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Abstract 
This study was carried out to determine the concentration level of selected heavy metals Mg, 

Cu, Fe, Zn, Ni, Pb, Zn and Cd in zooplankton. The result showed that trace metal in zooplankton 
did not vary significantly between different sites, this despite of the slightly higher values of Mg, 
Zn, Ni and Cd in the Marine Science Station, Fe in the Jordanian Fertilizer Industry and Pb in the 
Yacht Club. Temporal variations of trace metals in zooplankton were significant for Zn, Ni, and 
Cd with higher concentrations in autumn and Pb in spring. The other elements did not show any 
significant difference. The small size zooplankton (100-500 µm) appears to contain higher levels 
of heavy metals compared to the large size zooplankton (>500 µm). 

 

Keywords: Zooplankton, Heavy metals, Gulf of Aqaba, Red Sea, Pollution. 

Introduction  

Marine zooplankton can be used for toxic trace metal biomonitors of their 
environment from which accumulate trace metals, and concentrate, and store them in 
their tissues. They can accumulate them from both dissolved phase and from ingested 
food. When other organisms such as fish consume zooplankton, the metals contained in 
the tissues can be accumulated and further concentrated by the predators, thereby 
transferring metals up the food web. This is why zooplankton is considered key link in 
the transfer of carbon and trace elements through marine food webs [14]. The 
concentrations of the metals in both microplankton and marcozooplankton were related 
to dietary transfer from the smaller to the larges size fraction [10]. Due to their central 
role in the food chain and the world wide distribution of zooplankton, they are 
considered as interesting candidates for bioaccumulation studies The spatial and 
temporal accumulations of metals from the environment into the zooplankton tissue and 
transferring to its predator have been studied by different scientists [27; 19; 9]. However, 
the interpretation of the data concerning metal pollution in zooplankton and other 
biological indicators is a complicated task unless enough information about the 
composition, size fraction and environmental conditions such as temperature and salinity 
are available. Zooplankton composition, mainly Crustatian copepods in the Gulf of 
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Aqaba have been studied in details by different Authors [24; 5; 12; 6; 7]. However, still 
there is no information on the levels of heavy metal pollution and bioaccumulation in 
zooplankton of the gulf of Aqaba as a whole and of the mostnorthern tip that subject to 
different human activities, development and uses and consequently to different 
environmental impacts. The aim of this study is to fill the gab in the information about 
the metal concentrations, provide unprecedented information on the concentration levels 
of Cd, Cu, Ni, Pb, Fe and Zn metals in zooplankton and the possibility of using them as 
bioindicator for metal pollution in the Gulf of Aqaba. 

Materials and methods 

Study area: 

The Gulf of Aqaba is considered to be a partially enclosed water body that 
constitutes the eastern segment of the V-shaped northern extinction of the Red Sea 
(Figure 1). It is located in a sub tropical arid area between 28º-29°30′ north and 34°30′-
35°east. The deep Gulf (>1800 m) is 180 km long and has a maximum width of 25 km, 
that  decreases at the northern tip to about 5 km. It is connected to the Red Sea by the 
Strait of Tiran, which has a depth of about 252 m (18, 22, 20). The present study area 
lies within the Jordanian portion of the Gulf of Aqaba, which constitutes the most 
northern and northeastern side of the Gulf and extended for about 27 Km to the north of 
the border with Saudi Arabia. 

Zooplankton collection and treatment 

The zooplankton community > 150µm includes 73 species distributed in 45 genera 
within 10 taxa, namely; Tintinnidea, Foraminifera, Trachymedusea, Thecosomata, 
Cladocera, Ostracoda, Copepoda, Malacostraca, Chaetognatha and Urochordat was 
collected from five coastal sites (Hotels, Yacht Club Marina, Phosphate Loading Berth, 
Marine Science Station (MSS) and Industrial Complex/ Jordan Fertilizer Industry (JFI) 
sites and one offshore site off the Marine Science Station (Fig. 1). These sites embrace 
various habitats that usually occur along the coast of the Gulf of Aqaba such as fringing 
coral reef, seagrass beds and unconsolidated sandy bottom areas. In addition, the 
selected sites represent portions of the coastal zone where major development, and 
maritime, industry and tourism activities are taking place. A150-µm mesh plankton net 
was used for zooplankton sampling. At each station the plankton net was towed 
horizontally for 10 minutes, at 10 cm below the surface, by the use of a rope connected 
to the boat. After then, the net was pulled out of the water and washed with filtered 
seawater in order to remove all zooplankton from the net. Samples were transferred to a 
plastic container and immediately brought to the laboratory for further processing. 
Laboratory processing includes splitting the catch (sample) into two size fractions (>500 
and 150-500 µm) by the use of a sieve column. Each of the separated fractions was put 
onto a pre- weighed and GF/C filter. The filter was subsequently dried at 80oC to 
constant weight for about 24 hrs, and then kept in desiccators to bring to room 
temperature. The samples were finally weighed on an analytical balance to obtain dry 
weight in milligrams.  
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Fig. 1: Study Area and Sampling Sites 

 

Trace metals digestion and measurements 

The zooplakton fractions were placed in pre-cleaned small capacity (100 ml) glass 
beakers, and oxidized by the addition of 8ml of 69.5% ultra-pure nitric acid at room 
temperature for 4 hrs. Beakers were put on a hot plate at 100oC for 6 hrs, and then 
allowed to cool to room temperature. The samples were heated again to near dryness for 
the removal of the nitric acid. The residue was then dissolved in 8ml of 1% nitric acid 
and kept on a hot plate for about 1 hr to enhance dissolution. The samples were allowed 
to cool to room temperature and then filtered on a Whatman filter paper number 43. 
Samples were finally diluted to 25ml with 1% nitric acid. Concentrations of Mg, Cd, Cu, 
Ni, Pb, Fe and Zn were measured by the use of Jena AA 300 atomic absorption 
spectrophotometer. Duplicate measurements were made for each sample, by direct 
aspiration into air-acetylene flame. The instrument was instructed to give the mean value 
and standard deviations of three readings as the final reading of each sample. The 
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precision of the whole procedure was assessed by 10 replicates for a sample and the 
results agreed to within 4%. Duplicate blanks were used for each batch of digested 
samples. The mean value of the blank if any was subtracted from the readings of the 
sample to give the final reading. In addition to the blank solution, three standard 
solutions were prepared to cover the expected range of the element concentrations in the 
samples and within the linearity of the procedure (within the linear portion of the 
calibration curve of the procedure).  

Results 

Temporal variations in zooplankton metals 

Figure 2 shows the mean concentration and Standard Error (SE) of Cd, Pb, Cu, Fe, Zn, 
Ni and Mg concentrations in zooplankton from different sampling seasons. The 
statistical analysis of the results indicates significant differences between different 
seasons for Pb, Zn, Ni and Cd, but not for the rest of elements. Higher concentrations of 
almost all metals occurred during spring with mean concentrations of 8.63, 1.22 and 0.75 
ppm for Zn Pb and Ni, respectively. Meanwhile higher concentrations in autumn have 
been observed with mean concentrations of 16.84, 1.95 and 0.162 ppm for Zn, Ni and 
Cd, respectively.        

Spatial variations in zooplankton metals 

Figure 3 shows the mean concentration of metals in zooplankton that has been collected 
from different sites within the study area. Relatively high concentrations were found in 
the Marine Science Station for Zn, Ni, Cd and Mg with mean values of 0.04, 18.0, 1.6 
and 10.7 ppm, respectively. The lower concentrations of the same elements were found 
in the Yacht Club Marina with mean values of 0.01, 1.6, 0.2 and 1.1 ppm, respectively.  
Relatively higher concentrations of Fe in the Jordan Fertilizer Industry zone with mean 
value of 6.0 ppm. However, statistical analysis does not show any significant differences 
in zooplankton metal contents between different sampling stations along the Jordanian 
coast. 

Metals in different zooplankton fractions 

Figure 4 shows the mean concentrations of Mg, Pb, Cu, Fe, Zn, Ni and Cd in the two 
size fractions of zooplankton. Significantly higher concentrations were found in the size 
fraction 150-500µm for Zn, Ni and Mg with mean values of 1.65, 12.53 and6.45 ppm, 
respectively. The rest of the elements however, does not show any significant differences 
compared to those found in the >500µm fraction.  
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Figure 2: Mean concentrations ±SE of Mg, Pb, Cu, Fe, Zn, Ni, and Cd in Zooplankton 
from the Jordanian coast of the Gulf of Aqaba, Red Sea. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

3

6

9

12

15

18

Hotels JFI MSS offshore Phosphate Yachting
Clup

Site

co
nc

en
tra

tio
n 

pp
m

Yacht 
 Club 

 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Hotels JFI MSS offshore Phosphate Yachting
Clup

Site

co
nc

en
tra

tio
n 

pp
m

Yacht 
 Club 

  
Cu:                                                                      Zn:                                                                   

 

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

Hotels JFI MSS Offshore Phosphate Yachting
Clup

Site

co
nc

en
tra

tio
n 

pp
m

 

0

5

10

15

20

25

30

Hotels JFI MSS offshore Phosphate Yachting
Clup

sites

co
nc

en
tra

tio
ns

 p
pm

Yacht 
 Club 

  
Fe:                                                                         Cd: 

  

0
1
2
3
4
5
6
7
8
9

10

Hotels JFI MSS Offshore Phosphate Yachting
Clup

Site

co
nc

en
tra

tio
n 

pp
m

Yacht 
 Club 

 

0

0.05

0.1

0.15

0.2

0.25

Hotels JFI MSS offshore Phosphate Yachting
Clup

sites

co
nc

en
tra

tio
ns

 p
pm

Yacht 
 Club 

  
Ni:                                                                           

  

0

0.5

1

1.5

2

2.5

3

Hotels JFI MSS offshore Phosphate Yachting
Clup

sites

co
nc

en
tra

tio
ns

 p
pm

Yacht 
 Club 

  



Al-Najjar, Fawaz and Abu-Hilal 

  
168

Figure 3: Mean concentrations ±SE of Mg, Pb, Cu, Fe, Zn, Ni, and Cd in Zooplankton 
from the Jordanian coast of the Gulf of Aqaba, Red Sea 
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Figure 4: Mean concentrations ±SE of Mg, Pb, Cu, Fe, Zn, Ni, and Cd in different 
zooplankton fractions from the Jordanian coast of the Gulf of Aqaba, Red Sea 
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Discussion 

The data show that zooplankton from different sites along the Jordanian coast are 
able to accumulate varying amounts of heavy metals in their tissues. Levels of Zn, Ni 
and Mg are relatively high at the Marine Science Station (MSS). By comparison, the 
zooplankton samples from the Yacht Club Marina showed relatively high content of Cd, 
and Pb, Apparently, the samples from the Industrial Complex (JFI) area showed 
relatively high Fe content, but the statistical examination of the concentration did not 
show any significant differences between metal contents among the six different 
sampling sites. The higher concentrations of Zn and Ni in the Marine Science Station 
area are difficult to explain. However, a potential unknown source can be attributed to 
various anthropogenic activities at the nearby passenger port. The high concentration of 
Pb and Cd in Yacht Club Marina is mainly due to the relatively high activities of boats 
fueling, anchoring and maintenance which includes painting and cleaning that is taking 
place almost on daily basis in the marina. The high concentration of Fe in the Industrial 
complex area is attributed to corrosion of metal, cables and other parts and piping system 
by the effect of various industries in the area. The general trend in spatial variations of 
the metal contents in zooplankton are in general agreement with those of previous 
studies [2; 4] on the bioaccumulation of trace metals in the tissue of bivalves (Modiolus 
auriculatus) at different locations along the Jordanian coast. They reported high 
concentrations of trace metals (Pb and Cu) at the Marine Science Station and Cd and Ni 
at the Industrial complex area.  

In a comprehensive study on the distribution of different trace metals in different 
sites along the coast of Kuwait, [9] reported a similar conclusion on the source of trace 
metals in zooplankton. They attributed the high concentration of some trace metals to the 
input of industry, associated with pollution caused by other human activities. The 
increase in metal concentration in zooplankton soft tissues was in the following order 
Zn> Mg> Fe> Ni> Pb> Cu>= Cd, which indicates that Zn, Fe, and Mg are accumulated 
by planktons in preference to other metals, possibly because these elements are essential 
for cell growth, when they present in small amount [8]. In addition, they constitute 
integral part of respiratory protein [1], they are required for the activity of diverse 
enzymes [3; 25; 26] and for the healthy living of planktons [17]. At elevated 
concentrations, however, these metals become toxic to organisms [21].  

In the present study seasonal variations of metals in zooplankton have been observed 
for Pb, Zn, Ni and Cd in which higher concentrations of the elements were detected 
during autumn and spring. However, the rest of the metals did not show significant 
seasonality. In general, the seasonal variations of metals in zooplankton could be related 
to the changes in the pollution load of the sites, changes in the accumulation strategy of 
zooplankton from regulation to net accumulation, or increase in feeding rate during 
autumn and spring [13].   

Similar seasonality in mixed zooplankton samples has been reported by [13], who 
found highest concentrations for all elements in summer and autumn. He found also that 
the pattern of temporal variation in the heavy metals concentration of zooplankton was 
not statistically similar. In contrast, [9] found significant differences between seasons. 



Heavy Metals in Zooplankton from the Gulf of Aqaba, Red Sea 

 
171

He found higher iron concentrations during winter season than all other metals against 
summer.  

Significant difference in the concentrations of Mg, Fe, Zn, Ni and Cd was found in 
different size fractions of the zooplankton of the present study area. The small size 
fraction of zooplankton (100-500) showed higher concentration for most of the element 
studied compared to the large size fraction (>500). This could be explained in view that 
the metal uptake process may depend on the taxonomic differences and/or on surface 
area to volume ratio. The 100-500 µm zooplankton fraction absorb metals more 
efficiently than >500 µm fraction [15; 16; 11]. 
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  تراكيز العناصر الثقيلة في الهوائم الحيوانية من خليج العقبة البحر األحمر
  

   احمد أبو هالل،  جمال بني فواز،طارق النجار
  

  ملخص
  
هـوائم  فـي ال   Cd و Mg, Cu, Fe, Zn, Ni, Pb هدفت هذه الدراسة لتقدير تراكيز العناصر الثقيلـة  

 لـم  · 2004الحيوانية والتى جمعت من مواقع مختلفه على طـول الـساحل االردنـى لخلـيج العقبـه خـالل العـام              
تظهر النتائج أي فروقـات جوهريـه فـي تراكيـز العناصـر الثقيلـة بـين المواقـع المختلفـة علـى الـرغم مـن وجـود                           

 المجمــع الــصناعي ،البحريــة والتــى جمعــت مــن موقــع المحطــة Cdو  ,Ni, Mg   Znتراكيــز مرتفعــة مــن 
 جوهريــه فــي تراكيــز العناصــر الثقيلــة بــين    ت أظهــرت  النتــائج وجــود فروقــا  ·وكــذالك نــادي اليخــوت الملكــي  

 فهـو  Pbتراكيـز عاليـه خـالل فـصل الخريـف و امـا       حيـث اظهـرت    Cdو Zn, Ni ألفصول المختلفة للعناصر 
 كمـا أظهـرت النتـائج    ·ت معنويـه بتغيـر الفـصول       لـم تظهـر بـاقى العناصـر اى فروقـا           ·االعلى خـالل فـصل الربيـع      

  ميكروميتـر مقارنـه   500  الـى  100وجود تراكيز عاليه للعناصر الثقيله فى أحجام الهوائم الحيوانيه ما بين            
     . ميكروميتر500جم الكبير اكبر من بتلك ذات الح
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Abstract 
This paper aims at evaluating the empirical performance of JSR-82 oriented systems that 

operate in Bluetooth piconet environments. A general purpose layered JSR-82 oriented software 
architecture together with a server-initiated communication model are proposed. Their 
performance was evaluated empirically. Results revealed that JSR-82 oriented systems achieve the 
required performance for indoor legacy Bluetooth applications, which justifies the fact that they 
are adopted by the leading wireless solution enterprises. 

Keywords: Bluetooth piconet system, Performance evaluation, Communication model, 
Client/Server communication, Point-to-point communication. 

Introduction 

Bluetooth is an emerging computing and telecommunication specification that 
describes how mobile phones, computers, Personal Digital Assistants (PDAs), and many 
other Bluetooth-enabled devices can be interconnected via wireless (radio) transmission 
[5,25].  

This protocol has become an important promising standard for wireless integration 
of small devices due to its low-cost, low-power, and short range technology [9,16]. Since 
late nineties, this wireless technology has been realized and adopted by mobile and 
wireless technology vendors [2, 16, 17, 18, 21, 22, and 24].  

Bluetooth system software, which is still being developed, implements the actual 
communication model among the interconnecting parties [26] and manages the 
interconnection between the application and Bluetooth radio hardware. Consequently, 
most of the Bluetooth vendors provide system and application software required to 
operate their Bluetooth-based products. This sort of software is either implemented in 
native languages, such as C/C++ or virtual machine-based languages, such as Java [1]. 
In addition,  Java  programming  language  is  currently  considered  a strong and an 
optimal language for cross-platform wireless connectivity solutions. Therefore, providers 
[2, 18, 22, 24] supply the Java-based Bluetooth system and application software that 
suits  for mobile devices and desktop computers. The specification of Java-based 
Bluetooth was provided for a Java API for Bluetooth Wireless Technology (JABWT) by 
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the Java Community Process. This specification is published under the title JSR-82 
[19,20]. 

Modern Bluetooth-based wireless applications that employ Java have two main 
concerns:  the utilized communication model [26], and the related performance issues. 

In Bluetooth, there are two topologies: picont and scatternet. When two Bluetooth 
units share the same channel they form a piconet [5]. A piconet is the basic Bluetooth 
network topology which ranges in size from two to eight Bluetooth-enabled connected 
devices [5, 13, and 25]. One of them acts as the server of the piconet, and the remaining 
act as clients [5,25]. Multiple piconets with overlapping convergence areas form a 
scatternet [5, 25]. 

Related Work  

The interest in Bluetooth wireless technology started in 1994, when a special study 
was launched by Ericsson. This study aims at investigating the low power, and low cost 
radio interface between mobile phones and their accessories. In 1998, the first Bluetooth 
chip came  out and in the same year the Bluetooth Special Interest Group (SIG) [5] was 
founded  by Ericsson, IBM, Intel, Nokia, and Toshiba [1,16,17]. Moreover, Java has 
been recently employed by significant wireless communication enterprises such as Nokia 
and Ericsson [18,24]. This adoption has led to formulating a special expert group called 
Java Specification Request 82 (JSR-82) [16,17].The literature related to Java Bluetooth 
system software was reviewed in [6,7,11,15,19,23]. In [7,19,23], a JSR-82 compliant 
software architecture was designed and implemented. 

Piconet performance can be measured via three different methodologies, the first of 
which is the analytical methodology [8,10,14,20] that aims to model the Piconet and 
evaluate its performance by utilizing a set of deterministic and validated mathematical 
equations. The second methodology is the simulation methodology [2,19], which 
expands the previous methodology by modeling the mathematical model of a given 
piconet into a discrete–time simulation environment in order to gain more realistic 
outcomes. 

Finally, the empirical methodology [6,7,13,27] is concerned about evaluating the 
piconet performance in reality, by means of implementing it in terms of the required 
hardware, software, utilized topology, and performance. Moreover, this methodology 
achieves the nearest vision about the performance of any Bluetooth-based environment 
by measuring its concerned performance metrics as achieved throughput, connection 
times, and connection delays [12].   

The Proposed System Software Architecture  

In most Java-based networking systems, the system architecture is found to be 
either hierarchical or layered as observed in [1,22,24]. The architecture implemented 
follows the layered design, which guarantees a secure level of integrity and concurrency 
of multiple communication operations. For instance, it is observed in [1] that the process 
of establishing a Bluetooth connection requires a remote device discovery, services 
discovery, and finally a connection setup. By dedicating a special layer for each 
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operation, the application utilizing that  architecture  gains flexibility of implementing its 
specific operation concurrently with the previous Bluetooth-related operation, preserving 
the-up-to-date information about the surrounding. Moreover, it is also observed in [23] 
that a Bluetooth device can be connected up to seven remote devices. In order to gain a 
communication deadlock-free application, a special layer must be contained to impose   
scheduling   constraints   among   the   established   connections.  

Design 

The general design of the proposed JSR-82 oriented software architecture is 
presented in Figure 1. The layers of this architecture fall into three categories: the 
Bluetooth system Java API [5,25], the Bluetooth JSR-82 compliant stack [23] , and the 
Bluetooth native MSI Bluetooth USB adapters. 

 
Figure 1: The Proposed Software Architecture 

Implementation  

The software depicted in Figure 1 is intended to operate as a complete class library 
above the JSR-82 compliant (JABWT) stack. This system is implemented in Java under 
Linux environment (Red hat 9). In addition this system is implemented as a property of 
KASIT at the University of Jordan, and the JSR-82 complaint stack is licensed from 
Rococo Soft as a special release for research purposes. The implemented system API is 
composed of the following classes arranged according to the deployed package 
directories. 
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• edu.uj.kasit.cs.bluetooth.piconet.physical: This package directory contains a class 
called PhysicalConnection. This class is concerned with activating and 
deactivating the native HCI layer, and the native Service Discover Protocol (SDP) 
layer.  

• edu.uj.kasit.cs.bluetooth.piconet.device: This package directory contains a single 
class called LocalDeviceManager, which manages the local Bluetooth device, 
discovery of remote devices, discovery of services on discovered remote device, 
and Bluetooth connection management. 

• edu.uj.kasit.cs.bluetooth.piconet.discovery: This package directory contains the 
classes concerned with discovery. 

• RemoteDeviceDiscovery_Engine is concerned with accessing remote device 
discovery agent of the (JABWT) layer in order to detect accessible remote 
Bluetooth devices in the surrounding.  

• RemoteServiceDiscovery_Engine class  is concerned with remote service 
discovery on the discovered remote devices. 

• edu.uj.kasit.cs.bluetooth.piconet.connection: This package directory contains the 
classes that deal with the actual Bluetooth connection using the JSR-82 complaint 
GAP and SPP profiles. This directory contains three classes: 
BluetoothConnection_JSR82 class, which invokes the remote device discovery 
and remote service discovery engines, and manages the initiated GAP and SPP 
connections (sending and receiving data). GAPConnection_JSR82 class, used for 
initiating and managing a GAP connection with a connected remote device. And 
SPPConnection_JSR82 class, is similar to the previous class, but it is dedicated for 
SPP connections. 

• edu.uj.kasit.cs.bluetooth.piconet.routing: This package directory contains the 
most essential class. MessageRouter_JSR82 class is the message routing layer 
which initiates, manages, and schedules GAP or  SPP connections using different 
non-preemptive scheduling policies like FIFO, LIFO, priority-based and Round 
Robin scheduling techniques.   

The Proposed Communication Model 

The proposed communication model is based on the client/server model [1,17,24], 
thus any application using this model employs a single server and up to seven clients 
(endpoints). Moreover, this communication model is implied into the proposed software 
architecture, therefore this communication model is achieved through it. Recalling back 
the denoted communication scheme is server-initiated, where the server side is 
responsible of several tasks including polling clients for communication, sending and 
receiving messages, and routing messages among the connected clients. According to the 
communication scheme and the JSR-82 specification, the server side does the following 
operations: Remote Device Discovery, Remote Service Discovery, Communication 
Setup (including GAP and SPP connections), and Message Routing. On the other hand, 
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the client side (endpoint) does two operations: Opening a connection (by registering a 
communication service), and maintaining the connection with the server side. 

Communication 

A finite state machine for the operation of each side operation is provided based on 
the JSR-82 specification and the proposed system architecture. 

The Client Side 

Figure 2 presents the complete state machine diagram for the client side operation. 
This diagram for the client side consists of six states, ordered according to the proposed 
software architecture and Bluetooth communication scheme described in the JSR-82 
specification [17]. 

The Server Side 

The server side state machine consists of seven states, by which the established 
piconet is managed on the basis of the JSR-82 specifications. These states are depicted in 
Figure3. 

4.2 Illustration of Complete Client/Server Communication Scenario 

To clarify the overall vision of the proposed model, a complete communication 
scenario for a Bluetooth piconet of two nodes: a single client (C1) and a single server (S) 
is demonstrated in Figure 4. Moreover, the utilized topology is demonstrated along with 
the communication transactions based on the operation state machine shown in Figures 
2and 3. The complete point-to-point communication scenario is illustrated through 
figure4 (a) to (f). In step (a), both of (C1) and (S) are remotely visible, which implies 
that both sides 

 
Figure 2: The Client Side Operation State Machine 
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Figure 3: The Server Side Operation State Machine 

have activated their Bluetooth physical connections. In step (b), (S) activated its 
own remote device discovery to be in the Remote Device Discovery state, while (C1) 
registered a communication service to be in the Connectable state. 

In step (c), after (S) had completed the process of remote device discovery and 
discovered (C1), it immediately entered the Remote Service Discovery state. However 
(C1) still in the Connectable state. In step (d), after (S) completed the remote service 
discovery process on (C1), it transited to Receive Only state, then (S) directly polled 
(C1) for communication by sending it a JOIN message. 

Once (C1) received the join message, it immediately responded by an 
acknowledgement message. In step (e), the server side added (C1) connection to its 
message router, then entered the Piconet Communication Loop, and lastly sent (C1) the 
send token in order to allow it to send data message to (S). Finally, in step (f), after (C1) 
received the send token from (S), (C1) decided if it has data to send it would send it, 
otherwise it would send an acknowledgement message to inform (S) that it had no data 
to send. 

Empirical Performance Evaluation  

The empirical performance of a JSR-82 oriented system provides a crucial 
indication about its quality and applicability for Bluetooth-based applications. The 
performance of a Bluetooth-based system is evaluated empirically by: connection times, 
throughput, and interference with other wireless technologies like Wi Fi IEEE 802.11b 
[16,25]. Since a JSR-82 system is a Bluetooth system [16,17,18,22,23,24], its 
performance is evaluated consequently by the similar performance metrics mentioned. 
Moreover, the usage model of JSR-82 oriented Bluetooth applications falls into: cable 
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replacement usage as Dial-up networking, LAN access, and File transfer; and wireless 
audio usage as Intercom, and  

 
Figure 4: (a)-(f): An illustrated scenario of Bluetooth piconet formulation and data 

communication using the proposed model. 

Cordless telephony [1,16,17,25]. The performance evaluation scope in this paper is 
motivated to the cable replacement usage model of JSR-82 oriented Bluetooth 
applications through the proposed software architecture and communication model. Two 
main performance metrics are crucial for evaluating their performance: the relation of 
the average throughput with connection period, separation distance, and the effect of the 
proposed software architecture on the achieved average throughput. By referring to the 
nature of the wireless cable replacement applications, it can be observed that the 
separation distance between the two interconnected point plays a significant role. The 
relation of the average throughput with separation distance is obviously the achieved 
average throughput at a determined separation distance. In order to determine their 
efficiency and reliability, the effect of the proposed software architecture is defined to be 
the effect of the difference between the average throughput achieved with the absence 
and the presence of the proposed software architecture. 

Performance Evaluation Scenario 

The cable replacement applications are naturally uses point to point connection, so 
a special JSR-82 oriented echo point-to-point application was implemented for the 
linkthroughput evaluation purposes.  

A closed 4-by-4 meters research room was utilized to serve as an experimental 
Private Area Network (PAN) topology as shown in Figure 4, and two IBM Pentium 4 
Netvista PCs plugged with MSI Bluetooth USB adapters were used for implementing the 
Bluetooth wireless connectivity. In addition, the native stack determined the Bluetooth 
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wireless connectivity type to be ACL connections, and also determine the default packet 
type to be  DM1 and DM3 [4]. 

In order to evaluate the throughput relationship with separation distance this test 
scenario was decomposed into three categories: one, two, and four meters separation 
categories. In each category, test application was run ten times; where in the first time 
lasted for 200 seconds tell the tenth which lasted for 2000 seconds. In each two seconds 
a complete communicational iteration is performed.  

Point-to-Point Throughput versus Operation Time 

In this section, the relation of point-to-point throughput versus operation time is 
investigated. It was previously stated that in each category, the test application was 
executed for 10 times, each for 200, 400, 600… 2000 seconds respectively. The 
throughput for each side was empirically evaluated in terms of the income and the 
outcome data traffic: server to client data traffic, and client to server data traffic. It is 
observed that the proposed software architecture together with the proposed 
communication model are implemented as a class library mounted over the JSR-82 core 
class libraries, this is clearly seen in Figure 1. As a consequence, this class library 
logically may add processing time overhead to the applications using it. Therefore, in 
order to determine the reliability and the efficiency of both of the proposed software 
architecture and communication model, the throughput was evaluated under two 
assumptions: the presence of the proposed software architecture, and the absence of it. 
The former is considered to be the actual throughput achieved, and the latter is 
considered to be the optimal that can be achieved. The difference between the two 
findings states is the overhead resulting from them. 

Figures 5, 6, and 7 illustrate the relationship between the average  throughput  with 
operation time for 1 meter, 2 meters, and 4 meters separation distance respectively for 
both data traffic directions in terms of the optimal and actual average throughput 
achieved , and the defined overhead.  

It was noted that in general in all presented categories that the average throughput 
of server to client data traffic is higher than the client to the server data traffic, which 
indicated the asymmetry of the link. It was also observed that the achieved average 
throughput converges to the data rate achieved DM1 and DM3  packets under native 
Bluetooth environments [4,5,12]. 

It is also noticed that the average throughput degraded gradually with operation 
time as well as the separation distance is doubled in each presented category. it is 
obviously shown  that the overall average throughput decreased by 20 % for the client to 
server traffic and 25 % for the server to client  traffic in Figure 5, 17% and 25 % in 
Figure 6, and 17 % and 11% in Figure 7. The overall overhead on throughput is 2.8 % 
for the first category in Figure 5, 4.8 % for the second category in Figure 6, and  2.4% 
for the third category in Figure 7. Results revealed that the overhead resulted from both 
of the proposed software architecture and the communication model on the achieved 
average throughput is almost negligible if considered.  
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Point-to-Point Throughput versus Separation Distance  

In this section, the overall relationship between the average throughput and 
separation distance is stated. Similarly to the previous section, the same measurements of 
average throughput were evaluated. The overall relationship between the average 
throughputs versus separation distance is shown in Figure 8. Figure 8 (a) describes the 
client to server traffic average throughputs for all stated categories, while figure 8 (b) 
describes the server to client traffic. The overall relationship between the average 
throughputs versus separation distance was evaluated by executing the echo application 
five times each of 2000 seconds iterations per category, then the average of each 
category was taken.  

Figure 8 (a) shows that the average data throughput falls as the separation distance 
doubles especially when the distance was doubled from 1 to 2 meters. However, the 
same effect is also noticed in Figure 8 (b), but with less decrease, which again states the 
link asymmetry achieved through DM1 and DM3 packet used by the Bluetooth radio. 
The observed average throughput degradation resulted from doubling separation distance 
is due to two main factors: Bluetooth is short-range low power wireless technology so as 
a consequence, the signal strength is affected by distance; and the fact that JSR-82 
oriented systems are naturally operate under Java virtual machine, which consumes 
higher amount of memory than native languages as C/C++. Finally, it is also noticed the 
insignificant overhead of the proposed software architecture together with the proposed 
communication on the achieved average throughput for both data traffic directions. 

 

 

 
Figure 5: Average Throughput versus Operation Time of one-meter category (a) 

client to server traffic, (b) server to client traffic. 
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Figure 6: Average Throughput versus Operation Time of two-meter category (a) 

client to server traffic, (b) server to client traffic. 

 
Figure 7: Throughput versus Operation Time of four-meter category (a) client to 

server traffic, (b) server to client traffic. 

 
Figure 8: The overall relationship between the average throughput versus   

separation distance: (a) client to server traffic, (b) server to client traffic. 
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Summary and Conclusions 

The performance of JSR-82 oriented systems was evaluated empirically through the 
proposed software architecture and the proposed communication model. The 
performance was evaluated in terms of the relationship between the average throughput 
versus operation time and versus separation distance for both data traffic directions. It 
was observed from the empirical results shown in section 5 that the proposed JSR-82 
oriented software architecture and communication model suit for Bluetooth cable 
replacement applications, especially when the client side receives more than it sends. 
Typical examples include: FTP, Multimedia, and also Bluetooth-based legacy 
applications, which operate at short ranges of 1 to 4 meters, and short connectivity time 
periods of 30 minutes. In addition to its suitability and applicability, JSR-82 oriented 
systems also provide the suitable infrastructure for standard Java-based Bluetooth 
applications for small and medium size computers due to its extendibility of building 
application-specific software architecture as well as communication models. 

