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About the Journal

Pertanika is an international peer-reviewed journal devoted to the publication of original papers, and it serves
as a forum for practical approaches to improving quality in issues pertaining to tropical agriculture and its
related fields. Pertanika began publication in 1978 as the Journal of Tropical Agricultural Science. In 1992,
a decision was made to streamline Pertanika into three journals to meet the need for specialised journals in
areas of study aligned with the interdisciplinary strengths of the university. The revamped Journal of Science
& Technology (JST) aims to develop as a pioneer journal focusing on research in science and engineering,
and its related fields. Other Pertanika series include Journal of Tropical Agricultural Science (JTAS); and
Journal of Social Sciences and Humanities (JSSH).

JST is published in English and it is open to authors around the world regardless of the nationality. It is
currently published two times a year, i.e. in January and July.

Goal of Pertanika

Our goal is to bring the highest quality research to the widest possible audience.

Quality

We aim for excellence, sustained by a responsible and professional approach to journal publishing.
Submissions are guaranteed to receive a decision within 12 weeks. The elapsed time from submission to
publication for the articles averages 5-6 months.

Indexing of Pertanika

Pertanika is now over 33 years old; this accumulated knowledge has resulted in Pertanika JST being indexed
in SCOPUS (Elsevier), EBSCO, Thomson (ISI) Web of Knowledge [CAB Abstracts], DOAJ, Google
Scholar, ERA, ISC, Citefactor, Rubriq and MyAIS.

Future vision

We are continuously improving access to our journal archives, content, and research services. We have the
drive to realise exciting new horizons that will benefit not only the academic community, but society itself.

We also have views on the future of our journals. The emergence of the online medium as the predominant
vehicle for the ‘consumption’ and distribution of much academic research will be the ultimate instrument in
the dissemination of research news to our scientists and readers.

Aims and scope

Pertanika Journal of Science and Technology aims to provide a forum for high quality research related
to science and engineering research. Areas relevant to the scope of the journal include: bioinformatics,
bioscience, biotechnology and biomolecular sciences, chemistry, computer science, ecology, engineering,
engineering design, environmental control and management, mathematics and statistics, medicine and
health sciences, nanotechnology, physics, safety and emergency management, and related fields of study.

Editorial Statement

Pertanika is the official journal of Universiti Putra Malaysia. The abbreviation for Pertanika Journal of
Science & Technology is Pertanika J. Sci. Technol.
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Foreword

Welcome to the Second Issue 2015 of the Journal of Science and Technology (JST)!

JSTisan open-access journal for studies in science and technology published by Universiti
Putra Malaysia Press. It is independently owned and managed by the university and is
run on a non-profit basis for the benefit of the world-wide science community.

Inthisissue, 15 articles are published, two are review articles, oneis short communication
and six are regular articles. Six articles are from the International Conference on
Agricultural and Food Engineering for Life 2012 (CAFEi 2012). The authors of these
articles vary in country of origin, coming from Malaysia, India, Ethiopia, Bangladesh and
Japan.

The first review article in this issue discusses on Activin A: Its role and involvement
in inflammatory diseases (Tie Tung Hing, Rusliza Basir, Chuah Yaw Kuang, Herni Talib
and Norshariza Nordin). Second review article discribe in details on the ballistic impact
performance of the layered and laminated composites (Kannan Rassiah, M.M.H Megat
Ahmad and Aidy Ali) and the short communication paper in this issue reports on the
dose optimisation of *®F-Flurodeoxyglucose for whole body PET Oncology examination in
CDNI of UPM (Hishar, H., Salasiah, M., Fathinul Fikri, A. S. and Nordin, A. J.).

The first regular article in this issue is on the incinerated domestic waste sludge powder
as sustainable replacement material for concrete (Kartini, K., Dahlia Lema, A.M., Dyg.
Siti Quraisyah, A.A., Anthony, A.D., Nuraini, T. and Siti Rahimah, R.). The following article
look at: The mapping of spatial patterns of violent crime in peninsular Malaysia: Normal
mixture model approach (Syerrina Zakaria and Nuzlinda Abdul Rahman); evaluation
of performance measures of two-lane highways under heterogeneous traffic (Pritam
Saha, Ashoke Kumar Sarkar and Manish Pal); analysis of absorber and buffer layer band
gap grading on CIGS thin film solar cell performance using SCAPS (Nima Khoshsirat,
Nurul Amziah Md Yunus, Mohd Nizar Hamidon, Suhaidi Shafie and Nowshad Amin); a
comparative study on standard, modified and chaotic firefly algorithms (Hong Choon
Ong, Surafel Luleseged Tilahun and Suey Shya Tang); and pathway of continuous
professional development among physiotherapists: a qualitative study (Ayiesah Ramli
and Marzzatul Farhana Maslan).

| conclude this issue with six articles arising from the CAFEi 2012 international
conference: total phenolic content and antioxidant activity of Quercus infectoria galls
using supercritical CO, extraction technique and its comparison with Soxhlet extraction
(Hasmida, M. N., Liza, M. S., Nur Syukriah, A. R., Harisun, Y., Mohd Azizi, C. Y. and
Fadzilah Adibah, A. M.); drying performances and milling quality of rice during industrial
fluidized bed drying of paddy in Malaysia (Ibrahim, M. N., Sarker, M. S. H., Ab. Aziz N. and
Mohd Salleh, P.); effects of cooking temperature in repetitive cooking-chilling cycles on



resistant starch content and quality characteristics (Nor, M. Z. M., Talib, R. A., Noranizan,
M. A., Chin, N. L. and Hashim, K.); effects of milling methods on tensile properties of
polypropylene / oil palm mesocarp fibre biocomposite of fish crackers (Nordin, N. I. A.
A., Ariffin, H., Hassan, M. A., Ibrahim, N. A., Shirai, Y. and Andou, Y.); the effects of airflow
on oven temperatures and cakes qualities (Shahapuzi, N. S., Taip, F. S., Ab. Aziz, N. and
Ahmedov, A.); and quantification of gallic acid and tannic acid from Quercus infectoria
(manjakani) and their effects on antioxidant and antibacterial activities (Ab. Rahman, N.
S., Md. Salleh L., Abd. Majid F. A. and Harisun, Y.).

| anticipate that you will find the evidence presented in thisissue to be intriguing, thought-
provoking, and, hopefully, useful in setting up new milestones. Please recommend the
journal to your colleagues and students to make this endeavour meaningful.

| would also like to express my gratitude to all the contributors, namely, the authors,
reviewers and editors for their professional contribution towards making this issue
feasible. Last but not least, the editorial assistance of the journal division staff is fully
appreciated.

JST is currently accepting manuscripts for upcoming issues based on original qualitative
or quantitative research that opens new areas of inquiry and investigation.

Chief Executive Editor
Nayan Deep S. KANWAL, FRSA, ABIM, AMIS, Ph.D.
nayan@upm.my
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Review Article

Activin A: Its Role and Involvement in Inflammatory Diseases

Tie Tung Hing', Rusliza Basir'*, Chuah Yaw Kuang!, Herni Talib? and

Norshariza Nordin?

!Department of Human Anatomy, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia,

43400 Serdang, Selangor, Malaysia

’Department of Pathology, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia,

43400 Serdang, Selangor, Malaysia

’Department of Obstetric and Gynaecology, Faculty of Medicine and Health Sciences,
Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia

ABSTRACT

Activin proteins are members of the transforming growth factor-f§ family. Activin A is involved in several

biological responses including wound repair, cell death, proliferation and differentiation of many cell

types. Biologically active activins consist of homodimers or heterodimers of two beta () subunits that

are linked together by a single covalent disulphide bond. The subunits in humans are BA, BB, BC and

BE. As an example, a combination of two BA subunits will produce a unit of activin A. These proteins

are found in most cells of body such as macrophage and activated circulating monocytes. Their role

in inflammation can be categorised into two types, either pro- or anti-inflammatory agents, depending

on the cell type and phase. Activin signals are kept in balance by antagonist follistatin (Fst), which is a

glycoprotein expressed in tissues and encoded by the follistatin gene in humans.

Keywords: Activin, transforming growth factor, activin subunit, inflammation, follistatin.
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INTRODUCTION

Activin A is a multifunctional growth factor
that is a functionally and structurally different
member of the transforming growth factor-
beta (TGF-f) superfamily of proteins (Chang,
Brown & Matzuk, 2002; Griselda, Anayansi,
& Ivan, 2012). Precursor proteins are the
forms of activin produced after cleavage
from bioactive ligands. They were given the
name activin after the first identification as
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activators of follicle-stimulating hormone (FSH) secreted from the pituitary gland (Ling ez al.,
1986). These proteins also play an important role in regulating various biological functions
in a many types of tissues and cells which include apoptosis, wound repair, differentiation of
cells, survival of neural cell and inflammation (Yndestad et al., 2004).

Activins are involved in inducing mesodermal tissue differentiation in embryonic Xenopus
explants (Griselda et al., 2012). Given their ability to accumulate and stimulate haemoglobin
differentiation in erythroleukemia cell lines in vitro, these proteins were discovered through
isolation from a monocytic leukaemic cell line derived from human bone marrow. The very
first name given to activins was erythroid differentiating factor (EDF). Description of activin
and its ligand as survival factors for nerve cells was the result of a search for nerve growth
factors. Activin A was able to support the survival of the central nervous system (CNS)
neurons in culture, as well as to protect neuronal injury from neurotoxicity due to its role as a
neurotrophic and neuroprotective factor (Woodruff, 2000). Moreover, activin A affects liver
homeostasis and may stimulate hepatocyte cell death (Woodruff, 1998). It is produced and
secreted quickly into the bloodstream from the endothelium of the vascular system and other
tissues during inflammation. Mediators such as nitric oxide and pro-inflammatory cytokines,
as well as leucocyte activation, play a crucial role in numerous aspects of the inflammatory
response. As seen in patients with either acute or chronic inflammation (e.g., septicaemia and
inflammatory bowel disease), the concentrations of activin A were observed to have increased
in the serum and tissues (Hubner, Brauchle, Gregor & Werner, 1997; Michel, Ebert, Phillips
& Nau, 2003a).

Bioactive activins comprise either homodimers or heterodimers of two beta () subunits,
with four distinct subunits of activin identified to date as being involved in the development
of these proteins. These subunits in humans are A, BB, BC and BE, which are able to produce
activin A (BA/BA), activin B (BB/BB) and activin AB (BA/BB). Activin A homodimer is
produced by merging two subunits of BA. This homodimer is produced by the creation of
either an intermolecular disulphide bond or a covalently dimerised bond between the 6th (of
the nine) conserved cysteines in the established proteins. The entire nine cysteines, excluding
the 6th, are implicated in the production of a cysteine knot by means of disulphide bonds within
the molecule. The disulphide bonds are typical for members of the TGF-a family and are
fundamental for their effects on living tissues (Griselda et al., 2012; Kreidl, Oztiirk, Metzner,
Berger & Grusch, 2009).

SOURCE OF ACTIVIN A

Activin A is synthesised and secreted in almost every cell type and tissue. For the action of an
autocrine or paracrine mechanism to be carried out, the tissues must be equipped with many
receptors of activin A. Tissue macrophages and activated circulating monocytes can synthesise
and release activin A after stimulation by inflammatory stimuli. A large amount of activin A is
secreted by bone marrow stromal cells in response to inflammatory mediators (Phillips, Jones,
Scheerlinck, Hedger & de Kretser, 2001; Welt, Sidis, Keutmann & Schneyer, 2002). Activin A
is released from bone marrow stromal cells after stimulation of the vascular endothelium by
monocytes and bone marrow stromal fibroblasts once T-cells have interacted with cytokine.

164 Pertanika J. Sci. & Technol. 23 (2): 163 - 176 (2015)
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Therefore, Bone marrow is another effective source of activin A and also a source of activin
A during inflammation (Wu, Chen, Winnall, Phillips & Hedger, 2013). Additionally, strong
stimulation by lipopolysaccharide (LPS), interleukin (IL)-1f or IL-6 also leads to the production
of activin A by macrophages, monocytes and endothelial cells. In systemic inflammation,
endothelial cells may be an essential depot of activin A activity (Phillips, Jones, Clarke,
Scheerlinck & de Kretser, 2005; Phillips et al., 2001). Furthermore, secretion of activin A
can be enhanced by mutual action between monocytes and activated T-cells via CD-40 (Abe,
Shintani, Eto, Harada, Kosaka & Matsumoto, 2002). Moreover, mast cells and neutrophils
are other potential sources of activin A during inflammation, while activin A can be produced
after treatment with interferon (IFN)-y and CD40L, or LPS when dendritic cells interact with
activated T-cells (Phillips et al., 2005; de Kretser, O’Hehir, Hardy & Hedger, 2011).

ACTIVIN A SUBUNIT

Disulphide bond

O Residuesinvolvedininteraction with type 2 receptor

Residuesinvolvedininteractionwithtype 1 receptor

. Cysteine residues

Fig.1: A subunit of activin A (Adapted from Activin-A Binds Follistatin and Type II Receptors through
Overlapping Binding Sites: Generation of Mutants with Isolated Binding Activities by Harrison, C. A.
& Chan, K. L., 2008, Endocrinology, 147(6), 2744-2753).

The binding sites for type II receptor are located at finger 1 (Phe'”, Ile*, AL?!, Pro*, His*) and
finger 2 (Arg®’, Pro®, Ser”, Leu®?, Tyr™, Ile!®, Lys!%?, Glu'!!) of activin A. Follisatin can bind to
contiguous site on activin A. The first is the convex outer side of activin f strand (Ile*’, AL?!,
Pro*?, Leu®?, Tyr?, Ile'™ and Lys'®?) and in B strand fingertip (Asp*? — Asn®). The second is the
binding site of type I receptor that is formed by the concave activin B strand of one subunit
(Trp?®, Trp?, Met’!, Tyr* and Ile'®®) and helical wrist region on the other § subunit (His*’, Tle*,
Gly*, Thr’!, Ser*?, Phe® Thr®' and His®) (Harrison, Chan & Robertson, 2006).

