) . Thus e + h* has a bounded inverse. Put u = h(e + h*)™1,
Then u® = h?(e + h*)7% = (e + h?)™ = (e + h?) . since (e + h?) ™! € 4,
then by Proposition(2.23) 1t“and then . € 4.
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3. MGB *-ALGEBRAS

In this section we introduced a new class of locally convex algebras with an envolution so-
called MGB*-algebras, as a modification of GB*-algebras was introduced in [2] by Allan,
and show that each commutative MGB*-algebra is symmetric if and only if the involution
is hermitian.
Notation 3.1 (a) If A is a locally convex *-algebra with identity e, as [2] then 8B will denote
the collection of subsets B of A satisfying:
(i) B is absolutely convex, closed and bounded;
(i)e € B, B* € B and B* =B.
And write 8"={Be % : B=B"}.

(b) If A is a topological *-algebra with identity e, as [4] then %" will denote the collection
of subsets B of A satisfying:
(i) B is closed and bounded;
(i)e € B, B> € B and B* =B.
Allan[2] defined a GB*-algebra as follows
DEFINITION 3.2 [2] A GB*-algebra is a locally convex *-algebra A with identity e such
that

(i) B has a greatest member B,
(if) A is symmetric,
(iii) A(B) is a Banach *-algebra for each B in $".
Dixon in [4] modified Alln’s definition of GB*-algebras by defining it as follows:
A GB*-algebra is a topological *-algebra A such that

(i) $B* has a greatest member B and B is absolutely convex,

(ii) A is symmetric,

(iii) A(B,) is a Banach *-algebra.

We now come to the definition of the class of algebra so-called MGB*-algebras which is

more general than the GB*-algebras ( Allan’s[2] definition ).
DEFINITION 3.3 A MGB*-algebra is a locally convex *-algebra A with identity e such
that

(i) $B* has a greatest member Bzand B is absolutely convex,

(ii) A(By) is a Banach *-algebra.
REMARK 3.4 Every GB*-algebra (as in [2] ) is a MGB*-algebra but not conversely. It is
clear that each GB*-algebra is a MGB*-algebra. To show that the converse is not true in
general, consider the *-algebra A of all complex polynomials, p; endowed with the
topology Tof uniform convergence on compact subsets of the positive real line. It is easy to
see that Ao consists just of the constant functions and that $* has a greatest member B 5,
namely the set of all constant functions not exceeding unity in absolute value and A( By ) is
a Banach *-algebra. Thus A is a MGB*-algebra. Now let p € A defined by p(x) = x?
and let @ =1 + pp” where | is the identity map then q(x) = x + x% Itis clear that

i € A has not a bounded inverse in A. Thus A is not symmetric. Therefore A is not a GB*-
algebra.
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PROPOSITION 3.5 Let A be a MGB*-algebra. Then the subspace 4(B) contains all
hermitian elements of 4, .

Proof. Let h be a hermitian element of A, then there exists a real A~ # O such that
S= {[};h]":n =1,2,..} is a bounded set. Therefore B =35 U{elis bounded
(where denote the closure in A). Thus B is closed, € € F, B*C B and B*=B.
Hence B S B,.Since hkh € B then *h € B, . Therefore h € A(B,). [
COROLLARY 3.6 If A be a symmetric MGB*-algebra, then for each x € A4,
(e + x*x)™1 € A(B,).

Proof. Let x € A. Since A is symmetric then (& + x*x)™* € A,. Since (e + x*x)~?
is hermitian element of A then by Proposition (3.5), (e + x*x)™* € A(B,). [
PROPOSITION 3.7 If A be a symmetric MGB*-algebra, then for each x € A,
x*x(e+x*x)"1 € A(B,).

Proof. Letx € A. Since A is symmetric then by Corollary (3.6),
(e + x*x)" € A(B,). Let

u= x"x(e+x*x)"' =e— (e+ x*x)7. Since both e and (e + x*x) ™ are
elements  of A(B,) and since A(B,) is a *-subalgebra then
e— (e+xx) T €A(B,).

Hence x*x(e+x*x)1 € A(B,). [

PROPOSITION 3.8 Let A be a MGB*-algebra and let x be any element of A; such
that () <0 +a0, then there exists an element ¥ € A, such that v = x.

Proof. Let x € 4, such that B(x) < 40, then x € 4, N A, and then there exists a
real A = Osuchthat S = {(Ax)™:n=1,2,..} isabounded set. Let B =S U {e}
then B is bounded, closed, e € B ,B* S Band B*= B.Hence B S B,. Since
»x € Bthenix € B,.