Finally, depending on the observed applicability and suitability of JSR-82 oriented 
systems, it is concluded that the JSR-82 verifies its adoption by leading wireless solution 
enterprises, and promises to provide a wider future for Java-based Bluetooth systems 
operating on more extensible topologies as scatternets. 

  
 JSR-82تقييم تجريبي ألداء األنظمة املوجهة لنظام 
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  ملخص

، والتــــي تعمــــل فــــي بيئــــة JSR-82وجهــــة لنظــــام يهــــدف هــــذا البحــــث إلــــى تقيــــيم أداء األنظمــــة الم 
Bluetooth piconet .   وقد تم استحداث تركيبة برمجيات موجهـة لنظـامJSR-82    الطبقـي متعـدد األغـراض 

حيــث ، وقــد تــم تقيــيم أداءه بــشكل تجريبــي مبنــي علــى االختبــار   . مــع نمــوذج اتــصاالت يقــوم بــدور الخــادم   
، ممـا  Bluetooth حققت األداء المطلوب منها لتطبيقـات        JSR-82أظهرت النتائج أن األنظمة الموجهة لنظام       

  .يبرر استخدامها في المشاريع القيلدية للحلول الالسلكية
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Abstract 
Samples of Jordanian phosphate bearing carbonate rocks were collected from Rusaifa open 

mine related to three different stratigraphic horizons in central Jordan. One mixed sample of each 
horizon was put in the bottom of impervious plastic tube situated in vertical position. Radon 
dosimeters were distributed evenly on a meter stick, which is called radon discriminator. The 
discriminator was inserted in the tube. All plastic tubes were completely sealed to prevent air 
exchange with the surrounding.  After five weeks of exposure, the detectors were collected, 
chemically etched and analyzed. Radon (222Rn) and thoron (220Rn) concentrations were reported. 
Consequently, the specific activity concentrations of uranium (238U) and thorium (232Th) were 
calculated. Results show an increase of uranium content in the phosphate bearing horizons 
downwardly. In addition, the obtained results were compared with the gamma-ray spectroscopy 
outcome and with the findings of the Jordanian Phosphate Mine Company, there was a good 
agreement.     

Keywords: Uranium, Thorium, Phosphate, CR-39, Radon, Thoron, Jordan. 

Introduction 

Uranium and thorium are common elements in nature. They decay over the 
geological time through their respective well known decay series, generating a wide 
spectrum of daughter products. Uranium and thorium as well as their daughter products, 
except 222Rn, 219Rn and 220Rn, are solids, and therefore, do not easily migrate from one 
place to another under normally prevailing conditions. Being inert gaseous, the 
daughters 222Rn, 219Rn and 220Rn can migrate from their cradle (from their sources 238U, 
235U and 232Th, respectively) to other places through forced process and/or natural 
diffusion. Radon isotope 219Rn is, from health point of view, insignificant because of its 
short half–life time (4 s) and low abundance of its ultimate ancestor 235U (0.7% by 
mass). Radon isotope 220Rn can naturally diffuse in air up to 25cm before its 
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concentration comes to a negligible amount. However, 222Rn can go even longer 
distances from its generating source through natural diffusion. Hence, measuring 220Rn 
and 222Rn concentrations in closed soil air system helps in uranium and thorium 
explorations. Researchers used radon emanometer to explore uranium [1, 2]. Radon 
(222Rn) and thoron (220Rn) discriminator is another technique, which was used by 
researchers [3] for uranium and thorium investigations. This technique mainly utilizes 
nuclear track detectors [3]. The diffusion equation under steady state condition is given 
by [3]: 

)/exp(0 Dcc −= ............................................................................... (1) 

Where c (co) is radon or thoron concentration in Bqm-3 at x (zero) distance from the 
source, λ is the decay constant (s-1) and D is the diffusion constant (cm2/s).  

In this work radon and thoron measurements (using discriminator technique) were 
carried out in a sealed environment containing Jordanian phosphate samples using high 
quality of CR-39, which was purchased from Page Moulding (Pershore) Ltd., UK.  

Geological setting 

Phosphate bearing rocks cover more than 60% of the total area of Jordan. Phosphate 
is considered one of the main mineral resources in Jordan. In the global phosphate 
market, Jordan is regarded as the sixth phosphate producing country in the world. 
Jordanian measured phosphate reserves are exceeding one billion (109) tons [4]. The 
Jordanian phosphate is made of francolite mineral which is of the apatite group 
containing carbonate and fluoride. These deposits are found as organic sedimentary 
carbonate rocks of Campanian age, which were deposited in a pelagic marine 
environment as carbonate sequence. The main phosphate bearing rock unit is called Al-
Hissa Formation, that relate to Belqa Group [5]. Jordan Phosphate Mines Company 
(JPMC) is responsible for the production of phosphate in Jordan. It is produced from 
what is called Jordanian phosphate belt which is located in central part of Jordan as 
shown in Fig.1. The phosphate belt is not the only area where phosphate bearing 
sedimentary rock is exposed but it is the largest area. JPMC is producing phosphate from 
this wide belt through open mine method. The main mines are Rusaifa in north, El-Abiad 
and Al-Hissa in central part and Eshidiya in southern part of the belt. The oldest mine is 
Rusaifa which is abandoned due to its proximity to cities of high population such as the 
capital Amman and city of Zarqa. Phosphate of Al-Hissa Formation in Rusaifa mine are 
found and extracted from four different horizons. Most of its open pits are totally filled 
up and only one location is partially dumped. Thus, in this study, the phosphate samples 
were collected from this only location found in Rusaifa mine Shown in fig. 2. Due to the 
dumping activity in this location the upper three phosphate bearing horizons are the only 
remaining exposed horizons. The lower one is not included in this study. In the other 
three phosphate mines phosphate bearing horizons does not exceed one or two horizons. 
Studies of JPMC were carried out to determine Uranium content in the four Jordanian 
phosphate deposits. Company findings are averaged 50 to 140 parts per million of 
uranium. Based on this result, the byproduct resources of Jordan are estimated to be 
100000 metric tons of uranium [4]. 
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Figure 1:  Map of Jordan shows Jordanian wide phosphate mining belt and mines. 
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Figure 2: Generalized geologic profile of the Rusifah sections showing the three 

sampled outcropping phosphate beds. 
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Experimental Procedure 

Phosphate samples were collected from Rusaifa from the upper three phosphate 
bearing horizons (levels). More than ten samples were gathered from each level. The 
samples were crushed and pulverized to about ≤ 2 mm of grain size. Samples from one 
level were mixed and homogenized to reduce its number. Different masses were taken 
from each mixed sample (0.2 – 0.25 kg). The samples were placed in a plastic tubes, 
PVC, (each is 1m long and 20 cm diameter). Meanwhile, ten to twelve open plastic cup 
dosimeters were prepared and fixed on a meter stick in a ladder shape. The first six 
dosimeters were 5 cm spaced, while the rest of the detectors were 10 cm spaced. These 
dosimeters were previously described and calibrated [6]. This dosimeters' stick which, is 
called discriminator was inserted in the plastic tube and air tight sealed. After five 
weeks, the plastic detectors were retrieved and chemically etched in a solution of 30% 
KOH at 70 oC for 8 hours.  Three methods were used to evaluate the track density (alpha 
tracks/cm2) on the detectors surfaces. The first one was a traditional method using an 
optical microscope and the second one was a photometry method, which is based on 
measuring the relative intensities of the transmitted monochromatic light from the etched 
detectors. In this method, detectors of well known track densities were exposed to a 
monochromatic light of known intensity Io and the transmitted intensity I were 
measured. The relative intensities were plotted against the track densities. The resultant 
curve (Fig. 3) was used as a calibration curve. The previous two methods were used to 
evaluate the tracks densities on the upper detectors (the ones 25 cm or more above the 
surface of the measured samples).  A scanning electron microscope (SEM) was used as a 
third method to evaluate the average density on the lower detectors which were 
characterized by very high tracks densities. For statistical purposes, few of the upper 
detectors were examined also by the SEM, there were very good agreement between the 
results of the examined samples by the three methods. The standard deviation was taken 
as the uncertainty in the reported data.  
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Fig. 3: Calibration curve shows the relative intensity of monochromatic transmitted light 

against track density on detectors of known tracks densities 

Results and Discussion 

 The studied samples were collected from Rusaifa mine. The dosimeters close to the 
sample surface (<25cm) expected to register tracks due to α – particles from both radon, 
thoron and their progenies, since thoron can travel from its source only about 25 cm in 
air before it can disintegrate. While tracks registered on the higher detectors (> 25 cm 
above the sample surface) were mainly due to α – particles from radon and its progenies 
only. By subtracting the average track density on the higher detectors from the average 
density on the lower ones, one can deduce the average track density due to thoron. 
However, all mixed samples show higher values of 222Rn concentrations than that of 
220Rn as shown in Figs. 4. Radon concentration almost was constant in the environment 
of the sealed tube as shown in fig. 5. In the contrary, thoron concentration decreases 
rapidly as the height above the surface of the sample increases as shown in Figs. 4 and 6. 
This behavior can be explained by eq. (1). The averages of radon concentrations in the 
tubes ranged from 1.98±0.18 kBqm-3 for samples from second level to 1.50±0.12 kBqm-3 
for samples from fourth horizon. Uranium and thorium concentrations were calculated, 
assuming secular equilibrium, from radon and thoron concentrations, respectively. Using 
the conversion factors, 1 ppm is equivalent to ~13.3 Bqm-3 for uranium and 1 ppm is 
equivalent to ~ 4.2 Bqm-3 for thorium, one can calculate the concentrations in ppm. 
Table 1 shows the result of these calculations. 
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Fig 4: Concentration of radon and thoron in Bqm-3 above sample surface. Radon 

concentration is higher than the thoron concentration. These data belong to 
samples from 2nd horizon 

  
Fig. 5: Radon concentration almost constant in the air environment aove the sample 

surface in the tube. 
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Fig. 6: Thoron concentration decreases rapidly with the increasing height above sample 

surface 

 

 However, U-concentration was highest (149±23 ppm) in level 2 which, is 
characterized by the apatite minerals in the phosphate rocks of sedimentary origin. 
There, U ions (U4+) can replace Ca ions (Ca2+) because of similarity in size between the 
two ions. Uranium concentration decreases as we go up in levels. These upper levels are 
described mainly by marl and limestone rocks. In these rocks, uranium has the tendency 
to migrate and/or co-precipitate with calcite through cracks and fractures. The range of 
U–concentrations was from 110 ± 15 to 149 ± 23 ppm with an average of about 128 ± 17 
ppm.  However, the results of this experiment were compared to JPMC and Wreikat [7] 
and there was a good agreement, see table 1. Moreover, similar behavior was noticed in 
thorium concentration. The highest value of Th concentration was about 188 ppm in the 
second level, which are mainly rocks of soft phosphate rich in apatite minerals. The 
average concentrations of thorium ranged from 122 ± 13 to 188 ± 25 ppm with an over 
all average of about 146 ± 18 ppm.  
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Table 1: Concentrations of U and Th in Rusaifa phosphate mine in different mixed   
                samples from different horizon levels. 

Sample Level Uranium Concentration (ppm) 

This work                Ref. (a) 

Thorium Concentration (ppm) 

This work              Ref. (a) 

2 149 ± 23 188 ± 25 

3 125 ± 14 127 ± 16 

4 110 ± 15 

 

142 ± 19 

122 ± 13 

 

152 ± 27 

a. Wreikat et al., 1987. 

 

Conclusions 

The average concentration of uranium in Jordanian phosphate was 128 ± 17 ppm, 
while the concentration of thorium was about 146 ± 18 ppm. Environmentally, areas of 
abandoned phosphate mines like those in Rusaifa (Jordan) are not recommended for 
residential use since the background radiation is higher than the acceptable levels [8]. 
Economically, there is a good possibility for uranium production from Jordanian 
phosphate. In addition, Jordanian phosphate may have also an economic potential value 
for thorium mineralization. The technique of nuclear track detectors proofs to be a good, 
efficient and cheap for uranium exploration. 
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 شمال –قياس تراكيز اليورانيوم والثوريوم في فوسفات األردن من مناجم الرصيفة 
  .CR-39م كواشف األردن بإستخدا

  

 خالد موسى ابومراد ومحمود حامد التميمي

 

  ملخص

جمعت عينات من ثالث طبقات جيولوجية مختلفة جيرية حاملة للفوسفات من مناجم في شمال 
في نفس . وضعت عينة ممثلة لكل طبقة في قعر أنبوب بالستيكي غير منفذ وموضوع بشكل قائم. األردن

، ثم أغلق األنبوب بإحكام لمنع )رة موزع عليها مجراعات الرادون بإنتظاممسط(الوقت ادخل مميز الرادون 
ثم ظهرت ) المجراعات(وبعد خمسة اسابيع من التعرض جمعت الكواشف . تبادل الغازات مع المحيط
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ومن هذه القياسات تم حساب ) 220(والثورون ) 222(لقد قيست تراكيز الرادون . كيماويا و حللت
تبن نتائج هذه الدراسة ان تركيز اليورانيوم يزدادا مع ازديا د ). 232(والثوريوم ) 238 (تراكيز اليورانيوم

باألضافة لذلك، تم مقارنة نتائج هذا البحث مع نتائج تحاليل أشعة جاما ونتائج شركة مناجم . عمر الطبقة
  .الفوسفلت األرنية فكان التطابق جيدا
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Abstract 
In the present work, we carry further the study of countably rc-compact spaces that were 

introduced in [3] and studied also in [5]. Beside obtaining other properties and characterizations of 
countably rc-compact spaces, we introduce ω-weakly ΣP  property and study countably rc-
compact spaces with the presence of this property. In the final part, we study mappings that 
preserve or inversely preserve countable rc-compactness.  
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Introduction 

A topological space (X,T) is called countably S-closed in [3] if every countable 
cover of X by regular closed subsets contains a finite subcover for X, where a subset of 
X is called regular closed if it is equal to the closure of its interior. Countably S-closed 
spaces are also studied in [5], where they are called countably rc-compact.  

In the present work we stick to the name countably rc-compact space and continue 
the study of this class of spaces. In section 1, we state the necessary definitions and 
include some known facts that will be needed later in this work. In section 2, properties 
and characterizations of countably rc-compact spaces are discussed.In section 3, we 
study countably rc-compact spaces in the presence of ω-weakly ΣP  property, that is 
introduced there. Finally, in section 4 we deal with mappings of countably rc-compact 
spaces.  

Throughout, a space always means a topological space on which no separation 
axiom is assumed. We use (X,T), (Y,M), etc., to denote a space.  
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1. Definitions and Preliminaries  

Let A be a subset of a space (X,T).We use cl(A) and int(A) to denote the closure of 
A and the interior of A, respectively, in (X,T).  

 Definition 1.1.  A subset A of a space (X,T) is called:  

(i) Regular open if A = int(cl(A)) 

(ii) Regular closed if A = cl(int(A)). Equivalently, if X-A is regular open.  

(iii) Semiopen if )(UclAU ⊆⊆  for some TU ∈  

(iv) Regular semiopen if )(GclAG ⊆⊆  for some regular open subset G of X  

 (v) Preopen if ))(int( AclA ⊆   

(vi) Semipreopen if )))((int( AclclA ⊆   

As a convention, if (X,T) is a space then we write:  

RO(X,T) to denote the family of regular open subsets of X.  

RC(X,T) to denote the family of regular closed subsets of X.  

SO(X,T) to denote the family of semiopen subsets of X.  

RSO(X,T) to denote the family of regular semiopen subsets of X.  

PO(X,T) to denote the family of preopen subsets of X.  

SPO(X,T) to denote the family of semipreopen subsets of X.  

 Remark 1.2. (a) Preopen subsets were called locally dense subsets in [3].  

(b) The name β-open was sometimes used for semipreopen subsets, see[6].  

The following is a characterization of semipreopen subsets whose proof is direct.  

Lemma 1.3. A subset A of a space (X,T) is semipreopen if and only if cl(A) is regular 
closed.  

A consequence of this Lemma is part (b) of the following remark.  

 Remark 1.4.  Let (X,T) be any space. Then  

(a) ),(),(),( TXSOTXRCTXRO
≠
⊂∪  

(b) ),(),(),( TXSPOTXPOTXSO
≠
⊂∪ .  

 Example 1.5. Let Q stand for the set of rationals and let R stand for the set of reals 
(equipped, as a space, with the standard topology). We let:  
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{ }10 : <≤∈= xxA R , { }10 : ≤≤∈= xQxB .  

Then A is a regular semiopen subset of the space R. However A is neither a regular open 
nor a regular closed subset of R. Also, B is a semipreopen subset of R. But B is neither a 
semiopen nor a preopen subset of R.  

We need the following result concerning semipreopen subsets.  

 Lemma 1.6. If }:{ IA ∈αα  is a family of semipreopen subsets of a space (X,T) then 

∪ }:{ IA ∈αα  is semipreopen.  

Proof: Let αA ∈SPO(X,T) for each α∈I. We choose αP ∈PO(X,T) such that 

αP ⊆ αA ⊆ cl( αP ), α∈I (see Theorem 2.4 of [1]).Take P=∪ { αP : α∈I }, then 

P∈PO(X,T) (as the union of preopen subsets is preopen), and we have P=∪ { αP : 

α∈I}⊆ ∪ { αA : α∈I }⊆ ∪ {cl( αP ) : α∈I }⊆ cl (∪ { αP :α∈I }) = cl(P). Therefore 

∪ { αA : α∈I } is a semipreopen set. 

2. Properties of countably rc-compact spaces  

In [3], the class of countably S-closed spaces was introduced and studied further in 
[4] after giving it the name countably rc-compact spaces. In this section, we continue the 
study of countably rc-compact spaces and subsets.  

From now on we use RC-cover (respectively, RO-cover, SO-cover, etc....) to mean 
a cover whose members are regular closed (respectively, regular open, semiopen, etc....).  

Definition 2.1. (a) A space (X,T) is called countably rc-compact ([3], [5]) if every 
countable RC-cover of X contains a finite subcover for X.  

(b) A subset A of a space (X,T) is called a countably rc-compact subset if (A,T|A) is a 
countably rc-compact subspace.  

(c) A subset A of a space (X,T) is called countably rc-compact relative to (X,T) if every 
countable cover of A by regular closed subsets of (X,T) contains a finite subcover for 
A.  

Example 2.2.  (a) The discrete space N (where N is the set of natural numbers) is not 
countaby rc-compact. The family }:}{{ Nnn ∈ is a countable RC-cover of the space N 
that does not contain a finite subcover. 
(b) If βN denotes the Stone-Čech compactification of the discrete space N, then N is not 

a countably rc-compact subset of  βN, since the subspace N is the discrete space and 
(a) is applied. 
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(c) At the same time, N in part (b) is not countably rc-compact relative to βN . In fact, 
the cover }:}{{ Nnn ∈  represents a countable cover of N by regular closed 
subsets of βN  and does not contain a finite subcover. 

2.3. Theorem The following conditions are equivalent for a space (X,T):  

(a) (X,T) is countably rc-compact,  

(b) For every countable SPO-cover }:{ NnEn ∈  of X there exists Nm∈  such that 

)(
1

i

m

i

EclX ∪
=

= ,  

(c) For every countable SO-cover }:{ NnSn ∈  of X there exists Nm∈  such that 

)(
1

i

m

i

SclX ∪
=

= ,  

(d) For every countable RSO-cover }:{ NnRn ∈  of X there exists Nm∈  such that 

)(
1

i

m

i

RclX ∪
=

= .  

Proof: That (a) ≡ (c) ≡ (d) is established in Theorem 2.2 of [3]. Moreover, )()( ba →  
follows by Lemma 1.3 while )()( cb →  follows by Remark 1.4 (b).  

It follows, by Theorem 2.3 and the fact that ),(),( TXSPOTXPO ⊆ , that if a 

space (X,T) is countably rc-compact then for every countable PO-cover }:{ NnPn ∈  

of X there exists Nm∈  such that )(
1

i

m

i

PclX ∪
=

= . However, the converse is not true 

in general and we conclude it from Theorem 2.5 and Remark 2.6 below.  

 Definition 2.4. (see [5] or [3]) A space (X,T) is called feebly compact if for every 
countable open cover }:{ NnU n ∈  of X there exists Nm∈  such that 

)(
1

i

m

i

UclX ∪
=

= .  

Theorem 2.5. A space (X,T) is feebly compact if and only if for every countable PO-

cover }:{ NnPn ∈  of X there exists Nm∈  such that )(
1

i

m

i

PclX ∪
=

= .  
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Proof: The if part follows by the fact that every open subset is preopen. For the only if 
part, assume that (X,T) is feebly compact and let }:{ NnPn ∈  be a countable PO-cover 

of X. Since ))(int( nn PclP ⊆  for each Nn∈ , the family }:))({int( NnPcl n ∈  is 

a countable open cover of X. Therefore, there exists Nn∈  such that 

)()))((int(
11

i

m

i
i

m

i

PclPclclX ∪∪
==

== ( because )())(int( nnn PclPclP ⊆⊆  implies that 

))))((int()( nn PclclPcl = .  

Remark 2.6. It is clear that every countably rc-compact space is feebly compact. 
However, the converse is not ture in general, e.g. Example 4.3 of [3] represents such 
spaces.  

We recall that if (X,T) is countably rc-compact and ),( TXROG∈  (respectively, 
)),( TXRCF ∈  then the subspace (G,T|G) (respectively, (F,T|F)) is countably rc-

compact (see Proposition 2.9 of [3]). The following is an improvement of these results 
(In Example 1.5, the set A is regular semiopen but neither regular open nor regular 
closed).  

 Proposition 2.7. If R is a regular semiopen subset of a countably rc-compact space 
(X,T) then the subspace (R,T|R) is countably rc-compact.  

Proof: Let ),( TXROG∈  such that )(GclRG ⊆⊆ . By the remarks in the 
paragraph preceding this proposition, (G,T|G) is countably rc-compact. Therefore, 
(R,T|R) is, by Proposition 2.9 (iii) of [3], countably rc-compact.  

It is useful here to point to the fact that neither a semiopen subspace nor a preopen 
subspace of a countably rc-compact space need be countably rc-compact. [see Remark 
2.10 of [3]. Note that ω is a non-countably rc-compact dense (hence preopen) and open 
(hence semi open) subspace of the countably compact space βω].  

In [7], Noiri proved that a space (X,T) is S-closed (≡ rc-compact) if and only if 
every proper regular open subset is S-closed. The following is an improvement of this 
result for countably rc-compact spaces.  

Theorem 2.8. A space (X,T) is countably rc-compact if and only if every proper regular 
semiopen subset is countably rc-compact.  

Proof: Necessity follows by Proposition 2.6 above. To prove sufficiency, let 
}:{ NnFn ∈  be a countable RC-cover of X. Assume that 1FX ≠  and φ≠1F . Then 

1FX −  is a proper regular open (and hance regular semiopen) subset of X. Therefore, 

1FX − is, by assumption, countably rc-compact. But the family 

,...}3,2:)({ 1 =− nFXFn ∩  is a countable cover of 1FX −  by subsets that are 
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regular closed in 1FX −  (See Lemma 1.1 (iii) of [3]). Thus there exists Nm∈  such 

that ( ) i

m

i
i

m

i

FFXFFX ∪∪ ∩
2

1
2

1 )(
==

⊆−=− . So i

m

i

FX ∪
1=

=  and (X,T) is 

countably rc-compact.  

3. ω-weakly PΣ spaces  

Noiri introduced in [8] the weakly PΣ  spaces and studied them in connection with 

S-closed spaces. In this section we define the ω-weakly PΣ  property and study 
countably rc-compact spaces that have this property.  

 Definition 3.1 A space (X,T) is called ω-weakly PΣ if each regular open subset is a 
countable union of regular closed subsets.  

For the next result, we recall that a space (X,T) is called extremally disconnected 
(abbreviated e.d.) if cl(U) is open for each TU ∈ .  

Theorem 3.2.  Let (X,T) be countably rc-compact and ω-weakly ΣP . Then (X,T) is e.d.  

Proof: Let TU ∈ . We show that cl(U) is open. We note that int(cl(U)) is regular open. 

So, since (X,T) is ω-weakly ΣP , we can write n
Nn

FUcl ∪
∈

=))(int( , where 

),( TXRCFn ∈  for each Nn∈ . It follows that the family 

))}(int({}:{ UclXNnFn −∈ ∪  forms a countable RC-cover for the countably rc-compact 

space (X,T). So it contains a finite subcover for X. In particular, there exists Nm∈  

such that i

m

i

FUcl ∪
1

))(int(
=

= . This shows that int(cl(U)) is closed and contains U. 

Thus cl(U) = int(cl(U)) and cl(U) is open. So (X,T) is e.d.  

 Definition 3.3. A space (X,T) is called ω-nearly compact if every countable RO-cover 
of X contains a finite subcover for X.  

 Remark 3.4. It is well-known that given a space (X,T) then the family RO(X,T) is a 
base for a topology Ts on X called the semiregularization of T. It is easy to see that 
(X,T) is ω-nearly compact if and only if the space (X,Ts) is countably compact.  

Theorem 3.5. A space (X,T) is ω-nearly compact if and only if for every countable PO-

cover of X there exists Nm∈  such that ))(int(
1

i

m

i

PclX ∪
=

= .  
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Proof: Assume that (X,T) is ω-nearly compact and let }:{ NnPn ∈  be a countable PO-

cover of X. Since ))(int( nn PclP ⊆ , Nn∈ , then the family }:))({int( NnPcl n ∈  

is a countable RO-cover of X and therefore there exists Nm∈  such that 

))(int(
1

i

m

i

PclX ∪
=

= .  

For the converse we need only note that if ),( TXROG∈  then ),( TXPOG∈  
and G = int(cl(G)).  

Theorem 3.6. Let (X,T) be countably rc-compact and ω-weakly ΣP . Then (X,T) is ω-
nearly compact.  

Proof: Let }:{ NnGn ∈  be a countable RO-cover of X. Since (X,T) is, by Theorem 

3.2, e.d. then  )( nGcl  is open for each Nn∈ . On the other hand, ))(int( nn GclG =  

and therefore )( nn GclG = , Nn∈ . It follows that }:{ NnGn ∈  is an RC-cover of 
the countably rc-compact space (X,T). Thus it contains a finite subcover for X, and 
(X,T) is ω-nearly compact.  

Theorem 3.7. A space (X,T) is countably rc-compact and ω-weakly ΣP  if and only if it 
is ω-nearly compact and e.d..  

Proof: The ‘only if’ part follows by Theorems 3.2 and 3.6. To prove the ‘if’ part, we 
first note that every e.d. space is ω-weakly ΣP . Next, if we let }:{ NnFn ∈  be a 
countable RC-cover of X we can see easily that (since (X,T) is e.d.) the family 

}:{ NnFn ∈  is a countable RO-cover of X. But (X,T) is ω-nearly compact, therefore, 

}:{ NnFn ∈ contains a finite subcover for X. Thus (X,T) is countably rc-compact.  

4. Mappings of countably rc-compact spaces  

In this section, we consider several types of mappings between topological spaces 
that preserve or inversely preserve countable rc-compactness.  

Definition 4.1. (see [2]) A function ),(),(: MYTXf →  is called somewhat 

continuous if φ≠− ))(int( 1 Vf  for each MV ∈ .  

We recall that a function ),(),(: MYTXf → is called rc-continuous (see [4]) if 

),())(1 TXRCHf ∈−  for each ),( MYRCH ∈ . We introduce the following.  

Definition 4.2. A function ),(),(: MYTXf →  is called wrc-continuous if 

)()(1 XTSPOHf ∈−  for each ),( MYRCH ∈ .  
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Theorem 4.3. Let ),(),(: MYTXf →  be a surjection that is somewhat continuous 
and wrc-continuous. If ( ),( TX  is countably rc-compact then so is ),( MY  

Proof: Let }:{ NnFn ∈  be a countable RC-cover of the space ),( MY . Since f  f is 

wrc-continuous, the family }:)({ 1 NnFf n ∈−  is a countable SPO-cover of the space 

),( TX . Thus there exists Nm∈  such that ))(( 1

1
i

m

i

FfclX −

=

=∪ . We show that 

i

m

i

FY ∪
1=

= . Suppose .
1

φ≠−=
=

i

m

i

FYW ∪  Then MW ∈  and, since f is somewhat 

continuous, φ≠− ))(int( 1 Wf . But },...,1:))(({ 1 miFfcl i =−  is a cover of X, so there 

exists mj ≤≤1  such that φ≠−− ))(())(int( 11
jFfclWf ∩ . It follows that:  

)()()()())(int()(())(int( 1111111
jjjj FWfFfWfFfWfFfclWf ∩∩∩∩ −−−−−−− =⊆⊆≠φ

.  

This means that φ≠jFW ∩ , a contradiction. Thus φ=−
=

i

m

i

FY ∪
1

 and 

consequently i

m

i

FY ∪
1=

= .  

To state the next definition, we recall that the complement of a semipreopen subset 
is called semipreclosed (or β-closed in [6]).  

 Definition 4.4. ([6]) A function ),(),(: MYTXf →  is called a semipreclosed 
function if f )(Cf  is a semipreclosed subset of Y for each closed subset C of X.  

The following is a useful characterization of semipreclosed functions, whose proof 
is omitted.  

 Lemma 4.5. A function ),(),(: MYTXf →  is semipreclosed if and only if for each 

Yy∈  and for each TU ∈  with Uyf ⊆− )(1  there exists ),( MYSPOG∈  such 

that Gy∈  and UGf ⊆− )(1 .  

In the next result, we use the fact that if a function ),(),(: MYTXf →  is open 

then ))(())(( 11 BfclBclf −− ⊆  for each YB ⊆ .  
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Theorem 4.6. Let (X,T) be an e.d. space. Let ),(),(: MYTXf →  be a 

semipreclosed and open surjection such that )(1 yf −  is countably rc-compact relative to 
(X,T) for each Yy∈ . If (Y,M) is countably rc-compact then (X,T) is also countably rc-
compact.  

Proof: Let }:{ NnGn ∈  be a countable SPO-cover of X. Without loss of generality, 

we assume that 1+⊆ nn GG  for each Nn∈ . Since )( nGcl  is, by Lemma 1.4, regular 

closed then we choose, for each Nn∈ , an open subset nU  of X such that 

)()( nn UclGcl = . Moreover, since ),( TX  is e.d., )( nUcl  is open, Nn∈ . For 

each Nn∈  we define:  

))}()(:),({ 1
nn UclVfMYSPOVV ⊆∈= −∪ . 

We note that:  

(i) nV  is semipreopen for each Nn∈  (see Lemma 1.6).  

(ii) 1+⊆ nn VV  for each Nn∈  (since ))()( 1+⊆ nn UclUcl .  

(iii) The family }:{ NnVn ∈  is a cover of Y. For if Yy∈  then )(1 yf −  is 

countably rc-compact relative to (X,T). Since }:)({ NnUcl n ∈  is a countable 

cover of )(1 yf −  by regular closed subsets of ),( TX , then there exists Nm∈  

such that )()()(1
mm GclUclyf =⊆− . By Lemma 4.5, there exists a semipreopen 

subset V of Y such that y ∈ V and )()(1
mUclVf ⊆− . Thus mVy∈ . In short, we 

obtained an increasing SPO-cover }:{ NnVn ∈  of the countably rc-compact space 

),( MY . Thus there exists Nm∈  such that )( mVclY = . It follows that :  

))(( open) is ())(()( 111
mm VfclfVclfYfX −−− ⊆== )())( mm GclUcl ⊆⊆ ; 

 i.e., there exists Nm∈  such that )()(
1

i

m

i
m GclGclX ∪

=

==  and thus (X,T) is 

countably rc-compact.  

Corollary 4.7. Let (X,T) be compact and let (Y,M) be countably  rc-compact. If XxY is 
e.d., then it is countably rc-compact.  
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Proof: We consider the projection YYXP →×:2 . It is clear that:  

(a) 2P  is open and hence almost open,  

(b) ),(),(: MYTXf → is closed (a projection parallel to a compact factor is 

closed) and hence 2P  is semipreclosed,  

(c) )(1
2 yP−  is countably rc-compact relative to XxY, for each Yy∈ . In fact 

}{)(1
2 yXyP ×=−  is homeomorphic to ),( TX . Thus X×{y} is compact 

and, apriori, countably compact. Now, if }:{ NnFn ∈  is a countable cover 
of X×{y} by regular closed subsets of X×Y then since X×Y is e.d., the family 

}:{ NnFn ∈  is an open cover. Thus it contains a finite subfamily that 

covers }{)(2
1 yXyp ×=− .  

Thus we can apply Theorem 4.6 to this case and conclude that X×Y is countably 
rc-compact.  

To end this section, we point here that in Corollary 4.7, the assumption on X×Y to 
be e.d., is essential. For it is known that the space βω×βω is not countably rc-compact 
(see Example 4.4 of [3]), in spite that the space βω is compact and e.d., (and so βω is 
also countably rc-compact).  