Pertanika J. Sci. & Technol. 23 (2): 163 - 176 (2015) 165
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ACTIVIN A SIGNALING PATHWAY

Since activins are members of the TGF-B family of signaling molecules, mature activins are
believed to signal through single-pass transmembrane serine-threonine kinase receptors type I
and type I, both of which are crucial for activin-mediated biological activities. The cytoplasmic
region of both type I and type II receptors is the region where the serine-threonine activity
takes place, which also serves as the docking stations. The signalling pathway started by the
attachment of activin A to dimers of the activin type-II receptors ActR-II, which are also known
as ACVR2 or ActR-I1IB (ACVR2B).

Consequently, dimers of the activin type I receptor (activin receptor-like kinase [ALK] 4)
are recruited and phosphorylated in their type-II serine-threonine kinase domain. The primary
residues within a glycine- and serine-rich (GS) domain of the type I receptor are phosphorylated
by the assembled active type Il receptor, as a consequence of the formation of the heteromeric
ligand-receptor complex, which brings together the cytoplasmic region of the two types of
receptors. The activation of intracellular protein Smads is the result of the activation of activin
type I receptors. It was found that the mutually dependent characteristic of activin type I and
type II receptors is due to the need of activin type I receptors to bind their ligand to activin
type II receptors, whilst the association of type II receptors to type I receptors is important
to signal the nucleus (Bilezikjian & Vale, 2011). Although the binding of type II receptors to
ligands can take place without the presence of type I receptors, they still need the latter to
signal and function well.

Receptors of activin are regularly internalized immediately after the binding of ligand.
Immediately after receptor activation, phosphorylation of receptor-regulated Smad (R-Smad)
proteins by the activin type I receptors takes place after their recruitment to the receptor
complex. Molecular complexes are formed after the common mediator Smad 4 approaches
the recruited and phosphorylated R-Smads (Smads 2 & 3). Modulation of gene expression
is initiated by direct binding to DNA or association with other transcription factors by the
molecular complexes that come together with cofactors. The phosphatidylinositol-3’-phosphate-
binding protein, known as Smad anchor for activation of the receptor (SARA), is responsible for
phosphorylation of Smads 2 and 3. Smads 2 and 3 are bound together to the receptor complex
with the aid of SARA. R-Smads and SARA are cleaved from the receptor complex once
R-Smad proteins are phosphorylated. Gene expression is initiated following the translocation
of phosphorylated R-Smads after the recruitment of the cytoplasmic common mediator Smad,
the co-Smad 4 (Schmierer, Schuster, Shkumatava & Kuchler, 2003; Kreidl et al., 2009; Griselda
et al.,2012; Carcamo et al., 1994; Wieser, Attisano, Wrana & Massagué, 1993).

The Smad proteins are generally divided into two subcategories: R-Smads (receptor-
activated) or co-Smad (not receptor-activated) (Bilezikjian & Vale, 2011). Smad proteins have
an N-terminal against decapentaplegic homology domain 1 (MH1) and a C-terminal against
decapentaplegic homology 2 (MH2) linked by a proline-rich region. Binding of DNA to the
CAGA sequence, as well as to some GC-rich sequences, is mediated by the MH1 domain, which
contains a nuclear localisation signal. Transcription activation only happens when the MH2
domain is fused to the Gal4 DNA-binding domain. For MH2-specific association with the L45
loop of activin type I receptors, as well as in the homo- or hetero-oligomerisation of Smads,
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Fig.2: Activin/ Smad signalling pathway

the presence of L3 loop containing in MH2 is important (Bilezikjian & Vale, 2011; Ten Dijke,
Miyazono & Heldin, 2000). The conserved C-terminal SSXS motif in R-Smads is recognized
by the tail of activin type I receptors in the cytoplasmic region. The association between Smad
4 and R-Smad is initiated after the cleavage of R-Smad from activin type I receptors due to
the phosphorylation of the C-terminal SSXS. Consequently, this initiates translocation of the
heteromeric Smad complex to the nucleus (Attisano & Wrana, 2000; Bilezikjian & Vale, 2011).

= 5

Fig.3: A schematic diagram of the Smad protein with an N-terminal Mad Homology 1 (MH1) and a
C-terminal Mad Homology 2 (MH2) domain linked by a proline-rich region.

Smad 3 recognises the two inverted repeats of GTCT on DNA. However, the single copy
of this core sequence only bound by the MH1 of Smad 3. The MH1 of Smad 2 cannot bind to
DNA by itself. In addition, the repeat sequence of GNCN in the promoter are not sufficient for
binding to Smad-dependent targeting of specific genes, but it is enough for Smad-DNA binding.
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The most comprehensively characterised DNA-binding partners of the Smad proteins are the
forkhead activin signal transducer (FAST) family of DNA-binding proteins. Furthermore, the
family has been identified in humans and mice as well. The TGF- activin-responsive region
of promoters acts mutually with FAST in order to activate gene transcription downstream of
activin signaling (Attisano & Wrana, 2000).

ACTIVIN AS AMEDIATOR IN INFLAMMATION: ACUTE AND CHRONIC

At the site of injury, inflammation quickly develops as the consequence of the secretion of
inflammatory cytokines (IL-1, IL-6 and tumour necrosis factor-alpha (TNF-a)] from cells such
as macrophages and stromal cells. In succession, acute phase response (APR) is stimulated
after these cytokines act at systemic sites such as the liver to trigger febrile responses and gene
expression (de Kretser, Hedger & Phillips, 1999). Sites of the injury are protected by innate
response by APR to prevent host from continuous tissue damage. Some physical changes are
protected by innate response, which in turn, suppresses actions of serum acute phase proteins
and cytokines (Steel & Whitehead, 1994). Damage of lung during LPS-induced inflammation
occurs after neutrophils translocate from bone marrow. Activin A is secreted during inflammation
by neutrophils following direct stimulation by TNF-a; serum TNF-a is reduced if activin A
is blocked. After 4 and 5 hours of LPS introduction, serum activin A level is greatly elevated
(Wu et al., 2013; de Kretser et al., 1999). The activin A released during acute inflammation
is very early and biphasic. Its release during early acute inflammation is rapid and therefore
from pre-stored materials. Its secretion during the later phases of inflammatory responses is
from newly synthesised inactive material hours after stimulation such as by LPS. The cells that
are responsible for the production of activin A at the later stage are monocytes, macrophages,
dendritic cells and endothelial cells. Neutrophils and epithelial cells are responsible for activin
A secretion such as those from the stomach and lungs (Philips et al., 2009).

Upregulation of activin A expression at the sites of injury is either as protein or mRNA in
synovial fluid or in chronic inflammatory bowel disease (IBD) in patients with inflammatory
arthropathy (de Kretser et al., 1999). In chronic inflammation, comparing patients with gout
and rheumatoid arthritis with those with non-inflammatory osteoarthritis, activin A levels were
elevated in synovial fluid, as well as expression of activin A in synovial membranes. Activin
A has been implicated in IBD. The ulcerative colitis or Crohn’s disease from IBD patients,
inflamed mucosal and sub-mucosal tissues in the intestinal wall were observed, together with
high IL-1p and activin BA subunit mRNA levels. In normal tissues, expression of IL-1f3 was
low (Philips et al., 2009). This same group of patients also displayed very high level of plasma
activin A level and BA mRNA in the intestinal wall. Moreover, in areas where IL-18 mRNA
was highly expressed, activin BA subunit mRNA was found in the mucosa and sub-mucosa of
tissues at sites of inflammation, whereas low levels of expression were found in healthy tissues;
for example, the activin A-stimulated production of IL-6 and IL-8 in amniotic membranes. The
action of activin A is believed to have two phases; inhibitory as the activin A concentration is
high and vice versa (Wu et al., 2013).
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ACTIVIN A: A PRO-INFLAMMATORY AGENT

A pro-inflammatory role for activin A has been observed in diverse cell types (Jones, de Kretser,
Patella, & Phillips, 2004). The role of activin A as a pro-inflammatory mediator is proved by
the upregulation of activin expression by pro-inflammatory cytokines (granulocyte monocyte
colony-stimulating factor (GM-CSF) and interferon y) and/or LPS, as well as down regulation
by glucocorticoids. The role of activin A during pro-inflammatory activities was confirmed by
its pro-migratory on monocytes. Additionally, metalloproteinase expression can be induced
by activin A in macrophages during the inflammatory response. Migration and infiltration
by macrophages through the basement membrane during inflammation are also triggered by
activin A. Taking malarial infection as an example, it is important that cells are first activated
by parasite-specific molecules to initiate immune responses against the infection. This is then
followed by the activation of mitogen-activated protein kinase (MAPK) and nuclear factor
(NFkB) signalling pathways, resulting in expression of cytokine genes (El-Gendi ef al., 2010;
Zhu, Krishnegowda, Li & Gowda, 2010).

In malarial infection, macrophages phagocytose the invading parasites. During this process,
the release of pro-inflammatory cytokines such as TNF-a, IL-6 and IL-1f can be stimulated
by activin A (Rapeah, Dhaniah, Nurul & Norazmi, 2010; Phillips et al., 2005). In bone
marrow-derived macrophages, TNF-a and IL-1 are also produced following the stimulation
of'activin A. Moreover, activin A increases the expression of pro-inflammatory mediators such
as prostanoids, prostaglandin and thromboxane, cyclo-oxygenase 2 (COX-2), and inducible
nitric oxide synthase (iNOS) (Jones et al., 2004; Nusing & Barsig, 1999). The pro-inflammatory
effects of activin A can also be seen in LPS-induced inflammation process in sheep. This
involves the pro-inflammatory cytokines TNF-a and IL-6, which are secreted following the
release of activin A. Activin A has also been implicated in stimulating the production of IL-6 and
IL-8 in amniotic membranes, where its role as a pro- or anti-inflammatory agent depends on its
concentration. When the activin concentration is low, it acts as a pro-inflammatory factor, and
when it is high, an anti-inflammatory agent (Jones et al., 2004). Additionally, IxB degradation,
nuclear translocation of NFkB and phosphorylation of Extracellular signal-regulated kinases
1/2 (ERK 1/2) and p38 MAPK lead to the production of TNF-qa, IL-1p and IL-6 by activin A
(Phillips, de Kretser & Hedger, 2009).

ACTIVIN A: AN ANTI-INFLAMMATORY AGENT

Activin A has been well documented an anti-inflammatory agent, with evidence that activin A
can limit the secretion and actions of IL-1f3 and IL-6 (Phillips et al., 2001). A study on monocytic
cultures uncovered the ability of activin A to keep down the production of IL-1p by inhibiting
the alteration of the IL-1p precursor into its secreted biologically active form, most likely by
blocking caspase-1 (Philips et al., 2009; Phillips et al., 2011). In LPS-stimulated macrophages,
activin A can suppress the secretion and expression of IL-1p and IL-10 (de Kretser et al., 2011;
Wang et al., 2008). During the early stage of inflammation induced by macrophage, the pro-
inflammatory effect of activin A is turned into anti-inflammatory at the later stage (de Kretser
et al., 2011). During APRs, activin A is able to initiate anti-inflammatory effects at local site
of infection or injury and to repress unnecessary inflammation at the pheripheral sites such as
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liver (Smith et al., 2004). Moreover, theactivity of activin A in a hepatoma cell line (HepG2)
can be inhibited by a secretion of acute phase inflammatory proteins mediated by I1L-6 (Werner
& Alzheimer, 2006). With the aid of activin A, the pancreatic islet cells and endothelial cells of
humans are able to produce insulin and anti-inflammatory effects, as well as anti-oxidative and
anti-inflammatory effects. In patients with coronary artery disease (CAD), anti-inflammatory
effects on previously activated peripheral blood mononuclear cells are also displayed by activin
A (Andersen et al., 2011). The anti-inflammatory effects of activin A are also proven, with
antagonistic action on the secretion of IL-6 and IL-11 in myeloblasts (Sugama, Takenouchi,
Kitani, Fujita & Hashimoto, 2007). During the early phase of cardiopulmonary bypass (CPB),
the anti-inflammatory effects of activin A only occur after the production of pro-inflammatory
cytokines such as TNF-a and IL-8 (Sablotzki et al., 1997).

ACTIVIN IN ORGAN SPECIFIC FUNCTIONS

In the brain, differentiation of cerebrocorticol neural progenitor cells (NPC) into neuronal
phenotype is driven by activin A. In proliferating NPC, activin can induce discrete but
significant rises in the proportion of neurons. The neurogenesis by activin is not due to its role
as regulator but as an instructor on NPC. In addition, inhibition of activin can cause reduced
neurogenesis and development of anxiety-related behavior (Rodriguez-Martinez, Molina-
Hernandez & Velasco, 2012).

Activin A is upregulated in heart failure but treatment with anti-activin A antibody can
restore growth hormone (GH) which improves heart function by normalizing GH level
(Fukushima et al., 2011). Activin A has also been identified to play a role in healing after
myocardial infarction, but a continuous increase in activin A levels can lead to myocardial
remodelling and eventually heart failure (Yndestad et al., 2004). Recovery could be due to
the presence of high serum activin levels that cause a reduction by upregulating expression of
B-cell lymphoma 2 (Bcl-2) protein (Oshima et al., 2009).