Therefore x € A(B,) © A,. Since 4(B,) is a Banach *-algebra then by Proposition

(2.19) and by [7] Lemma(4.7.2), there exists ¥ € A, such that vi=x.0
PROPOSITION 3.9 Let A be a commutative MGB*-algebra and hermitian involution.
Then A is symmetric.

Proof . Suppose that the involution on A is hermitian and let x € A, then by Remark(2.20)
x has the form x = h + ik where h, k € A, then x*x= h* + k* € 4, and then
by Proposition(2.24) and Proposition(3.5),
(e+hH)™L (e+k*)7™Y h(e+h") ™ and  k(e+ k™)™  are  hermitian
elements of 4, and then of A(B,).

Let

hy, = h(e + R*) (e + k¥t

ky=k(e+k*) e+ hrH)?
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Clearly hy, k; € A(B,) E A, and hy, k; € A, Since
h + ki € A(B,) n A, then by Proposition (3.8) there exists ¥, € Ay such that
hi + ki = v{ . Then
h? +k* =vi(e+ h®)*(e + kH)? = v?,
where v = v, (e + h*)(e+ k*) € A,. Thus
etx'x=e+ K +ki=e+vie4,.
Since the involution on A is hermitian and e +x*x = e +v? € A; then by

Proposition(2.24) e + vZand then e+ x*x has a bounded inverse. Therefore A is
symmetric.[]

PROPOSITION 3.10 Let A be a locally convex*-algebra with identity e. If A is symmetric
then the envolution on A is hermitian.

Proof. Suppose that A is symmetric and let i € A, . We claim that that o, (R) is real if
this is not true then there is h € A, such that o, (h) contains a complex number
a+ ib,wherea, b € Rand b+ 0. Define
ah?® + (b* — a®)h
b(b? +a?)
Then k& € A;, and by Theorem (2.21),

k=

a(a (h]) +(b* —a?)e, (k)

o, (k)=—2 —— -—.

4 b(b? + a?)

Sincea +ib € g, (R then

ala +ib)* + (b* —a®)(a + ib)
b(b? + a?)

which implies that € + k= has no bounded inverse in A, which is a contradiction with the

hypothesis . Therefore the involution on A is hermitian. []

THEOREM 3.11 Let A be a commutative MGB*-algebra. Then A is symmetric if and only

if the involution is hermitian.

Proof. Since each MGB*-algebra is a locally convex*-algebra. Then the result follows

from Proposition(3.9) and Proposition (3.10). [J

COROLLARY 3.12 Let A be a commutative PL*-algebra with identity. Then A is

symmetric if and only if the involution is hermitian.

Proof. Since each commutative PL *-algebra A with identity is a commutative MGB *-

algebra. Then by Theorem (3.11) A is symmetric if and only if the involution is
hermitian []

(S crA( k)= —lecrA[ k%),
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Bayesian Smoothing of
Dynamic linear model — Step model

Sultan Ali Mohamed Salem

Department of Mathematics, Faculty of Education, Hodeida University, Hodeida, Yemen

Abstract:

Smoothing is a kind of estimation of a parameter or a state variable. It is also
called data smoothing. In this paper, the Bayesian smoothing for the dynamic
linear model (step model) has been considered. The use of Bayesian smoothing
means the reconsideration of new data for better enhancement and error
reduction. Implementing any new data in the estimation process is a type of
backward filtering to get a more precise estimation of the model parameters
(state variable). In this paper, the mathematical content is highlighted to obtain a
practical application as soon as real data are provided.
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Evaluation of the inpatient satisfaction in public and private
hospitals in Sana'a about the services provided to them

Adel Ahmed Alemad

Faculty of Medicine, Sana’a University, Yemen

ABSTRACT

To determine the level of the patients’ satisfaction in Sana'a hospitals, We
did a cross-sectional study on patients who spent 3 or more days in 6 of the
largest hospitals (public and private), who are above 15 years old, during the
period from Aug. 2007 to July 2009. They were 1045 patients. The level of
satisfaction was high for doctors, nurses, hygiene, calm, visit, equipments
and nutrition. The level of the satisfaction about the calm and the equipments
was higher among rural. While The medical patients were more satisfied
with the admission procedures, the nurses and the time taken by the
physician; the surgical patients showed more satisfaction with the
explanation of the physician for their complains, the availability of the
investigations, and hygiene. In contrast, the satisfaction level for the cost of
service was low, especially in the private hospitals, which just care about
money according to the patients. However, most of the participants still
advised the others to the same hospital. So we recommend the hospitals to
apply a suitable interventions which increase the level of patients’
satisfaction and to do a regular evaluations about patients’ satisfaction and
assessing the role of those interventions.
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