 

  الفضاءات ذات الرتاص املعدود بغطاءات مغلقه بانتظام
  

  بسام الناشف
  

  ملخص

]نتــابع فــي هــذا البحــث دراســة نــوع معــين مــن فــضاءات التــراص المعــدود الــذي ظهــر تعريفــه فــي         ]3 
]واستمرت دراسته في   كـذلك  . الدراسة الحالية تصنيف خصائص وصفات تميز هذا النوع من الفـضاءات          . 5[

اما الجزء االخير من البحـث فقـد        .  الضعيفة لندرس هذه الفضاءات بوجودها     ω من الفئة    ΣΡتقدم خاصية   
 .ًا، على هذه الفضاءاتخصص لدراسة انواع من االقترانات تحافظ، او تحافظًا عكسي
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Abstract 
Dust samples were monthly collected over a year (1998) at three stations placed along the 

Jordanian Red Sea coast, to monitor the dust input in the Aqaba region. The collected dust 
materials were subjected to mineralogical and grain size analysis. The mean grain size of the 
studied dust falls within the silt grade. Close to the potential source area, the particle size is 
unimodal with a substantial mass mode > 50µm. In down wind direction, the distribution curve is 
bimodal with one mode at 63 µm and the second is around 10 µm, indicating the contribution of 
material of local origin. Wadi Araba is the major contributor of dust materials to the area, a second 
area vulnerable to generate dust has been identified over the Red Sea coastal area. Both sources 
reach their maximum activity in the summer months. The average deposition rates of dust range 
from 14.5g/m2/year in winter and 47.5g/m²/year in summer. The main non clay components 
obtained in the studied dust are quartz, feldspar, dolomite and calcite. The non clay mineral 
content decreases downwind, except the carbonate minerals which increase in the same direction. 
A deposition rate of dust is estimated as 0.084g/m2/day. Since the deposition rates at station I 
reflect a single source, the monthly deposition rates at this station is positively correlated with the 
number of days with wind speed above 4m/s, and is negatively correlated with the total rainfall. 

Keywords: Jordan, Aqaba Dust, Red Sea coast, Wadi Araba. 

Introduction 

In the last few decades many studies have been carried out to understand the nature 
of Saharan dust storms, the physical and chemical properties, the long-range transport of 
mineral dust and their impact on the environment [1- 7].The hot deserts around the world 
are particular areas to generate dust. It can be transported over very long distance. 
Particles of 0.02mm in diameter or larger remain in the atmosphere for a minute or hours 
and may therefore travel tens to hundreds of kilometers. Smaller particles can be 
transported for weeks. 

Material picked up in the Sahara Desert can be transported thousand of kilometers 
to settle in Americas, Europe or in the Middle East [8-10]. However, distinction between 
material derived from local and remote sources is extremely difficult. The particle size 
distribution has been used as indicator of dust sources and transport distances. Pye, 
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Madson and Nihlén reported median size 4-16µm from Crete as indicator for medium to 
long range transport [11 and 6]. Singer et al. noted that the deposited dust over the Dead 
Sea shows a mode close to 10µm with a shift between 8µm and 20µm indicating a 
medium to long range transport [12]. Gillies et al. reported that a mode of 2.6 is typical 
of dust transported a long distance, from a single source and a minimum contribution of 
local sources [13]. In contrast the particle size distribution of dust deposited near the 
source area is indicated by higher median size. Goossens and Offer in Negev Deseret 
found that the dust particle size fell in the silt grade and no dust particles were >150 µm 
[14], whereas Yaalon and Ginzbourg in Northern Negev, noted that dust deposited close 
to the sources is characterized by a mode at 70 µm [15]. Bimodal distribution pattern 
usually indicate mixing of sediments from different sources [16]. In adjacent areas 
Singer et al. reported that the lowest deposition rates over the Dead Sea were observed in 
winter, while the highest rates were in spring [12]. The rates increase from 25.5 
g/m2/year in 1997 to 60.5 g/m2/year 1999 due to desertification. Herut and Krom 
reported a deposition rate of 36g/m²/year for the SE Mediterranean [5]. The maximum 
input of eolian dust to the coastal area of Jeddah, western coast of Saudi Arabia, has 
been estimated to be 0.061g/m²/day[17]. Dust additions play a major role in the delivery 
of sediments to the oceans. Chester et al. noted that in the eastern Mediterranean the 
highest deposition rates were recorded over sea [18]. A significant proportion of deep 
Red Sea sediments is derived from the surrounding land areas via the atmosphere [19]. 
Guerzoni et al. have suggested that" both the magnitude and mineralogical composition 
of atmospheric dust inputs indicate that eolian deposition is an important (50%) or even 
dominant (>80%) contribution of sediments in the offshore waters of the entire 
Mediterranean basin”[4].  

This study aims to evaluate the physical properties and mineralogical composition 
of air borne dust settled over the Jordanian Red Sea coast and calculate the amount of 
dust deposited over one year (Fig.1). It will be the first attempt to identify the main 
source of dust transported and settled in this area. 
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Figure 1: Geology of Wadi Araba and the location of dust sampling stations along the 

Jordanian Red Sea coast (Modified after Abed, 2002). 

Climate 

Desert conditions prevail in the Wadi Araba and the adjacent Gulf of Aqaba. The 
area is bordered by the Sinai and Negev Deserts to the west and by the Arabian Desert to 
the east. Based on meteorological data obtained from two stations Ghor Essafi station at 
the northern end of Wadi Araba and the Aqaba airport station at the southern end. 
Temperature usually averages between 15°C in January and 35°C August, The summer 
temperature increases with increasing distance from the sea and normally rises upto 48Cْ 
in August. Rainfall is usually very low and/or concentrated in short bursts between long 
rainless periods. 

Mean annual precipitation does not exceed 72mm/year in Ghor Essafi and 
32mm/year in the Gulf of Aqaba. The total precipitation for the year 1998 was 66mm in 
Ghor Essafi and only 9mm at Aqaba airport. The summer months are rainless over most 
of the area and evaporation rates exceed precipitation by far. The hyperarid conditions 
prevail in Wadi Araba whereas the temperature differences between day and night is 
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large enough to prohibit the growth of plants. Based on the meteorological data 
published in 1998, the main prevailing wind directions are from NNW and NNE (Fig.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Wind frequencies and the mean annual wind speed throughout the year 1998. 

 

The NNW winds are dominant with 54.2% throughout the year and have a mean 
speed of 10.4 Knots/h., its maximum activity is reached during the summer months, 
particularly in June. The NNE winds with a mean speed of 10 Knots comprise 18.6% of 
the total frequencies and dominate over the NNW winds only in the last two weeks of 
November. Following the results reported by Krauskopf and Beiser the varying wind 
speed throughout the year in Wadi Araba is caused by pressure differences developed 
between the lowland and the highland surrounding the Dead Sea Transform Valley [20]. 
When the air above the lowland is heated a low pressure zone is formed, cool air from a 
high pressure zone above the surrounding eastern and western highlands flows down to 
the depression. This is balanced by the outflow of air from the Wadi to the south creating 
the prevailing northerly winds. Southerly winds are mostly related to the presence of the 
active Red Sea trough or in relation to a low pressure center formed over Negev, Sinai 
and northwest of Saudi Arabia [21 and 22]. Southerly winds which may also initiated by 
Khamasin winds blowing in the early and late summer, are connected with dust storm 
events in southern Jordan and the adjacent regions [23]. Southwesterly winds generated 
by depression across the Mediterranean and the Middle East affect only the southern 
parts of Wadi Araba [24 and 25]. 
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Source area 

The structural and geomorphic development of Wadi Araba which is a part of the 
Dead Sea Transform resulted from the Cenozoic break up of the Arabian-African 
platform and the initiated left-lateral strike-slip movements along the Dead Sea 
Transform Fault. The rocks on both sides of Wadi Araba are mainly igneous rocks, 
sandstone and carbonates (Fig.1).  

Based on field observations the following description is used to characterize 
different features existing in Wadi Araba that may serve as sources of dust. Wadi Araba 
extends from the Gulf of Aqaba at sea level northward for 155km, to Jabal Risha, 250m 
above sea level in the central wadi and drops gradually to 412m below sea level at the 
present shoreline of the Dead Sea.  

The highland and escarpments on both flanks of Wadi Araba are intersected by 
many drainage valleys, which may or may not flow with water after substantial rainfall. 
The escarpments are zones of maximum erosive activity as a result of the severe weather 
conditions, mass movement on the steep slopes and the considerable fluvial activity 
along valley intersections.  

 Alluvial fans are located at the margin of escarpment and are characterized by 
steep slopes and extremely coarse grained sediments including cobbles and boulders. As 
many rivers flow out from the same mountain range, multiple - fans overlap forming a 
bajada. Flowing water may pass through fan sediments that consist of coarse gravel 
rather than over them. Fine particles, which accumulate behind boulders, are a source of 
windblown material after ephemeral water stopped, leaving lag-deposits of sand, pebbles 
and boulders.  

The dominant portion of fine particles however, pass the alluvial fans during heavy 
rain, are carried downstream to the desert plain and are placed there in mud flats and salt 
lakes (sabkha), areas with no drainage outlet. The sediments of mud flats and sabkhas 
are usually fine grained with salt crusts occurring on the surface and salt precipitations 
intercalated with the soil profile. defined the inland sabkha as deflation sedimentation 
windows where the upper surface of the capillary zone marks the base of wind 
deflation[26]. Water movement into the sabkha only occurs during the season of 
maximum precipitation and in some years even no water at all is drained into it. During 
dry season all accumulated water is been evaporated, the deposits become exposed 
aerially, and dry out. When the wind velocity increases the disrupted soil surface is 
easily deflated and dust is up taken and carried away. 

Sand dunes of various types and sizes cover large areas of Wadi Araba. Grain size 
analysis carried out by Saqqa and Atallah showed that the dune sands are generally well 
sorted to moderately well sorted and the size of the sand grains diameter ranges between 
0.05 and 2mm [27]. Substantial amounts of dust may generated from sand dunes but, 
rather, that other types of sources are clearly important [7]. Large areas, particularly in 
the southern part of Wadi Araba are covered with desert pavement formed by selective 
removal of sediments by wind, which effectively protects the underlying sediments from 
further erosion. All terrains and environments forming potential dust sources are 
presented in (Fig2). These main features identified in Wadi Araba are consistent with 
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those described by Pye [28] and they are also in agreement with the mechanism 
suggested by Prospero [7] that could explain the activity of Wadi Araba as a dust source. 

Material and methods 

Dust samples have been collected monthly over one year (1998) at three stations 
along the Jordanian Red Sea coast, using three funnel-like stainless steel traps. The first 
trap was placed in the populated area of Aqaba city (station I). The second station II was 
11km to the south of station I, at the marine station, and station III was placed 10km 
further to the south at the diving center (Fig. 2). At the beginning of each month dust 
samples were removed from each trap by washing it into a nylon bag using distilled 
water. The samples were filtered using What- man filter paper no. 41/5cm. The samples 
were dried at 55°C and weighted for further studies. 

 The samples were subjected to grain size analysis using a sedigraph, a 
computerized grain size analyzer. 

 The percentages of calcium carbonate were determined by using the 
calciometry method [29]. 

 Random x-ray powder analysis of the dust samples were carried out using 
Phillips, PW, 1729X-ray diffractometer model, mineral constituents were 
identified by using ASTM cards. 

 The meteorological data, including temperature, precipitation and wind speed, 
used in this study were attained from published data from the Jordan Annual 
Climate Bulletin of the Jordan Meteorological Department [30]. Based on daily 
four readings, the prevailing wind directions and wind speeds over 4m/sec. 
presented in this study have been calculated. 

Results  

Grain size characteristics  

Dust samples collected from station I are characterized by their coarse texture and a 
mean grain size of 55.13 µm, while the mean grain size at station II and III are 15.33 µm 
and 25.7 µm respectively. Based on the data given in Table 1, Figure (3) shows that the 
sand content makes up 42.6% of the bulk sample at station I, while the silt fraction 
comprises 53.6% and only 4.1% of the dust particles are finer than 2µm. 

 

 

 

 

 

 



Dust Activity over the Jordanian Red Sea Coast 

 
217

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The proportion of each size fraction at each station. 

The sand content of station II decreases to 1.6 %, while the silt and clay contents 
increase to 88.2% and 10.2% respectively. Further to the south (station III) the sand-
sized particles have a significant amount and comprises14.8% of the bulk sample. The 
silt fraction is little reduced with respect to station II and comprises 73.1%, while the 
clay content amounts 12.1%. The grain size distribution illustrated in Figs. (4 – 6) 
indicate a unimodal grain size distribution for the analyzed dust samples from station I, 
while the dust at stations II and III is characterized by a bimodal patterns.  

 

 
Figure 4: A Unimodal of grain size distribution of dust materials at station I. 
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Figure 5: A Bimodal of grain size distribution of dust materials at station II. 

 

 
Figure 6: A Bimodal of grain size distribution of dust materials at station III. 

The decreasing grain size diameter of dust particles downwind from the source area 
is clearly indicated by the grain size distribution pattern of the analyzed dust material. At 
station I close to the source area the grain size distribution shows a unimodal pattern, a 
substantial mass mode is found in the size <50µm and a mean value of 55.13 µm (Fig.4). 
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At a distance of 11 km downwind of station I the dust mass peak at station II is in 
the range from 38µm to <2µm and a small mass mode in the size 50 µm. The mean grain 
size value is 15.33 µm (Fig.5). 

Further to the south 10 km away from station II, the dust grain size distribution at 
station III shows a bimodal pattern with one mode at 63µm in diameter and another 
>10µm (Fig.6).  

Rates of Dust Deposition  

The obtained deposition rates of dust material show a clear seasonal periodicity 
with lowest rates in winter months, during which the activity of Wadi Araba as a 
potential source was reduced to its minimum value in January. 

In contrast, the dust activity in Wadi Araba is observed from May to October and 
the deposition rates are significantly higher during these months (Table, 2). 

Table (1): The grain size diameter interval of dust materials at each station in %. 

Station 155-
120µ 

120-
106µ 

106-
63µ 

63-
45µ 

45-
38µ 

38-
20µ 

20-
10µ 

10-
2µ <2µ 

I 5.6 6.9 27.7 14.5 6.3 16.7 11.3 6.9 4.1 
II - - 1.6 3.6 1.8 16.1 36.6 30.2 10.1 
III 0.1 0.9 12.3 7.1 2.8 15.8 25.6 23.3 12.1 

Table (2): Weight of dust in g/m-2 for each station and the average weight for each 
month 

Period Station I 
Aqaba city 

Station II 
marine station 

Station III 
diving center 

average 
weight g/m-2 

January 1.05 0.73 0.65 0.81 
Feb. 0.92 0.84 0.63 0.79 

March 1.2 0.85 0.5 0.85 
April 1.96 1.83 1.6 1.79 
May 2.5 1.89 1.75 2.04 
June 5.1 3.2 4.08 4.12 
July 4.2 3.9 3.15 3.75 

August 4.9 3.85 4.3 4.35 
Sept. 4.25 4.1 6.2 4.85 

October 4.52 4.42 6.39 5.11 
Nov. 1.2 0.98 0.83 1.0 
Dec. 1.61 1.43 0.92 1.32 
Total 33.41 28.02 31.0 30.78 

Mineralogy of the dust 

Dust samples taken from each station were mineralogically investigated using X-
ray diffraction analysis and the bulk results for each station are shown in Fig. 8. At 
station I the dust samples are composed mainly of quartz, feldspar, calcite and dolomite. 
The dust at station II and III contain the same minerals but in different proportions.  
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In addition to these mineral constituents, apatite is observed at station II and III, 
while apatite is entirely absent at station I (Fig.8). The carbonate content in the analyzed 
samples increases from 19.5% at station I to 32.6 and 39.4 at station II and station III 
respectively. 

  
Figure 7: Seasonal trend, number of windy days, precipitation and the deposition rates at 

station I. 

 
Figure 8: X-ray diffraction pattern for the non-clay minerals in dust at stations I, II and 

III. 
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Discussion 

The grain size distribution (Fig.3) indicates that the increasing fine proportion as 
well as the decreasing mean grain size from north to south can be explained with 
increasing distance from the potential source. The significant amount of fine sand with a 
grain diameter up to 150µm found at station I point to its closeness to the source area. 
The grain size distribution pattern is strictly unimodal with a substantial mass mode 
>50µm indicating transport for a short range (Fig.4). This is in agreement with the 
results reported by Yaalon and Ginzbourg from the Northern Negev who found that the 
grain size distribution of dust deposited close to the source area with a mode at 70 µm 
[15]. Consequently, the silt and clay contents increase downwind at station II, while 
further to the south at station III the amount of silt decreases, due to substantial addition 
of sand material. By prevailing NNW winds, locally generated dust over the nearby 
coastal area, composed of raised fossil reef terraces and located between stations II and 
III resulted in a marked increase of the sand fraction as well as increasing carbonate 
content at station III. This is clearly indicated by the bimodal pattern at station III. The 
large particle mode at 63µm represent material carried for short range while the 10µm 
mode represents dust material carried by winds for medium range. This may also explain 
the light occurrence of very fine sand at station II. Evidently the sediments at Station III 
and even at station II are composed of a mixture of predominantly some medium range 
transported material with local generated dust. This is in agreement with the general 
concept provided by King and by McTainsh et al. that bimodal pattern of sediments 
results from the combination and overlay of coarse particles and finer material and 
usually indicates mixing of sediments from different sources [31 and 16 ]. The different 
characteristics of the eolian dust deposited over this area agree with the general 
described concept controlled by the atmospheric transport of land derived materials 
[32,33,34,and 7]. The distribution pattern of dust deposited along the Jordanian Red Sea 
coast, as described above, can be seen as the result of dust storms generated north of 
Aqaba close to the study area and the fractionation of dust particles during their journey 
downwind to the south. The data on the grain size distribution of material deposited over 
the coastal area suggest that Wadi Araba is the dominant source of dust sedimented in 
the area. The type of terrain and the desert conditions in Wadi Araba as well as the 
strong northerly winds give clear evidence that Wadi Araba is the dominant source area 
and support the conclusion derived by the grain size distribution.  

It is important to note, that the activity of Wadi Araba was measured by mean of 
deposition rates at station The maximum dust activity in Wadi Araba occurred from June 
to October and reflected in higher deposition rates at all stations (Table 2). Considering a 
lowest wind velocity of 4m/ sec to generate a dust event [35 and 28 ] the deposition rates 
are positively well correlated with the number of days with surface wind speeds more 
than 4m/ sec, and negatively correlated with the rainfall (Fig.7). These results agree with 
the finding of Léon and Legrand [36]. They reported that dust activity was observed on 
the Mudug plateau, located near the border between Kenya and Somalia, from May – 
August and the maximum source activity is well correlated with number of day with a 
surface wind speed over 4m/sec., pointing out a monomodal distribution as a function of 
the month with a maximum in August. However, the measured values for May misfit 



Yusuf 

  
222

dramatically the pattern of the summer months, most likely as a result of wet season in 
spring, which creates a lot of moisture favoring soil cohesion and prohibiting deflation.  

Due to the evidence that the monthly deposition rates at station III are higher in 
June, August, September and October than those rates observed at station II, and even 
higher in September and October than the deposition rates at station I. It is most likely 
that Wadi Araba is not the only source of dust materials to the area. A second area of 
dust activity is identified over the coastal area between station II and III (Fig.1).  

It is at its maximum activity in September and October and contributes more than 
30% of the total dust rates for both months at station III, while its activity in early 
summer, from June to August is reduced (Table.2). 

This is further in agreement with the grain size distribution indicated by the 
bimodal pattern at station III and even in the pattern of station II. The deposition rates in 
winter average between 13.12g/m²/year and 15.68 g/m²/year at stations III and I 
respectively, while the summer rates range from 42.72g/m²/year to 50.94g/m²/year at 
stations II and I respectively (Table 3). However the amount of dust deposited at station I 
for each season is significantly higher than the accumulated dust at station II and III for 
the same periods. The remarkable decreasing tendency of the dust rates in winter away 
from the potential source points also to Wadi Araba as a major supplier of dust to the 
coastal area in winter and exclude significant contribution of long range transported 
materials to the area. It contributes even most of the deposited dust during summer, 
which encompasses more than 75% of the dust settled over this area (Table 3). Unlike 
other years, southerly winds are a minor component in 1998 [30] and comprise only 
5.5% of the total prevailing winds. They have probably no effect on the dust rates, even 
on the distribution pattern of dust particles. 

 

Table (3): Seasonal deposition rates for each station in g/m2 

 Winter Nov to 
April g/m2 

Summer May to 
October g/m2 

Station I 7.84 25.47 
Station II 6.66 21.36 
Station III 6.56 24.44 
Average 7.2 23.75 

Annual rate g/m²/year 14.4 23.75 

 

Based on the values of dust deposition given in (Table 2), the total annual 
deposition rate of dust is 30.78g/m²/year- (0.084g/m2/day). This value is the lowest since 
a loss through re-suspension of particles from the traps is common [37]. The results 
reported here are close to results given by Herut and Krom for the SE Mediterranean 
region [5]. They are similar to the rate 25.5g/m²/year observed by Singer et al. for the 
1997 over the Dead Sea [12] but somewhat lower than the estimated rate (47.5g/m/year) 
for the year (1998). However, it is equal to the average rate obtained in this study for the 
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summer months (Table 3). It is believed that both values are coincidentally equal to each 
other. The relatively annual low rates over the Jordanian Red Sea coast can be explained 
by the low deposition rates in winter and support the conclusion that the dust deposited 
over this area is primarily originated from Wadi Araba. 

Lower rates have been reported by Behairy et al. for the coastal area of Jeddah, 
western coast of Saudi Arabia, with approximately 0.061g/m²/day, as maximum 
terrigenous input via atmosphere [17]. However, the lower value given for the Jeddah 
area may be related to differences in the size and the geology of the source areas as well 
as to differences in the environmental conditions prevailing in both areas including the 
characteristics of the wind field above the surface. 

The deposition rates over the Jordanian Red Sea coast lie within the range 10-
100g/m²/year given for Crete Pye and agree with the global present day annual rates of 
dust deposition on land, which range between 10 and 200g/m²/year [11 and 38]. It must 
be noted that the deposition rates given in literature vary widely even by a single source, 
since the conditions under which generation of dust, transportation, deposition and 
sampling are quite different. Therefor, comparison of dust deposition rates must be taken 
with caution. 

Considering the northerly prevailing winds blowing along Wadi Araba, it is obvious 
that the mineralogical composition of the dust is closely related to the geology of Wadi 
Araba (Fig.2) where the Paleozoic clastic sediments overlay granitic rocks (sources for 
quartz, feldspar and low Mg-calcite). Dolomite can also be derived from Wadi Araba, 
since the nearest formation of dolomite is only 50km north of Aqaba. Accordingly, 
feldspar, dolomite and quartz contents decrease in downwind direction from station I to 
stations II and III indicating the significance of Wadi Araba as a source of these 
minerals, while calcite increases in the same direction. This is in concert with the grain 
size distribution over the area as well as with the deposition rates of dust. However, the 
significant amount of carbonates at station II and III can be partly related to the fining 
grades of particles with increasing distance from the potential source, since the 
carbonates are mostly concentrated in the silt and clay fractions. On the other hand, the 
coastal area located between stations II and III, where raised fossil reef terraces occupy a 
wide area of the southern coast of Jordan, take an active part in addition of dust, mainly 
derived as fine sand particles, and composed of carbonates. The occurrence of the apatite 
at stations II and III and the absence of this mineral at station I is caused by human 
activities since there is a vast phosphate loading activity in the harbor just north of 
station II. The decreasing content of apatite in wind direction from station II to station III 
indicate again the important role of the NNW prevailing winds in transporting and 
distribution of dust materials over the Jordanian coastal area.. Based on the results 
mentioned above it is most likely that northerly and northeasterly sources as Rum and 
adjacent desert that may also effect the distribution pattern of dust settled over the study 
area, can be neglected, since the mountain chain that separate the coastal area from these 
sources act as a barrier, hindering any significant addition of dust material to the area. 
The dust generated in southern Jordan may greatly affect the marine ecosystem in the 
Gulf of Aqaba and its effect may also extend to the Red Sea coast of Saudi Arabia or 
even the entire northern Red Sea. 
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Conclusions  

The dust deposition rates range from 14.4 g/m²/year in winter and 23.75g/m²/year in 
summer with an annual rate 30.78g/m²/year. The grain size distribution and the 
deposition rates point to Wadi Araba as a major source of dust sedimented over the 
Jordanian Red Sea coasts, and exclude significant contributions of long range 
transported material. A second and minor dust activity occurs during the summer months 
over the coastal plain, brings in mostly fine sand composed of calcite and derived from 
raised fossil reef terraces occupy a wide area of the southern coast between the marine 
station and the diving center. The maximum dust activity of both sources is during 
summer months, while during winter the activity is reduced with its minimum level in 
January. The dust composes mainly of quartz, feldspar, calcite and dolomite, and reflects 
the geology of Wadi Araba. It can be traced along the Jordanian Red Sea coast, cover the 
area over the entirely Gulf of Aqaba, and may reach the northern Red Sea coast of Saudi 
Arabia. 

 

  لغبار املتساقط على ساحل البحر األحمر باألردنا
 

  نجم الدين محمد يوسف
  

  ملخص

تم تجميع عينات شهرية من الغبار في ثالثة محطات واقعة على امتداد الجانب األردني لساحل البحر 
كما درست المكونات  م،1998وذلك لمراقبة كميات الغبار المتجمعة فوق منطقة العقبة خالل سنة  األحمر،

. حيث تبين بأن متوسط الحجم يقع ضمن إطار حبيبات الغرين المعدانية وتم تحديد حجم حبيبات الغبار،
ميكرون في محيط مصدر الغبار " 50"في نفس السياق، بلغت قيمة عامل المواد اإلحصائي للحجم 

حيث بلغت  ،بينما كان شكل التوزيع ثنائي في منطقة اتجاه الريح المحتمل وكان شكل التوزيع أحادي،
  . ميكرون مما يشير إلى تراكم غبارآت من مصدر محلي آخر10 ميكرون والقيمة األخرى 63إحدى القيم 

بينما تعتبر المنطقة فوق سواحل  تعتبر منطقة وادي عربة المساهم الرئيسي لتشكل الغبار فوق العقبة،
 الغبار ذروتها خالل أوقات الصيف حيثالبحر األحمر المصدر الثاني لتولد الغبار حيث وتصل فاعلية إثارة 

 في فصل 2م/ غم47ر5 في فصل الشتاء و 2م/ غم 14ر5قيست معدالت الترسيب السنوي للغبار بين 
حيث يتناقص محتوى الكوارتز  الدولوميت والكالسيت، تتكون ذرات الغبار من الكوارتز الفلدسبار، .الصيف

يصل معدل الترسيب اليومي للغبار  . يحدث العكس للكالسيتوالفلدسبار والدولوميت مع أتجاه الريح بينما
 تدل على مصدر واحد لتجمع الغبار،" 1"وحيث أن معدالت الترسيب في المحطة رقم  .2م/غم0ر084إلى 

فإن معدل الترسيب الشهري في نفس المحطة يتناسب طرديًا مع عدد األيام التي تزيد فيها سرعة الرياح 
   . عكسيًا مع كمية تساقط األمطار اإلجماليةث بينما تتناسب/م4على 
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Abstract 
 

The present study aims at developing an interactive computer based information system for 
the purpose of classifying sandstone in the frame of mineralogy, texture and chemical 
composition.  The program displays a main window provided with two options named as 
Chemical - and Mineralogical Classifier.  The development of Chemical Classifier is based on 
ratios and logarithmic values of SiO2/Al2O3, K2O/Na2O, FeTO3/K2O, and (FeTO3 + 
MgO)/(K2O+Na2O).   The sandstone of quartz arenite type is defined by a log SiO2 /Al2O3∃1.5; 
graywacke sandstone is defined by  logs SiO2 /Al2O3 <1.0 and K2O/Na2O<0.0.  Akosic sandstone 
is defined by logs SiO2 /Al2O3<1.5,  K2O/Na2O∃0.0 and [(FeTO3 + MgO)/(K2O/Na2O)]<0.0.  
Litharenite sandstone is compositionally diverse and it cannot be identified with great confidence 
by chemical composition alone.  The Chemical Classifier is able to display various chemically-
based scattergrams as guidelines to classify sandstone with varying success.  The development of 
Mineralogical Classifier was based on the Ternary system of Pettijohn where quartz (Qz), feldspar 
(F), and rock fragments (RF) are the principal components locate at the apices of the triangles in 
that system.  The percentages of Q, F and RF range between 0 to100% for each component.  
Matrix (M) ratio in sandstone also must be determined, where M is < 15% and >15%-<75% in the 
arenite group and wacke group respectively.  The Mineralogical Classifier designed to display 
duplicate triangles, one for plotting samples of arenite group and the next one for plotting samples 
of wacke group.  The developed system is a simplified one, driven by a group of options and 
dialogues allowing user to feed data easily and systematically. 

 

Keywords: Sandstone, Mineralogical Classifier, Chemical Classifier, Quartz Arenite, 
Arkose, Graywacke, Litharenite, Ternary System, Scattergrams, Computer Program, 
DotNet Framework, DotNet 2003, DLL Fi. 
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Introduction  

The traditional trend in classifying sandstone into clans “classes” is the more 
accessible thin-section petrographical study which based on the definitive mineralogical 
and texture properties of sandstone.  Major impetus in sandstone classification came so 
early from an almost continuous flow of papers since the beginnings of the twentieth [ 
19, 40, 13, 42, 14, 23, 12, 11, 29, 33].  There were different opinions about the role of 
texture and mineralogical problem to sandstone classification.  Though, there has been 
no overwhelming acceptance of any one classification, a wide slice of petrographers 
arbitrarily applied  classifications proposed by Folk, Pettijohn, and Dickenson [in 35].  
[8] mentioned the great use of conventional image atlases in sandstone classification [ 
37, 1] which facilitate petrographical study beside the archives of photo CDs [6] and 
web pages providing a wealth of petrographic images and related information that would 
facilitate petrographical study [31, 7].  The ignorance of chemical data assessment in 
sandstone classification by sedimentary pertographers was mentioned by [20] with the 
exception only for a few published works [3, 33, 15].  Early chemical studies of 
sandstone were principally directed toward goals other than classification.  For instance, 
chemical studies on sandstone by [25, 10, 38] were directed to solve the problem of 
tectonic setting of sandstone.  Recently, major oxides of silica (SiO2), alumina (Al2O3), 
alkalis (Na2O, K2O), and iron plus magnesia (FeTO3, MgO) as well as trace elements and 
isotopes have been used to investigate the origin of siliciclastic sediments [24].  Despite 
the different emphasis on the role of sandstone chemical composition and the presence 
of some real limitations against precise classification, [20] pointed out the value of 
chemical data to identify types of sandstone and to assist its genetic interpretation, albeit 
with varying degrees of confidence ranging from high (for quartz arenite), moderate (for 
graywacke and arkose) to low (for litharenite).  The use of  logarithmic values of oxides 
appears to be most useful in constructing chemically-based scattergrams to serve 
sandstone classification.  Trace elements notably gallium (Ga) and cobalt (Co) may be 
also of a value to classify sandstone [20].  Using various chemical classification systems 
would enhance the likelihood correct classification of sandstone and it may narrow the 
disparate results.  

The last decade progress of information technology in geosciences teaching 
symbolized by the development and revision of “21” digital courseware’s was reviewed 
by [8].  Examples on digital media are mineral identification, elementary optical 
mineralogy and petrography which consider as virtual database and archives for thin-
sections and mineral species [5, 21, 27, 4].  A subsequent development of a computer-
based tutorial in sandstone petrology made by [26, 8] offers an exposure to visual 
sandstone petrography outside the lock up of traditional laboratory exercises.  

The present study aims at developing a computer-based information system which 
can assist sedimentary petrographers to classify sandstone.  The feedback for the 
developed system based on specific mineralogical, textural and chemical approaches. 
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Basis of sandstone modal analysis and the construction of chemically-based 
scattergrams 

The architecture of the written computer based information system principally 
considers the works of [12, 33]  for establishing the Mineralogical Classifier.   In the 
meantime,  the works done by [3, 15, 20] are considered to establish the Chemical 
Classifier.  

The modal analysis scheme of sandstone classification [12, 33] is virtually a ternary 
system with sand-size quartz (Qz), feldspar (F), and rock fragments (RF) are  principal 
constituents locate at the apices of triangles in the system. The percentages of Q, F and 
RF is between 0-100%.  Based on M ratio, this classification distinguishes between the 
two groups of sandstone, arenite and wacke  where arenites has M <15%) and wackes 
has 15%<M<75%.   