Activin A has been proven to function as a negative regulator for liver growth. It can
inhibit mitogen-induced DNA synthesis and induce apoptosis in cell lines of hepatoma and in
hepatocytes in vivo as well as in vitro. Overproduction of activin A due to inhibin deficiency
can cause hepatocyte destruction. Activin A remained at low levels at the first 12 hours of
partial hepatectomy (PHX) and increased by three times higher at 168 hours, which suggests
that it acts as regulator of liver regeneration. Furthermore, hepatocyte replication increased
following the elevation of follistatin at 24-48 hours of post PHX (Rodgarkia-Dara et al., 2006).

In kidney, activin A is important as a negative regulator in the growth of ureter bud (UB)
from Wolffian duct (WD) during the development of metanephric kidney. UB outgrowth is in
response to glial-cell-derived neurotrophic growth factor (GDNF). Thus, ectopic bud formation
can be controlled by inhibiting GDNF by activin A. Activin A is also involves in branching
morphogenesis of UB by acting as negative regulator (Maeshima et al., 2004). Activin A in
pancreas is crucial for glucose metabolism by stimulating differentiation of B cells to produce
insulin, which allows insulin target cells to act efficiently in glucose uptake (Hashimoto &
Funaba, 2011; Ueland et al., 2012).
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ROLE OF ACTIVIN IN DISEASES

During malaria parasite infection, pro-inflammatory cytokines like TNF-a and IFN-y, and
anti-inflammatory cytokine like IL-10 are produced to provide protection against the parasites.
In malarial infection, activin A initiates the release of pro-inflammatory cytokines such as
TNF-a, and IFN-y and IL-10 production is activated upon enhancement of inflammation.
These cytokines are important in protection against malaria parasites (Semitekolou et al.,
2009; Phillips et al., 2005; Gribi, Tanaka, Harper-Summers & Yu, 2005; Robinson et al., 2009).

Activin A has been identified to be involved in the pathogenesis of inflammation bowel
disease (IBD), enhancing the migration instead of proliferation of intestinal epithelial cells,
as well as stimulating inflammation during colitis (Huber et al., 1997; Zhang, Resta, Jung,
Barrett & Sarvetnick, 2009). In patients with ulcerative colitis or Crohn’s disease, strong
expression of the activin BA subunit was detected, but not in people with a healthy digestive
tract. Moreover, the higher the expression of activin BA mRNA was, the more severe the degree
of inflammation would be. Increased expression of activin A mRNA has been identified in
highly inflamed tissues such as the mucosa and sub-mucosa of injured intestinal epithelium
(Hubner et al., 1997). Furthermore, increased expression of type I and type II activin receptors
has also been reported in patients with IBD but not in healthy people, indicating that activin
signalling contributes to the enhanced receptor expression (Zhang et al., 2009).

In patients with asthma, increased concentration of activin A in bronchoalveolar lavage
fluid is due to its secretion from cells lining the alveoli, which are epithelial cells and activated
human lung mast cells (Philips et al., 2009; Werner & Alzheimer, 2006). Alveolar cells,
endothelial cells and fibroblasts were found to respond to activin in inflamed lung tissues, which
was supported by the strong ActR-IB expression in these cells. Mice deficient in mast cells
shows lower secretion of activin A; therefore, mast cells are an important source of activin in
the airway of mice with asthma. It is believed that mast cell-derived activin A could promote
airway tissue remodelling, as activin A was found to enhance the proliferation of airway
smooth muscle (ASM) cells in humans. The action is completed with paracrine signalling to
enhance the proliferation of ASM cells. Activin increases the differentiation and migration of
mast cell progenitors but inhibits growth. For that reason, activin A may regulate mast cells
as the effector cell of the immune system, which could further contribute to the pathogenesis
of asthma (Werner & Alzheimer, 2006).

CURRENT RESEARCH FINDINGS AND NEW TREND FOR ACTIVIN
RESEARCH

Activin has been identified to be involved in the control of biological systems and wide
interaction with other members of TGF-§ superfamily, as well as other hormones/peptides.
The motivation underlying the study by Makanji et al. (2011) is the apparent role of activin
in promoting cachexia in patients with a variety of tumours and promoting development of
gonadal tumours. However, the value of this study is much broader.

The non-specific interaction of activin and other TGF-f superfamily, together with
regulation and signalling of other family members, makes the identification of specific action
and the development of specific agonists and antagonists very challenging. In this study, genetic
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manipulations (transgenic animals or in vitro small interfering RNA gene knockdown) are useful
only with the aid of specific agonistic and antagonistic compounds for the peptide of interest.
The system’s biology framework was used to create specific antagonist (activin propetide [AT
propetide]) that inhibits activin A stimulation of FSH release. Specific domains for protein
folding were determined by study on the molecular two- and three-dimensional structures of
activin and TGF-B1 peptide so that the structure that binds and inhibits mature TGF-1 can
be created. The inhibition of activin action by chimeric peptide was achieved through the
linking of C-terminal portion of activin with the N-terminal portion of TGF-B1. The specificity
of AT propeptide was important in genetic manipulation. The AT propeptide allows insight
into functions of activin and mechanisms of interaction with other TGF-f1 members such as
inhibin. New therapies for cancer and other diseases could be developed from this chimeric
propeptide. Hence, this study is valuable and may be rewarding upon the proper application
of the 21st century systems biology thinking (Nielsen & Torday, 2011).

FOLLISTATIN: AN ANTAGONIST OF ACTIVIN A

The single-chain glycoprotein and structurally different follistatin was recognised as an
extracellular antagonist of activin that could reduce its biological activities. The LPS- or IL-
1B dosed sheep has proven the involvement of follistatin during inflammation. Follistatin is
a monomeric protein and is structurally different to the TGF-f superfamily of proteins. Most
organs that express follistatin also express activin; consequencely, follistatin activities in nature
likely to have an autocrine or paracrine characteristic. The bond between follistatin and activin
is very strong, with Kd 50-680 pmol/L. In addition, the local diffusion of activin A from the
site of action can be controlled by follistatin (Deli et al., 2008; Welt et al., 2002; Oshima et
al., 2009). The bond between follistatin and activin is virtually irreversible; however, activin
must be cleaved by proteolytic mechanism to reveal its endocrine signalling effects. Such a
mechanism has been identified for the related bone marrow macrophage protein (BMP), in
which bioactive BMP is released from chordin, its binding protein, by metalloproteinase (Welt
et al.,2002).

A third of activin residues are buried at the binding sites of receptor as soon as one activin
dimer binds to two follistatin molecules. Three distinct types of follistatins are produced
through the protein processing and splicing of a single follistatin gene. They are proteins with
288, 303 and 315 amino acids. Three homologous domains are contained in each of these
three follistatins. In case of inhibition of activin, only two domains are involved in the binding
process (Deli et al., 2008). The inhibitory action occurs only when the receptor binding site of
activin A is obstructed by complex formation with follistatin (Kreidl et al., 2009). Follistatin
has an important role in suppressing activin A, as it can reduce mortality rate by reducing the
excessive production of activin A during inflammation (Wu et al., 2013; Jones et al., 2004). For
example, over scarring as well as formation of granule and re-epithelisation on wounded skin
is under the influence of a high concentration of activin A but healing quality can be restored
with the aid of follistatin (Werner & Alzheimer, 2006). Furthermore, liver apoptosis induced
by activin A can be inhibited with follstatin as well (Oshima et al., 2009).
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CONCLUSION

Activin A has been linked to inflammation, cells growth, tissue repair, metabolism and
apoptosis. The focus of this review is on its role in inflammatory response. Its expression is
significantly upregulated during acute and chronic inflammation. Activin can be involved in both
pro- and anti-inflammatory responses depending on the cell type and stage of its expression.
Inflammation has always been a major biological response related to activin, such as that in
malaria infection, IBD and asthma. Besides, activin has different functions in organs, while in
brain, it has a role in neurogenesis. It also improves heart failure and healing after myocardial
infarction and acts as a regulator of liver regeneration after PHX in the liver, growth of UB from
WD and branching of UB, and glucose metabolism in pancreas. Nonetheless, further studies
are required to identify and understand the roles of activin in other pathological conditions.
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ABSTRACT

This paper presents an overview topic of layered and laminated fibre composites. The review presents
an investigation on the effect of varying the properties of fibre and the matrix of layered and laminated
composites and identifies the fundamental parameters determining ballistic impact protection. The
advantages of layered and laminated reinforced composites with different thicknesses for further
enhancing ballistic penetration resistance of the laminated fibre composite have been reviewed.

Lamination of multiple layers of composite material can give better ballistic performance.

Keywords: Layer, laminate, ballistic impact, composites

INTRODUCTION

A variety of fibre composite materials are found to be increasingly used in different industries
including concrete structural, automotive, aerospace and defence applications. The characteristics
of composites, such as strength and stiffness, allow for the structure of safe automobiles,
aircraft with high scope and light-machine components (Naik et a/,. 2005; Castillo et al., 2012;
Borvik et al., 2009). Today, this material is
an increasingly important component used in
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reason for its high demand is due to its reduced structural weight that makes it suitable for
use in lightweight materials (Grujicic et al., 2006). Here, the design of composite systems for
enhanced material performance in engineering has created lightweight structures.

Moreover, composites used in reinforced plastics possess the benefits of fabrication
advantage, crushing steadiness and high energy absorption recital. This makes the material
suitable for use in defence application as the criteria for defence application call for materials
that are durable, strong and ableto absorb impact energy (Kuan et al., 2009; Carrillo et al., 2012;
Dimeski et al., 2011). High mechanical properties are extensively used for military purpose,
for instance, in personnel armour, vehicles and arms, which are all important and necessary
for the protection of military personnel. The selection of material used for defence protection,
however, is affected by different criteria such as cost and weight.

Although the use of composites is gaining interest, it faces several challenges. The first is
that laminate structural composites are formed not only by the class of matrix and reinforcement
materials. Second, it is dissimilar from composition design of the reinforcement. Third, it
depends on how to lay up conventional kevlar, fibreglass, nylon, ramie and aluminium in
laminate structural and functional stability during storage and use. Several studies have shown
that a composite of kevlar, fibreglass, natural rubber, ceramics or aluminium provides a method
to improve ballistic impact and effect in different configurations (Carrillo et al., 2012;Naik et
al., 2008;Kyziol, L, 2007; Huang et al., 2007 and Ali et al.,2010).

This paper reviews research work published in the field of ballistic impact layered and
laminated composites with special reference to the laminate thickness ballistic impact and the
properties of the composites. The single, combining two or more layers of material together
and the process of producing a laminar by stacking a number of thin layers of fibres and matrix
and consolidating them into desired thickness is considered.

LAYERED AND LAMINATED PLATE COMPOSITES

The laminate fibre reinforced composites appealing to the military, the navy and the construction
sector (Nunes et al., 2004; Ramadhana et al., 2012; & Deka et al., 2006). The study considered
the stacking of a number of layers with different forms of reinforcement fibres and matrix
in the desired thickness. The layered and laminate investigation gives the benefit ballistic
protection. Igbal ef al.(2011) investigated ballistic limit, which increased with an increase
in the thickness of the monolithic and layered target plate. Besides that, according to Huang
et al.(2007), depth of penetration was dependent on ceramic thickness. Carrillo et al. (2012)
found that adding a thermoplastic layer matrix increased ballistic performance. Table 1 shows
the experiment results of ballistic limit velocity for all specimens, which correlated well with
layered application and thickness (Buitrago et al., 2010; Sabet ez al., 2011; Igbal et al., 2011).

DESIGN OF BALLISTIC IMPACT THROUGH THICKNESS IMPROVEMENT

During ballistic impact tests the resolution of ballistic limit is of leading consequence indevising
protective structures, military vehicles and body armour. The influence of target thickness can
be one of the factors in impact resistance application. The thickness and layeredness of the body
play an essential role in energy absorption or delamination area of materials and by increasing
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the thickness (Barcikowski, 2008); the body structure can endure more load and more energy
absorption (Balakrishnan ef al., 2012; Demir et al., 2008; & Satoto et al,. 2009). Three parts
were observed in this study: 1) single layer, ii) composite laminate, iii) hybrid laminate.

TABLE 1: Ballistic Impact Test

Fabric type Laminate Thickness (mm) Ballistic Limit (m/s)
Monolithic 3 212
Monolithic 6 332
Monolithic 12 550

5 layer Cross Play 5 95

6 layer Cross Play 6 98.4

10 layer Cross Play 10 140

2 Layer Plate 0.5 51.22

3 Layer Plate 0.71 64.52

Single Layer of Thickness

Balakrishnan etal. (2012) studied the effect of plasma-transferred arc hard-faced interlayer
thickness on ballistic performance using three different thicknesses (4, 5.5 and 7 mm) hard-faced
middle layer. The researchers found that all the three joints with three different thicknesses
of hard-faced material successfully stopped the projectile and the bullets were shattered.
Meanwhile, according to Sabouri et al. (2011), using different aluminium thickness in varies
locations shows better ballistic resistance with the thickness of glass/epoxy layers remaining
stable.

Sheikh et al. (2009) investigated the performance of single and multiple laminated panels
with simple layered shell elements. The result shows that the particular energy absorption
ability of the thin laminate with five layers is found to be more than that of the thick laminate
of 10 layers; however, the double laminated panel with two five layers has enhanced energy
absorption capacity than that of the thick laminate of 10 layers.

However, according Igbal and Gupta (2011) the nose-shaped projectile affected the
thickness of the plate whether in single or multiple layers. The result shows that the thin
monolithic target plates as well as the layered connection of plates presented the lowest ballistic
resistance.

A similar method conducted by Babu ef al. (2007) used hard steel cylindro-conical
projectiles for unidirectional glass-fibre reinforced epoxy composite plates. Table 2 shows that
the changeable stacking sequence, thickness, layered laminated and symmetric laminated has
been tested. The ballistic limit for thin targets plays a major role with the rising thickness of
the laminates and with nose geometry of weighty projectile that has less control of the energy
absorption.
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TABLE 2 : Ballistic Limit of Laminates for Different Nose Geometry and Thickness

Ballistic Limit (m/Sec)

Projectile Nose 4 layers 6 layers 6 layers 6 layers 6 layers
Geometry (0,90) symmetric symmetric symmetric symmetric
2.3 mm 3.2 mm 4.9 mm 3.2 mm 4.9 mm
Sharp nose 30 67 67 45 46
Blunt nose 32 40 39 50 49
Truncated nose 36 46 45 58 58

Madhu and Bhat (2003) studied the standard and oblique impacts on single and layered mild
steel and aluminium plates in the range of 10 mm to 40 mm. The proportion of plate thickness
to the diameter of the projectile is in the range of 1.5 to 13.0 with of an ogive-shaped, hard
steel projectile. The residual velocities for combined target in plates of intermediate thicknesses
were of the same order as in the case of a monolithic target.

In addition, the thicker single or monolithic plate can improve ballistic impact limit and
perform as the ballistic penetration resistance. The ballistic limit increased with an increase
in the thickness of the monolithic target plate.

Laminated Composites

Demir et al. (2008) studied the laminated composite performance of the mechanical properties
of'the support plate and the areal density. The composite targets were subjected to the thickness
of the alumina tiles as 6 mm and steel backing plates of five different thicknesses (4, 5.9, 7.8, 9.7
and 11.6) were used. The ballistic recital of the laminated alumina steel composites increased
with respect to the areal density and hardness of the composite.

Hohler et al. (2001) investigated the recital of oblique, ceramic/metal, bilayer composite
armour by two ceramics, alumina and silicon carbide and two metallic backings, rolled
homogeneous armour steel and aluminium, in a variety of combinations. The results show that
areal densities of the depth of penetration targets decreased with increasing ceramic thickness.

Deka et al. (2008) examined the performance of plain-weave laminated composites of
changeable thicknesses under high velocity impact. When the layer content increased from 8,
12 and 16 the velocity was 209.02 ms™', 294.45 ms™, and 304.1 ms !, respectively. The finding
shows that ballistic limit is linearly correlated to the thickness of the laminated composites
where the impact velocity was decreased from the full penetration order to a partial penetration
order in unity of V.

Besides that, according to Patel er al. (2004), the penetration occurrence of a cylindro-
conical impactor on the Kevlar/ epoxy-laminated composites with thickness of 10, 15 and 20
layered cross ply laminate plates with total thickness of 6.35 mm, 9.525 mm and 12.7 mm
correspondingly affect the velocity limit. Here, the results show that ballistic limit velocity is
106.95 m/s, 121.3 m/s and 136.68 m/s, respectively.

Ahmad et al. (2007) explored the ballistic impact recital of high strength, high modulus
composite coated with natural rubber. The result of different coating techniques and natural
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rubber modulus were studied. The result showed that ballistic limit of 2 neat layers and 2 coated
layers composite was 241 m/s and energy absorption was 31.9 J with areal density 1076 g/
m?. While for the 4 neat layers, the ballistic limit 200 m/s and energy absorption was 22.0 J
with areal density of 808 g/m?, respectively. This shows that energy absorption at the ballistic
limit by the combined fibre was higher that by the neat system. The result indicates that the
combination of 2 neat and 2 natural rubber coated Twaron composite in the 4-layer composite
absorbed more ballistic impact energy than all-neat.

Lee et al. (2003) reported on the ballistic penetration of six various configurations of 4
layers Kevlar and 8 ml of shear thickening fluid. The equal target weights and the test result
showed that 8 ml shear thickening fluid impregnated in 4 layers of Kevlar had a higher impact
velocity of 253 m/s and the lowest penetration depth. The addition of fluid with kevlar fibre
enhances the ballistic penetration resistances.

This also shows that ballistic limit is linearly related to the thickness and layeredness of the
laminated composites. Laminate of the target plate has considerable influence on the ballistic
limit and thickness of the ballistic limit decreased with an increase in the number of layers.

Laminated Hybrid Composites

Hybrid composites composed of two or more different reinforcements in a single matrix
dominate over ordinary composites. The impact specimens were fabricated using layers of
two types as shown in Figure 1. Material parameters are grave for the ballistic recital of hybrid
laminate systems.The researcher evaluated the function of poly methyl methacrylate on the
impact response of composites consisting of poly methyl methacrylate and polycarbonate as
well as on the polycarbonate - Glass - poly methyl methacrylate - polycarbonate laminates. The
outcome was that increasing the thickness of PMMA improved the overall impact capability
of these laminates (Hsich ef al. 2004).

Impact Direction l - Thickness Target

Th t
.
.__p[ I |

Fiber (B)

Fig.1: Laminated composites with several layers.

Kyziol (2007) studied the shooting resistance of ceramics, rubber, glass reinforced plastic,
natural and modified wood. The outcome was that glass reinforced plastic samples of 16 mm
thickness sheltered with ceramic plates of 10 mm thickness can be measured as bullet-proof
against bullets of 7.62 mm calibre. The results obtained from the shooting tests of glass
reinforced plastic laminate plates point out that the thickness of the ballistic shield plays a
key role.

Satoto et al. (2009) studied the ballistic penetration show of a composite material collected
of woven Kevlar fibre, woven nylon fibre, woven ramie fibre impregnated with compatible

Pertanika J. Sci. & Technol. 23 (2): 177 - 185 (2015) 181



Kannan Rassiah, Megat Muhamad and Aidy Ali

resins and hybrid composite construction of these three structures. The researchers found that
although the material was composed of 4 layers of Kevlar — A363F showed better performance
than the 32-layer composites of nylon-Oxford X7 and 48 layers of ramie fibres, but the ballistic
penetration resistance of Kevlar, nylon and ramie fibre is enhanced by impregnation of the fibre
with the compatible resin. Impregnated resin fibre composite is shown to give better ballistic
defence as contrasted with simple stacks of neat fibre.

In addition to the evolution of new materials that have a higher ballistic impact limit to the
thickness and better ballistic penetration resistance, using hybrid materials can be improved
through the design process to create materials that are sufficiently stiff, strong, flexible and
lightweight. Similar results were obtained by Fink (2000) and Kaufmann et al. (2003) in
their study of the performance of each layer where it was found that the material significantly
influenced the overall performance of the armour. Enhancing performance could be achieved
by cross configuration of the fibre layers without increasing panel weight and thickness. Based
on that, various configuration analyses can be studied such as shown in Fig. 2, which considers
four different hybrids composites (Synthetic fibre A / Synthetic fibre B / resin) in different
thickness configuration.

Synthetic fibre A Synthetic fibre B ™
Resin Resin

- Various layers
Synthetic fibre B Synthetic fibre A of thickness

> with different

Synthetic fibre A+ Resin Synthetic fibre B + Resin configurations
Synthetic fibre B + Resin Synthetic fibre A+ Resin
Synthetic fibre A Synthetic fibre B .

Fig.2: Different configurations.

FUTURE APPLICATIONS AND RESEARCH

The use of layered and laminated hybrid composites in ballistics will ensure optimisation of
each subsystem module in composite personnel armour, vehicles and other systems subject to
small panels. Using hybrid material design can provide additional important design variables
such as thickness, size, materials, shape, distribution and orientation as well as cost (Rao et
al., 2009; Ma et al., 2006). This can be identified by looking at the laminates of the hybrid
system as they are superior to multiple with low resin content and can be improved ahead by
hybrid systems using fibre layers on the impact side and respectively close fitting composites
between the layers.

CONCLUSION

Ballistic impact engineering materials should be considered in selection of the most acceptable
armour materials for use by the military. They provide good protection, superior ballistic
penetration resistance and high flexibility. The most complicated part of this analysis was
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increasing the number of fibre layers because of the comprehensive new energy dissipation
mechanisms and increased interactions between the different plies of the composite and
between the target and projectile. The literature shows that through experimentation, improved
ballistic performance can be achieved through the thickness design process. In addition, they
also provide better performance.
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Dose Optimisation of '*F-Flurodeoxyglucose for Whole Body PET
Oncology Examination in CDNI of UPM

Hishar, H.", Salasiah, M., Fathinul Fikri, A. S. and Nordin, A. J.
Centre for Diagnostic Nuclear Imaging, Universiti Putra Malaysia, 43400 Serdang, Selangor, Malaysia

ABSTRACT

A shift to administration of optimal dose of '*F-FDG between 4 and 5 MBg/kg from the current practice
of higher doses potentially yields a reasonable-to-excellent PET image. For this purpose, whole-body
MIP images of 32 patients (23 men, 9 women, age 51.9 + 13.7 years), administered with *F-FDG
(activity 5.3 = 0.5 MBq/kg, 45 minutes uptake time) for whole-body PET/CT examinations, were
evaluated. Image quality was assessed visually by two radiologists using a three-point scoring scale:
poor, reasonable and excellent. The interobserver agreement revealed a kappa value higher than 0.7.
Therefore, the utilisation of *F-FDG dose between 4 and 5SMBq/kg is considered an optimum dose for
whole-body PET/CT examination.

Keywords: F-FDG, PET/CT, PET image quality, optimum dose, administered dose/body weight (kg),
MIP

INTRODUCTION

The Centre for Diagnostic Nuclear Imaging (CDNI) of Universiti Putra Malaysia (UPM) is
equipped with a Siemens® Biograph 64 True-V Positron Emission Tomography (PET)/Computed
Tomography (CT) scanner (Germany) operating on a 64-multislice CT detector system. This
Siemens® Biograph 64 system has the latest technology of lutetium oxyorthosilicate (LSO)
for its camera detector. LSO offers greater sensitivity and improves dead time and counting

rate performance, which allow it to handle
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even very high activity levels as compared to
traditional bismuth germanate (BGO) detector
(Nagasaki et al., 2011; Everaert et al., 2003;
Nutt, 2002).

However, the recommended doses of
BF-FDG are inconsistent among countries
due to facility setup, protocol and patient
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factors. Although the current practice in CDNI employs the administration of 'F-FDG dose
between 6 and 8 MBq/kg,the author reiterates that, with a greater sensitivity of LSO camera
detector equipped in PET/CT system at CDNI, an optimal dose of *F-FDG between 4 and 5
MBg/kg administered to the patient is sufficient to achieve a reasonable-to-excellent image
quality without compromising the medical diagnostic aspect. Interestingly, dose optimisation
of ®F-FDG has been proven to significantly reduce the total effective dose received by patients
undergoing PET/CT examination and also technologists during the dose preparation.

MATERIALS AND METHODS

Patient Preparation and Administration of ’F-FDG

A total of 32 patients were recruited in this study. Prior toundergoing the PET/CT whole-body
examination,patients were required to fast for at least 6 hours before the scheduled appointment
time. Upon admission at the centre, the patients’ body weight and height were taken (average
of 61.7 £ 6.2 kg, BMI averaged, 22.7 + 1.2 kg/m?) and blood glucose level (average, 5.10 =
0.9 mmol/L) was recorded in their respective examination forms. Nonetheless, patients with
hyper or hypoglycaemia conditions were excluded from the study to eliminate any possible
bias on the uptake of "*F-FDG. The patients were then briefed by a radiologist on the complete
procedure and also possible adverse effects prior to giving and signing an informed consent.

BF-FDG dose ranging from 4 MBq to 5 MBq/kg (average of 5.3 + 0.5 MBg/kg), which
had been prepared in the hot laboratory, was intravenously administered to the patients. The
dose prepared was lower than the usual practice as to prove that a lower dose of *F-FDG was
sufficient to yield a reasonable-to-excellent image quality. The total dose given was calculated
in accordance to the patients’ body weight. Then, the patients were asked to lie down on a bed
in a dimly lit room for approximately 45 minutes to minimise brain and muscle stimulations
during the 'F-FDG uptake.

Image Acquisition
Quality Assurance and Quality Control of PET/CT Scanner

Routine quality control procedures were performed by a radiographer on the PET/CT scanner
in accordance to IAEA Human Health Series No. 1, Quality Assurance for PET and PET/CT
Systems prior to the examination. This was to ensure that the system was operated within the
tolerance level without affecting the image quality of PET/CT, patients’ dose of CT, accuracy
of CT-based attenuation corrections and accuracy of CT and PET co-registration (IAEA 2009).

Imaging Protocol

Following the 45-minute uptake time, the patients were brought to the PET/CT suite. The
radiographer assisted the patients during the procedure. The patients were positioned with
their arms above the head, lying supine on the scanning table throughout the examination.
A low dose (150 mAs, 120 kVp) axial CT topogram scan was performed from the base of
skull to the mid-thigh region using a modulated 4D care dose system for the purpose of study
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planning. An Optivantage™ dual head injector was used to deliver about 80 to 100 ml of
contrast (Omnipaque), with the delivery rate set at 2 to 3 ml per second. This was done to
encourage renal excretion and enhance the contrast of structures or fluids in the body for the
purpose of diagnostic imaging.

Upon completion of the CT image acquisition, the second phase of the study was
commenced with PET image acquisition. The PET images were acquired in 3-dimensional
(3D) mode on all patients in 5 different bed positions at 2 minutes per bed position. At the end
of the examination procedure, all the images were reconstructed using the iterative algorithm
technique. CT data fused to PET data was used for attenuation correction of the PET images.
Meanwhile, a3D maximum intensity projection (MIP) and 2D multiplanar image in axial,
coronal and sagittal were made available for reviewing. Each of the 3D MIP images of the 32
study subjects were then analysed and scored visually using a 3-score system: poor, reasonable
and excellent by two nuclear radiologists.