A brief discussion and chemical analyses tabulation of sandstone were done by [35] 
for some representative sandstone samples.  The later authors concluded that a high ratio 
of SiO2 /Al2O3 is characteristic for quartz arenite and high ratios of Na2O/K2O and 
MgO/CaO and a low content of SiO2 are characteristic for graywacke.  The arkose can 
be distinguished by it’s high content of  Al2O3, K2O and Na2O.   

Scattergrams in the chemically-based sandstone classification depend on the 
concentrations of SiO2, Al2O3, K2O, Na2O, and FeTO3+MgO in sandstone where FeTO3 is   
the total iron oxides.  As a next step, the ratios and the logarithmic values for SiO2 
/Al2O3, K2O/Na2O, (FeTO3 + MgO)/(K2O + Na2O), (FeTO3/K2O) must be calculated.  
Accordingly, if the log value of  SiO2 /Al2O3  ∃1.5 quartz arenite is expected but if it is < 
1.0, and the log value of  K2O/Na2O is < 0.0 graywacke is expected.  For Arkose the log 
value of SiO2 /Al2O3 is <1.5,  log value of K2O/Na2O is ∃ 0.0 and log value of (FeTO3 + 
MgO) / (K2O/Na2O) is < 0.0.  However, greywacke from passive continental margins 
may have a log value of K2O/Na2O ∃0.0 and in some arkoses the log value of K2O/Na2O 
may be <0.0.  Litharenite is compositionally diverse with varying chemical 
compositions; so it cannot be chemically identified with a great confidence [20]. 

System requirements 

Windows based operating system with DotNet framework installed is required to 
run the executable version.  If recompiling the program from its C# code, Microsoft 
Visual Studio DotNet 2003 or later is needed, and a DLL file “Controls” is also required.  
The DLL is included in the setup package. 

System details 

The software is a setup package that consists of three files: “setup.exe”, “setup.ini”, 
and “sandstone.msi”.  The setup.exe is the Microsoft (R) Visual Studio Windows 
Installer Bootstrapper file, the setup.ini is the Configuration Settings file, and the 
sandstone.msi is the Windows Installer Package file.  The setup program checks the 
user’s system and installs the required files, or asks the user to install DotNet framework.  
The user can choose the installation directory whether the installation is for a specific 
system user or for all users.  The setup program will create a shortcut on the desktop.  
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When clicking the shortcut, the program opens a main window with two options 
Chemical and Mineralogical Classifiers (Fig. 1).  When choosing one of the two options 
another window will be opened.  If the user selects the Chemical Classifier (Fig. 2), a 
window will be opened allowing him to enter all percent values of oxides.  The percent 
values can be checked when moving the curser to another text box.  The user has also the 
choice to enter the percent values of Gallium (Ga) and Cobalt (Co) elements if their 
concentrations are already known. Otherwise, he can leave the fields of these two 
elements empty without any problem.  If the fields left empty the default value 0.0 will 
be stored at once.  The logarithms (log values) of the oxide ratios can be automatically 
computed by clicking on the “Log Derivation” button.  By clicking the “Accept Input” 
button the input data can be checked.  If any logical error appears, an error message is 
displayed.  If the entering is okay, the input data are added to the data grid (Fig. 3).  The 
data can be stored in XML file by choosing “Save” from the “File” menu.  The window 
is capable to open previously stored files with XML format by choosing “Open” from 
the “File” menu.  After the data has been entered manually or has been selected from an 
XML file  the user can select one of the available scattergrams from the combo box.  By 
clicking on the “Draw Scatter” button another window is opened showing all points 
plotted in the scattergram  (Figs. 4 & 9).  The coordination of any plotted point can be 
viewed as a tape by clicking the mouse button at this point.   

Printing scattergrams is done by choosing “Print” from the “printing” menu.  The 
user can use “Print Preview” to see the shape of the printout.  If there is a need to add 
any comments such as the title, this can be done by clicking the “Comment” menu where 
a new window is opened (Fig. 5) allowing the user to add his comments.  Font properties 
can be changed by using the “Font” button.   

By using the Mineralogical Classifier from the main menu (Fig. 1) another window 
is opened allows for entering the percent values of Q, F and RF as well as the M ratio.  
The input data can be checked by moving the curser from one text box to another to 
make any correction.  when all the input data are okay, one must clicks on the “Accept 
Input” button (Fig. 6).  The input data can be extracted also from previously stored XML 
format files as described above.  By clicking on the “Draw Scatter” button, the plots 
appear in two triangles, one includes samples of arenite group whereas the next one 
includes samples of wacke group.  Gridlines can be added to all diagrams just by moving 
the cursor to any point inside the plot, then clicking the mouse button to add the gridlines 
(Fig. 7). 

Tryout of the developed system 

To testify the degree of accuracy of the developed syestem, we plotted a number of 
selected representative sandstone samples based on their mineralogical and chemical 
data (Tables 1 & 2).  By using the Mineralogical Classifier, the samples 1-8 shown in 
Table (1) are plotted very nicely and with great confidence inside the triangles of the 
ternary system.  The plotting is in a harmony with the reference names of these 
sandstone as given in literatures (see Fig. 8).  On the other hand, the samples 9-17 (Table 
2) are plotted by using the Chemical Classifier.   Samples 9, 10,11 (quartz arenites), 12, 
13, 14 (arkosic sandstone), and 15 (litharenite) are plotted in the scattergram (Fig. 9) in 
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concurrent with their reference names mentioned in literatures.  But unfortunately,  
plotting of samples 16 (sublitharenite) and 17 (graywacke) fell in other fields unrelated 
to the exact names of these two samples.  The mistaken fields are for subarkose and Fe-
shale.  The mismatch of the last two samples more likely refers to diversity in the 
chemical composition of litharenite because of the different origin of rock fragments 
and/or the genesis of matrix in graywackes.  The mismatch however has nothing to do 
with the developed computer system itself.    

In short, the developed computer system, is a simple one and it is designed for an 
immediate use after feeding it with chemical and/or mineralogical data.  This application 
can restore the confidence of naming various kinds of sandstone with a high to modest 
success. 
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  تصميم نظام معلوماتي محوسب لتصنيف الحجر الرملي 
  

  حسن السكران، وليد السقا، محمد علي

  

  ملخص

 خاص بتصنيف صخور الحجر الرملي باالعتماد بمحوسمعلوماتي تهدف الدراسة إلى تطوير نظام 
ذات  رئيسية بنافذةالنظام تم تزويد .  على المكونات المعدنية، النسيج، والتركيب الكيميائي لتلك الصخور

بينما مهمة اآلخر القيام  لمصنف الكيميائي حيث سمي با التصنيف الكيميائي مهمة األول منهما أداءخيارين 
: اعتمد الباحثون في تطوير المصنف الكيميائي على.  المصنف المعدنيبسمي حيث تصنيف المعدني بال
/  أكسيد األلومنيوم، أكسيد البوتاسيومثالث/ تحديد القيم اللوغارثمية لنسب ثاني أكسيد السليكون) 1

مجموع / أكسيد البوتاسيوم، مجموع أكاسيد الحديد والمغنيسيوم/أكسيد الصوديوم، أكاسيد الحديد
تشخيص حجر الكوارتز األرينيتي عندما تكون القيمة اللوغارثمية ) 2أكاسيد البوتاسيوم والصوديوم، 

عندما ) الرملي المتسخ(، وحجر الجراواكي 1.5 ≥لومنيوم ثالث أكسيد األ/ لنسبة ثاني أكسيد السليكون
/ ، وأكسيد البوتاسيوم1 <ثالث أكسيد األلومنيوم / تكون القيم اللوغاريتمية لنسب ثاني أكسيد السليكون

/ وحجر األركوز عندما تكون القيم اللوغاريتمية لنسب ثاني أكسيد السليكون.   الصفر<أكسيد الصوديوم 
الصفر، ومجموع أكاسيد الحديد ≥ أكسيد الصوديوم / ، أكسيد البوتاسيوم1.5 <لومنيوم ثالث أكسيد األ
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ونظرا لطبيعة التنوع الكيميائي للحجر .   الصفر<مجموع أكاسيد البوتاسيوم والصوديوم / والمغنيسيوم
من مصنف الكيميائي بعرض عدة خيارات يقوم ال.  ال يمكن تشخيصه بدقة عاليةفالحطامي األرينيتي 

أما المصنف المعدني، .  تصنيف الحجر الرملي بنجاحات متفاوتةمخططات التبعثر التي يمكن استخدامها ل
ثالثي للعالم بتيجون، الذي يأخذ بعين االعتبار نسبة وفرة كل من لنظام االفلقد تم تطويره بناء على 

لك يتوجب معرفة نسبة المادة كذ%.  100-ين صفربالكوارتز، الفلدسبار، والحطام الصخري  التي تتراوح 
مجموعة في % 15 عادة أقل منتكون التي الرابطة في الصخر للتفريق بين مجموعتي األرينيت  والواكي 

رسمين منفصلين للشكل  يعرض المصنف المعدني.  عة الواكيفي مجمو%  75 -% 15األرينيت، وبين 
الرمل (حجر الجراواكي  عينات طخر إلسقاالمثلثي أوالهما مخصص إلسقاط عينات الرمل األرينيتي واآل

يمتاز النظام المطور بسهولة استخدامه ، كما أنه مزود بمجموعة من الخيارات تمكن ).  المتسخ
  .  المستخدم من إدخال البيانات بطريقة سلسة ومنتظمة
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Figure 1.  System main window. 
 
 

 
 

Figure 2.  Chemical Classifier main window. 
 



Saqqa, Ali and Al-Sakran 

  
238

 
 

Figure 3.  Data grid at the bottom of Chemical Classifier window. 
 
 
 

 
 

        Figure 4.  An example of scattergram using Chemical Classifier. 
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Figure 5.  View of the comment window. 
 
 

 

 
 

Figure 6.  Mineralogical Classifier main window.   
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(a) 

 

    
 (b) 

 
Figure 7.  Adding gridlines in triangular plots.  (a) Without gridlines, (b) With gridlines. 
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Figure 8.  Modal analysis for eight sandstone representative samples 
(Table 1, samples 1-8). 
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        Figure 9.  Scattergram used to plot nine representative sandstone samples 
                          (Table 2, samples 9-17). 
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      Table (1).  Mineral composition of some representative sandstone samples  
                         [After 35].  
 

Sample 
(No. & 
Type) 

Mineral Composition(%) Recalculated 
percent        

Sandstone 
Type 

Source 

 Qz F RF Mc O M Qz F RF   
1 60 13 0.0 TR 8 5 82.2 17.8 0.0 Subarkose Missouri,USA  (Lamotte 

S.St,                                    
Cambrian). [30]. 

2 38 46 0.0 4 - 12 45.2 54.8 0.0 Arkose              Auvergne,  France. 
(Arkosic Sandstone, 
Permian).  [16].                  

3 78 3 15 - - 4 81.3 3.1 15.6 Sublitharenite Oclahoma, USA.  
(Deese Formation, 
Pennsylvanian). [17]. 

4 61 6 9 3 - 5 80.3 7.9 11.8 Sublitharenite Illinois Basin,  USA. 
(Trivoli S.St, 
Pennsylvanian). [2]. 

5 31 10 33 - - 5 41.9 13.5 44.6 Litharenite Texas, USA. (Frio S.St, 
Oligocene).  [28]. 

6 33 21 7 6 - 33 64.7 29.4 5.9 Feldspathic 
graywacke  

New Zealand 
(Graywacke, L. 
Mesozoic).  [41]. 

7 4 10 50 - 2 32 6.3 15.6 78.1 Lithic 
graywacke 

Australia. (Graywacke, 
Devonian).  [9]. 

8 27 19 30 - 3 21 35.5 25 39.5 graywacke Germany, Harz. 
(Graywacke, Kulm). 
[22]. 

 
 
Table (2).  Chemical composition of sandstone representative samples.  
 

 

  

Sample 
No. & Type 

SiO2 
(%) 

Al2O3 
(%) 

FeTO3 
(%) 

MgO 
(%) 

CaO 
(%) 

Na2O 
(%) 

K2O 
(%) 

Source 

 9. Quartz arenite 95.4 1.10 0.66 0.10 1.60 0.10 0.20 [32] 
10. Quartz arenite 99.3 0.15 0.10 0.01 0.05 0.01 0.01 [36] 
11. Quartz arenite 97.95 1.05 0.04 0.17 0.44 0.002 0.01 [36] 
12. Arkose 75.8 11.74 1.95 0.54 1.41 2.40 4.51 [18] 
13. Arkose 77.1 8.70 1.33 0.50 2.70 1.50 2.8 [32] 
14. Subarkose 85.74 6.84 0.79 1.11 0.49 1.16 2.19 [39] 
15. Litharenite 65.0 9.57 2.0 0.40 10.1 2.14 1.43 [28] 
16. Sublitharenite 84.04 2.57 0.38 0.67 5.41 0.17 0.86 [32] 
17. Graywacke 60.51 15.36 8.87 3.39 2.14 2.50 1.69 [34] 
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Abstract 
A simple and new algorithm for pole placement is introduced. The resulting feedback matrix 

mxnℜ∈K of the algorithm minimizes the standard quadratic performance index (J), while shifting 
both the real and imaginary parts of the poles to the desired location. A parameterization of a large 
set of solutions mxnℜ∈K to the same problem is provided as well. Validation examples that attest 
to our model for both pole placement and parameterization are presented. 

Keywords: Pole Placement, Quadratic Modification, Optimality, Parameterization. 

Introduction 

Among numerous practical control problems, pole placement is of special 
importance. During the last two decades much work has been done on investigating and 
characterizing methods to address this important design problem [1-5, 15-17]. Optimal 
pole shifting was  studied by Rousan and Sawan [6] for discrete multivariable systems. 
The authors used the mirror image property of discrete systems to shift open loop poles 
by a proportion of α1 , where α  is a real number that is greater than one. Amin [7], 
discussed a method for shifting only the real parts of the open loop poles to any desired 
positions while preserving the same imaginary parts. His method failed to address 
shifting the imaginary parts. Another method that is based on the mirror-image property 
has been reported by Molinari [8] who proposed recursive method which requires the 
user to solve a first order or a second order linear matrix Lyapanov equation for shifting 
one real pole or two complex conjugate poles, respectively in each step of the analysis. 
The method yields a solution, which is optimal with respect to a quadratic performance 
index.  

The present work develops a more general algorithm based on the methods 
presented by Amin [7] and Molinari [8]. Such an algorithm  provides a parameterization 
of a large set of  feedback solution matrices that minimize the cost function in (3) and 
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shift both real and imaginary parts of the open loop poles to the desired locations 
simultaneously. 

Problem Statement 

The most commonly encountered control system design problem in the process 
industries is the design of multivariable control systems. If the process under study is 
linear, a very general model in the time domain is given by 

uBxA
dt
dx

+=  .......................................................................................... (1) 

xK=u ......................................................................................................... (2) 

where 



















=

n

2

1

x

x
x

x  is an n*1 vector of states ( nℜ∈x ), 



















=

m

2

1

u

u
u

u  is an m*1 

vector of controls (input vector of manipulated variables) ( mℜ∈u ), and the matrices: 



















=

nnn2n1

2n2221

1n1211

aaa

aaa
aaa

A , nxnR∈A  



















=

nmn2n1

2m2221

1m1211

bbb

bbb
bbb

B , nxmℜ∈B  



















=

mnm2m1

2n2221

1n1211

kkk

kkk
kkk

K , mxnℜ∈K  

are constant.  
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  Assuming that the system described by equations (1) and (2) is controllable, it 
is required to design a feedback gain, K, that shifts the open loop poles ( iµ ) to a desired 

position ( iσ ). At the same time K would minimize the standard quadratic performance 
index ( J ) defined as: 

∫
∞

+=
0

TT
2
1 dt)( uRuxQxJ .................................................................. (3) 

Here, nn×ℜ∈Q and mm×ℜ∈R , where 0≥= TQQ  (semi-positive definite) 

and 0>= TRR . In this study one can notice that matrix R is assumed to be an 
identity matrix unless its value is given. This assumption does not cause any loss of 
generality [9].   

Stengel [10] has shown that for the given J in equation (3), the optimal control gain 
K has the following form: 

PBRK T1−−= ......................................................................................... (4) 

where nn×ℜ∈P  and the matrix 0≥= TPP  satisfies the steady state algebraic 
Riccati equation: 

0T1T =+−+ − QPBRBPAPPA .................................................. (5) 

and consequently, the closed loop system matrix becomes: 

PBRBAA c
T1−−= .............................................................................. (6) 

Sense of Optimality  

In order to shift the open loop complex poles 11 βjα ±  of the system described in 

equations (1) and (2) to another complex location 22 βjα ±  while preserving the sense 
of optimality, i.e. using the gain K of the form (4), the following inequalities that were 
derived by Juang and Lee [11] must be satisfied; 

21 αα > ........................................................................................................ (7a) 

2
2

2
2

2
1

2
1 βαβα +<+ ..................................................................................... (7b) 

2
2

2
2

2
1

2
1 βαβα −<− ..................................................................................... (7c) 

In other words, a non-negative definite matrix P in (5) does not exist if one of the 
above inequalities is not satisfied. A geometrical illustration of inequalities (7) is shown 
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in figure 1. The sense of optimality is preserved when the poles 11 βjα ±  are shifted to 
the shaded region shown in figure 1. 

Problem Formulation 

Using the transformation: 

xCT=z ....................................................................................................... (8) 

where rℜ∈z  and rn×ℜ∈C ,  the system described by equations (1) and (2) is 
transformed to 

uGz += zW ........................................................................................... (9a) 

zF=u ........................................................................................................ (9b) 

with TT CWAC =  and BCG T= , where rr×ℜ∈W , mr×ℜ∈G , 
rm×ℜ∈F , and the standard quadratic performance index , equation (3), becomes: 

∫
∞

+=
0

TT
2
1

t dt)( uRuzNzJ ~

............................................................... (9c) 

with rr×ℜ∈N~ . 

The transformed control system (equations (9a) and (9b)) can be optimal with 
respect to the quadratic performance index in (9c), if and only if the gain matrix F has 
the following form;  

MGRF T1−−= .................................................................................      (9d) 

where 0≥M  is the solution of the following reduced algebraic Riccati equation. 

0T =+−+ NMGRGMMWWM T-1 ~
.................................      (10) 

Shifting One Real Pole 

A real pole, µ, is to be shifted to a new position, σ , that satisfies the optimality 
conditions in (7). Applying the transformation, (8), with 1r =  to equations (1) and (2), 
we get the following first order model. 

uGz += zW ......................................................................................      (11) 
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with µ=W  and BCG T= , where TC  is the left eigenvector of matrix A 
associated with the eigenvalue µ . Since the pole of concern lies on the real axis of the s-
plane, the case turns out to be simple and similar to the case by Amin [7]. 

From optimal control theory [12] with quadratic function of the form (3), the 
optimal control law has the form: 

ZMGRZFu T1−−== .................................................................      (12) 

Here 11×ℜ∈M , where 0>M . The closed loop system pole will be. 

MGR T1µσ −−= ............................................................................      (13) 

Since all the terms are scalars, we conclude that. 

 
T1

σ-µ
GR

M
−

=
.......................................................................................    (14) 

Assuming R to be specified or equal to the identity matrix, the non–negative 
definite matrix N~  that minimizes the cost function (9c) will be: 

MGRGMMW-WMN T-1T +−=~
......................................      (15) 

Shifting a Pair of Poles 

This placement is useful when one needs to shift a pair of real poles such that they 
become a complex pair. Another possibility is to shift a complex conjugate pair to 
another complex conjugate pair. Applying the transformation, (8), with 2=r  to the 
system (equations (1) and (2)), the following second order model is obtained. 

uGz += zW ........................................................................................    (16) 

Here 2ℜ∈z , m2×ℜ∈G  ( BCT=G , n2×ℜ∈C ), and 22×ℜ∈W , where W 
matrix has the following elements. 









−

=
fβ
βα

W
.......................................................................................      (17) 

If the two open poles are complex, then fα =  , otherwise 0β = .  The matrix 
TC contains the left eigenvectors of  matrix A associated with matrix W. 

For the reduced system (16), the feedback gain matrix is determined as 

MGRF T1−−= .................................................................................      (18) 
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with 2m×ℜ∈F  and 22×ℜ∈M  such that 0≥M  is a non-negative matrix.  

Assume a matrix 22×ℜ∈H  defined as 

T1

ha
as

GRGH −=







=

...................................................................    (19a) 

and the matrix M mentioned in equation (18) has the form: 









=

yv
vx

M
..........................................................................................    (19b) 

Hence, the closed loop matrix according to (6) becomes: 









++
++

=−=
hy)(av-fhv)(ax-β-
ay)(sv-βav)(sx-α

MHWWc

.....................      (20) 

If the desired characteristic polynomial of the closed loop reduced system has the 
following form; 

0dLdL 21
2 =++ , .................................................................................  (21) 

then 

f)(α2avhysxd1 +−++=    .............................................................  (22) 

and 

αfβ-αf)v-aα-sβ-(hβaββ)(hαx fs)-(aβ-)v-)(xya(shd 222
2 −−++−−= ..(23)       

In order for M to be a non-negative definite symmetric matrix, the following 
conditions must be satisfied: 

0x > .......................................................................................................... (24a) 

0y > .......................................................................................................... (24b) 

0v-xy 2 ≥ ................................................................................................ (24c) 

To solve the system of equations (22)-(24), we find that we have two independent 
equations with three unknowns implying that we may have more than one solution, 

0≥M , that will assign the poles to the desired locations.  

The relationships between these reduced system parameters and those of the full 
order system equations (1)-(4) can be found as follows; Substituting (8) into (9a) yields: 
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xK=u ....................................................................................................... (25) 

with TCF=K . If this control is applied to the full order system equations (1) 
and (2), the full order closed loop system is: 

xK)BA += (x ........................................................................................ (26) 

with 
TT1 CMCBRCF T −−==K ................................................................ (27) 

It was shown by  Rao and Lomba [13] that the n-poles of equation (26) are those of 
(W+GF) in addition to the unshifted poles of the matrix A in equation (1). Therefore the 
required pole shifting can be achieved by using the feedback control law, namely 
equation (25). The sense of optimality can be proven by pre-multiplying and post-
multiplying equation (10) by CM and TCM  which yields: 

0TT1TTT =+−+ − CNCGRGMCCMWCCWMC ~
 ........ (28) 

From equations (9a), (9b), (25) and (28), we obtain:  

0T1T =+−+ − QPBRBPPAAP ...............................................  (29a) 

and  

PBRCMGR T1TT1 −− −=−=K .................................................... (29b) 

with TCMCP = , TCNCQ ~= , and 

MGRGMMW-WM T T1−+−=N~ ...........................................  (29c) 

In the next section we will explain how to shift several poles recursively, and how 
to use this method in a step by step algorithm. 

Shifting Several Poles Recursively 

The problem of shifting several poles may be solved by the recursive application of 
the following reduced order shifting technique; 

iii uGz += ii zW .................................................................                (30a) 

with 

ii zF=iu ,..............................................................................................    (30b) 

where the standard quadratic performance index is: 
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∫
∞

+=
0

2
1

i dt)( i
T
ii

T
i uRuzNzJ ~

......................................................    (30c) 

with 
T
iii

T
i CWAC = ,  BCG T

ii =     …………………………………….  (30d) 

iKBAA +=+ i1i , i
T
ii MGRF 1−−= , 

T
iii CFK = ..................    (30e) 

It can be shown from equation (30) that the resulting feedback matrix K can be 
constructed by the summation of the optimal feedback matrices iK . Also the resulting 
Q and P can be constructed using the same procedure explained by Solheim [14]. The 
summation of the matrices iii and,, KQP  is iΣPP = , iΣQQ = , and 

iΣKK = with T
iii CFK = , T

iiii CMCP = , and T
iiii CNCQ ~= , where 

i
T
iiii

T
iii MGRGMMW-WM 1−+−=iN~ ............................      (31) 

This method is very general period. It can be applied to any linear system no matter 
how large it is. The various steps involved in performing this method are summarized in 
the appendix. 

Numerical Example 

Consider the following controllable system 

uBx += xA                      

where the matrices A and B are: 

















−−−
−

−
=

322
210
021

A , 
















−=
11
11

11
B   

and the input weighting matrix is given as: 









=

5.00
01

R  

 

The open loop poles are 2j-1µ1,2 ±=  and -3µ 3 = . The closed loop poles are 

specified as 2j-2σ1,2 ±=  and -9σ3 = .  We want to find the control law xK=u  
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such that the closed loop eigenvalue requirements are satisfied and the gain matrix K is 
optimal according to a standard linear quadratic cost function. 

Amin [7] discussed that this example requires solving two Lyapunov equations in 
order to fulfill the eigenvalue and gain requirements. Here we solve the same example, 
using the method described above and show that the solution presented by Amin [7] is 
one of many solutions that exist for this problem. 

If we first shift the eigenvalues 1,21,2 σtoµ  we obtain: 









=

110
011T

1C . 







−−

−
=

12
21

1W , 







=

02
02

1G , and  







=

44
44

1H  

Hence, the parameters in the equations (16)-(24) are: 

84LL)σ)(Lσ(LdLdLand4,h4,a4,s1,f2,β1,α 2
2121

2 ++=−−=++===−==−=   

Using the equations (19)-(24) we can write the equations: 

15/2560.5vvxy
12/64vy
20/64vx

2 +−=−

+−=
+−=

  

In Amin’s example [7], the above parameters were 
1/64vand13/64,y21/64,x −=== . One can notice that this is just one of the 

solutions that exist for this problem. 

Let us now choose a different solution at 2/64v −= , then 
14/64.yand22/64,x == In this case: 

 







−

−
=

142
222

64
1

1M  

Using (30e) and (31) we find: 








 −−−
=

000
375.01625.0

1K , 

















−

−
=

2188.01875.00313.0
1875.05000.03125.0
0313.03125.03438.0

1P  

 and 

















−−−
−−

−−
=

375.33625.2
625.12625.0
375.01625.1

2A , 
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where the eigenvalues of 2A  are j22 ±−  and -3.  Now, if we shift the eigenvalue -3 
to a new position -9, we obtain: 

[ ]439=T
2G ,  ,3−=2W  and [ ]1016=2G  , and 

using equation (14), we have 76/1=2M .  Now, if we use now the equations (30e) 
and (31), we obtain: 









−−−
−−−

=
0526.17895.03684.2
8421.06316.08947.1

2K ,

 
















=

5263.28947.16842.5
8947.14211.12632.4
6842.52632.47895.12

2Q , and

 
















=

2105.01579.04737.0
1579.01184.03553.0
4737.03553.00658.1

2P  

Finally, 









−−−
−−−

=+=
0526.17895.03684.2
2171.16316.15197.2

21 KKK ,  
















=+=

2294.35197.26061.5
5197.29211.21382.5
6061.51382.57426.13

21 QQQ ,

 
















=+=

4293.03454.04424.0
3454.06184.06678.0
4424.06678.04095.1

21 PPP  

and 

















−−−
−−

−−−
=+=

2697.54211.48882.6
8355.18421.11513.0
2697.24211.08882.5

KAA c B  

The closed loop matrix cA  has the eigenvalues j22 ±−  and -9. 



Continuous Time System Pole Assignment by Linear Quadratic Modifications 

 
255

It is important to notice that as long as 30/256v <  we will have infinite number 
of valid solutions to the above problem. This occurs because of multivariable behavior of 
the system.  

Solution Parameterization  

Case A: Determinant of H matrix is not zero: 

Assuming that 0ash 2 ≠−  and using equations (22) and (23) we can write the 
following equation: 

6543
2

2
2

1 DyDxDyxDyDxD =++++ ..................................  (32) 

where: 

2

22

1 4
hsD
a

= , 22 4
1D
a

= , 1bb21
2

hsD 2123 −=−=
a

 

122114 b
hs

)faash(
ahs

)sfa(ba2D
a−

−α−β−β
−

−
+β−

+=  

222215 b
hs

faash
ahs
ahba2D

a−
−α−β−β

−
−

β+α
+=  

122
2

2
2
16 a

hs
faash

ahs
dfaD

a−
−α−β−β

+
−
−α+β

−−=  

a2
hsb1 −= , 

a2
1b2 −= , and 

a2
fda 1

1
+α+

=  

The discriminant of equation (32) is: 

0
a

hsa

1
a2
1

a2
hs4

1bb4
bb4)1bb2(DD4D

2

2

21

2
2

2
1

2
2121

2
3

≤
−

=

+






 −







 −
−=

+−=
−−=−
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This implies that the above equation represents an ellipse. 

Using the following transformation; 

  θ−θ= sinycosxx tt  

θ+θ= cosysinxy tt  

equation (32) can be written in trigonometric form as 

6t5t4tt3
2
t2

2
t1 TyTxTyxTyTxT =++++ ,  ................................  (33) 

where 

θθ+θ+θ= cossinDsinDcosDT 3
2

2
2

11  

θθ−θ+θ= cossinDsinDcosDT 3
2

1
2

22  

)sin(cosDcossinD2cossinD2T 22
3213 θ−θ+θθ+θθ−=  

θ+θ= sinDcosDT 544  

θ−θ= sinDcosDT 455  

66 DT =  

Since the discriminant is invariant under rotation of axes, we can eliminate the cross 
product term xy, by letting 0T3 = , and equation (33) becomes: 

6t5t4
2
t2

2
t1 TyTxTyTxT =+++ ..................................................      (34) 

In this case we have 

21

3

DD
D)2tan(
−

=θ
..............................................................................      (35) 

Equation (34) can be written in the following form: 

1
D

)ky(
T

)kx(
2

2
2t

2

2
1t =

+
+

+

,      ......................................................      (36) 
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where  

1

4
1 T2

Tk = , 
2

5
2 T2

Tk = , 
1

7

T
TT = , 

2

7

T
TD = , 

2 2
6 1 1 2 2T D T k T k= + +  

And, finally, parametric representation of equation (35) results in: 

 1t k)tcos(Tx −=  

and 

2t k)tsin(Dy −=  

Now, for the given elements of matrix H and period π≤≤ 2t0 , the results of 
calculations are shown in figure 2. From figure 2 one can see that the set of solutions is 
determined by the intersections of the ellipse with the curve 2υ=xy .  

Case B: Determinant of H matrix is zero: 

For the case where 0ash 2 =− , we have: 

y
a2

hx
a2

s)fd(
a2

1v 1 −−+α+=  , and 

fy
a2

h)faash(x
a2

s)faash(
a2

)fd)(faash(y)ah(x)sfa(d

2

1
2

α+β+
−α−β−β

−
−α−β−β

−

+α+−α−β−β
+β+α−−β=

 

The above two equations can be reduced by eliminating the variable v to obtain a 
line equation of the form 

0qyqxq 321 =++ , 

where 

a2
s)faash(sfaq1

−α−β−β
−−β=   

a2
h)faash()ah(q 2

−α−β−β
−β+α−=  
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2
21

3 df
a2

)fd()faash(q −α+β+
+α+−α−β−β

=  

For the given elements of matrix H the set of solutions are shown in figure 3.   

Conclusions 

The presented method resolves the issue of pole placement while minimizing the 
performance index in order to achieve any desired positions of the optimal eigenvalues. 
Besides resolving the issue of the relative stability, it provides the possibilities of 
changing the natural frequencies of oscillation. Therefore, this method bridges the gap 
between linear quadratic solutions and pole placement, providing a simple and general 
methodological procedure for modifying the performance criterion such that the 
resulting optimal gain places the closed loop eigenvalues at the desired locations. 
Moreover, the method provides a large set  of state weighting matrices to the designer 
that will satisfy the specifications sought. We can utilize the large number of solutions if 
the performance index is modified to include terms that reflects on the sensitivity or 
robustness of the system.  
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  تحديد أقطاب النظم متصلة الزمن باستخدام التعديل الرتبيعي الخطي

  

  نبيل الروسان، عبدالعزيز خليفات، عمر الردايدة

  

  ملخص

الطريقة المقترحه تقدم مجموعة . البحث يقدم طريقه سهله وجديده الزاحة اقطاب النظام الخطي
ام مع تحقيق المكسب المثالي لمقياس كبيرة من المصفوفات التي هي بمثابة حلول  الزاحة اقطاب النظ

هذا البحث أدى إلى نتائج أكدت أن المكسب المثالي يضع الدائرة المغلقة للقيم . التعديل التربيعي الخطي
  .وقد تم توضيح ذلك من خالل امثله حسابية. الحدية في الموقع المطلوب
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Figure 1: Schematic Representation of Sense of Optimality (Inequalities 7) in the 
complex plane. 
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Figure 2: Set of Solutions for the Case of Non-Zero Determinant of Matrix H 
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Figure 3: Set of Solutions for the Case of Zero Determinant of Matrix H 
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Appendix: 

 
1. Group all eigenvalues to be shifted in pairs such that every complex conjugate pair 

goes in one group. If the system is of an odd order, take one of the real eigenvalues in 
a separate group. Call the groups containing a pair of eigenvalues g1, g2, …, gk. Call 
the group that has one real eigenvalue gk+1. 