Statistical Analysis

The interobserver of the agreement between two nuclear radiologists was evaluated using kappa
measure of agreement (K). Kappa values of >0.8 indicate almost perfect agreement while kappa
values of 0.61 to 0.80 indicate substantial agreement (Viera et al., 2005).

RESULTS

Patients’ body weight was recorded and an average of 61.7 & 6.2 kg was attained, with average
BMI value of 22.7 + 1.2 kg/m? and average blood glucose level of 5.10 + 0.9 mmol/L.
The visual analysis of MIP PET images for each of the image was given the scores of
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“excellent”, “reasonable” and “poor”, as shown in Fig.1.
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Fig.1: Representative MIP whole body PET/CT images quality scoring system

As observed in Figures 1(e) and (f), the MIP images were considered as excellent by nuclear
radiologists based on the low background noise to the image sharpness and the intensity of
BF-FDG in the organ of interest: the brain, liver and urinary bladder. In contrast to Figures 1(a)
and (b), the region of interest drawn was rather faint. Meanwhile, the MIP images of 1(a) and
1(b) were from the patients who had been administered with '"8F-FDG doses at 6 to 8MBg/kg.
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The cross tabulation of the visual analysis scores of PET image quality given by two
nuclear radiologists in relation to the activity administered per kg of body weight of *F-FDG
is summarised in Table 1.

TABLE 1 : Cross Tabulation on Interobserver Agreement of Visual Analysis Scores of PET Scan Image
Quality in Relation to Administered Activity of 18F-FDG (4 to 5 MBg/kg)

Cross tabulation on visual analysis scores of PET image quality

Nuclear Radiologist 2

- Image quality Total
= .a Poor Reasonable Excellent
<=2 Poor 2 0 0 2
s .8
z E Reasonable 1 8 3 12
Excellent 0 1 17 18
Total 3 9 20 32

The tabulated scores of the PET image quality presented in Table 1 show that out of the 32
images analysed by two nuclear radiologists, 30 images (94%) were classified as reasonable
and excellent by Nuclear Radiologist 1 as compared with only 29 images (91%) by Nuclear
Radiologist 2. The interobserver agreement between the two nuclear radiologists on the PET
image scoring was evaluated in the statistical analysis using the kappa measure of agreement
(K). The agreement between the two nuclear radiologists for the complete group of PET image
quality was apparently substantial, with a kappa value of 0.709 (p < 0.05).

DISCUSSION

A shift to an optimum dose by means of lowering the current dose practice from 6-8 MBq/
kg to 4-5 MBg/kg could also potentially yield a reasonable-to-excellent PET/CT image. It
is known that the uptake time period, patient’s blood glucose level, patient motion, patient
comfort and inflammation are the biological and physical factors that attribute to the estimation
of standardise uptake value (SUV) and image quality (Boellaard et al.,2008). In this study,
however, the researchers ensured that all the above-mentioned factors were minimised and
controlled to reduce any potential statistical bias.

Referring to Fig.1, the “gold standard” of characterising the excellent quality of the PET
image is by looking at the sharp contrast between the organs of interest (brain, liver and urinary
bladder) and the low level of background noise (Everaert et al.,2003). As observed in Figures
1(e) and (f), the intensity of 'F-FDG in structures of organ or interest appeared to be sharp
and homogenous.

The interobserver agreement on the PET images from both the nuclear radiologists in the
form of kappa value, 0.709 (p < 0.05), revealed the interobserver agreement was substantially
good. This finding indicates a good level of agreement during the independent assessment on
PET image (Viera et al.,2005). As the assessment of the PET image quality given the 'SF-FDG
dose at 4 to 5 MBqg/kg revealed a reasonable-to-excellent quality image, it is recommended
that a shift from the current practice of 6-8 MBg/kg to 4-5 MBg/kg of *F-FDG dose be
administered to patients.
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Moreover, this recommended low dose is also in compliance with the recommendation
by the International Commission on Radiological Protection (ICRP) on dose optimisation
(Hishar et al., 2014; Hishar et al., 2013; Everaert et al., 2003). Lowering the current practice
dose would directly reduce the effective dose (internal exposure) received by the patients.
The effective dose for "*F-FDG is calculated via the amount of radioactivity administered and
the entrance exposure (IAEA 2008). The effective dose of internal exposure from intravenous
administration of an '8F-FDG activity can be estimated from Eint = T. A, where I" is dose
coefficient (18F = 19 uSv/MBq) and A is the administered activity (ICRP 1999). With the
suggested dose administration of 4 MBq/kg compared to the current dose practice of § MBg/
kg, the effective dose received by the patients would be reduced by half.

As shown in Fig.1, even at 4 MBq/kg the ®F-FDG dose has yielded a reasonable-to-
excellent image; therefore, the current practice of giving more than 4 MBq/kg to patients
should be questioned. Even though some might refute that the radiation exposure received
by the patient is outweighed by its justified benefit for medical diagnostic purpose, it is still
notright to do so when a better and safer solution does exist. In addition, this approach will also
help to reduce the radiation burden, not only to the patient but also to the personnel involved
during the preparation of "*F-FDG dose.

As for the expenditure aspect, the operational cost will be greatly reduced because CDNI
purchases the ®F-FDG dose from the suppliers in the market. This is due to the optimal dose
that will be adjusted, which may directly influence the purchase of *F-FDG compound. With
the optimal dose suggested, the author foresees that the operational cost (particularly the
expenditure on *F-FDG purchase) will be reduced by at least 10 to 15 %. The author is also
confident that with the dose suggested, together with the efficiency in the management of
patients (patient’s scheduling and proper scanning plan), there is no doubt that the operational
cost of CDNI will be reduced with the added benefit of reduced radiation exposure to the
patients and staff.

Limitations of the study

A limitation of this current study is the small number of patients involved as its sample, with
only 32 images analysed. The study was intended to be a preliminary study to prove that with an
LSO camera detector of greater sensitivity equipped in PET/CT system at CDNI, "*F-FDG dose
activity ranging between 4 and 5 MBq/kg is sufficient for a PET/CT whole—body examination.
Thus, the extent of the study may be conducted using a larger number of patients in the future.

CONCLUSION

This short communication is to suggest the implementation of '*F-FDG dose between 4 and 5
MBg/kg for standard diagnostic whole-body PET/CT scans. This preliminary study revealed
that the recommended lower dose of *F-FDG activity is able to yield satisfactory image quality,
which does not compromise the diagnostic ability of the test and radiation protection benefits
nor incur any additional cost.
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ABSTRACT

Sludge is an unavoidable product of wastewater treatment that creates problems of disposal. Increasingly,
strict environmental control regulations have resulted in limitations on sludge disposal options.Disposal
by incineration has been found to be a good option. In this research, application of domestic waste sludge
powder (DWSP) was used as cement replacement in concrete mix. This study utilised replacement of
3%, 5 %, 7 %, 10 % and 15 % by weight of OPC with water binder (w/b) ratio of 0.60, 0.55 and 0.40
for Grade 30, Grade 40 and Grade 50 respectively. The performance of DWSP concrete in terms of its
compressive strength, water absorption, water permeability and Rapid Chloride Ion penetration were
investigated. All values of compressive strength for DWSP concrete were lower compared to the OPC
control, and the strength decreased as the percentage of replacement with DWSP increased for Grade
30 and Grade 50, except for Grade 40 at replacement of 7 %. Meanwhile, water absorption and water
permeability for the DWSP concrete increased as the replacement increased. Overall, with further
research in producing quality DWSP, the potential of using this waste as a cement replacement material

is very promising.

Keywords: Domestic Waste Sludge Powder, compressive strength, water absorption, water permeability,
Rapid chloride Ion penetration
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cities, sludge disposal by land filling might not be appropriate due to limitation of land.
Some investigations on concrete mix designs showed that the properties of sludge have been
undergoing changes through technological advancement (Zeedan, 2010; Cyr et al., 2007,
Monzo et al., 2003). The increasing demand for cement and concrete can be made possible
with the introduction of cement replacement. The use of dry sludge as an alternative for cement
replacement as a means of waste disposal and resource recovery for sustainable and inexpensive
raw materials should be looked into. It was reported that the volume of sludge in Malaysia is
expected to rise to 7.0 million m* annually with a typical wastewater treatment plant (WTP)
producing about 200,000 m? of sludge per day (Chiang et al., 2009). Abdul Jalil (2010) reported
that for Kuala Lumpur itself, the per capita domestic waste generated was approximately 0.8-
1.3 kg per day, with 50 % of the waste being organic as cited in Bavani and Phon (2009). With
these statistics, it is expected that large volumes of dry sludge produced and finding areas for
disposal will be a problem. Increasingly strict environmental control regulations have also
resulted in limitations on sludge disposal options. Disposal by incineration has been found to
be a good option. The product of incineration will be utilised or recycled into building and
construction materials, resulting in economical, technological, ecological and sustainable
advantages. This will dramatically reduce or overcome the current sludge disposal problem.

Reuse of water treatment sludge has received considerable attention recently, and the
reuse of sludge in the production of construction materials has been thoroughly investigated.
According to Chiang et al. (2009) and Deng and Chih (2001), dried sludge could be used as
brick-making material. Matar (2008) commented that not more than 10 % of sludge can be
added to make concrete Grade 40; any more will cause compressive strength to drop.Monzo
et al. (2003) reported that incinerating the sludge up to 800°C can produce an amorphous
SSA, while Chih et al. (2003) stated that sludge ash collected after incineration could be used
as brick-making material. Fontes ez al. (2004) in their investigation on the potential use of
sewage sludge ash suggested that the sludge should be burnt to a temperature of 550°C for 3
hours for it to be used as cement replacement, while Deng and Chih (2001) revealed that the
performance of sludge concrete is related to the amount of sludge ash added to the mixture. An
increase in the amount of sludge in the internal pores of cement also increases the percentage
of water absorption. A study conducted by Jamshidi (2011) on sludge concrete with w/b ratio
between 0.45 and 0.55 showed that a 5 % addition of sludge in concrete gave the lowest water
absorption, beyond which water absorption increased. Another form of sludge utilisation was
the production of lightweight concrete aggregate from a mixture of clay and sludge (Chen et
al., 2006). Preliminary results from Tay (1986) showed that sludge ash could also be used as
filler in concrete and as brick-making material. Knowing the potential of this dry sludge as
building material, a study was initiated to investigate the potential use of the locally available
dried wastewater sludge as partial replacement for cement in Grade 30, Grade 40 and Grade
50 concrete in terms of its compressive strength and durability index performance.
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METHODOLOGY

Materials

Domestic Waste Sludge Powder (DWSP) was produced from sludge obtained from KLIA
Wastewater Treatment Plant. The wet digested sludge cake with its odour of tar was allowed
to dry under the hot sun for a week to remove some of the moisture, and later burnt under
uncontrolled burning in a ferrocement furnace for 72 hours. This was to ensure that some of
the water in the sludge was removed so as not to add to the total amount of water required
(i.e. water binder ratio; w/b) in the concrete mix. The dry sludge cakes of about 5 kg were
ground using the Los Angeles (LA) Abrasion machine. Inside the LA drum, there were 45 ball
bearings, each of diameter 25 mm. The drum was rotated at 5000 revolutions using an electric
motor at a speed of 25.7 rpm (revolutions per minute). After grinding, in ensuring fineness, the
crushed dry sludge was sieved through a 90 um sieve in order to produce DWSP. The fineness
of 100 gram DWSP passing a 90 um sieve was 25 %. Fig.1 shows the process of obtaining
the DWSP. Other materials used in the concrete mixture were crushed stone granite of 20 mm
maximum size and mining sand passing a 5 mm BS 410 sieve.

Drying of shadge cake under ﬂ
hot sun

Domestic Waste Shidge
Powder (DWEE)

Grinding n LA
machine

Buming i ferrocement
fumace

Fig.1: Process involved in the production of Domestic Waste Sludge Powder (DWSP)
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The chemical composition test on DWSP and OPC was conducted and tabulated as
shown in Table 1. The table shows that the oxide compositions of OPC confirmed the results
obtained from the Energy Dispersive X-ray Spectroscopy (EDAX) test conducted (Fig.2).
The OPC constituted of calcium oxide (CaO) and silicon dioxide (SiO,) of 65 % and 21 %,
respectively. The alkali expressed as sodium oxide (Na,O) was 0.05%. While, SiO, in DWSP
was 19.4 % and CaO was 5.93 %. Silicate is the main component of sludge; it is what makes
sludge applicable for use as raw material in ceramic production. Sulphur trioxide (SO;), that
is, gypsum was quite high in DWSP, i.e. 8.53 %. This SO; is used to retard quick setting in
cement. Phosphorous pentoxide (P,Os) content is quite high (8.77 %), and the amount is the
critical factor limiting the feed rate as cement quality is adversely affected if its concentration
in cement is too high. It is to be noted that sludge components vary as they depend on local
circumstances and the treatment methods.

TABLE 1: Chemical Composition of DWSP and OPC

Content in %

Chemical Composition

DWSP OPC
Silicon dioxide (SiO,) 19.4 21.38
Aluminium oxide (Al,O;) 6.74 5.6
Ferric oxide (Fe,O5) 5.86 3.36
Sulphur trioxide (SO;) 8.53 N/A
Calcium oxide (CaO) 5.93 64.64
Magnesium oxide (MgO) 0.93 2.06
Potassium oxide (K,0) 1.69 N/A
Sodium oxide (Na,0) 0.10 0.05
Phosphorous pentoxide (P,Os) 8.77 N/A
Titanium oxide (TiO,) 0.50 N/A
Manganic oxide (Mn,0;) 0.06 N/A

Mix Proportion

The mix design adopted for the preparation of the concrete specimens in this research was
based on methods used by the British Department of Environment (1986). Table 2 gives details
of the series of the mix proportion prepared.

In this present study, six (6) series of concrete specimens were prepared based on
replacement level of 0 %, 3 %, 5 %, 7 %, 10 % and 15 % of DWSP to the OPC by weight.
These mixes are designated as OPC, DWSP3, DWSP5, DWSP7, DWSP10 and DWSP15,
representing concrete made of OPC plain, 3 %, 5 %, 7 %, 10 % and 15 % of DWSP to the OPC
respectively. As the grade of concrete varies, each series is composed of a different w/b ratio
0f 0.4, 0.55 and 0.6, with cement content of 475 kg/m?, 350 kg/m?* and 320 kg/m? respectively.
The mixes of 100 % OPC were used as control reference. All the requirements for making the
specimen were in accordance with BS EN 12390-1:2000.
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Fig.2: Energy Dispersive X-ray Spectroscopy (EDAX) test
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TABLE 2 : Mixture Proportion of DWSP concrete

Mixes Concrete Mass per Unit Volume of Materials (kg/m?)
Grade Aggregate w/b
Cement DWSP Water -
Fine Coarse

OPC 320 - 190 1170 850
DWSP3 310 10 190 1170 850
DWSP5 30 304 16 190 1170 850 0.6
DWSP7 297 23 190 1170 850 '
DWSP10 288 32 190 1170 850
DWSP15 272 48 190 1170 850
OPC 350 - 190 835 980
DWSP3 340 10 190 835 980
DWSP5 333 17 190 835 980

40 0.55
DWSP7 326 24 190 835 980
DWSP10 315 35 190 835 980
DWSPI15 298 52 190 835 980
OPC 475 - 190 645 1095
DWSP3 460 15 190 645 1095
DWSP5 450 25 190 645 1095

50 0.40
DWSP7 440 35 190 645 1095
DWSP10 430 45 190 645 1095
DWSPI15 405 70 190 645 1095

Test Methods

Several tests were performed to determine the chemical composition, fineness of DWSP and
hardened DWSP concrete. For hardened concrete, the compressive strength of 100 mm cube
specimens was conducted based on BS EN 12390-3:2000. The water-cured specimens were
tested at the age of 7, 28 and 60 days.

For determination of the durability properties of the concrete specimens, the water
absorption test was conducted on the cylindrical specimens of 50 mm in diameter by 100 mm
height. The specimens were oven-dried to constant mass at 105 + 5°C for 72 £ 2 hours and
then stored in air-tight containers as stipulated in BS 1881-122:2011. The specimens were
water-cured until ages of 28 and 60 days before testing, and the specimens were weighed
before the immersion in water for 30 minutes, 60 minutes, 120 minutes and 240 minutes. To
determine the water permeability of the concrete, the test was based on BS EN 12390-8:2000.
In Rapid Chloride Penetration Test (RCPT), three (3) water-cured specimens of size 100 mm
x 50 mm dia. cylinder from each selected mix were tested for chloride ion penetration at 28
and 60 days age of testing. The test was conducted according to the standard procedure of
ASTM C1202: 1997.

Table 3 summaries the types of test conducted in the research and also the numbers of
specimens prepared for each test.
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TABLE 3: Types of test conducted and number of specimens prepared for OPC and DWSP Concrete

Test Conducted and Number of Specimens

Compressive Strength Test Water Water Absorption  Rapid Chloride
(Cube —100 x 100 x 100 Permeability Test  Test (Cylinder ~ Penetration Test
mm) (Cylinder —150 —50 mm dia. x (Cylinder —50
Mixes mm dia. x 150 100 mm) mm dia. x 100
mm) mm)
Curing Period (Days)
7 28 60 28 60 28 60 28 60
OPC 5 5 5 5 5 5 5 3 3
DWSP 3 5 5 5 5 5 5 5 3 3
DWSP 5 5 5 5 5 5 5 5 3 3
DWSP 7 5 5 5 5 5 5 5 3 3
DWSP 10 5 5 5 5 5 5 5 3 3
DWSP 15 5 5 5 5 5 5 5 3 3
90 60 60 36

RESULTS AND DISCUSSION

Compressive Strength

Table 4 shows the results of compressive strength and the percentage remained of the
compressive strength obtained for different concrete grades, mixes and ages of water curing.
For Grade 30 concrete, the 28-day strength of all the DWSP concrete was below the control
concrete (OPC) for replacement of 3 % to 15 %. It also shows that as period of curing increased,
strength also increased. This is true as there is still reaction of the organics sludge with cement
that occurs at a slow rate.

TABLE 4 : Compressive strength of OPC and DWSP concretes of various mixes

Grade w/b Compressive Strength (N/mm?) Percentage Remained Comp.
Strength (%)
7 days 28 days 60 days 7 days 28 days 60 days
- 31.77 35.28 - 100.0 100.0
- 26.33 30.49 - 82.9 86.4
30 0.6 - 25.28 27.35 - 79.6 71.5
- 21.76 24.40 - 68.5 69.2
- 20.52 22.81 - 64.6 64.7
- 18.88 20.23 - 59.4 57.3
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TABLE 4 : (Cont)

20.63 40.24 45.54 100.0 100.0 100.0
18.33 31.90 33.96 88.9 79.3 74.6
22.77 37.76 40.18 110.4 93.8 88.2
40 0.55
26.59 42.75 44.61 128.9 106.2 2.04
12.63 27.46 29.55 61.2 68.2 98.0
9.33 23.84 23.03 45.2 59.2 50.6
46.1 535 67.6 100.0 100.0 100.0
18.1 273 28.4 393 51.0 42.0
14.6 21.8 21.9 31.7 40.7 324
50 0.40
7.93 16.1 20.6 17.2 30.0 30.5
- 4.9 8.6 - 9.2 13.0
- 0.99 3.1 - 2.0 5.0

For concrete Grade 40, it can be seen that the compressive strength of DWSP concretes
decreased compared to OPC control concrete, and increased as the period of curing prolonged.
However, increase in the percentage of replacement in the DWSP concrete from 5% to 7%
resulted in increase in strength, beyond 7 % the compressive strength reduces. This might be
because by replacing more than 7 % of cement with sludge powder, the cement reaction was
lower in the concrete mass due to the decrease of the CaO ratio as a result of higher replacement
of DWSP. Besides this, the oxide composition of SiO, in DWSP was only 19.4 % (low quality
of sludge), which was much lower than OPC (21.38 %) and thus, produced slow setting,
hence low strength. In Grade 50 concrete, the compressive strength of DWSP showed very
low strength. In fact, with 10 % and 15 % replacement, total collapse was at 7-days’ strength,
while prolong curing (28 days and 60 days) gave a very small increase in strength. This might
also be due to a high content of SO; in DWSP (8.53 %), which retarded the quick setting in
cement, thus slowing the rate of hydration taking place in the matrix during the fresh state due
to a high content of SO;. A study by Cyr et al. (2007) on the hydration time of sludge ash with
respect to compressive strength showed that as the amount of sludge ash increased, strength
was reduced and at early hydration time (1 day), strength was much lower compared to longer
hydration time (28 days). The high amount of sludge in the concrete mix delayed the setting
time and subsequently, the concrete mechanical properties were reduced significantly due to
the presence of organic material in sludge. The results obtained from this study were also in
agreement with a study conducted by Matar (2008), in which the compressive strength of Grade
40 concrete decreased when the percentage of sludge content was 10 % or more.

Water Absorption

Table 5 records the percentage by weight of water absorbed for each concrete mix for Grade
30, Grade 40 and Grade 50 for four (4) hours of immersion. Based on the results obtained for
each concrete grade, water absorption for the control concrete (OPC) taken at 28 days curing
were 4.11 %, 4.18 % and 4.20 %, respectively. Neville (2008) revealed that concrete can be
considered good concrete if the percentage of water absorption was below 10 % by mass of

concrete.
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For the DWSP concrete, it can be seen that as the percentage of replacement of OPC with
DWSP increased, the percentage water absorption for all mixes also increased. For Grade 30,
Grade 40 and Grade 50 concretes taken at 28 days of curing, the percentage of water absorption
ranged between 4.30 % and 4.80 %, 4.35 % and 4.92 % and 4.40 % and 4.90 % respectively. The
results obtained also confirmed the finding of Valls et al. (2004), which showed that absorption
capacity increased with an increase in sludge content. This might be due to capacity to hold
water increase together with a certain increase in the number of cavities inside the concrete.
A study by Jamshidi et al. (2011) on sludge concrete with w/b ratio between 0.45 and 0.55
showed that a 5 % addition of sludge in concrete gave the lowest water absorption, beyond
that water absorption increased. A study by Deng and Chih (2001) revealed that the ability of
the concrete mixture was apparently related to the amount of sludge ash added to the mixture.
They further commented that as the adhesivity of the mixture decreased, the internal pore of
the cement increased when the mixture contained a high percentage of sludge (Deng & Chih,
2001). As a result, the quantity of absorbed water increased.

TABLE 5 : Water absorption characteristics of OPC and DWSP concretes

Mixes Concrete w/b Absorption, %
Grade 28 days 60 days
OoPC 4.11 3.85
DWSP3 4.30 4.11
DWSP5 4.52 4.34
30 0.6
DWSP7 4.64 4.46
DWSP10 4.75 4.61
DWSP15 4.80 4.67
OPC 4.18 3.85
DWSP3 3.73 3.52
DWSP5 4.51 4.21
40 0.55
DWSP7 4.61 4.44
DWSP10 4.87 4.50
DWSP15 4.92 4.75
oPrPC 4.20 3.98
DWSP3 4.40 4.12
DWSP5 4.56 4.20
50 0.40
DWSP7 4.66 431
DWSP10 4.73 4.63
DWSP15 4.90 4.80

On the other hand, prolonged curing to 60 days resulted in a lower degree of water
absorption. This might be due to the fact that proper hydration had taken placed, which over
time, decreased the number of pores. However, all the mixes with the replacement of sludge
could still be considered as having average water absorption value as the value was within the
range of 3-5 % as stipulated in BS 1881: Part 122: 2011.
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Water Permeability

Fig.3 shows the depth of penetration of water into the concrete mixes taken at 28 days and 60
days of water curing. Fig.3 also shows that 3 to 7 % of DWSP in concrete gave lower depth of
penetration compared to OPC control mix concrete for Grade 40 concrete. The reason might be
that DWSP material occupied the empty space in the pore structure and substantially reduces
the permeability of the concrete. This resulted in reduction in the porosity of the concrete and,
subsequently, the pores. This is in accordance with a study by Sandrolini and Franzoni (2003),
in which they commented that porosity increased with an increase of sludge content and over
periods of time (age of concrete), the number of pores decreased, thus reducing the depth of
water penetration. However, further increase in the percentage of replacement with DWSP
resulted in higher depth of water penetration into the concrete compared to the control OPC
concrete. This is in line with Valls ez al. (2005), who reported that higher concentration of sludge
resulted in high porosity of concrete, where the pores were interconnected and contributed to
the transport of fluids through the concrete.
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Fig.3: Depth of Penetration of water in OPC and DWSP concretes

Fig.3, which shows results for Grade 50 concrete, reveals that the depth of penetration for
DWSP concrete for all series was very high compared to the control (OPC) concrete. This was
again in accordance with the finding of Valls et al. (2005), which showed that the internal pores
of the cement matrix increased when the mixture contained a high percentage of sludge. Thus,
the more permeable the concrete, the lower will be its resistance to deterioration; therefore,
it can be said that the durability of concrete decreases with increased in DWSP in concrete.

Chloride lon Penetration

Table 6 shows the coulomb charge of the DWSP concrete of Grade 40 taken at age of 60 days.
Reference to ASTM C1202: 1997 in determining the degree of chloride permeability (charge
passed) of the concrete is also shown in the table. These coulomb charge values were obtained
when the specimens were subjected to 60 V applied DC voltage for 6 hours.
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TABLE 6 : Coulomb Charge of OPC and DWSP concretes

Mixes Concrete w/b Chloride Permeability (Coulomb)
Grade 28 days ASTM 60 days ASTM
C1202 C1202
(1997) (1997)
OPC 4326 High 2775 Medium
DWSP3 3510 Medium 1693 Low
DWSP5 2812 Medium 1403 Low
DWSP7 40 053 1940 Low 1135 Low
DWSP10 1955 Low 1329 Low
DWSP15 2202 Medium 1477 Low

The table shows that the OPC concrete has high charge passed values at the age of 28
days and the values obtained from the OPC concrete with reference to ASTM C1202: 1997,
indicated a rather high chloride penetrability characteristic, while a prolonged curing period
resulted in the charge coulombs for the concrete being improved. However, for the DWSP
concretes, it was seen that with the increase of sludge up to 7 % resulted in the charge passed
value being reduced. Increasing the percentage of sludge beyond 7 % in the concrete resulted
in an increase in the charge passed, even though according to ASTM C 1202: 1997, it still gave
low-to-medium chloride permeability.

CONCLUSION

From the investigation carried out, increasing the replacement of OPC with DWSP in the
concrete mixes resulted in lower compressive strength. The water absorption values of
DWSP concrete were higher than the OPC control concrete.However, all the mixes with the
replacement of sludge could still be considered as having average water absorption value as
the values were still within the range of 3-5 % as stipulatedin BS 1881: Part 122: 2011.