2. Set a counter i=1 and initialize A1=A. 
3. Form the matrix 









−

=
fβ
βα

Wi  

      where Wi contains the eigenvalues of gi.  If gi contains a complex pair, then fα = , 
otherwise 0β = . If gi contains one real pole, then  Wi  equals that pole. 

4. Find the left eigenvectors matrix  T
iC  of Ai corresponding to Wi. 

5. Compute the matrices BCG T
ii =  and T

i
-1

ii GRGH =  

6. If 1ki +=  go to step 9. Otherwise, find the characteristic polynomial corresponding 
to the new positions of the eigenvalues in gi and assign its coefficients to d1 and d2. 

7. Find a solution of the equations (22)-( 24) and form the matrix 









=

yv
vx

Mi                      

8. Compute the matrices T
ii

T
i

1
i CMGRK −−=  and ii1i KBAA +=+  then go to 

step 3. 

9. Compute  
1K

1k H
WM

+

+
+ =

σ-1k  and T
1k

1
+++

−
+ −= CMGRK 1k

T
1k1k  where 

1kW +  needs to be shifted to σ . 

10. Finally, iΣKK = , T
iiii CMCPP Σ=Σ= , 1ki1 +≤≤  and the closed loop 

system matrix will be KBA +=cA  with the desired eigenvalues. 

11. The state weighting matrix Q is determined using the following equation: 

    PBRBPAPPAQ T1T −+−−=  

 



ABHATH AL-YARMOUK: "Basic Sci. & Eng." Vol. 16, No.2, 2007, pp. 263-274  
 

 
Development, Characterization and Dose Distribution of  
2-Hydroxyethylacrylate (HEA) Polymer Gel Dosimeter 

 
 

 
Khalid A. Rababaeh*1, Elias Saion*1, M Zaki A Rahman**2,  Noriah Ali***3 

and Basri  Abdullah****4a 
 
 
Received on June 27, 2006 Accepted for publication on Feb. 11, 2007 

 

Abstract 
The effects of different concentrations of cross-linker N,N’ methyelene-bis-acrylamide (BIS) 

from 2% to 5%  and  2-hydroxyethylacrylate (HEA) monomer from 2 to 5%  at 3%  gelatin  on the 
dose response of  BIS-HEA- gelatin (BHEAG) aqueous polymer gel dosimeters have been studied 
using Raman spectroscopy and nuclear magnetic resonance (NMR). The dosimeters were 
irradiated with 60Co teletherapy Ј-ray source at a constant dose rate, receiving doses up to 20 Gy. 
The radiation polymerization occurs and increases with increasing dose. Raman spectroscopy was 
used to investigate directly the radio-polymerization, targeting in C=O stretching Raman shift that 
assigned to (BHEAG) at vibrational band 1415 cm-1 and indirectly by NMR spectroscopy aiming 
for relaxation rate (R2) of water proton. The dose sensitivity D0 (slope of the linear portion of 
polymerization to dose response and the maximum rate at which the polymerization-dose response 
saturated), were found depend strongly on the initial concentration of cross-linker more than 
monomer concentration. 

Keywords: Polymer, Monomer, Cross-linker, Radiation, Raman, Relaxation Rate.   

Introduction 

Recent development of complex radiotherapy treatment techniques has emphasized 
the need for a dosimetric system with the ability to measure absorbed dose distributions 
in three dimensions 3D and with high spatial resolution ]8[ . For this purpose, tissue 
equivalent polymer gels whose nuclear magnetic resonance (NMR) and optical 
properties change with radiation dose could offer unique advantages for measuring 
radiation dose distributions in 3D.  The use of polymer gels in radiation dosimeters was 
suggested as early as the 1950s ]10,11[ . The ferrous sulphate dosimeter (Fricke 
dosimeter) in gelatin could be used by investigating changes in NMR longitudinal (T1) 
and transverse (T2) relaxation times with dose due to the radiation-induced conversion of 
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Fe2+ ions to Fe3+ ]3[ . A major limitation in ferrous sulphate gel systems is the diffusion 
of Fe3+ ions within the dosimeter, resulting in the change of dose distribution with time 

]5[ . Since reported by ]7[ , polymer gel dosimeter has been used to resolve the problem 
and is correctly measure absorbed dose distributions ]9,12[ . The original polymer gel is 
based on the high molecular weight compounds consisting of acrylamide (AAm, 
monomer) and N,N’ methyelene-bis-acrylamide (BIS, crosslinker) ]7[ , dissolved in a 
gelatin/agarose hydro-gel. Upon irradiation, water molecules dissociate into OH and H 
radicals that break the double C=C bonds of co-monomers (AAm and BIS). The 
resulting co-monomer radicals, in turn, interact with other co-monomers and produce a 
chain reaction to form 3D polymer aggregates that are spatially retained in a gelatin 
matrix as show in Fig.1 ]1[ . 

 

 
 

 

 

Fig. 1 Chemical structures of (a) methacrylamide, (b) N,N’ methyelene-bis-acrylamide 
and (c) polymethacrylamide 
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The amount of polymer formed is related to absorbed dose received by the polymer 
gel. These polymer aggregates are usually evaluated indirectly using NMR technique 
and directly using FT-Raman spectroscopy where the dose response of polymer gel 
dosimeters increases linearly with the   initial concentrations of co-monomers and the 
gelatin concentration ]2,6[ .  Polymer formation and co-monomer consumptions have 
been observed in the Raman spectra ]1[ . The primary objective of a study of polymer gel 
dosimeters is to manufacture more efficient and stable dosimeters that have the highest 
dose sensitivity which gives the lowest dose resolution so that two doses of slightly 
different values can be mapped and visualised correctly with the lowest uncertainty ]2[ . 

Materials and Methods 

Synthesis of PHEAG dosimeter 

The poly2-hydroxyethylacrylate polymer gels were synthesized in a nitrogen glove-
box ]4[ . The gels were purged with nitrogen at least 5 hrs continuously during the 
mixing of the gel in order to expel oxygen that inhibits polymerization prior to gamma 
irradiation. The initial compositions of the dosimeters vary from 2 to 5% (w/w) for both 
2-hydroxyethylacrylate (HEA) monomer and N, N’-methylene-bis-acrylamide (BIS) 
cross-linker, and the gelatin concentration was 3% (w/w).  After deoxygenating the 
water for a minimum of 2 h, the gelatin was added and the solution heated to a constant 
temperature at 45 oC for 1 hrs, before adding HEA and BIS. The gel was kept at 45 oC 
and stirred until the monomer and cross-linker were completely dissolved. The final 
polymer gels were sealed and kept in a refrigerator overnight. 

Irradiation 

The irradiation was carried out by using the gamma source type Eldorado 8 60Co 
teletherapy (atomic Energy of Canada Limited)  with the maximum dose 0.43 Gy/min 
calibrated using a Fricke dosimeter. Each vial filled with PHEAG was placed in a 
polystyrene holder in a water- phantom acrylic tank. The sample is irradiated with 
gamma rays with dose ranging from 1 to 20 Gy at 15 cm depth, 60 cm surface to source 
distance (SSD) set-up and 10x10 cm2 field size. For each concentration three vials of 
polymer gel was irradiated with the same dose. The sample was transferred back to the 
refrigerator and kept for about 3 days before Raman scanning. 
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Determination of intensity in Raman spectroscopy measurements 

The Raman peak intensity measurements were performed using a 25mW Raman 
spectrometer (RSI 2001 B, Raman system, INC) equipped with a solid-state Nd:YAG 
green laser emitting at 532 nm and a thermoelectrically cooled CCD array. This 
spectrometer was chosen for its high sensitivity since the Raman signal intensity is 
inversely proportional to 

4λ , where λ  is the wavelength of the visible laser. Low power 
laser is preferred to avoid excessive sample heating. The temperature during 
measurements was 25 oC. The Laser excitation and signal collection was performed 
using a probe head inserted inside the sample compartment. Grams/32, version 6 
software was used to analyze the spectra and perform corrections for base line, 
smoothing and Fourier transform on the dispersive spectra. The correction factors were 
fixed throughout the experiment.  

Determination of relaxation rate in NMR measurements 

A Carr Purcell Meiboom Gill (CPMG) sequence or spin-echo pulse method (90o - τ 
- 180o) was used to measure the relaxation Rate (R2), which  were performed  using a 
NMR instrument analysis from Bruker at low frequency of 20 MHz and the magnetic 
strength of 0.47 T. This spectrometer was specifically designed for proton relaxation 
measurements. All the measurements were conducted at room temperature (25 oC). 

Results and discussion 

Relative Raman Intensity (direct method) 

Peak was assigned to BIS-HEA-gelatin (BHEAG) at vibrational band of 1415 cm-1. 
The relative Raman intensity corresponding to the amount of polymer formation in 
(PHEAG)  increases with absorbed dose in the dose range between 0 and 20 Gy as 
shown in Fig.2 (a and b) and Fig.3 (a and b) for gelatin  at 3% and 5 % respectively. The 
intensity is given by equation (1) 

)1( 0/
0

DDeAyy −−+=                              (1) 

where, D0 is the sensitivity parameter, y0 is the Raman intensity at zero dose, y is the 
Raman intensity at dose D and A is a constant representing the maximum relative 
intensity.  
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Fig. 2 Change in Relative Raman intensity as a function of dose D at various crosslinker 
(BIS) compositions and at (a) 2% monomer (HEA) and (b) 5% monomer (HEA). 
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Fig. 3 Change in Relative Raman intensity as a function of dose D at various monomer 
(HEA) compositions and at (a) 2% cross-linker (BIS) and (b) 5% cross-linker (BIS).  

 
The dose sensitivity parameter D0 was determined from the reciprocal of the slope 







 ∆
−

A
y1ln  v. D. The correlations between D0 and the initial concentration of both 

HEA and BIS concentration illustrated in Fig. 4 (a and b) show linear increases of D0 
with both monomer and cross-linker concentrations. 
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Fig. 4  Correlation between Dose sensitivity value and (a) the initial concentration of 
monomer at 2,5% cross-linker compositions, (b) the initial concentration of cross-linker 
at 2 and 5% monomer compositions. 

The BIS concentrations have a steeper slope (representing higher rate of 
polymerization process) indicates that the rate of polymerisation is higher for higher 
concentration of cross-linker.  

Relaxation Rate, R2 (indirect method) 

The relaxation rate R2 corresponding to the amount of polymer formation in 
(PHEAG)  increases with absorbed dose and follows the mono-exponential equation (2) 
in the dose range between 0 and 20 Gy as shown in Figs.5 (a and b) and Figs.6 (a and b). 

     )1( 0/
02

DDeRR −+=                                                     (2) 
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where, D0 is the sensitivity parameter, R0 is the relaxation rate at zero dose, R2 is the 
relaxation rate at dose D and A is a constant of the maximum relaxation rate. 
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Fig. 5 Change in the transverse relaxation rate ∆R2 as a function of dose D at various 
cross-linker (BIS) concentration for (a) 2% monomer (HEA) and (b) 5% monomer 
(HEA) 
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Fig. 6 Change in the transverse relaxation rate ∆R2 as a function of dose D at various 
monomer (HEA) concentration for (a) 2% cross-linker (BIS) and (b) 5% Cross-linker 
(BIS). 

 

 



Rababaeh, Saion,  Rahman, Ali and Abdullah 

  
272

The correlations between D0 and the initial concentration of both HEA and BIS 
concentration illustrated in Fig. 7 (a and b) show linear increases of D0 with both 
monomer and cross-linker concentration. 
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Fig.7  Correlation between dose sensitivity value and (a) the initial concentration of 
HEA at 2, 5% BIS compositions, (b) the initial concentration of BIS at 2, 5% HEA 
compositions 
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Conclusion 

Radiation-induced polymerization and the consumption of co-monomers in 
BHEAG have been characterized using Raman spectroscopy and NMR. The change in 
Raman intensity for the polymer formation and the consumption of co-monomers is 
mono-exponential in the dose range up to 20 Gy. The dose sensitivity D0 increases with 
the concentration of HEA and BIS, which provides better understanding of the effects of 
co-monomer concentrations in the polymerization process. The dose correlation between 
D0 and co-monomer concentration of BIS is always greater than that of HEA, which 
indicates that BIS reacts more efficiently than HEA to produce 37% of the BHEAG.  

  
تطوير كاشفات األشعة الهالمية املبلمره  في تحديد توزيع الجرعة األشعاعية املمتصة 

 hydroxyethylacrylate (HEA)-2باستخدام املونيمر
 

  بصري عبداللة نوريا علي و ، محمد زكي، الياس سايون، خالد ربابعه

  

  ملخص

% 2 من N,N’ methyelene-bis-acrylamide (BIS)تم دراسة تأثير تغير تركيز كل من المونيمر 
على استجابة  من الجالتين% 3عند % 5الى % 2 من hydroxyethylacrylate (HEA)-2و%  5الى 

. نين المغناطيسي النوويكاشف األشعة من النوع المبلمرات الهالمية باستخدام جهاز رامان و حهاز الر
شععت الكواشف بجرعات اشعاعية ثابتة باستخدام مصادر أشعة غاما خاصة لألغراض الطبية حتى الجرعة 

لوحظ ان األشعة الممتصة داخل الكواشف تحفز  عملية البلمرة بين المونيميرات  . Gy 20األشعاعية 
 هذه االستجابة بشكل مباشر باستخدام جهاز تم رصد،  وتزداد بزيادة مقدار الجرعة األشعاعية الممتصة

 وبشكل غير مباشر باستخدام ،C=Oالناتجة من الحركة  التذبذبية    لجزيئات   cm-1 1415رمان عند 
.    لبروتونات الماء حول المبلمر (R2)جهاز  الرنين المغناطيسي  النووي في قياس تغير الثابت السعوي 

-N,N’ methyelene-bis بشكل  أكبر على تغير تركيز المونيمر دوجد ان الحساسية االشعاعية تعتم
acrylamide (BIS) 2  من تركيز المونيمر-hydroxyethylacrylate (HEA. 
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Abstract 
In this research, the current status of a detergent production unit was studied. Problems and 

shortages of the current system were investigated. The well known Problem Solving Approach 
was applied and a more effective design of the unit was suggested and implemented. The novelty 
of this work relies on the integration of the layout of the equipment, the consideration of the safety 
of the workers and the safety of the environment, and the proper selection of materials used in the 
system. MarflexTM PG-70 was found to be the best lining rubber for the ceiling. The most suitable 
type of fans for our applications was also found to be Clamshell Series. This type of fan has the 
following characteristics: fans in solid FRP up to 60” W.G. (14,890 Pa) and up to 250F. Moreover, 
ceramics performed well as a cover for the walls from inside and the floor. The precise 
calculations of the manufacturing process helped in reducing the waste in raw material and in 
improving the productivity of the process. 

Keywords: Design, Corrosion, Detergent, Fiber reinforced plastics, Hydrochloric acid. 

Introduction 

Hydrochloric acid is used in the production of chlorides, for refining ore in the 
production of tin and tantalum, for pickling and cleaning of metal products, in 
electroplating, in removing scale from boilers, for the neutralization of basic systems, as 
a laboratory reagent, as a catalyst and solvent in organic syntheses, in the manufacture of 
fertilizers and dyes, for hydrolyzing starch and proteins in the preparation of various 
food products, and in the photographic, textile, and rubber industries [1-6]. Occupational 
exposure to hydrochloric acid may occur via inhalation or dermal contact during its 
production and use[1-2]. Health Hazard Information can be divided into acute effects, 
chronic effects (Noncancer), and reproductive/developmental effects. The reference 
concentration (RfC) [7] for hydrochloric acid is 0.02 milligrams per cubic meter (mg/m3) 
based on hyperplasia of the nasal mucosa, larynx, and trachea in rats. The RfC is an 
estimate (with uncertainty spanning perhaps an order of magnitude) of a continuous 
inhalation exposure to the human population (including sensitive subgroups) that is 
likely to be without appreciable risk of deleterious noncancer effects during a lifetime. It 
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is not a direct estimator of risk but rather a reference point to gauge the potential effects. 
At exposures increasingly greater than the RfC, the potential for adverse health effects 
increases. Lifetime exposure above the RfC does not imply that an adverse health effect 
would necessarily occur [4]. Exposure Pathway Association (EPA) has low confidence 
in the study on which the RfC was based since it used only one dose and had limited 
toxicological measurements; low confidence in the database because the database does 
not provide any additional chronic or reproductive studies; and, consequently, low 
confidence in the RfC [4].  

EPA has not established a Reference Dose (RfD) for hydrochloric acid [4]. And 
finally the Reproductive/Developmental Effects tell that: No information is available on 
the reproductive or developmental effects of hydrochloric acid in humans. It is worth 
mentioning that there is no information is available on the carcinogenic effects of 
hydrochloric acid in humans. In one study, no carcinogenic response was observed in 
rats exposed via inhalation [1]. So, EPA has not classified hydrochloric acid with respect 
to potential carcinogenicity [4].  

Hydrochloric acid is the most difficult of the common acids to handle from the 
standpoints of corrosion and materials of construction. Extreme care is required in the 
selection of materials to handle the acid itself, even in relatively dilute concentrations, or 
in process solutions containing appreciable amounts of hydrochloric acid. This is very 
corrosive to most of the common metals and alloys. So, choosing the material that best 
resist the HCl environment is of a great importance. In this investigation, the corrosion 
issue was also taken into consideration. Hydrochloric acid occurs as a colorless, 
nonflammable aqueous solution or gas [1, 3, 4]. It has an irritating, pungent odor, with 
an odor threshold of about 7 mg/m3 [1]. 

The importance of HCl in this study is that it is used as a main part with other 
additives to produce a liquid detergent that cleans and disinfects toilet bowls, destroys 
odours by killing germs, and removes rust and stains without scratching [12]. The 
objectives of the company, that manufactures this product, is to improve its productivity 
by designing a detergent production unit that provides an infrastructure which resists 
corrosion caused by HCl and establishes a healthy environment to the workers. The 
improvement of the productivity can be achieved by reconsidering the layout and the 
flow of the manufacturing process based on the vision and mission of the company. It is 
worth mentioning that the objectives of this company are the subject of this 
investigation. In this study, the design of a detergent production unit by taking into 
consideration the safety measures to avoid damaging the health of the workers and to 
avoid harming the environment is the main interest.  

Methodology. 

A logical and systematic approach to problem solving that follows the basic 
sequence of problem recognition, problem definition, problem analysis, choice for action 
and problem solution, was used in this investigation. The problem was recognized by the 
management of the factory while the other steps of sequence will be discussed in the 
following sections. 
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Problem definition 

The current production process of the detergent is now in an open area which 
doesn't provide a good flow of process operations. Hence, it is difficult to operate in 
winter. The problems that face this company when constructing a closed production area 
are:  

1. Dangerous gasses inside and outside the manufacturing unit 

2. Corrosive environment which will affect the unit infrastructure 

3. Worrying of not complying with the safety regulations according to the Jordanian 
standards 

4. The layout of the equipment such that all of it is placed within the already given area.  

As stated above, the objectives of the company is to improve the productivity of the 
process by designing a detergent production unit that provides an infrastructure which 
resists corrosion caused by HCl and establishes a healthy environment to the workers. 
The improvement of the productivity can be achieved by reconsidering the layout and 
the flow of the manufacturing process based on the vision and mission of the company. 

Analysis of the current status of the snow flush unit 

The production of the detergent is in an open area with a steel columns that support 
a steel ceiling. The process flow is as shown in Figure 1. The preparation of the product 
is based on manual mixing of HCl and water in a mixing tank by pouring the 
components into the mixing tank using a barrel. The area is crowded and the 
homogeneous structure of the mixture is determined following a trial and error approach, 
i.e measuring the density after different numbers of circulations. The official process 
flow of mixing consists of the following:  

1. Add soft water in fiberglass mixer 

2. Add hydrochloric acid 

3. Dissolve Tin II chloride and other additives (confidential) then add them to the mixer. 

4. Mix well and send a sample to Q.C. division to check the required specifications 

5. According to Q.C. results complete the total amount of soft water and mix well 

6. Send another sample to check the required specifications. 

After reaching a homogeneous mixture of the needed composition, the liquid is sent 
to the filling tanks. During the production process, the mixing and filling tanks are left 
open. A drainage system does not exist and the floor is full of the liquid detergent that 
comes from the mixing and filling processes and the smell of the gas is noticeable. The 
complementary operations of the production process are: capping, washing, drying, bar-
coding, packaging, and shrinking.  
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The choice of appropriate actions for the redesigning stage 

After the analysis of the current status of the detergent production unit and based on 
the objectives of the company, the redesigning process of the current unit was 
accomplished based on the following measures: 

1. Three dimensions were taken into consideration during the design of the unit. These 
dimensions are: the dangerous effect of the HCl on the health of the workers, the 
harming effect of the HCl gas on the environment, and the damaging effect of the 
HCl on the infrastructure. To reduce the concentration of the gas inside the unit 
after closing, the mixing and filling tanks must be closed and an empty space 
should be provided for the collection of the gas. Also relief valves should be 
installed on the top of the tanks to avoid bursting of the tanks. Workers should wear 
gloves and glasses to avoid the dangerous effect of HCl on their hands and eyes.  

2. The water should be provided to the unit by a tap and not manually by barrels special 
calculations can be made to mix four tons of the liquid (including the time of 
circulation to reach a homogeneous mixture) and transfer them to other two two-ton 
tanks. 

3. A number of taps should be connected to each of the two-ton barrels in order to 
determine the number of products that can be produced.  

4. Since the area is crowded, conveyers should be installed and the process flow should 
be reconsidered. 

5. Regarding the infrastructure: 

a) The hanger height was increased to 4.00 m. One meter lightening windows around 
were implemented.  

b) Drainage system was implemented in order to avoid the falling of the liquid on the 
floor.  

c) Sucking fans were installed on the steel ceiling of the hanger to get rid of the 
harmful gases inside the hangar. 

d) Materials that resist corrosion in the HCL environment should be selected for the 
suggested design elements. The implementation of these measures to come up 
with a new snow flush unit design, are discussed in the following sections. 

The solution of the problem 

The solution of the problem consists of the following: Designing a new lay out of 
the equipment based on a suggested flow of the manufacturing operations, suggesting an 
infrastructure (Building) with good lightening and good ventilation, and finally selecting 
suitable materials for the new design that resist corrosion caused by HCl. 
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The suggested flow of operations of the manufacturing process and the draft of the 
layout of the detergent production unit 

In order to determine the production capacity of the unit, the flow of process 
operations were determined. The operations start from the preparation of the mixture. 
This operation consists of supplying the soft water from the water tank (Figure 2) to the 
mixing tank, then adding the HCl (from the HCl tank) and the other constituents of the 
mixture. The next operation is circulation of the mixture to reach a homogeneous 
mixture is necessary. After circulation, the mixture is transferred to a two two-ton tanks. 
The sequence of the remaining operations is: Filling, Capping, Washing, Drying, Bar-
coding, Shrinking, and Packaging. Figure 2 depicts the flow of these operations. The 
production capacity of the unit was calculated as follows: 

Capacity=[working day time (8hrs)]/[time needed for the production of one bottle]    (1) 

Time needed for the production of one bottle = ∑ all operations times         (2) 

It was found that: about 550 bottles can be produced per hour or 4400 per working 
day (one shift). After deducing the time of break and the time of the preparations of 
workers from the working day time, and assuming that the efficiency of workers is 85% 
based on the consultation with the people in the company top managent, the virtual 
production time will be about 6.5 hrs. Hence, the actual number of bottles per day (Np) 
is: 

Np = 550 x 6.5 = 3575                (3) 

The necessary measures that were taken into consideration to produce this large 
number of bottles are:  

1.  Avoiding the manual supply of water, HCl, and other constituents. This was 
accomplished by providing soft water by a tap and water tank and by providing the 
mixing tank with a scale to mark the different volumes of water, HCl, and other 
constituents which will help in speeding up the control of volumes. 

2.  Avoiding the trial and error approach to reach the homogeneous mixture. This was 
accomplished by studying the circulation process thoroughly to determine the time 
needed to reach the homogeneous mixing. The Q.C. unit helped in measuring the 
density for each interval of time. It was found that 1.5 hrs is needed to reach a 
homogeneous mixture when using the full capacity of the pump. 

3.  Suggesting a mixing procedure that takes into consideration the volumes of the used 
containers (tanks) and the scaling to end up with reducing the time for production. 
To accomplish this, the size of the mixing tank was chosen to be 4 tons, based on 
the calculated actual number of produced bottles (3575 bottles) and the steps to 
prepare this 4000 Kg (3770 bottles) were suggested.  
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Based on the calculations, the following quantities and preparation steps are:  

-  Pouring 2312 Kg soft water (scale of 90.9) in the mixing tank. 

-  Adding 1546.7 Kg HCl. The volume is determined based on temperature and 
density according to the calculated equivalents in Table 1. 

-  Dissolving 426.7 g of TIN II CHLORIDE 2 HYD in 53.4 HCl, then adding it to the 
mixing tank 

-  Adding 38 Kg of the other constituents (confidencial). 

-  Starting the circulation operation and stoping it after 1.5 hrs 

-  Sending a sample to the Q.C. unit to check the density of the mixture. 

If the density is as required, the mixture is transferred to the filling tanks. If not the 
quantity is corrected and re-circulated.      

The suggested design of the infrastructure and the construction of the detergent 
production unit 

The dimensions of the infrastructure were determined by putting the equipments in 
their places as suggested in the section of layout above and taking into consideration the 
dimensions of the equipment and the distances between them. The diameters of the 4-ton 
tanks used for HCl and mixing were 1.8 m each and the diameters of the filling tanks 
were 1.5 m each. Figure 3 shows the actual distances between the equipment and their 
sizes. It is obvious that the conveyers may be of 0.4 – 0.5 width and 2 meters length. A 
two empty bottles supply tables of 1 x 2 meters size should be provided. In addition, a 
1.5 x 2.5 size table for filled bottles should be provided. A drainage system was also 
considered. 

To provide a healthy environment, two hoods should be provided with two sucking 
fans in addition to the relief valves that should be installed on the filling and mixing 
tanks. Glasses and special clothes should be worn by the workers inside the unit. The 
design of the hoods is shown in Figure 4. The outside view of the construction is shown 
in Figure 6. 

The selection of materials for the unit 

The long service life of the unit depends on choosing the right materials that can 
resist HCl environment. Thus, the tanks were chosen from plastics. The taps and the 
drainage pipes were selected from PVC. As the building is affected by HCl environment, 
it was decided to cover the walls from inside with ceramics and to use glass for the 
lightening part of the wall. There was a debate about the ceiling. The debate 
concentrated on using ceramic cover for the ceiling or to use plastic or rubber. Both can 
do the job but there is a fear from the condensation of the HCl vapor that will impact the 
ceiling that may fall down on the workers. Moreover, the outside part of the ceiling will 
be affected by humidity and the ceramic cover may fall down. Using the diagrams and 
tables in [13], it was found that rubber is a good candidate for HCl environment. 
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So, rubber lining of the ceiling may help in solving this problem. Searching the web 
sites that may provide information about the companies and their products, it was found 
that some companies [14] are experienced in designing and processing rubber 
compounds for the highly corrosive environments encountered in various HCl acid 
applications. For storage tanks, tank trailers, and tank cars, natural rubber lining on steel 
has predominantly been used for hydrochloric acid containment. The acid reacts with 
natural rubber hydrocarbon to chlorinate the surface, making an impermeable membrane. 
In concentrated hydrochloric acid, it only takes approximately three months for natural 
rubber crust formations to be 0.016" thickness in depth. This crusting effect makes 
natural rubber an excellent lining for HCl. It is also the destructive mechanism of the 
lining in later years. As surface stress cracks develop, the acid penetrates the rubber 
forming a new surface crust. The cycle continues until complete lining failure eventually 
occurs. Lining service performance ranges from 7 to 24 + years depending on lining 
durometer selection, environmental conditions and vessel stresses. MarflexTM PG-70 has 
lasted for 25+ years in such conditions and has the longest documented trouble free 
service. 

Through the years, service history has demonstrated that a pure gum natural rubber 
gives the longest lining life for concentrated HCl. Generally, the lower the durometer, 
the longer it remains flexible. For example, a 40/45 durometer natural rubber will reach 
75/80 surface durometer after three months (PG-70 a 30/35 durometer takes much longer 
to reach 75/80 and thus nearly doubles the long term lining life); whereas a 60 durometer 
compounded rubber will be 85/90 Shore "A" durometer. It is that extra hardness that 
impedes the rubber's ability to resist flex stresses as found in over-the-road trailers or rail 
cars. Contrary to pure gum recommendation for concentrated HCl, a 60 durometer 
natural rubber, ENDURAFLEXVE611BN, is recommended for dilute (5-10%) HCl. In 
dilute acid service, the compounded natural rubber has less water absorption than gum 
rubber. Laboratory tests show 6-8 % less water absorption for compounded 60 
durometer lining as compared to a pure gum. As reported that MarflexTM PG-70 has 
lasted for 25+ years in such conditions and has the longest documented trouble free 
service, this type was recommend for the lining of the ceiling. 

To select the suitable fan for the conditions of this process, the companies and the 
properties of their manufactured fans were searched. The results of searching the 
websites [15] showed that paint can actually match corrosion resistant properties of 
fiberglass-reinforced plastics (FRP), however, the industry wide data tables reflecting 
corrosion resistance for coatings are based on applying the product to steel without any 
compromise. So much as a pin hole will cause corrosion attach and could cause eventual 
destruction to the coated metal products. Exhaust fans, laboratory stacks and fumehoods 
are very complex geometrical structures that are very difficult to coat as thoroughly as 
needed to guarantee against rust. Reputable manufactures may argue that they do coat 
every single micrometer of surface, however, once the equipment is loaded for shipping, 
dumps, scraps, and installation is completely out of their control. Coating thickness can 
range between 1.5 – 12 mils and sometimes even thicker. Plasticair’s final FRP 
corrosion barrier coat is 90 mils thickness standard. Also, the important thing to note 
when comparing is that, the resin used in the FRP corrosion barrier is used throughout 
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the entire composite, therefore, the integrity is far greater and more dependable than 
steel coated products as the FRP will not separate or fail when exposed to surface 
scratches. Budgets for FRP fans are coming more in line with steel coated fans as the 
Plastic fan industry evolves, develops, and matures. Plasticair has fans currently 
operating dating back to 1980 in conditions that we predict steel coated fans would not 
last even 2 years. Engineers and Owners should also consider that FRP may be more of 
an economical solution over the long term when considering equipment for mild, 
medium, and heavy corrosive applications as replacement parts, labor and down-time 
will be minimized with an FRP selection [15].  

Plasticair is well able to provide fans in solid FRP up to 60” W.G. (14,890 Pa) and 
up to 250F. Again, something to consider that benefits your Clients budget goals [15].  

The brand of resin used is crucial. A simple statement that the product is FRP does 
not ensure that the application is correct. There are many types of resins on the market. 
For example, resin used for an FRP canoe would most likely be a general 
purpose/isopholic resin and that would be suitable for that application. However, an FRP 
fan exposed to HF, HCl, and H2SO4 constructed of general purpose resin would not be 
suitable and would most likely fail. Also, you may find in the industry that FRP is 
applied to thermoplastics such as PVC. Separation can occur and PVC has half the 
tensile strength as most premium quality FRP resins.  

Based on what has been discussed above, Plasticair offers a wide variety of FRP 
fans [16]. The most suitable type of fans for our applications is Clamshell Series. This 
eseries was developed for fumehood exhaust and is most commonly selected for that 
application, however, the fan is also utilized for general corrosive applications. B.I. 
wheels are available in polypropylene and FRP material and the needed diameter of the 
wheel is 24''. Its volume capacity is up to 2000 CFM (944 l/sec) and certified to bear the 
AMCA Air performance and sound seal. It bears a static pressure of 4.222 kPa. 

Jordan Valve's [17] can supply both standard valves and complex, custom-designed 
valve packages for applications with special requirements. This includes supplying 
exotic materials such as Hastelloy, Monel, Alloy20, Titanium, PVC, Kynar, and 
Zirconium, as well as the availability of products to meet the requirements of ANSI 
B31.1, ANSIB31.2, and NACE MR-01-75. The required valve was of type Mark 8000 
Series -- Model 8000A-050-*/***A and chosen from Jordan Valve's catalogue. 
Specifications of this valve are shown in Table 2. 

For further improvements and to increase the productivity of the process, an 
automatic or semi-automatic filling may be introduced to the process. 

Implementation of the suggested design 

The suggested design was implemented on stages. These stages were: 

1.  The connection of the soft water supply to the water tank. Then, the connection of 
the water and HCl tanks to the mixing tank. 
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2.  Application of the new layout of the equipment and changing the existing filling 
tanks from one-ton tanks to 2-ton tanks to satisfy the calculations. 