OPC control concrete was more permeable than the DWSP concretes for Grade 40concrete;
however, for Grade 50, the DWSP concrete gave higher depth of penetration (more permeable).
The resistance to chloride ion penetration of concrete as measured by the charge coulomb
drastically enhanced resistance to chloride permeability with incorporation of DWSP up to15
%. This suggested that the presence of DWSP (Grade 40) resulted in lower coefficient of
permeability.

Overall, there is potential for using DWSP as partial cement replacement. However, more
detailed research should be conducted to yield methods for producing quality powder.
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ABSTRACT

The objective of this study was to explore the geographic distribution and temporal patterns of violent
crime cases in Peninsular Malaysia by using the tools and techniques for spatial analysis. This study
will also provide a general picture of violent crime patterns in Malaysia. The unit of analysis is district
and the violent crime data from the year 2000 until 2009 were used in this study. In order to obtain the
optimum number of components of crime in the space-time period, the space-time Normal Mixture
Models were used. Based on the results of this model, the mapping of the crime occurrences was made.
This map displays the spatial distribution of crime occurrence in 82 districts of Peninsular Malaysia.
From this analysis, more violent crimes were shown to have occurred in developed states such as
Selangor, Wilayah Persekutuan Kuala Lumpur and Johor. The findings of this study could be used by
policy makers or responsible agencies to take any relevant actions in terms of crime prevention, human

resource allocation and law enforcement so as to overcome this important issue in future.

Keywords: Violent crime, normal mixture, model mapping

INTRODUCTION

Crime is one of the major problems faced by most countries in the world. The most common
indicator used to measure crime cases is the crime rate. The pattern of this social problem can
be detected differently based on specific types of environment. Crime is believed to be higher
in the more developed and densely populated areas such as at large cities, towns or urban areas
compared with undeveloped areas such as the
rural areas. This situation happens because
of several factors such as environmental
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demographics, and so forth. The results of a
study by Gyamfi (2002) parallel this theory.
The author reported that crime was highest in



Syerrina Zakaria and Nuzlinda Abdul Rahman

southern Ghana, where it is the more developed and densely populated region. In addition, crime
cases increased from the northern to southern Ghana, with a heavy concentration in Ashanti, the
most populous region. Savoie et al. (2006) also found that property crimes highly happened in
the city centre of the Island of Montreal. Meanwhile, Perreault ez al. (2008) found that youth
crime is distributed over many small hot spots across the entire island of Montreal. Crime
situation was also found to be affected by global economic situation (Sidhu, 2005). During an
economic downturn or recession, unemployment rate rises and people face difficulty finding
jobs. This scenario will increase crime rates. The labour market conditions are also believed
to have links with crimes. This association was studied by Lee and Slack (2008), who found
that an index of low hour and seasonal employment had negative relationship with crime rates.

Recently, the opportunities for using social science data (i.e., crime data, disease data,
accident data) to estimate spatial patterns and relationships increase because of the rapid
development in the tools and methods in the field of spatial analysis. Spatial analysis is a method
that is widely used to study issues related to space, place, or geographical circumstances. In
spatial analysis, the location where an event occurs may provide an indication of the reason
why that particular event occurs. In the beginning, spatial analysis involves mapping methods,
reviews, and geographic location without formal techniques.

At the beginning of 21st century, spatial modern analyses were widely developed and
focused on specific use of computer-based techniques. Mapping is one of the most widely used
techniques in spatial analysis. It is very useful especially in identifying the relationship between
exposure and the cases concerned. Later, spatial analysis becomes more widely used in many
areas. It is not only used by researchers in the field of geography but also applied in many fields
of study such as epidemiology (Forand et al., 2002; Kandala et al., 2006), biology, demography
(Osei & Duker, 2008), health (Gatrell et al., 2004; Holt & Lo, 2008; Waller &Gotway, 2004),
sociology, statistics, information technology, safety (Erdogan, 2009; Erdogan et al., 2008),
Mathematics (Kakamu et al., 2008), Science and Computer Science (Corcoran et al., 2007).

The traditional mapping method frequently used is the percentile method. However, the
classification based on percentile is arbitrary because it cannot be confirmed if this classification
is able to detect high-risk or low-risk areas properly.Analternative method that can be used
for classifying the risk of each study area using the mixture model (Bohning & Seidel, 2003;
Schlattmann & Bohning, 1993; Schlattmann, 2003). Based on the simulation study carried out
by Bohning and Schlattman (1993), that aimed to compare the mapping based on the percentile
method with mixture model methods,found that the mixture model approach provided a high
percentage of correct classification than the traditional methods.

In crime study, combinations of theoretical and statistical analyses are believed to be very
useful. A study by Ackerman and Murray (2004) used this combination to study on assessing
the spatial patterns of crime cases in Lima, Ohio, by using geographical information systems
(GIS) and quantitative techniques. They analyzed the violent and property crimes at the macro,
meso, and micro levels. Apart from that, several studies also investigated the impacts of factors
on crime cases, while suggestions for strategic planning to overcome the problems were also
provided. For example, Kanyo and Norizan (2007) studied the trend of crimes by investigating
the factors that are believed to have significant effects on the crime cases in Penang, Malaysia.
They also provided several suggestions related to the actions that could be taken to overcome
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crime problems. Meanwhile, Felson and Poulsen (2003) studied the simple indicators of
crime by the hour in 13 middle-sized American cities by using robbery data for 1999 to 2001.
However, these studies were analyzed without taking into consideration the spatial effects. The
analyses of crime cases by using spatial technique are growing from time to time. Rogerson and
Sun (2001) analyzed the geographic patterns of crimes using the spatial method by combining
nearest neighbour statistic and cumulative sum method. They described a new procedure for
detecting changes over time in the spatial pattern of crime point events in Buffulo, New York.
Collins et al. (2006) examined the basic theory and methods used to analyze the spatial lattice
data and applied the method in the crime cases analysis. In their study, they used two forms of
simultaneous autoregressive model known as spatial lag and spatial error model. Other studies
by Ackerman and Murray (2004) used geographic information system, GIS and quantitative
techniques to explore spatial characteristic of crimes. Meanwhile, Gyamfi (2002) examined
the socio spatial environment factors that might have significant effects on macro geographic
crime trends and patterns in Ghana.

Problems due to crimes have also become a major concern for policy makers in Malaysia.
This situation can be seen from crime data given by Royal Malaysia Police (PDRM). These
problems will cause not only the loss of property, lives, and misery, but also large impacts on
many aspects such as psychological, economical and so on. Sidhu (2005) and Sidhu (2006)
reported that crime trends developed from simple crimes which became more complex global
crimes. This situation makes the work more difficult, especially for police department to detect
and solve the crime cases reported by the public.

In Malaysia, limited studies have been done on crime data using statistical method. Most
of the studies done focused more on experts’ opinion or knowledge and discussed about the
causes and effects of crimes, such as the studies by Kanyo and Norizan (2007), Sidhu (2005)
and Sidhu (2006). The investigation of the crime situation can be more significant using a
combination of qualitative and quantitative techniques. The objective of this study was to
explore the geographic distribution and temporal patterns of violent crime cases in Malaysia
using the Normal Mixture Model approach. This study is hoped to provide a general picture
of the violent crime patterns in Malaysia.

RESEARCH HIGHLIGHTS

1. Instead of using common used of crime rates based on population, this study used crime
rate based on the total of crimes.

2. The optimum number of components of space-time mixture model for crime data from
2000 to 2009 is five.

3. Application mixture model produce smoother map compared to traditional methods.
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DATA

Malaysia comprises two major parts known as Peninsular Malaysia and East Malaysia. Based
on the 2000 census, Malaysia is divided into 14 states, 82 administrative districts in Peninsular
Malaysia and 53 administrative districts in East Malaysia. Due to the difficulty in obtaining
data in East Malaysia, this study only included districts in Peninsular Malaysia. In this study,
administrative district was used as the unit of analysis. There are twelve states located in
Peninsular Malaysia, consisting of a total of 82 districts.

The number of crime cases employed in this study was obtained from Royal Malaysia
Police (PDRM). Two categories of crime cases were included in index crime statistics known
as violent and property crimes. The definition of index crime statistics is the crimes that are
reported with sufficient regularity and with sufficient significance to be meaningful as an index
to the crime situation (Sidhu, 2005). It is important to note that this study only considered
violent crimes.

The violent category includes murder, gang robbery with firearm, gang robbery without
firearm, robbery with firearm, robbery without firearm, rape, and voluntarily causing hurt.
The data from 2000 to 2009, according to each district reported in Peninsular Malaysia, were
analyzed in this study.

Violent crime rate (vr) standardized by total crime cases is defined as the total number
of violent crime divided by the total number of crime, T. Then, the value of rate takes a
logarithmic transformation. This transformation ensures that the variables are on the same
scale. The values of the log of rate, X; follows approximately normal distribution that takes any
real number (Ceccato & Dolmen, 2011; Cole, 2009; Collins, Babyak & Moloney, n.d.; Wang,
2005). Further analyses are implemented by using statistical techniques based on assumption
of normal distribution. The formula for rate of violent crime is given as follows:

vV
VR= —
T

where

V' is the number of an event occurred and is the total number of crimes occurred. In this study,
event is referred to the number of violent crime cases and 7' is the number of violent crime
coupled with property crime cases. Instead of the common rate known as crime rate based on
population at risk, this rate is used as an alternative solution for the small number problem
(Waller & Gotway, 2004). Rates based on the small populations with small numbers of violent
crime cases will be high than the rate based on large populations with small number of violent
crime cases. Let say, there are two district with 100,000 population and 1000 population. These
two districts recorded the same number of violent crime cases, which is 45. The rate is 0.00045
for the first district and the rate for the second district is 0.045. The rates do not reflect the true
risks based on the crime incidents.
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METHODOLOGY
Mixture Model of Normal Distribution

The mixture model assumes that the population under study comes from a certain distribution
but it consists of components with different levels of risk incidence, which then becomes a

heterogenous case (Lindsay, 1995; Rattanasiri, Bohning, Rojanavipart & Athipanyakom, 2004).
Each component follows a normal distribution with mean, [,k and standard deviation, &k s
and represents a certain proportion, p [ of the total district unit.

As suggested by Everitt and Hand (1981), the parameter estimate is done by using
Maximum Likelihood Estimation (MLE). The probability density functions for vector random

variable, x , of dimension n have the following form:
C
fxsp.o,p) =k§1pkgk(x;crk,uk) (1)

In equation (1), p=(py,py.-pP c—l) are the ¢—1 independent mixing proportions of the
mixture where

c-1
0<py <l and pc:l_kzlpk , 2)

with g, and o, as the mean and standard deviation vector, respectively. The log of the
likelihood function is given by:

n C
L= 3 logel X pigy(xiiop )} 3)
l: =

The maximum likelihood equations are obtained by equating the first partial derivatives of (3)

with respect to p, , the elements of each o, , and those of each vector, 4, , to zero.

Let the probability of observations x; belong to the component s denoted by P(s| xl-) , where

Ps&s (xl«;as,,us)
f(x;:p.0.10)

P(s]x;) = (4)

Using equation (4), the estimated value of parameters are given in the following form:

1 7. k=1..c-1

no.

B =T P(Hx) where -1 (3)
ni=l 1-3 Py k=¢

1

1 om . )

fy =— _Z,IP[;c|xI-} where k=1..c (6)
o =

. 1 = .

o =T;§1P("|‘:}lx;‘#k,| where f=Lc 0
=

Pertanika J. Sci. & Technol. 23 (2): 207 - 222 (2015) 211



Syerrina Zakaria and Nuzlinda Abdul Rahman

The next step after parameter estimation is to determine the optimum number of components
that are compatible with the data. This can be done by computing Likelihood Ratio Statistic
(LRS) for testing the hypothesis:

Hy : number of components =k
against

H, : number of components =k +1

The likelihood ratio test is defined as

LRS =-2x[L; = L; ],

where L, is the maximum likelihood estimator under the null hypothesis and Ly is the
maximum likelihood estimator under the alternative hypothesis. The LRS test has an asymptotic
null distribution y? of with degree of freedom equal to the difference number of parameters under
the null and alternative hypothesis. However, McLachlan (1987) reported that the regularity
conditions of conventional LRS result do not hold for this distribution. In order to solve this
problem, several previous studies have proposed a method known as parametric bootstrap to
obtain a critical value. McLachlan (1987) and Shlattmann and Bohning (1993) have provided
more details on bootstrap procedure.

By applying parametric bootstrap, B bootstrap samples are generated randomly from the
mixture density f(x; p,o, ) of the original sample based on the number of components under
the null hypothesis. In this study, a total bootstrap samples of 200 replications were generated.
Parameter estimation using the MLE method was applied for the null and alternative hypotheses
for each bootstrap sample. Then, the value of LRS was computed for these bootstrap samples
to get the B replicated values of LRS. Hence, the distribution of LRS under the null hypothesis
is assessed. Hypothesis testing of the null hypothesis versus alternative hypothesis was tested
with a bootstrapped critical value and compared with the LRS value from the original sample.

Space Time Mixture Modelling

The basic idea of space-time mixture model technique was to consider the space-time data as
one dataset which consists of data combination for several years. Let be the violent crime

rate forareai, i, i=1,..,n and timet, t=1..,T ,the mixture probability density of normal
distribution is defined as:
C
(s py0,p) = k§1 P& (Xig3 01 14 (®)

where

c-1
O<pk<1 pczl—kzlpk.
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The log of the likelihood function is given by

T n c
L =t21 ,ZIIOge {kzlpkgk(xit;p’ak"uk)} . )
=] 1= =

The maximum likelihood equations were obtained by equating the first partial derivatives

of (3.8) with respect to p, , the elements of each matrix o, and those of each vector 1
, to zero. One advantage of using the space-time mixture model is that it provides fewer
parameters for comparison (Rattanasiri et al., 2004). For example, in this study, only 1 set of
parameters was estimated instead of 10 sets of the parameters that were needed to be estimated
for the mixture model applied separately for each year of the study period. For the purpose
of computational simplicity, this study assumed that all components have the same standard

deviation (o7 =0, =...=0¢).