3.  Implementation of the suggested flow of the operations of the process according to 
the calculations in table 2 and the calculated circulation time. 

4.  The construction of the unit. 

5.  The use of the chosen HCl-resistant material during the implementation 

6.  The production stage. 

Conclusions 

The suggested design showed, after implementation, that: 

1.  The closed detergent production unit provides protection against cold in winter and 
it is safe for workers. 

2.  The MarflexTM PG-70 is the best linning rubber for the ceiling. 

3.  The most suitable type of fans for our applications is Clamshell Series that have 
the following characteristics: fans in solid FRP up to 60” W.G. (14,890 Pa) and up 
to 250F. 

4.  Ceramics performs well as a cover for the walls from inside and the floor. 

5.  The precise calculations of the manufacturing process helped in reducing the waste 
of the raw material and improving the productivity. 

6.  The workers avoided any danger to their health by wearing glasses, gloves, and 
special coates. 
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  تصميم وحدة النتاج منظف كيميائي: دراسة حالة
   في احد مصانع املنظفات في االردن

 
  عصام جلهم

  
  ملخص

تم في هذا البحث تحليل الوضع الحالي لوحدة انتاج منظف كيميائي في احد مصانع المنظفات في 
لطريقة المنهجية وباتباع خطوات ا. HClاالردن ومن ثم تحديد مشاكل الوحدة واختيار الماد المقاومة ل 

واالصالة في هذا البحث يعود الى . المعروفة لحل المسائل فانه تم اقتراح تصميم جديد للوحدة وتطبيقه
التكاملية من حيث الربط بين توزيع االجهزة مع سالمة العمال والبيئة المحيطة بالعمل باالضافة الى اختيار 

وقد اظهر التصميم المقترح بعد تطبيقه  .بيئة المحيطة في الHClالمواد المقاومة للتاكل الناتج عن وجود
ان وحدة االنتاج المغلقة ثخدم حماية العمال من تقلبات الطقسس ومن اخطار البيئة المحيطة بهم باالضافة 

كما وان عملية التصنيع اصبحت تطبق ضمن . تقليل خطر التاكل وذلك باختيار المواد المقاومة للتاكل الى
  .ما زاد في االنتاجيةحسابات محددة م
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Table 1: Hydrochloric acid volumes based on density and temperature [8]. 
Temperature °C Density  g/ml Volume  m 3 Height  cm 

10 1.1556 1.338 52 
12 1.1554 1.339 52 
14 1.1552 1.339 52 
16 1.1540 1.340 52.1 
18 1.1530 1.341 52.1 
20 1.1520 1.343 52.2 
22 1.1490 1.346 52.3 
24 1.148 1.347 52.4 
26 1.1470 1.348 52.4 
28 1.1460 1.350 52.5 
30 1.1450 1.351 52.5 

Table 2: Specifications of the needed valve [17] 
Mark 8000 Series -- Model 8000A-050-*/***A  
SPECIFICATIONS  

Valve Type  Pressure valve 
Market Segment  GeneralUse  
Valve Size (inch)  0.50  
Maximum Pressure (psi)  6000.00  
Number of Ports  2  
Media Temperature (F)  -425 to ?  
Flow (Cv)  0.05  
Actuation  Electric (optional feature); Pneumatic  
Connection Description  1/2" FNPT, BSPT, BSPP; Threaded (optional 

feature); BoltFlange (optional feature)  
Primary Material  PVC (optional feature); Kynar  
Media  Oil; Air; Compressed Air ; Water; Gas; Acids  
Notes  Fractional flow, heavy duty control valve, selection 

of styles and bodies   
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Figure 1: The current process flow chart 

 

 

 
Hanger height 3.7 m  
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6.5 m 

 
 

Figure 2: The suggested flow chart and the process layout draft of the unit. 
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6.5 m 

 

Figure 3: Process Layout with dimensions in meters inside the unit. 
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                                                   φ 0.61 m 

 

 

 

 

 

 

 

 

 

 

Figure 4: The hood design. X= 4.4 m for the hood used in the filling tanks area and 4.6 
m for the hood used in the mixing and HCl tanks area. 
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Figure 5: The outside scene of the building. The upper 1.00 m part of the wall will be 
used as windows for lightening purposes. 
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Abstract 
The oil shale exposed in Wadi Abu Ziyad, Wadi Ziqlab, Wadi Darraba and Wadi at-Tayyiba 

NW-Irbid, Jordan belong to the Muwaqqar Formation (Maastrichtian – Palaeocene). This Oil 
Shale is of carbonate type and consists mainly of calcium carbonate and kerogen; it is 
foraminiferal wackstone, wack-to packstone and packstone, deposited in shallow, calm, restricted 
to open marine shelf environments. The mineral constituents of this oil shale consists mainly of 
calcite (39 – 97.8 wt %), beside clay,quartz and locally gypsum. It contains P2O5 reaches 2.47 and 
TiO2 2.37 wt %  also trace elements such as Cu, Cd, Mo, Co, Mn, Ba, Pb, Sr and Zn, which are 
associated with organic matter, Fe-oxides, carbonates and phosphorus. 

Keywords: Oil Shale, Muwaqqar Formation, Kerogen, Carbonate, Trace elements. 

Introduction 

Oil shale is a an economic term referring to the rock ability to yield oil. Oil shale 
resources occur worldwide in many countries. It is composed of up to 20% organic 
matter mainly kerogen (about 90%) and bitumen 10% and of about 80% inorganic 
minerals, which include mainly quartz, feldspar, clays, carbonates, pyrite and sodium 
chloride in addition to compounds containing Cu, Mo, Co, Ti, V etc. 

It is believed that the planktonic organisms such as algae are the main source of 
organic matter, such as Cyanophyceae, Chlorophyceae and Xanthophyceae. Also, 
unicellular protozoa, plant tissues, pollen, and cutin are also contributors to kerogen 
formation. 

According to Yen and Chalingarian [1] the principal environments in which oil 
shale is deposited are, large lakes, shallow seas on continental platforms and continental 
shelves. Beside, small lakes, bogs and lagoons associated with coal-forming swamps. 

These environments must be anoxic, stable and with very limited tectonic activity 
to become favorable to the formation of oil shale [1, 2].  

                                                           
© 2007 by Yarmouk University, Irbid, Jordan. 
*  Department of Earth and Environmental Sciences, Faculty of Sciences, Yarmouk University, Irbid, Jordan.  



Mehdawi and Mustafa 

  
294

Large deposits of oil shale are found in many areas of Jordan from north to south 
with different thicknesses. These deposits are clastic oil shale of Silurian age or 
calcareous ranging in age from Upper Cretaceous to Lower Tertiary. 

Various workers have investigated these rocks Quennell [3], Wetzel and Morton 
[4], Wiesemann and Abdullatif [5], Futyan [6], Wiersna [7], Bender [8,9], Amireh [10], 
Yassini [11], Abu Ajameih [12], Abed [13], Abed and Amireh [14], Darwish [15], Jarrar 
and Mustafa [16] Darwish and Mustafa [17, 18]. Beside many unpublished 
investigations have been applied by Natural Resources Authority. 

The present study aims to elucidate the petrographical and mineralogical features of 
the oil shale from the Muwaqqar Formation and its geochemical behavior by analysing 
its major and trace elements contents.  

Geological setting  

Jordanian oil shales are found outcropping and in boreholes in many localities such 
as: El-lajjun, Jurf Ed-Darawish, Sultani, Attarat Umm Ghudran and Wadi Mughar 
(Fig.1). These deposits are located approximately 110 to 150 km to the south of Amman. 
Oil shale deposits are also present in the Irbid-District (northern Jordan) along the 
Yarmouk river, Wadi El-Arab, Wadi Esh-Shallala, Al Maqarin and at Al-Himma. 
Furthermore, they are found in Ruweished area NE-Jordan, in a deep wildcut well in 
Wadi Rajel (East Jordan) and in Jafr basin (Southeast Jordan) (Fig.1). 

The study area is situated in NW Jordan, particularly SW of Irbid city, between 
Wadi Zahar and Wadi Abu-Ziyad. The area is bounded by the latitudes 212, 220 N and 
211, 218 E (Palestine grid) (Fig.2). The oil shale in these locations have been not studied 
before. 

All the studied samples of oil shale are taken from the Muwaqqar Formation 
(Table1). The age of this formation is as it is inferred from microfossils [8,11 a.o.] 
believed to be Maastrichtian to Palaeocene. The lower part of this formation in the area 
contains Pachydiscus cf. jacquoti SEUNES according to Nazzal & Mustafa [19], which 
indicates Maastrichian age. It is composed of marl, chalky limestone, soft thick-bedded 
chalky marl, with harder beds and nodules of chert and micritic limestone. 
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Table (1): Stratigraphic position of the Muwaqqar Formation. 
Units 

Bender [8] 
Formation 
Masri [20] Age 

Chalk-Marl Muwaqqar Paleocene Danian-Maastrichtian 
 

Phosphorite 
 

 
 

Maastrichtian 

 
Campanian-Santonian Amman 

   
Silicified 

Limestone 

*Umm Ghudran 
 

Santonian –Coniacian 

Massive 
Limestone 

 
Wadi Es- Sir 

 
Turonian 

              * Parker [21] 

Methodology 

Forty seven samples were collected from different locations of the study area (i.e. 
26 from Wadi Abu Ziyad, 5 from Wadi Ziqlab, 10 from Wadi Darraba and 6 from south 
at-Tayyiba). The samples were partially crushed and sieved (63µm) for further chemical 
and mineralogical analyses, other parts were cut as slabs for petrographical study. 

The petrographic Polarized transmitted light microscope study was done using the 
classification and terminology of Folk [22] and Dunham [23]. 

Oriented and random XRD analyses were applied to determine the mineral 
composition for total of 10 samples (i.e. 5 from Wadi Abu-Ziyad, 2 from Wadi Ziqlab, 2 
from Wadi Darraba and one from south at –Tayyiba). 

Random XRD was used for determination of the mineral composition of oil shale 
samples using the procedure after Wilson [24]. The samples were examined under the 
following conditions: 

Stabilized copper filtered Cu Kα radiation, 30 kV generation voltage, 30 mA 
current with scanning speed 0.05 cm/min. 

Oriented samples were prepared to identify clay minerals for the same samples. 
They were treated with H2O2 to eliminate the organic matter. Three glass slides were 
prepared from each sample. The first was heated at 550°C, the second was glycolated, 
and the third remained untreated (normal). All slides were tested under the following 
conditions: 

Stabilized copper filtered Cu Kα radiation, 130 kV generation voltage, 130 mA 
current and scanning speed 0.02 cm/min. 
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Atomic Absorption spectrophotometer (AAS) was used for the determination of 
major and trace elements in 43 samples using the method of Cottenie et al. [25]. All 
major oxides beside some trace elements (Cu, Co, Cd, Cr, Mn, Mo, Ba, Au, V, Sr, Ni, 
Zn, and Pb), were analysed. 

The percentages of P2O5 have been measured. P2O5 was determined by using 
vandomolybdate reagent, as suggested by Jeffrey [26]. The optical density values of the 
resulted solution were obtained by using spectrophotometer system at wavelength of 460 
nm. 

The percentage of calcium carbonate (Tab.2) in the fine grained sediments (< 63µ) 
was calculated by using the calciometry method as described by Loring and Rantala[27]. 

The percentage of organic matter has been determined (Tab.3) for 41 samples (< 
63µ) according to the method of Walky and Black [28], which is based on the oxidation 
of organic carbon with Cr2O7 in acid medium. 

Table (2): Carbonate determination of oil shale samples. 
Sample No. CaCO3% Sample No. CaCO3% 

Sec.1/1 56.99 Sec.2/1 63.44 
Sec.1/2 58.06 Sec.2/2 58.92 
Sec.1/3 64.19 Sec.2/3 55.91 
Sec.1/4 54.08 Sec.2/4 60.32 
Sec.1/5 56.02 Sec.2/5 59.46 
Sec.1/6 45.27 Sec.3/1 90.1 
Sec.1/7 39.25 Sec.3/2 87.1 
Sec.1/8 56.02 Sec.3/3 84.73 
Sec.1/9 59.46 Sec.3/4 89.68 

Sec.1/10 59.43 Sec.3/5 87.31 
Sec.1/11 59.78 Sec.3/6 89.03 
Sec.1/12 59.25 Sec.3/7 89.01 
Sec.1/13 61.61 Sec.3/8 94.4 
Sec.1/14Ι 53.87 Sec.3/9 96.56 
Sec.1/14ΙΙ 56.56 Sec.3/10 98.28 
Sec.1/15 60.97 Sec.4/1 83.87 
Sec.1/16 70.65 Sec.4/2 96.34 
Sec.1/17 62.58 Sec.4/3Ι 75.7 
Sec.1/18 76.77 Sec.4/3ΙΙ 87.31 
Sec.1/20 68.17 Sec.4/4 78.5 
Sec.1/21 81.4 Sec.4/5 93.76 
Sec.1/22 81.72   
Sec.1/23 71.18   
Sec.1/24 80   
Sec.1/25 94.52   
Sec.1/26 97.85   
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Table (3): Organic Matter of 41 selected oil shale samples. 
Sample No. O.M % 

Sec.1/1 15 
Sec.1/2 16.2 
Sec.1/3 24.6 
Sec.1/4 7.2 
Sec.1/5 17.1 
Sec.1/6 17.7 
Sec.1/7 15.6 
Sec.1/8 16.8 
Sec.1/9 17.7 

Sec.1/10 10.2 
Sec.1/11 4.8 
Sec.1/12 6.9 
Sec.1/13 15.6 
Sec.1/14Ι 16.2 
Sec.1/14ΙΙ 6 
Sec.1/15 7.2 
Sec.1/16 8.7 
Sec.1/17 9.6 
Sec.1/18 6.6 
Sec.1/20 11.7 
Sec.1/21 6.9 
Sec.1/22 7.8 
Sec.1/23 6.9 
Sec.1/24 6.3 
Sec.1/25 5.1 
Sec.1/26 3.3 
Sec.2/1 9.9 
Sec.2/2 9.6 
Sec.2/3 6.9 
Sec.2/4 13.2 
Sec.2/5 17.4 
Sec.3/1 10.8 
Sec.3/2 4.8 
Sec.3/3 2.1 
Sec.3/4 7.5 
Sec.3/5 5.4 
Sec.3/6 3.6 
Sec.3/7 1.8 
Sec.3/8 3.6 
Sec.3/9 2.1 

Sec.3/10 4.5 
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Stratigraphy and petrography 

Four geological columnar sections were described in detail. These sections are 
Wadi Abu- Ziyad (Sec.1), Wadi Ziqlab (Sec.2), Wadi Darraba (Sec.3) and South At 
Tayyiba (Sec.4). All these sections belong to the Muwaqqar Formation (Fig.3). 

- Section 1(Wadi Abu-Ziyad) 

This section has a total thickness of about 82 meters. The samples, 1 to 26 were 
collected from the oil shale horizon. This horizon consists of more than 60 m oil 
shales.And overlain by about 20 m thick yellow to white marly chalk (Fig. 3). 

- Section 2 (Wadi Ziqlab)  

This section has a total thickness of about 55 meters. The Muwaqqar Formation of 
this section is overlying the Phospharite Unit. It begins with 5 m thick black to grey oil 
shale from which 5 samples have been obtained (Sec.2/1, Sec.2/2, Sec.2/3, Sec.2/4, 
Sec.2/5) with one meter spacing. This oil shale is overlain by 50 m continuous 
sequence of moderately hard, fossiliferous, yellowish brown to gray white chalky marl 
(Fig.3). 

- Section 3 (Wadi Darraba)  

This section has a total thickness of about 81.7 meters (Fig.3). It is divided into 
three sequences from bottom to top: 

1. 7 m: Black to pale dark brown, soft to medium hard, massive at top, weathered 
oil shale containing pyritic nodules (2.5cm) in the middle part. The samples 
obtained with 1 meter spacing. 

2. 14.7 m: White to pale gray, thick bed of chalk. It contains carbonate concretions 
and pyritic nodules in the lower part. 10 samples were collected. 

3. 60 m: Orange brown to white soft, fossiliferous and laminated chalky marl. 

- Section 4 (South at- Tayyiba) 

This section is about 20 meters thick (Fig.3). The lithology from bottom to top are: 

1 m: Yellow to white fossiliferous, soft to medium hard marly chalk. It contains 
band of chert. 1 m: Milky to white, soft chalk. 5 m: Pale gray to brownish, 
weathered, medium hard oil shale with intercalations of marly chalk. Two 
samples were taken from this sequence. They are labeled by Sec.4/3I (from the 
lower part) and Sec.4/3II (from the upper part). 10 m: Thick, red to yellow 
creamy to brownish, fossiliferous marl. 3 m: Light white, soft, fossiliferous 
chalk. 

The section of Muwaqqar Formation is underlain by about 2 meters of phosphates. 
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Fig.3: Columnar sections of Upper Cretaceous rocks (Maesterichtian-?Palaeocene). (1) 

Section 1 (Wadi Abu-Ziyad), (2) Section 2 (Wadi Ziqlab), (3) Section 3 (Wadi 
Darraba) and (4) Section 4 (South at-Tayyba). 

Petrography 

Petrographical analysis of 39 thin sections from Sec.1, Sec.2 and Sec.3 were carried 
out using the polarizing microscope. The classification of Folk [22] and Dunham [23] 
have been used, and microfacies terminology of Fluegel [29]. All components in the 
thin- sections are identified and described in detail. 

In these sections, three microfacies have been identified. They were used in 
determining the depositional environment of the oil shale by comparing with the 
standard microfacies of Wilson [30]. 

These three microfacies types are: 

1. Foraminiferal Wackstone microfacies 
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This microfacies consists of about 30% of carbonate grains embedded in a micritic 
groundmass. The grains consist mostly of planktonic foraminiferal tests and to lesser 
extent Ostracoda and bone fragments (Fig. 4).  

The internal chambers and spaces of the fossils are partly filled with calcite cement 
and partially with organic matter. The matrix consists of lime-mud and organic matter, 
which has dark brown to yellowish color. The fossils within this microfacies are almost 
oriented parallel to the bedding plane. Moreover, this microfacies is similar to the 
standard microfacies (SMF) type 8 [30]. It is deposited in shallow, calm, restricted 
marine environment with limited water circulation and low energy current. This 
environment is suitable to preserve organic matter. 

The suggestion of the depositional environment is based on the high micritic 
content and planktonic foraminiferal tests [30]. 

This microfacies is found in Wadi Abu-Ziyad (Sec.1) in the samples 2, 6, 8, 9, 14I, 
15, 16, 22, 24, 25 and 26, in Wadi Ziqlab (Sec.2) in the samples 1, 2 and 5, and finally in 
Wadi Darraba (Sec.3) in the samples 2, 3, 6, 8 and 10. 

2. Foraminiferal packstone microfacies  

It is characterized by packed, broken, rounded to subrounded, and sorted bioclasts 
mainly foraminiferal fragments (globigerinids), Ostracoda and bones fragments. 

It consists of up to 75% of carbonate particles embedded within a micritic 
groundmass. Crystallization as well as silicification is the dominant diagenetic feature 
observed. These diagenetic processes have led to destruction of the fossils.  

This microfacies is deposited in areas with quiet water environment. Thus, we 
assign this to the SMF type 10. These oil shale samples corresponding to this type occur, 
after Wilson [30], in an open marine shelf environments, as well as in shelf lagoons with 
open water circulation. 

This microfacies is observed in Wadi Abu-Ziyad (Sec.1) in the samples 1, 5, 7, 10, 
13 and 20, in Wadi Ziqlab (Sec.2) in the samples 3 and 4, and in Wadi Darraba (Sec.3) 
in the beds 4, 5 and 7.  

3. Foraminiferal, Wackstone-Packstone microfacies 

It consists up to 60% of carbonate grains which are mostly planktonic Foraminifera, 
bones and to less extent of ostracodal fragments (Fig. 5). 

The internal pores of skeletons are filled mostly by drusy or blocky calcite and 
sometimes partly by organic matter. The matrix forms about 40% of the sample and 
composed of amorphous organic matter and less frequently of lime mud.  

This microfacies can be correlated with the SMF type 9 of Wilson [30]. It is 
deposited in shallow, quiet, restricted marine environment. This microfacies type is 
found in Wadi Abu-Ziyad (Sec.1) in the samples 2, 17, 18 and 21, and Wadi Darraba 
(Sec.3) in the samples 1 and 9. 
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Mineralogy and Geochemistry 

Mineralogy 

The mineralogical composition of 10 samples was determined by X-Ray diffraction 
methods (Figs. 7, 8 and 9). The main mineral components are:  

Calcite: It is the most common mineral. 

Quartz: It appears in all samples.  

Gypsum: Appears in samples taken from Wadi Abu-Ziyad (Fig. 7).  

Clay minerals: Kaolinite (Fig. 9) is the main clay mineral in all tested samples. 

Geochemistry 

Analytical results of both major oxides and trace elements are shown in Tables 
(4and 5). 

Major oxides 

Na2O 

The mean value of Na2O in studied samples is 0.19 wt % ranging from 0.03 to 1.46 
wt %. 

The mean value of Na2O in the studied oil shale is similar to the value of Efe oil 
shale-Palestine which is determined by Shirav and Ginzburg [31] and exceeds the values 
of the oil shale from NW Jordan estimated by Amireh [10], Jarrar and Mustafa [16] and 
Darwish [15] (Table 6). The correlation coefficient of Na2O with MgO is 0.32, and with 
Al2O3 0.24. So, the Na2O is mainly attributed to clay minerals and not to organic matter 
or carbonate because it has negative correlation coefficient values with these materials.  

K2O 

K2O ranges from 0.01 to 0.18 wt % with average of 1.23 wt %. The average of K2O 
is much more than that of Jordanian oil shale which was estimated by Amireh [10], that 
of Esh-Shallala oil shale [16] and that of Amman Formation oil shale [15] (Table 6). The 
correlation coefficient of K2O with Al2O is 0.70, with SiO2 is 0.69, with Fe2O3 is 0.49 
and with organic matter is 0.22. K2O is therefore mainly accompanied to clay minerals 
because the high correlation coefficient between K2O and Al2O3 and partially organic 
matter with which it has positive correlation coefficient. 

MgO 

MgO content in the studied samples varies between 0.03 wt % and 0.56 wt % with 
an average of 0.29 wt %. The average of MgO is more than the average value 
determined by Jarrar and Mustafa [16] and less than the average values determined by 
Darwish [15] and Amireh [10] (Table 6). The correlation coefficient of MgO with Na2O 
is 0.32, with K2O is 0.18 and with Al2O3 is 0.18. So, the MgO can be mainly attributed 
to clay minerals. Mg-calcite is not important source to provide MgO because of the 
negative correlation coefficient between MgO and CaCO3 (Tab.7). 
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CaO 

The mean value of CaO in the studied samples is 29.23 wt %. It ranges from 18.97 
to 41.65 wt %; it is comparable with that of Julia oil shale – Australia [32] and that of the 
Efe oil shale- Palestine [31] (Table 6). The correlation coefficient of CaO with calcite is 
0.89 and with P2O5 0.29. Therefore, CaO is mainly attributed to the carbonate phase and 
to the phosphatic mineral associations. CaO is found in the Foraminifera and Ostracoda 
whole skeletons and fragments. Another important compound in organisms is Ca-
phosphate, which is present in bones and teeth of vertebrates. 
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Table (4): Major elements oxides distribution of 43 selected oil shale samples (wt%). 
Sample No. Na2O K2O MgO CaO Al2O3 SiO2 Fe2O3 TiO2 P2O5 

Sec.1/ 1 0.17 0.14 0.25 28.84 1.52 9.81 1.22 0.36 1.26 
Sec.1/ 2 0.08 0.11 0.24 21.14 1.75 9.41 0.66 0.62 1.06 
Sec.1/ 3 0.08 0.09 0.26 29.33 1.52 8.07 1.24 0.40 0.78 
Sec.1/ 4 0.07 0.14 0.24 20.09 2.39 11.70 1.41 0.71 0.16 
Sec.1/ 5 0.15 0.12 0.33 21.14 1.83 9.05 0.75 0.61 1.00 
Sec.1/ 6 0.16 0.17 0.40 18.97 2.23 11.68 0.94 0.30 1.58 
Sec.1/ 7 0.12 0.17 0.32 19.11 2.21 11.62 1.79 0.46 1.59 
Sec.1/ 8 0.09 0.15 0.03 22.47 2.12 11.64 0.96 0.49 2.39 
Sec.1/ 9 0.08 0.14 0.25 23.73 1.70 9.69 0.58 0.14 1.23 

Sec.1/ 10 0.09 0.14 0.33 23.73 1.89 10.20 1.47 0.46 1.78 
Sec.1/ 11 0.08 0.17 0.27 26.25 2.62 11.90 1.97 0.68 2.47 
Sec.1/ 12 0.10 0.12 0.32 26.25 1.58 7.67 0.46 0.19 1.36 
Sec.1/ 13 0.09 0.11 0.22 30.66 1.37 7.01 0.87 0.15 1.79 

Sec.1/ 14 I 0.10 0.13 0.24 25.20 1.89 8.69 0.85 0.28 1.32 
Sec.1/ 14 II 0.16 0.17 0.31 27.51 1.77 8.83 1.09 0.32 1.44 
Sec.1/ 15 1.46 0.12 0.24 24.22 2.40 10.91 1.18 0.41 2.01 
Sec.1/ 16 1.46 0.11 0.43 28.77 1.97 9.18 1.18 0.44 2.08 
Sec.1/ 17 0.07 0.14 0.27 23.66 2.56 11.32 1.78 0.30 1.51 
Sec.1/ 18 0.05 0.09 0.23 30.94 1.31 6.70 0.59 0.25 1.87 
Sec.1/ 20 0.07 0.10 0.28 24.57 1.39 6.99 0.99 0.30 2.02 
Sec.1/ 21 0.07 0.07 0.31 32.20 0.67 3.25 0.31 ------- 1.93 
Sec.1/ 22 0.10 0.11 0.27 31.50 0.80 4.33 0.67 0.24 1.26 
Sec.1/ 23 0.07 0.15 0.27 32.06 1.27 6.01 1.67 0.25 1.44 
Sec.1/ 24 0.10 0.18 0.26 31.36 1.46 7.51 1.67 0.52 1.70 
Sec.1/ 25 0.33 0.09 0.44 36.26 0.70 3.39 0.46 0.14 1.72 
Sec.1/ 26 0.23 0.08 0.37 37.03 0.57 3.21 0.59 0.14 1.69 
Sec.2/ 1 0.09 0.16 0.35 23.87 1.76 9.42 1.41 0.55 1.26 
Sec.2/ 2 0.08 0.14 0.32 27.72 1.69 8.63 1.60 0.23 1.59 
Sec.2/ 3 0.08 0.17 0.31 21.91 2.19 10.35 1.16 0.45 1.65 
Sec.2/ 4 0.15 0.14 0.41 28.49 1.67 8.20 0.88 0.52 1.72 
Sec.2/ 5 0.22 0.14 0.40 28.70 1.76 9.07 1.72 0.46 1.59 
Sec.3/ 1 0.04 0.09 0.17 33.53 0.96 4.11 1.22 0.06 1.90 
Sec.3/ 2 0.06 0.12 0.21 33.25 1.46 6.48 0.87 0.52 1.87 
Sec.3/ 3 0.20 0.14 0.41 34.58 1.15 5.28 0.72 2.37 1.99 
Sec.3/ 4 0.05 0.10 0.21 35.77 0.72 3.70 0.57 0.20 1.63 
Sec.3/ 5 0.07 0.11 0.22 37.24 0.64 3.92 0.31 0.11 1.53 
Sec.3/ 6 0.07 0.10 0.22 35.56 0.59 4.07 -------- 0.19 1.42 
Sec.3/ 7 0.37 0.11 0.33 37.38 0.63 4.33 0.72 0.13 1.91 
Sec.3/ 8 0.03 0.08 0.14 31.01 0.83 4.21 1.14 0.03 -------- 
Sec.3/ 9 0.04 0.08 0.16 41.65 0.64 3.80 0.88 0.24 -------- 

Sec.3/ 10 0.10 0.08 0.22 35.49 0.69 4.30 1.30 0.05 -------- 
Sec.5/ 3I 0.46 0.12 0.56 35.63 2.00 12.08 2.27 0.52 1.64 
Sec.5/ 3II 0.28 0.12 0.48 38.08 1.99 12.85 --------- 0.86 1.98 
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 Table(5): The relative abundance of trace elements of 43 selected oil shale samples 
(ppm). 

SampNo. Cu Co Cd Cr Mn Mo Ba V Sr Ni Pb Zn 
Sec.1/ 1  135 7 7 368  58 27 263 435 797 146 101 540 
Sec.1/ 2 145 6 7 407 38 23 130 555 745 178 102 335 
Sec.1/ 3 110 14 5 377 44 22 19 455 815 170 64 305 
Sec.1/ 4 95 6 6 352 43 18 73 310 718 168 83 260 
Sec.1/ 5 100 12 5 330 37 14 170 460 701 205 76 300 
Sec.1/ 6 105 4 8 452 39 26 106 ------ 716 195 74 370 
Sec.1/ 7 120 14 6 431 42 26 55 ------ 704 231 69 405 
Sec.1/ 8 115 5 4 408 45 20 163 420 800 201 87 350 
Sec.1/ 9 120 10 5 364 39 23 124 470 813 192 78 320 
Sec.1/ 10 110 10 5 349 37 17 72 ------ 789 181 85 335 
Sec.1/ 11 110 6 3 441 53 24 207 675 926 217 80 400 
Sec.1/ 12 90 15 6 390 23 6 126 ------ 826 156 60 275 
Sec.1/ 13 100 5 5 365 31 17 115 675 927 188 79 320 
Sec.1/ 14I 100 7 23 401 35 23 98 635 779 180 61 355 
Sec.1/ 14II 90 105 6 422 35 15 144 75 915 230 69 370 
Sec.1/ 15 85 23 5 366 38 16 102 995 816 176 83 350 
Sec.1/ 16 80 8 6 224 73 15 115 390 828 137 91 210 
Sec.1/ 17 90 22 5 351 53 14 86 ------ 786 164 76 285 
Sec.1/ 18 85 165 5 321 41 23 292 90 844 145 81 250 
Sec.1/ 20 110 11 5 417 41 18 421 325 799 200 86 415 
Sec.1/ 21 75 16 5 234 36 7 190 535 949 125 75 215 
Sec.1/ 22 105 10 5 301 32 22 521 640 960 173 121 315 
Sec.1/ 23 85 8 6 251 82 1 206 785 948 135 62 245 
Sec.1/ 24 90 14 6 240 78 16 193 820 930 146 110 220 
Sec.1/ 25 45 11 7 116 54 20 144 ------ 1097 7 78 80 
Sec.1/ 26 50 19 6 124 52 24 145 110 1085 74 110 95 
Sec.2/ 1 90 ------ 6 352 44 15 92 240 826 160 67 245 
Sec.2/ 2 100 10 6 326 44 24 100 120 893 175 76 290 
Sec.2/ 3 90 10 5 342 57 31 99 1420 808 169 58 285 
Sec.2/ 4 145 8 5 361 32 45 165 200 882 205 66 255 
Sec.2/ 5 135 13 7 346 33 14 196 455 885 185 89 320 
Sec.3/ 1 40 11 5 152 152 34 116 ------ 1031 67 93 120 
Sec.3/ 2 70 17 5 195 169 16 173 360 978 113 89 140 
Sec.3/ 3 70 17 6 217 198 13 214 ------ 987 115 66 225 
Sec.3/ 4 80 13 6 231 128 11 103 225 101 125 110 215 
Sec.3/ 5 75 24 7 313 58 10 71 5 1037 127 93 290 
Sec.3/ 6 80 11 7 331 41 14 106 1075 1117 143 57 105 
Sec.3/ 7 70 7 8 313 78 14 129 140 1030 129 89 310 
Sec.3/ 8 35 10 4 100 206 7 82 155 747 76 93 95 
Sec.3/ 9 35 21 5 95 94 11 148 850 1084 61 80 65 
Sec.3/ 10 35 15 6 82 189 ------ 196 415 934 78 96 85 
Sec.5/ 3I 125 9 6 398 24 9 119 920 1000 243 105 450 
Sec.5/ 3II 110 2 5 692 36 12 95 275 10160 195 96 350 

  



Mehdawi and Mustafa 

  
310

Table 6: The concentration of major oxides and trace elements in oil shale of the study 
area in comparison with different sites and rocks, from Jordan and worldwide. 