RESULTS AND DISCUSSION

CRIME CASES IN MALAYSIA
250000
200000 /—-‘" =

N,

i 150000 SN~ —— VIOLENT CRIMES
S 100000 PROPERTY CRIMES
£0000 ———TOTAL CRIMES

e
o
8 88383388535 83
o oo o o o o o o o
=4 (] (a0} o4 ~4 =~ (] (o] i~y o]

Fig.1: Crime cases in Malaysia, 2000 - 2009

As a preliminary analysis, Fig.1 shows the line graph of crime cases in Malaysia from 2000 to
2009. It shows that the violent crime cases remained along the same gradual growth from 2000
to 2005. However, the crime incidents were slightly higher from 2005 to 2009. On the other
hand, the property crime cases showed fluctuation trends throughout the study period. From
year 2000 to 2001 and between 2008 and 2009, the property crime cases showed a downward
trend, whereas for 2002 to 2007, it showed an upward trend. The figure also showed that the
property crime cases were the main contributor to the total crimes since the patterns of this
crime were very similar to the pattern of the total crime cases. Throughout the study period,
there were increases of 88.9% in violent crimes and 15.9% in property crimes as compared
to 2000 to 2009. Although the number of cases for violent crime was less than the number of
cases for property crimes, violent crimes grew at a faster rate than property crimes.That was
one ofthe reasons why only the analysis of violent crime was discussed in this study. Overall,
the total crime cases increased about 25.3% from 2000 to 2009.
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For further analysis, the normal space-time mixture model as discussed in the methodology
section was be applied to violent crime data in Peninsular Malaysia from 2000 to 2009. This
space time method has made comparisons of the map much easier because it has the same
scale, whereby each year has the same number of components and parameter estimates. On the
contrary, a separate mixture model gives different numbers of the component for each year with
different parameter estimates. This is rather arbitrary that has made map comparison difficult
to do. For illustration purposes, Table 1 shows the results of the estimated parameters value
for the space-time mixture model for data of 2000 to 2009.

TABLE 1 : Result of fitting space time mixture model to violent crime rate (from 2000 to 2009)

Component Proportion, Log Mean, Mean Standard Log LRS,
p )7 Devi;tlon, Likelihood, ALy L)
k=7 0.1036113  -0.98259%61 0.7343305  -543.9397
0.146502 -1.16606 0.6774542
0.1619918  -1.173779 0.5938236
0.1655543  -1.15195 0.5237591
0.1610484  -1.112987 0.4557219
0.1494789  -1.060338 0.3917262
0.1118132  -0.9064786 0.2710334
k=6 0.1263943  -1.016897 0.7384063  -543.5343 -0.810929
0.1762872  -1.175104 0.6527572
0.1917415  -1.168136 0.5613894
0.1910558  -1.131699 0.4786827
0.1788031  -1.076412 0.4055494
0.135718 -0.9255937 0.2802739
k=5 0.159318 -1.05329 0.348788  0.7292025  -542.6071 -1.854387

0.2189217  -1.181914 0.306691 0.6220058
02311252  -1.155231 0.314984 0.5163202
0.2200448  -1.09602 0.334199 0.4206643
0.1705903  -0.9487246  0.387235 0.291106

k=4 0.2107838  -1.09205 0.7218557  -540.9602 -3.293775
0.2824057 -1.181832 0.573576
0.2822723  -1.124204 0.4497419
0.2245381  -0.9774026 0.3041401
k=3 0.3011373  -1.140015 0.6958411 -537.3221 -7.276182
0.3810857  -1.167653 0.4984847
03177769  -1.013429 0.3199025
k=2 0.4727242  -1.194746 0.4700092  -675.598 276.5518
0.5272758  -1.100158 0.3820215
=1 1 -1.150677 0.4213953  -680.0797 8.963265
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The main question arising in this analysis is whether the risk of crimes for each district in
the study area is homogeneous or not. If the risk is homogeneous, the number of components
is one. The hypothesis testing to test k=1 against k=2 is done. From the table, it can be seen
that the improvement in log-likelihood model with two components is quite large. Thus, the
two-component modelis better than a model with only one component. Large improvement was
also found in the log-likelihood value when the number of components is 3 and 4. However, the
log-likelihood improvement showed a small difference between the model with 4 components
and the model with 5 components.

The first hypothesis tested the number of components k = 4 against k = 5. From the
bootstrapped result, the 95% confidence interval of LRS distribution is (-2.828311, 1.53165).
Meanwhile, the value of LRS from the original sample is -3.293775. The value of LRS from
the original sample is not in the confident interval. Therefore, there is sufficient evidence to
reject the null hypothesis.

The second hypothesis tested the hypothesis of k = 5 against k = 6. From the bootstrapped
result, it was found that the 95% confidence interval of LRS distribution is (-2.289859,
0.9772211). The value of LRS for the original sample is -1.854387, which means that the
value falls within the confidence interval. Therefore, there is no evidence to reject the null
hypothesis. Since the null hypothesis cannot be rejected, the optimum number of components
of space-time mixture model for crime data from 2000 to 2009 is five.

For the application of the mixture model to the space time period of 2000-2009, the
optimum number of categories obtained was five components. The first component has a mean
0f 0.348788 [exp (-1.05329)] and standard deviation of 0.729202. This means, 0.3487 of 1 total
crime is violent crime. In other words,there were approximately 4 cases of violent crime occur
every 10 criminal cases. For this space time period, 15.9% of the districts were allocated in
the first component, 21.9%, 23.1%, 22.0%, and 17.1% in the next category, respectively.There
are more districts included in thecomponent with lower violent crime rates for components 2,
3 and 4 compared to components land 5 with have high crime rates.

The map was constructed based on the mean of violent crime rates where the darker areas
have higher crime rates. From the map, we can see the changes of crime occurrence for each
district. For illustration purposes, four maps for 2001, 2003, 2006 and 2009 were provided. For
example, from Fig.2, the darkest area shave the rate of 0.387235 while the most promising areas
have a mean rate of 0.306691. Whereas for every 10 cases of total crimes that have occurred,
approximately 4.0 cases of violent crimes occur in the riskier areas.

As shown in Fig.2 to Fig.5, the number of districts with higher mean (shown by darker
colour on the map) increased from 2001 until 2009. The obvious changes can be seen at the area
of southern Peninsular Malaysia. For 2001, 2003 and 2006, it showed that no district in that
area fell within the components with the highest crime rates. However, almost all the districts
in the south fell into the category with the highest crime rates in 2009. The same scenario
also happened in the state of Selangor, whereby more districtswere in the categories with
high crime rate values in 2009 compared to the previous years. A similar situation occurred in
Wilayah Persekutuan Kuala Lumpur which fell within the component with the highest crime
rates in 2009.
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This situation is believed to be attributed by the unemployment rate in Malaysia. For
example, the unemployment rate in Johor in 2006 was 2.1%, and this rate increased to 3.2%
in 2009. Meanwhile,the unemployment rates of unemployment in Selangor in 2001, 2003,
2006 and 2009 were 2.4%, 3.2%, 3.2% and 3.6%, respectively. It can be seen that the violent
crime rate is affected by unemployment rate. When the unemployment rate increased, violent
crime rate will also increase. This factor was discussed in this study because it is the common
factor which had mostly been considered inprevious studies (see Amar & Sidhu, 2005, 2006;
Andresen, 2012; Baller, Anselin, Messner & Hawkins, 2001; Ceccato & Dolmen, 2011;
Kakamu, Polasek & Wago, 2008; Lee & Slack, 2008; Tsushima, 1996). However, a detail
analysis should be done to check for the significant relationship between violent crime rates
and the unemployment rate using a statistical analysis such as by using the spatial modelling.

Based on the map of the four-year study, there were three districts in the category with the
highest crime rates, namely, Gua Musang, Sepang and Cameron Highland for all the four years.
Meanwhile, most districts of the state of Johor were in the category of low crime rates in 2001,
although these districts were in the riskiest category of crime rates in 2009 such as Segamat,
Kluang, Mersing, Kota Tinggi, Johor Bharu, Pontian, Muar and Batu Pahat. Meanwhile,
some other areas that were categorised in the less risky category in 2001 were found to be in
the highest crime rates category in 2009. The districts are Manjung, Hilir Perak, Seremban,
Tampin and Port Dickson.

It can be seen that the application ofthe mixture model to crime data by district in Peninsular
Malaysia was able to produce a clearer map compared to the traditional method known as the
choropleth method. It removes the random variability from the map (Rattanasiri ez al., 2004;
Schlattmann & Bohning, 1993; Schlattmann, 2003). Forexample, maps constructed based
on the choropleth method, that is, quintiles (divided into 5 groups) of the crime rates from
originaldata are presented in Fig.7 to Fig.10. As shown in those figures, the map based on the
mixture model provides a clearer picture of the high and low risk areas.
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Fig.2: A map showing violent crime rate using the space-time mixture model for 2001
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VIO RATE 2003
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Fig.3: A map showing the violent crime rate using space-time mixture model for 2003

VIO RATE 2006
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Fig.4: A map showing the violent crime rate using the space-time mixture model for 2006
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VIO RATE 2009
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Fig.5: A map showing the violent crime rate using space-time mixture model for 2009
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Fig.6: A map showing the violent crime rate using the percentiles method for 2001.
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QUAN VIO 03
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Fig.7: A map showing the violent crime rate using the percentiles method for 2003
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Fig.8: A map showing the violent crime rate using the percentiles method for 2006
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QUAN VIO 09
[_]ooet3e2- 0107045

[ 0112150 -0.149682
[ 0153543 - 0.192503
I 0196305 - 0242044
Il 0254438 - 0350554

Fig.9: A map showing the violent crime rate using the percentiles method for 2009

CONCLUSION

Crime is one of the major problems faced by most countries in the world including Malaysia.
This social problem causes not only losses of property, lives, and misery but also has large
impacts on many aspects such as psychological, economical and so on. Mass media play an
important role in the public’s perception of the incident of crimes. The sensational news of
crimes widely disseminated by the press and media can cause more fear amongst the public
compared to the official statistics reported by the police. From this analysis, more violent crimes
were found to be occurring in developed states such as Selangor, Wilayah Persekutuan Kuala
Lumpur and Johor. The resultsobtained are consistent with several previous studies which
reported that developed states have higher crime rates compared to developing and under
developed states (Gyamfi, 2002; Savoie et al., 2006; Perreault et al., 2008).

It is impossible to provide crime forecasts with a high degree of accuracy because it is
dependent upon socioeconomic, demographic and environment factors, among other. In this
study, it seems that there is a relationship between violent crime rates and unemployment rates.
However, for more detailed analysis, some statistical modelling should be done such as spatial
regression modelling to measure the relationship between these variables. Although there is no
intelligence formula that can be used to reveal future crime situations, information of the past
reported crime cases can be one of the sources to predict the situation of crimes in the future.
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Crime mapping is one of the methods that can be used to analyze the crime situation in a
country. Based on the maps obtained, the high and low crime areas can be identified. Therefore,
the authorities should pay more attention to the high crime areas so that necessary actions can
be taken to overcome the crimes. The main concern is usually to reduce both crimes because
they affect not only the people in particular, but also the nation in general.

It is believed that a study on the spatial and demographic patterns of crimes in Malaysia
can provide useful information for the government, safety department and policymakers to
make appropriate planning, especially in resource allocation and to develop suitable strategies
for future plans to overcome problems pertaining to crimes. The forecast information of
the future trends by using past data is a valuable tool to policy makers in developing crime
prevention programmes. These outcomes can be used to target particular populations and
develop interventions so that suitable actions are better adapted to the environmental and
socioeconomic settings. However, well-organized data collection and computer storage are
very important as these allow spatial pattern analysis over space and time to make them easier
and more effective. Thus, more accurate and appropriate action plans can be done to overcome
the crime situation in Malaysia.
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ABSTRACT

This paper evaluates the performance measures indicated by the Highway Capacity Manual (HCM)
to assess the level of service (LOS) on two-lane highways under heterogeneous traffic conditions. The
study is based on field observations and, accordingly, traffic data were collected on a two-lane National
Highway in India. The measures, percent time-spent-following (PTSF) and average travel speed (ATS)
were estimated using easily collectible field data considering both two-way and directional segments.
The actual PTSF values were observed to be lower than the expected values. This lack of conformity
is probably because of drivers’ impatience that increases with the platoon length and delay. The ATS
was also measured in the field and compared to those obtained using HCM. ATS was observed to be
insensitive to flow in mixed traffic situations because of frequent platoon formation. In addition, a direct
assessment of LOS in the field indicates over-prediction, which is attributed to the presence of a sizable
proportion of slower vehicles based on users’ opinion poll.

Keywords: Average travel speed, heterogeneous traffic flow; level of service, percent time-spent-
following, platooning, two-lane highways

INTRODUCTION

Performance evaluation on two-lane highways has always been a complicated issue because
of distinct operational characteristics manifested by the utilisation of a single lane for traffic
operation in each direction of travel. This results in frequent interaction between vehicles
travelling in the same as well as in the opposite directions. Quite often, faster vehicles get
delayed when they approach a slower one, because they are forced to travel behind the impeding
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vehicle while searching for an acceptable
passing gap. As a result, they start moving in
a platoon. The amount of platooning depends
on the passing opportunity and the impedance
caused by the slower vehicles. Clearly, this
increases with the increase of traffic flow as
well as the proportion of slower vehicles in
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