 

 
Carbonate 

Rock 
(1) 

Julia oil 
Shale- 

Australia
(2) 

Efe’ oil 
Shale- 

Palestine
(3) 

 
Jordanian
Oil shale

(4) 

Esh- 
Shallala 
oil shale

(5) 

Amman 
Formation

oil shale 
(6) 

Muwaqqar 
Formation 

oil shale 
(7) 

Na2O % 0.05 0.5 0.27 0.05 0.05 0.051 0.19 
K2O % 0.33 0.5 0.42 0.05 0.03 0.06 0.12 
MgO % 7.89 0.7 0.57 1.96 0.15 0.41 0.29 
CaO % 42.57 26.5 34.2 39.79 43.1 36.8 29.23 

Al2O3 % 0.81 4.2 6.8 2.15 2.04 2.55 1.51 
SiO2 % 5.19 24.5 16.9 7.8 5.67 7.99 7.78 

Fe2O3 % 0.54 1.6 2.8 1.14 0.64 0.72 1.08 
TiO2 % 0.06 0.2 0.32 0.17 0.11 0.12 0.39 
O.M % 0.29 14.5 8.2 13.75 12.65 12.12 9.25 
P2O5 % 0.04 0.4 1.6 1.74 0.88 6.65 1.60 
SO3 % 0.05 0.5 2.3 1.24 1.36 1.53 ----- 

Cu ppm 4 110 112 57 145 47 91 
Co ppm 0.1 9 5 236 58 21 17 
Cd ppm 0.09 25 ----- ----- 16 33 6 
Cr ppm 11 90 280 318 270 192 317 
Mn ppm 1100 330 41 86 144 37 64 
Mo ppm 0.4 270 26 59 ----- 133 18 
Ba ppm 10 300 250 ----- 592 105 151 
V ppm 20 2000 110 84 206 107 469 
Sr ppm 610 400 ----- 1057 ----- 441 1082 
Ni ppm 20 160 138 580 ----- 1157 155 
Pb ppm 9 6 10 7 15 16 83 
Zn ppm 20 800 310 320 324 358 274 
Li ppm 5 ----- 17 ----- 11 5.5 ----- 

1- Carbonate Rocks [33] 2-Julia Oil Shale – Australia[32]. 3-Efe Oil Shale – 
Palestine [31]. 4-Jordanian Oil Shale[10]. 5-Esh- Shallala Oil Shale-Jordan [16]. 6-
Amman Formation Oil Shale- Jordan[15]. 7-Muwaqqar Formation Oil Shale- 
present study. 
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Al2O3 

The average value of Al2O3 is 1.51 wt %. It ranges from 0.57 to 2.62 wt%. The 
Al2O3 in the studied samples is more than the average value of normal limestone which 
reaches 0.81 wt % (Table 6). This is because of clay minerals content in the studied 
samples which is more than in normal limestone. The correlation coefficient of Al2O3 
with K2O is 0.70, with MgO is 0.18, and 0.60, 0.40 with both Fe2O3 and organic matter 
respectively (Tab.7). This indicates that the main source of aluminum in the studied 
samples is the clay minerals particularly kaolinite (Fig. 9). 

SiO2 

The mean value of SiO2 is 7.78 wt %, it ranges from 3.21 to 12.85 wt %. The mean 
in the studied samples is equal the mean value as determined by Amireh [10] in the 
Jordanian oil shale (7.8 wt %) and less than that of the Efe oil shale – Palestine [31] 
(Table 6). The correlation coefficient of SiO2 with Al2O3 is 0.96, with K2O is 0.67 
(Tab.7). This means that the main source of SiO2 is clay minerals association. 

Fe2O3 

Fe2O3 in the studied samples ranges from 0.31 to 2.27 wt % with an average of 
1.08 wt %, similar to oil shale of Jordan[10], and more than oil shale of Esh-
Shallala[16],oil shale of the Amman Formation (Darwish, 1993) (Table 6). The 
correlation coefficient of Fe2O3 with Al2O3 is 0.50 and with both K2O and MgO are 
0.49 and 0.28 respectively. So, the major source of Fe2O3 is clay minerals in their 
lattices as it is proposed by Amireh [10]. 

Ti 

The mean of TiO2 in the studied samples is 0.39 wt %. It ranges from 0.03 to 2.37 
wt %. The mean of TiO2 is nearly similar to that of the Efe oil shale-Palestine and more 
than the other oil shale deposits (Table 6). The correlation coefficient of TiO2 with K2O 
is 0.35, with MgO is 0.32, with Al2O3 and SiO2 are 0.29 and 0.28 respectively (Tab.7). 
As a result of that, the more important source of titanium is clay minerals. However 
Darwish [15] attributes the high concentration of TiO2 in the studies samples to organic 
matter. 

P2O5 

The mean value of P2O5 in the studied samples is 1.61 wt %. It ranges between 0.16 
and 2.47 wt %. The mean of P2O5 (1.60 wt %) is equal to the mean value of the Efe oil 
shale-Palestine and slightly less than that of the Jordanian oil shale value as determined 
by Amireh [10] (Table 6).The correlation coefficient of P2O5 with OM is 0.33, with CaO 
is 0.29 and with CaCO3 is 0.28. So, P2O5 is mainly attributed to bone fragments and to 
organic matter.  
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Trace elements 

Cu 

Cu is ranging (35 – 145 ppm) with an average of 91ppm. It is more than the mean 
values obtained from normal limestone, Jordanian oil shale [10]and Amman Formation 
oil shale[15]. Also, it is less than the mean values of each Julia oil shale-Australia, Efe 
oil shale - Palestine and Esh-Shallala oil shale (Table 6). “Copper can be“ specifically” 
adsorbed by layered silicate clays, oxides of Fe, Mn, Al and organic matter” [34] Copper 
has high ability to form organo-metallic complexes that preserve copper in organic 
matter sediments like oil shale [35]. The correlation coefficient between Cu and organic 
matter is 0.61, with Al2O3 is 0.61, with both K2O and Fe2O3 are 0.51 and 0.29 
respectively (Tab.7). These values indicate that Cu is mainly associated with organic 
matter and clay minerals. 

Co 

Co in the examined samples ranges from 2 ppm to 165 ppm with the mean value of 
17ppm. The average of Co (17 ppm) is less than the mean values determined by Jarrar 
and Mustafa [16] and Darwish [15]. Also, it is higher than the mean values determined 
by Patterson, et al., [32] and Shirav and Ginzburg [31] (Table 6). Jarrar and Mustafa [16] 
and Darwish [15] attributed the presence of cobalt to organic matter and sulphides 
association. But the analysis shows negative correlation coefficient with organic matter 
and it has positive correlation coefficient with Fe2O3 (0.17) (Tab.7). So, the presence of 
Co in the studied samples can be attributed to Fe-oxides.  

Cd 

The concentration of Cd in the studied samples ranges from 3 ppm to 23 ppm with 
an average of 6 ppm. The mean of Cd (6 ppm) is less than the mean values which were 
determined by Patterson, et al., [32], Jarrar and Mustafa [16] and Darwish [15] (Table 6). 
The correlation coefficient of Cd with OM is 0.19, (Tab. 7). So, the Cd is mostly 
attributed to organic matter. Among the sedimentary rocks, the carbonaceous shales 
formed under reducing conditions, contain the most Cd [34].  

Cr 

Cr content in the studied samples varies between 82 ppm and 692 ppm with an 
average of 317 ppm. The average is nearly similar to that of the Jordanian oil shale (318 
ppm) as determined by Amireh [10] and more than that of Esh-Shallala and Amman 
Formation oil shale (Table 6). The correlation coefficient of Cr with Al2O3 is 0.66, with 
K2O is 0.50 and with OM is 0.37. Therefore, the main source of Cr is clay minerals and 
organic matter. Cr may be adsorbed by apatite, clay, organic matter and most effectively 
by Mn-oxides [35].  

Mn 

The mean value of Mn in the examined samples is 64 ppm ranging from 23 ppm to 
206 ppm. The mean is more than that of the Efe oil shale and the Amman Formation oil 
shale but it is less than that of Jordanian oil shale and Esh-Shallala oil shale (Table 6). 
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Manganese content is much lower than that found in normal limestone (1100 ppm). The 
correlation coefficient of Mn with CaCO3 is 0.58 and 0.40 with CaO (Tab.7). So, the Mn 
occurs associated with a carbonate phase. 

Mo 

Mo content in the studied samples is 18 ppm in average. It ranges from 1 ppm to 45 
ppm. Mo average in normal limestone is 0.4 ppm, in Jordanian oil shale is 59 ppm and in 
Amman Formation oil shale is 133 ppm (Table 6).  

Manskaya and Drozdova [37] stated that Mo can substitute for Fe, Ti, and Al in 
mineral crystal lattice structures. The correlation coefficient of Mo with OM is 0.42, 
with Al2O3 is 0.26 and with K2O is 0.24 (Tab.7). Therefore, the source of Mo is mainly 
attributed to organic matter and clay minerals. 

Ba 

Ba in the studied samples ranges between 19 ppm - 521 ppm with an average of 151 
ppm. The concentration of Ba in the studied samples is more than in normal limestone 
(10 ppm) and Amman Formation oil shale (105 ppm) (Table 6). Barium shows the 
correlation coefficient 0.18 with P2O5, (Tab.7). Therefore, Ba may be attributed to 
phosphate associations. 

V 

V ranges between 5 to 1420 ppm with an average value of 469 ppm. The mean 
value of V in Julia oil shale  – Australia is 2000 ppm and in the other oil shale areas is 
less than in the study area (Table 6). Lewan & Maynard [38] proposed that vanadium is 
attributed to organic matter of algal marine origin which forms kerogen type I and II. 
Natural V is usually found in titaniferous magnetites, in igneous rocks, in shales, in 
certain deposits of phosphate rock, in some uranium ores and in asphaltic deposits [36, 
38]  

Sr  
The maximum value of Sr (10160 ppm) has been found in south at-Tayyiba (Sec.4) 

and the minimum value (101 ppm) has been found in Wadi Darraba (Sec.3) (Tab.5). The 
mean value is 1082 ppm. The average value of Sr in the study area is nearly similar to 
that estimated by Amireh (1979) and higher than to that estimated in other oil shale 
(Table 6). The correlation coefficient of Sr with CaO is 0.29, with CaCO3 is 0.20 
(Tab.7). So, the Sr is mainly attributed to carbonate association. 

Ni 

The mean value of Ni is 155 ppm. It ranges between 7 and 242 ppm. The mean 
value is nearly similar to that of the Julia oil shale (160 ppm) [32]and much less than that 
of the Amman Formation oil shale (1157 ppm) [15] (Table 6).  

The correlation coefficient of Ni with Al2O3 is 0.73, with K2O is 0.59 and with both 
OM and MgO is 0.46 and 0.22 respectively (Tab.7). Therefore, the Ni is mainly 
attributed to clay minerals and organic matter. 
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Pb 

Pb ranges from 57 ppm to 121 ppm with the mean value of 83 ppm. Lead occurs in 
rocks as a discrete mineral, or, since it can replace K, Sr, Ba and even Ca and Na, it can 
be fixed in the mineral lattice. The correlation coefficient of Pb with [39] CaCO3 and 
CaO is 0.42, and 0.33 respectively (Tab.7). So, the source of Pb is mainly attributed to 
the fixing of Pb in the carbonate mineral lattice by replacement. 

Zn 

The mean value of Zn is 273 ppm. It ranges from 65 ppm in Wadi Darraba to 540 
ppm in Wadi Abu-Ziyad. The correlation coefficient of Zn with Al2O3, K2O, and with 
organic matter is 0.62, 0.53 and 0.46 respectively (Tab.7). So, the presence of Zn is 
mainly attributed to clay minerals and organic matter. 

Conclusions 

The petrographical study shows that, the depositional environment of the oil shale 
of the Muwaqqar Formation is predominantly shallow marine environment characterized 
mainly by restricted circulation and anoxic conditions. 

The mineralogical composition of the studied oil shale samples are mainly calcite, 
quartz and clay minerals mainly kaolinite beside gypsum that was identified only in 
Wadi Abu-Ziyad (Sec.1). It contains, beside the elements composing these minerals, 
relatively high amounts of P2O5 reaching 2.47 wt % and of TiO2 reaching 2.36 wt %. 

In comparison of the studied oil shale with normal carbonate rocks, it is found that, 
this oil shale is enriched in trace elements such as Cu, Co, Cd, Cr, Mn, Mo, Ba, V, Sr, 
Ni, Pb, and Zn.  

The concentration of these elements in the studied oil shale is mainly due to clay 
minerals and to organic matter, beside the carbonates, Fe-oxides and phosphates. 
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   ،الثالثي السفلي -كيميائية الصخر الزيتي من الكريتاسي العلويبرتوغرافية وجيو
  شمال غرب األردن

 
  مصطفىعبد الجبار حكم  مهداوي،  صبريحازم

  
  ملخص

الصخر الزيتي المتكشف في وادي أبي زياد ووادي زقالب ووادي درابا ووادي الطيبة هو من تكوين 
الزيتي من نوع الكربونات ويتكون بشكل رئيسي من هذا الصخر ). الماستريختي حتى الباليوسين(الموقر 

 ترسب في بيئة بحرية ،إنه ووك ستون و ووك إلى باك ستون وباك ستون. كربونات الكالسيوم والكيروجين
إلى %) 97,8-39(تتكون مكوناته المعدنية غالبا من الكالسيت . هادئة ضحلة إلى بيئة الرصيف المفتوح

و %   2,47     تصل  إلى P2O5ويحتوي  نسبة   . ض األماكن جبسجانب الطين والكوارتز وفي بع
TiO2 2,37 %   ،النادرةوالعناصر  Zn, Ba, Co, Mn, Pb, Sr, Cu, Cd, Mo وهي مصاحبة للمواد 
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Abstract 
This paper presents the optimum simple step stress plans for the case where a prespecified 

censoring time is involved.  A log-logistic distribution and a cumulative exposure model are 
assumed. Optimum times of changing stress level for simple step-stress plans are obtained for a 
wide range of values of the model parameters.  Tables of optimum times are obtained by 
minimizing the asymptotic variance of the maximum likelihood estimator of the model parameters 
at the design stress.  

Keywords: Cumulative exposure model, Log-logistic distribution, Maximum likelihood 
estimation, Simple step-stress, Time censoring. 

Introduction  

Accelerated life tests provide information quickly on the life distribution of 
products by testing them at higher than nominal levels of stress such as high 
temperature, voltage, or pressure, to induce early failures. Data are obtained at 
accelerated conditions, and based on a regression type model, results are extrapolated to 
the design stress to estimate the life distribution. One way of applying stress to the test 
units is a step-stress scheme which allows the stress of a unit to be changed at specified 
times. [1] described this important type of accelerated life test. In step-stress testing, a 
unit is placed on a test at an initial low stress, if it does not fail in a predetermined time 
τ , stress is increased. If there is a single change of stress, the accelerated life test is 
called a simple step-stress test.  

The cumulative exposure model defined by [2] for simple step-stress testing with 
low stress X1 and high stress X2 is: 
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Where )(tGi is the cumulative distribution function of the failure time at stress Xi, 

τ  is the time to change stress and s  is the solution of )()( 21 sGG =τ . 

[3] obtained the optimum simple step-stress accelerated life test plans for the case 
where the test units have exponentially distributed life times. [4] extended the results of 
[3] to the case of censoring. [5] proposed a new model known as KH model for step-
stress accelerated life test as an alternative to the Weibull cumulative exposure model. 
[6] obtained the optimum design for the lognormal simple step-stress model. [7] 
presented the inferences of parameters in the simple step-stress model in accelerated life 
testing with type two censoring. For more references, see [8], [9] and [10]. 

In this paper we will obtain tables of optimum times of changing stress levels under 
a log-logistic cumulative exposure model for the case where a prespecified censoring 
time is involved. This paper is organized as follows; the model and assumptions are 
described in Section 2. The likelihood function and optimum test plans are derived in 
Section 3. Tables of optimum times of changing stress levels are presented in Section 4. 

Model and Assumptions 

The cumulative distribution function of log-logistic distribution with 
parametersµ and σ is given by: 







 −
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σ
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Where, 
wLogis e

w −+
=Ψ

1
1)(   is the cumulative distribution function of logistic 

distribution with µ  = 0 and σ  = 1. 

The following assumptions are assumed: 

1. Two stress levels X1 and X2, where X1 < X2 are used. 

2. For any level of stress, the distribution of test units follows a log-logistic 
distribution. 

3. The relationship between the mean of log life time iµ  and the stress Xi is given 

by ii X10 ββµ += , where 0β  and 1β  are unknown parameters to be estimated 
from the test data. 

4. The scale parameter σ  is known. 

5. The lifetimes of test units are independent and identically distributed. 

6. All n units are initially placed on low stress X1 and run until time τ , when the 
stress is changed to high stress X2 and the test is continued until all units fail or 
until a predetermined censoring time Tc. 
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It is easy to verify that the log-logistic cumulative exposure model for simple step-
stress is given by: 
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Let )ln(ty = , then the cumulative exposure model of y is given by: 
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The Likelihood Function and Optimum Test Plans 

Let jiy  be the life time of test unit j under stress level i, , inj ...,,2,1= , 

2,1=i , where 1n  denotes the number of units failed at the low stress X1 and 

2n denotes the number of units failed at the high stress X2. 

The Likelihood function is given by: 
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The log likelihood function is given by:   
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The maximum likelihood estimates 0β̂  and 1β̂  for the model parameters 0β  and 

1β  can be obtained by finding the solution the following equations:  
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The Fisher information matrix F is obtained by taking the expected values of the 
second partial and mixed partial derivatives of  ),,( 10 ββjiyLnL  with respect 

to 10 , ββ .  
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An optimum test plan can be determined by minimizing, with respect to the change 
timeτ , the asymptotic variance of the maximum likelihood estimator of the model 
parameters at the design stress X0. So, we will use numerical search method to find the 
value of *τ  that minimize )1()1( 0

1
0 ′− XFX , where )1( 0 ′X  denotes the 

transpose of the vector )1( 0X  and 1−F  is the inverse of the matrix F . Tables of 

optimum times *τ of changing stress levels for different values of X1, X2, 1µ  and σ  
are presented in Section 4. 

Tables of optimum times of changing stress levels 

Optimum times *τ of changing stress levels are presented in Tables 1 – 4 for 

 X1 = 0.3, 0.4,.0.5, 0.6,  X2 = 0.4, 0.5, 0.6, 0.7, 1µ = 0.6, 0.7, 0.8 

σ  = 1, 1.5, 2, 2.5. 

From these Tables we can conclude the following: 

1. Given X1, X2 and σ the optimum time *τ  increases as 1µ  increases.  

2. Given X1, X2 and 1µ  the optimum time *τ  increases as σ  increases. 
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3. Given X2, 1µ  and σ  the optimum time *τ  decreases as X1 increases. 

4. Given X1, 1µ  and σ the optimum time *τ  increases as X2 increases. 

Table 1: Optimum Times of Changing Stress When σ  = 1 
  X2 

X1 1µ  0.4 0.5 0.6 0.7 
0.6 1.5 1.8 2.3 2.7 
0.7 1.6 2 2.5 2.9 0.3 
0.8 1.8 2.3 2.7 3.2 
0.6   1.4 1.7 2 
0.7   1.5 1.9 2.2 0.4 
0.8   1.7 2.1 2.5 
0.6     1.3 1.6 
0.7    1.5 1.8 0.5 
0.8    1.6 2 
0.6    1.3 
0.7    1.5 0.6 
0.8       1.6 

 
Table 2: Optimum Times of Changing Stress When σ  = 1.5 

  X2 

X1 1µ  0.4 0.5 0.6 0.7 
0.6 1.7 2.4 3.1 3.9 
0.7 1.8 2.6 3.5 4.3 0.3 
0.8 2 2.9 3.8 4.8 
0.6   1.5 2 2.6 
0.7   1.7 2.2 2.9 0.4 
0.8   1.8 2.5 3.2 
0.6    1.4 1.8 
0.7    1.6 2 0.5 
0.8    1.7 2.2 
0.6    1.4 
0.7    1.5 0.6 
0.8       1.7 
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Table 3: Optimum Times of Changing Stress When σ  = 2 
      
  X2 

X1 1µ  0.4 0.5 0.6 0.7 
0.6 2 3.2 4.6 6.2 
0.7 2.2 3.5 5.1 6.9 0.3 
0.8 2.4 3.9 5.6 7 
0.6   1.7 2.5 3.5 
0.7   1.9 2.8 3.9 0.4 
0.8   2.1 3.1 4.3 
0.6    1.6 2.2 
0.7    1.7 2.4 0.5 
0.8    1.9 2.7 
0.6    1.5 
0.7    1.6 0.6 
0.8       1.8 

 
Table 4: Optimum Times of Changing Stress When σ  = 2.5 

 
  X2 

X1 1µ  0.4 0.5 0.6 0.7 
0.6 2.3 4.3 6.9 7.4 
0.7 2.6 4.8 7.2 7.5 0.3 
0.8 2.8 5.3 7.3 7.8 
0.6   1.9 3.2 4.9 
0.7   2.1 3.6 5.4 0.4 
0.8   2.4 4 6 
0.6    1.7 2.7 
0.7    1.9 3 0.5 
0.8    2.1 3.3 
0.6    1.6 
0.7    1.7 0.6 
0.8       1.9 
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  الخطط املثلى لضغط التدرجي البسيط لتوزيع 

  مي في حالة الوقت املقتطعاللوجستي اللوغارت
  

   المصريرعبد القادمد الحاج إبراهيم، مح
   

  ملخص
هذا البحث يعرض الخطط  المثلى لضغط التدرجي البسيط في حالة البيانات غير الكاملة عندما يحدد 

تم تقدير . افترضنا التوزيع اللوجستي اللوغارتمي وكذلك النموذج اإلنهياري التراكمي. وقت االقتطاع
تم الحصول على . وقات المثلى لتغير مستوى الضغط التدرجي البسيط لقيم مختلفة لمعالم النموذجاأل

جداول األوقات المثلى عن طريق تقليل التباين ألتقاربي لتقديرات االحتماالت العظمى عند مستوى الضغط 
  .التصميمي
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Abstract 

The dangers of radon α activity and its daughters products on human health is the main 
motivation behind several studies of measuring radiation in environment including the soil and 
building material. Alpha particle radiation contents of soil samples were tested using solid state 
nuclear track detector (SSNTD) CR-39, samples were collected from the middle region of Gaza-
Strip, in Der-Albalah area. α activity per unit volume was evaluated inside different soil samples 
using solid state nuclear track detector detection efficiency for emitted α particles and measuring 
the resulting track density rates. The results show that the activity of α particles in soil is of a 
maximum value 23.71 Bq/m3 , a minimum 3.08 Bq/m3 , average is 8.44 Bq/m3 and standard 
deviation is 5.52 Bq/m3 . 

Introduction 

Alpha particle radiation is the major source of natural radiation in our environment. 
It is derived from radioactive decay of the colorless, inert gas , radon ( 222Rn) and the 
second only to smoking as a leading cause to cancer in the word. Natural radiation is part 
of earth’s environment exists in atmosphere, in the earth, and in our own bodies. An 
average person receives a radiation dose of about 300 millirem (3 mSv) per year from 
natural sources compared to a dose of about 50 millirem [1] from produced artificial 
sources of radioactive material such as medical x-ray. Natural radioactive material in 
rock and soil account for about 28 millirem or 8% of the radiation dose a person receives 
in a year from all sources. The earth’s crust contains small amount of uranium, thorium 
and radium as well as radioactive isotopes , including potassium. The radiation dose 
comes from rock, soil, and some building materials (such as bricks and concrete). 
Natural radioactive materials are one of most important source of radiation exposure for 
humans [2]. Although these materials contain low-level radioactivity (LLR), the 
accumulated dose can be high [2]. The most abundant sources of natural background 
radiation are 236U of life time t= 4.5 billion years, and Thorium 232Th of half life time t 
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=14 billion years in sediment rock. Both of these elements decay to radon gas but 
thorium decays to 220Rn called thoron which has a half life time of only 55 second, 
whereas uranium decays to 222Rn called radon which has a half life time of 3.8 days. 
Because of the difference in half-lives, radon can diffuse from soil, where it is produced , 
into living spaces, whereas thoron decays before it can move very far from where it was 
created [3]. 

Experimental set up using solid state nuclear track detector (SSNTDS) 

Twenty subsurface samples of dry soil with very low humidity were collected from 
different locations in Der-Albalah (DB) area in the middle region of Gaza Strip , 
Palestine. Each sample was taken at 1 meter depth below the surface and of one 
kilogram weight of dry, and clean soil, from well define locations, neglect pressure 
variations and any geological structure. The radioactivity test has been done using CR-
39 which is an allyl glycol carbonate plastic that has unique properties of being inert to 
light, and gamma and beta radiation, but is reactive with alpha particles [4]. 

When alpha particle strikes the plastic’s surface it produces a path damage to a 
depth of approximately 40 nm. The CR-39 method is passive, low cost, long term 
method, most widely used for measuring alpha contamination. Each soil sample is 
placed in a plastic jar of 11 cm height and with a cover of 6 cm diameter, the CR-39 
detectors are fixed inside the cover facing the soil sample with very small separation 
distance, then the samples were sealed and left for 60 days during the months of 
November and December of 2004. This is the exposure time to allow the radon gas to 
come to an equilibrium level. Afterwards that the CR-39 detectors were collected and 
chemically treated by etching using 6M solution of NaOH at temperature of 70o C, for 5 
hours (standard etching condition), the CR-39 detectors were mounted vertically in 
stainless steel spring and then immersed in the etching solution inside a water bath of 70o 
C. At the end of etching process, the detectors were washed thoroughly with distilled 
water and then left to dry. Each detector was counted visually using optical microscope ( 
power (40x10)), then the average number of tracks per cm2, track density of soil, ρs , was 
obtained by taking the average of ten views in the microscope [5]. 

Calibration and Analysis 

In order to calibrate the detectors, some of them were exposed to radium 226Ra 
source of activity, CR , equal 800 Bq/m3 for a period of time, TR, then the detectors were 
collected and treated chemically by etching, the average number of track/cm2, track 
density, ρR , for the radium source were obtained, these detectors were considered as a 
calibration standard. Then the calibration factor was obtained from the following 
equations which gives the alpha contamination of soil, Cs, in terms of the radium source 
activity, CR, [8]: 

( )( ) )()( 3
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where K is the calibration factor, TS, TR and the exposure times for soil and radium 
source. The average value of the calibration factor K was calculated and found to be = 
23.57 (Bq. d cm2  )/(Track. m3 ) , and the standard deviation error was 10.5 %. 

Results and Conclusion 

The alpha activity in soil samples was calculated using equation (1), substituting for 
the calibration factor K as given above, then equation (1) transforms to:  

( )
S

S
Tm

Bq
SC ρ57.23)( 3 =  ...............................................................(2) 

where ρs and Ts are the track density and the exposure for soil samples. The results 
of the calculations are shown in table (1) which gives the track density for soil  ( T1, T2  
which is the number of tracks per cm2 (Ts/cm2 )) and the alpha activity in soil (C1, C2, 
Ca) for area 1 and area 2 and their average.  

Table 1: The CR-39 results in Der-Albalah (DB) area 

Ca C2 T2 C1 T1 DB 

(Bq/m3) (Bq/m3) (Ts/cm2 
 ) (Bq/m3) (Ts/cm2 

 ) S. N. 

9.680 3.079 9.8 16.280 44.9 1  

22.034 2.985 9.5 41.083 113.3 2  

6.569 4.396 14 8.739 24.1 3  

7.825 3.394 10.8 12.256 33.8 4  

3.802 3.803 12.1 3.807 10.5 5  

12.101 3.425 10.9 20.776 57.3 6  

5.045 6.348 20.2 3.735 10.3 7  

3.081 2.136 6.8 4.025 11.1 8  

5.457 3.771 12 7.143 19.7 9  

8.874 3.425 10.9 14.323 39.5 10  

8.446 3.676 11.7 13.217 36.45 AVERAGE  

5.522 1.110 3.533 11.378 3.818 STDEV  

23.715 6.348 20.2 41.083 113.3 MAX  

3.081 2.136 6.8 3.734 10.3 MIN  

The results show that the maximum activity of α particles in Der-Albalah area is 
23.72 Bq/m3, minimum is 3.08 Bq/m3 and average concentration is 8.45 Bq/m3 and 
standard deviation is 5.52 Bq/m3. Figures 1 and 2 show the number of tracks /cm2 vs 
sample number, figures 3 and 4 show the alpha concentration activity in Bq/m3 vs 
sample numbers, figure 5 and 6 show average alpha concentration ,the maximum , 
minimum, average and standard deviation. The results indicate that there is a variation in 
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the value contamination of alpha particles measurements using CR-39 techniques which 
is due to the type of soil, uranium and radium contents, the rock distribution, and 
industrial activities. Also the results have been checked with previous tests done by other 
researchers as in [6, 7, 8], which gives reasonable results and the alpha concentration is 
equivalent to radon concentration in the sample. 
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Figure 1 : Soil track density vs sample number in area 1 (T 1) 
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Figure 2 : Soil track density Vs Sample Number in area 2 (T 2) 
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Figure 3: Alpha Activity Vs Sample Number in area 1 ( C 1) 
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Figure 4: Alpha Activity Vs Sample Number in area 2 ( C 2) 
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Figure 5: Average Alpha Activity Vs Sample Number in area 1 and area 2 ( C a) 
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  قياس اإلشعاع في تربة منطقة دير البلح وسط قطاع غزة
 CR-39باستخدام كاشف املسارات النووية 

  
  ماهر عمر الغصين

  
  ملخص

إن خطورة النشاط اإلشعاعي لجسيمات ألفا الناتجة عن غاز الرادون ونواتجه علي صحة اإلنسان هو 
  . في البيئة وتشمل التربة ومواد البناءالحافز الرئيسي وراء الدراسات العديدة لقياس التلوث اإلشعاعي

 ، CR-39تم فحص عينات التربة للبحث عن وجود جسيمات ألفا باستخدام كاشف المسارات النووية 
  .حيث أن العينات جمعت من منطقة دير البلح وسط قطاع غزة 

 في عينات التربة المختلفة باستخدام  كاشف المسارات تم إيجاد ألنشاط اإلشعاعي لوحدة الحجم
  .النووية لتعيين كثافة المسارات النووية الناتجة عن جسيمات ألفا

 ،   Bq/m3 23.71تدل النتائج علي أن أكبر قيمة للنشاط اإلشعاعي لجسيمات ألفا في التربة كانت 
 5.52وبانحراف معياري مقداره ، Bq/m3 8.44ومتوسط النتائج هو  ، Bq/m3 3.08وأقل قيمة كانت 

Bq/m3.  
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Abstract 
In this work gain of quantum dot (QD) structures is studied theoretically using non-

Markovian line shape function. The gain is shown to be higher due to many-body effects. In the 
contrary to the Markovian assumption, the absorption region is shown to be in a good coincidence 
with the Fermi level separation as expected. The correlation time is shown to be have a 
considerable effect on Markovian gain.      

Keywords: Gain, Markovian gain, Non-Markovian gain, Band-gap renormalization, 
Line shape function. 

Introduction  

Quantum dot (QD) structures are the top contending nano-structure technologies in 
this century. The scientists hope that nano-electronic circuits are possible around 2040 
[1,2].  

Bulk  (conventional) semiconductor laser consists of low band-gap active region 
sandwiched between two higher band-gap cladding layers. Reduction  (quantization) in 
the thickness of the active region results in a quantum-well (QW) laser. This results in 
discrete energy levels in one dimension as a quantum potential well (mechanical) 
problem. Quantum-well structures introduce a good example of quantum mechanics, but 
they make very good lasers [3]. Quantization (reduction) of active region in two 
dimensions introduces quantum-wire (QWi) structures. While the reduction in three 
dimensions gives quantum dot (QD) structures. These three types of structures are 
classified as a quantum-well family, which is a part of nano-structures family also. 

QW lasers introduce advantages better than conventional lasers [4] such as the 
ability to vary lasing wavelength merely by changing the width of the quantum-well. 
They can generate more power with fewer injected carriers required. They deliver more 
gain with less change in refractive index. 

The optical gain is probably one of the most important properties of semiconductor 
quantum wells. It results from polarization induced by a light-wave train in an excited 
laser medium. Conventional theoretical calculations [5, 6] are usually based on the 
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density matrix formalism with intraband relaxation time. The effect of intraband 
relaxation is to disturb this polarization by various scattering processes.  Scattering acts 
as frictional resistance on oscillation of the polarization, and the resonance spectrum of 
the oscillation to light-wave train becomes broad. In this case, [7] the broadening of 
energy states below the band-gap is used to explain transitions. A Lorentzian line shape 
function is used to describe homogenous broadening which results from very short 
carrier scattering times (< 1ps). The overall gain profile and its magnitude depend 
considerably on the line shape function.  

The detailed balance between absorption and emission of photons requires [7] that 
the transparency point in the gain spectra coincides with the Fermi (or quasi-Fermi) level 
energy. In general the gain spectra with the Lorentzian function don’t satisfy this 
condition, and a deviation from the experimental results is pointed out.  

In addition, there are many-body effects to be considered in the description of the 
optical gain spectra such as the reduction of band-gap with increasing carrier density (the 
band-gap renormalization BGR), the enhancement of optical gain due to the attractive 
electron-hole interaction (Coulomb or excitonic enhancement), and the plasma 
screening. On the other hand, recent investigations [7] of the optical response show that 
the decay dynamics of the polarization in semiconductor indicate strongly non-
exponential decay, which can be satisfactorily described if the processes are non-
Markovian. The physical nature of the dephasing is due to the interactions of the 
interband polarization of the excited system with its surroundings. These interactions 
cause the fluctuation of the transition frequency within a certain spectral distribution and 
the homogenous dephasing [8]. These relaxation kinetics in non-equilibrium cases are 
often characterized by the presence of memory effects on a very short time scale and the 
equation of motion for the system have time-convolution form of integral kernels. The 
memory effects arise because the wave functions of the particles are smeared out so that 
there is always some overlap of wave functions and as a result the particle retains some 
memory of the collisions it has experienced through its correlation with other particles in 
the system. The memory effects are the characteristics of the quantum kinetic equations. 
As a result, the strict energy conservation may no longer hold [9] for a time interval 
shorter than the correlation time.  

QW and QWi line shape functions were analyzed taking into account non-
Markovian relaxation [9]. Ahn [10] derived time convolutionless (TCL) equations for 
the system of interacting electron-hole pairs under arbitrary external optical field. TCL 
equations take into account non-Markovian relaxation and the renormalization of the 
memory effects. BGR, and many-body for quantum-well structures were studied 
thereafter [7].  

Depending on the TCL equations and the results for QW lasers, the  gain in the 
quantum-dot laser is obtained in this work. Here, the theoretical approach of the 
electronic properties is based on the parabolic band assumption for both conduction and 
valence bands [4,5]. InGaAs/InP material system is used as an example to study non-
Markovian gain since this material gives (1.32 µm) wavelength which is important for 
optical communications. A study of line shape function and gain using both Lorentzian 
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and non-Markovian assumptions is done. A comparison with QW and QWi structures is 
also done. 

II. Theory 

TCL equation for reduced density operator of a stochastic reservoir has been 
derived by Ahn in [10]. Gain in QD structures is gotten there in the energy (or 
frequency) domain. The information of the system is contained in the reduced density 
operator obtained by eliminating the dynamical variables of the reservoir from the total 
density operator using projection operator. The non-diagonal interband matrix element 

)(* tpk  that describes the interband pair amplitude induced by the optical field. Depending 
on the TCL equation and the results for QW lasers [10, 7],  the optical gain )(wg  for a 
zero-dimensional∗ lasers can be given by the relation: 

cvvnmlcnmlnmlnmlcv
r

dEnngMg
n

cwwg ])][,(Re1.[.ˆ),0(Re)( 00
2

2
−∞+= ∫ ∆ε∆Ξµ

……… (1) 

 Where µ  is the permeability, nr is the refractive index of the active material, c is 

the speed of light in free space, cvg  is the density of states of the QD (=2/V), and ε̂  is a 
unit vector along the polarization direction of the optical field, M is the momentum 
matrix element. Energy levels in QD are characterized by three quantum numbers n, m, 
and l in the x, y, and z directions, respectively, for each conduction or valence bands. 

cvE  is the transition energy between conduction and valence bands. In eq. (1), 
0
cnmln and 

0
vnmln  are the quasi equilibrium (Fermi) distribution functions of electrons in the 

conduction and valence bands, respectively. Their values can be calculated using the 
well known relations, for example, see [3] p.157.  

 ),0(Re nml∆Ξ  represents the line shape function that describes the spectral shape of 
the optical gain in a driven semiconductor. It was shown by Ahn [10] that the line shape 
of the gain spectra is Gaussian for the simplest non-Markovian quantum kinetics: 

)
2

exp(
2

),0(Re
2

cv

nmlc

cv

c
nml γ

∆τ
γ
πτ

∆Ξ −=
   ……………………………………… (2) 

where: 

)11(
2 vc

cv ττ
γ +=

             …………………………………………………....   (3)  

                                                           
∗  QD structures are called as zero-dimensional (0-D) structures since there are 0- dimensions unquantized. 

When they called three-dimensional structures one looks for the 3-dimensional quantized. 0-D is a 
commonly used in literature.  
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cτ and vτ  are the correlation times for the intraband relaxation in the conduction 
and valence bands respectively, and 

wEEE gvnmlcnmlnml −+−=)0(∆
    ………………………………  (4).  

In the case of enhancement due to the excitonic effects (caused by the  Coulomb 
interaction) the line shape function become describes by [7] the function 

))]0(Re1/(),0([Re 1nmlnml q−∆Ξ  instead of ),0(Re nml∆Ξ . Note that 
∑ −=
nml

vnmlcnmlnmlnml nnq ])[,0(Re)0(Re 00
1 ∆Ξ

.    

The factor )),(Re1( 2 nmlg ∆∞+  in eq. (1) describes the gain (or line shape) 
enhancement due to the interaction between the optical field and the stochastic reservoir 
of the system. Where ),(2 nmlg ∆∞  represents the interference term between the optical 
field and the reservoir. It describes the band-gap renormalization. Note that [12]: 

222 1
),(Re

cnml

ccv
nmlg

τ∆
τγ

∆
+

=∞
 ..................................................................... (5) 

which vanishes in the Markovian limit (also in the case of non Markovian without 
renormalization). 

Note that cnmlE  and vnmlE  are the energy levels in the conduction and valence 
bands. As referred earlier the parabolic band model is used in this work to calculate these 
levels. This is done by solving the Schrödinger equation numerically which can be found 
in many works, for example, see [4, 5, 6]. 

III. Results and Discussions 

(10x10x10) nm3 of InGaAs/InP quantum dot laser is used to study non-Markovian 
effect on gain. Band-gap renormalization [12] is used through the calculations. The 
correlation times are psc 2.0=τ , and psv 07.0=τ   unless stated else ware. The intraband 
relaxation time is psin 1.0=τ .     

Figure (1) shows the QD gain spectra for three cases: 1) Markovian model with 
Lorentzian line shape, 2) non-Markovian model, and 3) non- 

Markovian model with renormalized memory effects )),(Re1( 2 kg ∆∞+  is included.  

Figure (2) shows the non-Markovian line shape function for two correlation times 

( psc 1.0=τ  and psc 2.0=τ ), Lorentzian line shape function is also included for 
comparison. It is obvious that the longer correlation time the higher line shape function.  
Maximum full width at half maximum is seen when psc 1.0=τ . Since the tail of the 
non-Markovian line shape decreases much faster than that of the Lorentzian, the gain 
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magnitude of the Lorentzian line shape function may be underestimated as seen in 
Fig.(1).  

Figure (3) shows gain spectra for non-Markovian assumption with (and without) 
renormalized memory effects )),(Re1( 2 nmlg ∆∞+ . The Markovian gain is also seen. 
These spectra are drawn at 3×1018 cm-3 carrier density. The Fermi level separation at this 
carrier density equals (1.001 eV) for QD structure.  As mentioned earlier, the Markovian 
gain with Lorentzian line shape function produces an anomalous absorption region 
below the band-gap energy. 

In the absence of spectral broadening, the optical gain spectra are related to the 
spontaneous emission spectra from the detailed balance between absorption and 
emission of photons [7,13]. One can easily see from this relation that there is a 
transparency point in the gain spectra that coincide with the Fermi (or quasi-Fermi) level 
separation. This suggests that carriers and photons are in thermal (or quasi) equilibrium. 
Fig. (3) shows two anomalies for Lorentzian function: unnatural absorption region below 
the band-gap energy and mismatch of the transparency point in the gain spectra with 
Fermi level separation, the latter suggests that the carriers and the photons are not in 
thermal (or quasi) equilibrium. On the other hand the non-Markovian gain spectra with 
or without many body effects do not have an anomalous absorption below the band-gap 
and the discrepancies between the transparency points and the Fermi level separation are 
much smaller than those of the Markovian model. 

Figure (4) shows a comparison between non-Markovian gain spectra of quantized 
structures. QD maximum gain is three times greater than that of QWi, and more than ten 
times than that of QW. A comparison between Lorentzian and non-Markovian gain 
spectra for both QW and QWi is shown in Fig. (5). The increment ratio is seen in Table 
(1). It is obvious that the increment ratio is high for higher quantized structures.  A noted 
point can one notice from figures (3-5) that the QD gain spectra are more “isotropic” on 
both sides of the maximum gain point than QW and QWi curves. This can be reasoned 
to complete quantization of QD structures.  

Conclusions: 

Gain and line shape function in QD is studied using non-Markovian assumption, the 
results are compared with those under Markovian assumption. The following points can 
be assigned as conclusions: 

1. Gain values of Markovian assumption are under estimation due to neglecting 
effects such as many-body effects which are taken into account in non-Markovian 
assumption. 

2. Non-Markovian assumption removes unnatural transparency point in absorption 
spectra as a result of taking most dephasing effects into account. 

3. QD spectra are higher and more “symmetric” than other structures due to complete 
quantization of energy levels.  
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  خوارزميات موسعة للتدرج املرتافق في ربط نماذج غري تربيعية
  في الربمجة الالخطية

 

   حنونفالح، عبودامين الخرسان، حميد 

  

  ملخص

ب في ليزر شبه الموصل النقطي الكمي نظريًا باستخدام في هذا البحث، تمت دراسة خواص الكس  
ثم حساب مستويات الطاقة لهذا ) استرخاء الحزم غير الماركوفاني(دالة شكل الخط من النوع الجاوسي 

لد وجد إن التحصيل يزداد نتيجة تأثيرات الجسيمات . الليزر مع إفتراض كون الحزم بشكل قطع مكافيء
يب الماركوفاني وجود منطقة امتصاص غير طبيعية في طيف الكسب حيث إنها ال لقد أظهر التقر. المتعددة

تنطبق مع مقدار طاقة الفصل لمستويي فيرمي في حزمتي التوصيل والتكافؤ لتركيب الليزر شبه الموصل 
وأن شكل الخط من . هذا التصرف يتناقض مع افتراض التوازن الحراري للحامالت والفوتونات. المستخدم

أجريت كذلك .  غير الماركوفاني تجعل منطقة االمتصاص متطابقة مع طاقة الفصل لمستويي فيرميالنوع
  .)الشريطي والسلكي(المقارنة مع الليزرات الكمية األخرى 
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Fig.(1): QD Gain spectra for 1) non-Markovian relaxation with renormalized 
memory effects, 2) non-Markovian relaxation, and 3) Markovian relaxation.     
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Fig.(2): QD Line shape function for : 1)Non-Markovian function with psc 2=τ , 2) 

Non-Markovian function with psc 1=τ , and 3) Markovian function. 
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Fig.(3): QD gain spectra for the following assumptions: 1) Non-Markovian with 

renormalized memory effects, 2) Non-Markovian, and 3)  Markovian. The 
correlation time psc 2=τ . 

 

-300 -200 -100 0 100 200
Wavelength Difference (nm)

0

10000

20000

30000

40000

G
ai

n 
(c

m
   

)
-1

QD

QF QWi

 
  

Fig. (4): A comparison between QW gain spectra: 1)QD, 2) QWi, and 3)QW.  
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Fig.(5): Gain spectra for quantized (QW and QWi) structures, with Markovian (black 

curves) and  non-Markovian (black curves with crosses) functions. 

Table (1): Lorentzian and non-Markovian gain values, and Increment ratio for quantized 
structures (QD, QWi, and QF)    

Quantized 
structure  

Lorentzian 
gain  (cm –1)     

Non-Markovian 
gain (cm-1) 

Increment ratio per carrier 
number  

QD 5601 30161 1.79 

QWi 2624 9694 4×10-5 

QW 1229 3326 3×10-6 

 

QWi

QW 
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Abstract 
In this paper, new extended generalized Polak-Ribiere (PR) algorithms are proposed for 

unconstrained optimization. They are in fact, a particular type of the generalized PR Conjugate 
Gradient (CG) methods which employs non-quadratic rational models, and are based on inexact 
line searches. The numerical computations of these new algorithms are very promising. 

Introduction 

The CG-method is one of the basic numerical methods for solving the unconstrained 
optimization problem: 

 f(x),        (1) 

where f(x) is a nonlinear smooth function in Rn . CG-methods are iterative ones 
which generate a sequence of approximations to minimize or maximize the nonlinear 
function f(x). the initial point, x1 is given and the first search direction d1 is chosen by: 

          (2) 

At the k-th iteration,  given the current iterate xk and the search direction dk, a step 
length λk is required to satisfy the Wolfe Powell coditions: 

          (3) 

           (4) 

where 0<σ1 <σ2<1/2. And at the (k+1) iteration 

   ,       (5) 

the search direction at the (k+1) iteration is defined by  

kk1k1k dgd β+−= ++                        (6) 

such that dk+1is “conjugate to” dk in the sense that : 
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          (7) 

where A is usually symmetric n×n positive definite matrix and βk is a scalar defined 
in different versions [1]. Two famous ways of choosing βk are 

2

2
1k

k
||gk||
||g|| +=β        (8) 

and 

k
T
k

1k
T
k

k gg
gy +=β        (9) 

where k1kk ggy −= +  (10) 

Eq (8) was given by Fletcher and Reeves [2] and Eq (9) by Polak and Ribiere [3]. 

Extenive numerical experience has shown that the PR algorithm is more efficient 
than  the original FR algorithm. There is a theoretical explanation which shows that PR-
fotmula defined in (9) is better than FR-formula defined in (8). 

On general non-quadratic functions it can happen that the search direction dk 
becomes almost orthogonal to -gk  and hence little progress can be made. In this event 
xk+1=xk and gk+1=gk. 

So FR method then gives dk+1= -gk+1+dk while PR method becomes  

dk+1= -gk+1 so that in these circumstances the PR algorithm tend to restart 
automatically to the steepest descent direction. 

CG-methods are usually implemented with restarts in order to avoid an 
accumulation of errors. Fletcher and Reeves [2] suggested restarting their  algorithm 
every n iterations, where n is the dimension of the problem. Crowder and Wolfe [4] have 
shown that if restarting is not employed the convergence will be linear only. Powell [5] 
checked that the search direction dk+1 will sufficiently downhill if the following 
condition is satisfied: 

2
1k1k

T
1k

2
1k ||g||8.0gd||g||2.1 ++++ −≤≤−  (11) 

and the algorithm restarts with the steepest descent direction which is defined in (2). CG-
algorithms, in general, have the property of requiring only few n vectors of storage and 
this feature makes them particularly valuable for large problems. The aim of CG-
methods is to achieve both efficiency and reliability of the algorithm [1]. 

2- Extended Conjugate Gradient (ECG) method 

Most of the currently used optimization methods use a local quadratic representation 
of the objective function. But the use of quadratic model may be inadequate to 

........ 1,2,k                                              0Add k
T

1k =∀=+
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incorporate all the information [6,7] so that more general models than quadratic are 
proposed as a basic for CG-algorithm. If q(x) is a quadratic function, i. e. 

ϕ++= xbAxx
2
1)x(q TT

 , (12) 

where b is vector and ϕ is constant. Then we say that f is defined as a nonlinear scaling 
of q(x) if the following conditions hold [8]. 

,0
dq
dF           )),x(q(Ff >=  (13) 

where x* is the minimizer of q(x) with respect to x. 

the following properties are immediately derived from the above conditions: 

(i) Every contour line of q(x) is a contour line of f. 

(ii) If x* is a minimizer of q(x), then it is also a minimizer of f. 

In this area, there are various published works: 

(a) A CG-method which minimizer the function 

nP Rxandpxqxf ∈>=     0 ,))(()(                                                  (14) 

in at most n steps has been described by Fried [6]. 

(b) the special polynomial case 

2
21 q

2
1q))x(q(F ∈+=∈  (15) 

where ∈ 1 and ∈ 2 are scalars, has been investigated by (Boland et al.)[8]. 

(c) A rational model has been developed by (Tassopoulos and Storey)[9], where 

.0  ,
)(
1)())(( 2

2

1 <∈
∈

+∈
=

xq
xqxqF  (16) 

(d) Recently, another specific rational model was considered by (Al-Bayati) [10] 
which is defined as the quotient  of two quadratic functions, and defined by 

0,0 ,  
)(1

)())(( 21
2

1 <∈>∈
∈−
∈

=
xq

xqxqF . (17) 

We now list outlines of some extended CG-methods: 
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Algorithm I (Tassopoulous 1986 model) 

Step 1: Compute ,2/)k
T
kkk dgαγ −=  

Step2 : set )),x(q(FF  where, FF kkk1kk =−=α +  

     Put ,kkk α+γ=µ  

     and  kkkkk F αγ−µ=η . 

Step 3 : If δ≤µ || k , set 1k =ρ  , where δ is a tolerance value; say (1× 10-11). And go 
to step (6) 

Step 4: If |ηk| < δ, set ρk=(Fk/Fk+1)0.5 and goto step 6 

Step 5: Compute, 

2

kk

k
k 2 








α+γ

γ
=ρ  

Step 6 : Compute kkk1k1k dgd βρ+−= ++  

Where βk here is the polak-Ribiere defined in (9). 

Algorithm II (Al-Bayati’s 1993 model) 

Step 1: compute 2/)dg( k
T
kkk λ=γ , 

Step 2: set µk=αk-γk , ,FF k1kk −=α +  

and  ηk=γkαk-µkFk 

step 3: if |µk| < δ, or |ηk| < δ, set ρk=1, and goto step 5 

step 4: Compute ρk=(γk/αk)2. 

Step 5: dk+1 = -gk+1 + ρk βkdk, βk is defined in (9). 

The numerical results of the Tassopoulos and Al-Bayati’s models have 
improvements on the non-quadratic models, using several standard well-known test 
functions [9,10]. 
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3- Generalized Polak-Ribier Conjugate Gradient Method 

A generalized Polak-Ribiere (GPR) CG-method was proposed for unconstrained 
optimization by Liu and Storey,[11]. It was based on search directions parallel to the 
Newton direction on the two  dimensional subspace span {-g, d}. the effect of inexact 
line searches in GPR CG-method is considered and GPR CG-method is proposed and 
studied theoretically in Liu and Storey, [11] . Storey’s approach was proved to be 
considerably more efficient than the original Polak-Ribiere method [12] and it reduces to 
the standard Polak-Ribiere formula when line searches are exact. We now give an 
outline of the GPR algorithm. 

Algorithm III (Khoda’s 1993 quadratic model) 

Step 1: Let x1 be an initial estimate of the minimizer x* of f. 

Set ∈ =1×10-5 . set the machine accuracy ξ  =1×10-16 

Step 2: Set k=1 and compute dk= -gk. 

Step 3: Do a line search: compute xk+1 = xk +λk dk. 

Step 4: If ||gk+1|| <∈ , take xk+1 as x* and stop. 

Step 5: If k+1 > n > 2 then goto step 11. 

Step 6: Compute the vector 

1k
1k

T
1k

k
T

1k
k

_
g

gg
dgddk +
++

+








−=  

Step 7: Set 

  












ξ=Γ kk dd/,1min

_T_
, 

step 8: Compute  

  ).dx(gg k

_

1kk

_
Γ−= + . 

  

kk

k

dg

)gg(g
_T_

_

1k
T

1kGPR
k

−−
=β ++  

step 9: Compute the search direction at the iteration (k+1) 
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  kgd d
_

GPR
k1k1k β+−= ++  

Step 10:  Set k=k+1 and goto step 3 

Step 11: Set xk+1 = x1 and goto step 2. 

 Under the usual restrictions on f and with line searches satisfying the Wolfe-Powell 
conditions, Khoda; Liu and Storey have shown that the GPR algorithm was globally 
convergent and has local n-step quadratic convergence. Full [11,12] theoretical details 
are given in Khoda, [13]. 

4. New Modifications for the Generalized Polak-Ribiere Method 

 In order to improve the global rate of convergence of minimization algorithms 
when applied to more general functions than the quadratic variable metric (VM) matrices 
may be used to accelerate the CG algorithm [14,15]. In this section a new expression for 
the new search direction dk+1 of the GPR CG-method is suggested which is invariant to 
non-linear scaling of quadratic functions. Tassopoulos [9] and Al-Bayati [10] models are 
used to extend the GPR CG-method. Indeed, the new suggested algorithms require less 
vector storages than the GPR algorithm. Before making few theoretical observations, we 
now give the outlines of the new proposed modifications: 

Algorithm IV (EGPR (1)): New combined Khoda and Al-Bayati’s method) 

We have proposed a new search direction (define in step 11). 

Step 1: Let x1 be an initial estimate of the minimizer x* of f . 

 δ is atolarence (1× 10-11), ε=1× 10-5 

Step 2: Set k=1 and compute dk= -gk. 

Step 3: Do a line search: compute xk+1 = xk + λk dk. 

Step 4: If ||g k+1|| <ε, take x k+1  as x* and stop. 

Step 5: If k+1 > n or –1.2||g k+1||2 > 2
1k1k

T
1k ||g||8.0gd +++ −>  

 then  goto step 13. 

Step 6: Compute 

 ,2/)dg( k
T
kkk λ+=γ  

 set αk=Fk+1-Fk, 

put µk=αk-γk, 

and ηk=γkαk-µkFk. 

Step 7: If |µk| < δ , or |ηk| < δ, set ρk = 1, and goto step 9. 
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Step 8: Compute, ρk = (γk / αk)2. 

Step 9: Compute the vector 

1kg
gg
dgdd

1k
T

1k

k
T

1k
kk

_
+










−=

++

+  

Step 10: Set  

 







ξ=Γ kk dd/,1min

_T_
, 

 and compute 

)dx(gg kk

_

1k

_
Γ−= + . 

kdg

)gg(g
_T_

k

_

k1kk
T

1kGPR
k

−ρ−
=β ++  

Step 11: Compute the new search direction 

_

k
GPR
k1k1k dgd β+−= ++  

Step 12: Set k=k+1 and goto step 3. 

Step 13: Set xk+1=x1 and goto step 2. 

Algorithm V(EGPR(2)):(New combined Khoda and Tasspoulos method) 

We  implement a new search direction defined in step (12) to Khoda and Tasspoulos 
[9,13]  method as follows: 

Step 1: Let x1 be an initial estimate of the minimizer x* of f. 

Step 2: Set k=1 and compute dk = -gk. 

Step 3: Do a line search: compute xk+1=xk+λkdk. 

Step 4: If ||gk+1||< ε, take xk+1 as x* and stop. 

Step 5: If k+1 > n or –1.2 ||gk+1|| > 2
1k1k

T
1k ||g||8.0gd +++ −> , then goto step 14. 
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Step 6: Compute 

  2/)dg( k
T
kkk λ−=γ , 

 set k1kk FF −=α + , 

 Put kkk α+γ=µ , 

and kkkkk F αγ−µ=η . 

Step 7: If |µk|< δ , set ρk=1 , and goto step 10. 

Step 8: If |η< δ , set ρk= (Fk/Fk+1)0.5 and goto step 10. 

Step 9: Compute, 

2

kk

k
k 2 








α+γ

γ
=ρ  . 

Step 10: Compute the vector 

 1k
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T
1k

k
T

1k
k

_

k g
gg
dgdd +
++

+








−= . and set 

 









ξ=Γ

_

k

T_

k dd/,1min , 

Step 11: Compute 

 )dx(gg
_

k1kk

_
Γ−= + . 

 _

k

T_

k

_

k1kk
T

1kGPR
k

dg

)gg(g −ρ−
=β ++ . 

Step 12: Compute the new search direction 

 dk+1 = - gk+1 + 
_

k
GPR
k dβ . 

Step 13: Set k=k+1 and goto step 3. 
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Step 14: Set xk+1 = x1 and goto step 2. 

Indeed the new search directions in algorithm IV and V use two new characters: 
GPR
kβ  is used from the information of Story’s GPR algorithm, while the constant ρk is 

employed by Al-Bayati or Tassoupols modifications of the non-quadratic model. [9, 10] 
However, these modifications gave us very promising numerical results. 

  Now we are going to make few theoretical observations. 

Firstly: We have to show that the new algorithm are globally convergent with the 
implementation of the exact line search. Now we know that the quadratic function 

defined in (12) has its minimum value on the x+λd when 
Add

dg
T

T−
=λ  

and  then 
Add

)gd()x(gq T

2T

min −=  

Now let d= -g +γρ 

  where g= )x(f∇ , γ is scalar , and ρ is an arbitrary vector. 

Setting the derivative of qmin with respect to γ equal zero gives a quatratic equation 
in γ with the two roots provided that  

ρT A p gT A g – (pT A g)2> 0 , 

where A is positive definite ; p and g are linerly independent , hence 

pg
gg

T

T

1 =γ  

pA  g p g  pA  p g g
Apg  ggAgpgg
TTTT

TTTT

2 +−
−

=γ  

 

Resulting in the two directions 

d1= -g + γ1 p 

d2= -g + γ2 p 

The direction d1 is of no interest since gT d1=0. 

The direction d2 is forming the basic of the new modified algorithms. 
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Now notice that if pT g =0 , the expression for d2 simplifies to  

p
App
Apggd T

T

2 +−=  

Clearly d2 and p are conjugate. 

 

11

1111

1122122
2 df

dfg  f

)g fgf*)f/f((gffg
__

__T__

____

2
__T__

_

2
−

+−=  

Now if d
_

 is the search direction in the previous iteration, it is possible to take 

g
gg
dg

dpp T

_T__
−==  and have  

p
pAp

pAggd
_

_T_

_
T

2 +−=       

  (18) 

Finally, by finite difference formula we can express  

δ
−

=
δ

δ−−
≅ )gg())px(gg(pA

__
_

 where )px(gg
__

δ−=  

hence 

 

p
g  p

)gg(ggd
_

_T_

_
T

2
−

+−=  

which is the modified PR direction. 

Notice that with ELS equation (18) reduces to the PR formula which has to be 
proved a globally convergent algorithm.  
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Therefore, the new modified algorithm have globally rate of convergence. 

Secondly, Khoda’s [12] algorithm has been applied to the quadratic form. While the two 
new proposed algorithm have been applied for the non-quadratic model. As we 
mentioned earlier in this paper that the both type have identical contours, though with 
different function values and hence they have the same unique  minimum point x*. 

New theorm  

 Given an identical starting point x1 the search direction of Khoda’s [12] method 
defined by 

k

kk

k d
dg

)gg(ggd
_

_T_

_

1k
T

1k
1k1k

−
+−= ++

++  

with )dx(gg kk

_

1k

_
Γ−= +  

 1k
1k

T
1k

k
T

1k
k

_
g

]gg[
]dg[ddk +

++

+−=  

 Γ is constant 

applied for a quadratic model and the search direction of the new proposed algorithms 

 

k
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k1k1k
1k1k d 

 d g
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with 

'
1k

'
k

k f
f

+

=ρ  applied for a non-quadratic model generates identical conjugate 

direction with a positive multiple fk 

 

Proof : - by induction. 

 The theorem is true foe k=1 
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now for k=2 we have 
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Assume that for k>2 

 

d^
k=      dk 

 to prove that, it is true for k+1 , from (19) 
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hence both methods generate the same sequence of approximations  

xk since iso contours of both models are identical 

2f
'

2f
'



New Extended CG-Methods for Combined Non-Quadratie Models in Non-Linear Optimization 

 
359

Numerical Results and Conclusions 

Compartive tests were performed with fourteen well-known test functions with 
different dimension (See Appendix) where 2< n < 2000. All the results were obtained 
with newly-programmed FORTAN routines which employ double precision. The 
comparative performance of the algorithms are evaluated in the usual way by 
considering both the total number  of function evaluations (NOF) and total number of 
iterations (NOI) . The stopping criterion is taken to be: the norm of the gradient at the 
(k+1) iteration is less than ε . The cubic fitting technique fully described by Bunday, [16] 
is used as the linear search subprogram. For all algorithms. The first search direction is 
the steepest descent direction. Each function was solved by using the following four 
algorithms. : 

(1) Standart Polak Ribiere conjugate gradient algorithm,  

(2) Storey’s GPR algorithm, 

(3) New extended Storey’s GPR algorithm with Al-Bayati’s model (EGPR (1)) [10]. 

(4) New extended Storey’s GPR algorithm with Tassopoulos model (EGPR (2)) [9]. 

the two new algorithms proposed in (3) and (4) are implementing an interleaved strategy 
between variable metric and conjugate gradient directions according to certain new 
proposed strategies defined in steps 11 and 12 from EGAR(1) or EGPR(2) . 

 Story’s algorithm, being a generalized PR method is superior to standard PR 
algorithm. [17]. We have, therfore, used the Story’s method as the standard algorithm 
against the others to measure the effectiveness of the two new modifications. Indeed, all 
our numerical results are presented in the  following two tables: 

 In Table (1) we have compared our new proposed algorithms with the standard and 
generalized PR algorithms by using eighteen well-known test functions (these are non 
linear well-known standard minimization test functions. Their details are given in the 
appendix) , and for the dimensions (2 < n < 90) , while Table (2) deals with the 
dimensions (100< n< 2000), and with the same sort of comparison. Each table contains 
four columns; each column is specified for a certain algorithm. The number of iterations 
(NOI) and the number of function evaluations (NOF) arte computed for each 
unconstrained optimization test problem f. The  total number of iterations and function 
calls required to minimize all these test functions is presented at the end of each table, of 
course , the effective algorithm is that which needs less iterations and function calls . It is 
clear that the new algorithms are superior on the generalized PR algorithm. 
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Table (1) 

Comparative performance of all CG- algorithm for the group of test functions with 
(2< n< 90) 

n PR Generalized PR EGPR(1) EGPR(2) 
Test funct. 

 NOI (NOF) NOI (NOF) NOI (NOF) NOI (NOF) 

Rosen 2 35 (93) 33 (85) 31 (75) 37 (99) 

Cubic 2 35 (111) 16 (49) 17 (49) 19 (45) 

Beale 2 11 (32) 9 (22) 9 (22) 9 (22) 

Freud 10 9 (27) 7 (18) 5 (14) 15 (51) 

Dixon 10 71 (154) 20 (43) 19 (41) 22 (47) 

Tri 20 20 (40) 9 (19) 9 (19) 9 (19) 

Sum 20 22 (87) 9 (54) 7 (38) 7 (28) 

Powell 30 101 (248) 45 (109) 38 (109) 43 (126) 

Helical 30 36 (90) 32 (74) 30 (65) 28 (68) 

Powell3 40 23 (50) 21 (44) 17 (37) 16 (39) 

Wood 40 152 (347) 47 (98) 50 (107) 38 (81) 

Sum 60 22 (87) 9 (48) 9 (44) 9 (44) 

Wood 60 149 (354) 63 (130) 50 (107) 38 (81) 

Powell 80 184 (432) 81 (188) 37 (108) 34 (92) 

Wood 80 135 (316) 78 (160) 50 (107) 38 (81) 

Freud 90 10 (36) 5 (17) 5 (14) 15 (47) 

Helical 90 38 (94) 32 (74) 30 (65) 28 (68) 

Powell3  17 (41) 21 (44) 18 (39) 17 (41) 

Total  1070 (2639) 537 (1276) 431 (1060) 422 (1088) 
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Table (2) 
Comparative performance of all CG- algorithm for the group of test functions with 

(100< n< 2000) 
PR Generalized PR EGPR(1) EGPR(2) Test funct. n 

NOI (NOF) NOI (NOF) NOI (NOF) NOI (NOF) 
Powell 100 211 (493) 131 (304) 37 (108) 37 (103) 

Wood 100 150 (368) 78 (160) 50 (107) 38 (81) 

Wolfe 100 43 (87) 45 (91) 44 (89) 40 (81) 

Miele 100 204 (412) 106 (254) 73 (228) 39 (119) 

Recip 120 29 (64) 8 (21) 8 (25) 7 (22) 

Powell 200 415 (938) 207 (433) 37 (108) 46 (144) 

Wood 500 362 (712) 80 (164) 51 (109) 39 (84) 

Miele 500 521 (1059) 476 (1051) 62 (204) 42 (133) 

Powell 500 249 (563) 251 (525) 37 (106) 37 (102) 

Recip 50 27 (63) 8 (21) 8 (25) 7 (22) 

Powell3 600 18 (41) 21 (44) 18 (39) 18 (43) 

Helical 600 36 (88) 32 (74) 30 (65) 30 (72) 

Wood 1000 259 (555) 82 (168) 50 (107) 39 (84) 

Popwell3 1200 19 (46) 21 (44) 18 (39) 18 (43) 

Helical 1200 38 (94) 33 (76) 30 (65) 30 (72) 

Powell3 1500 28 (62) 34 (53) 19 (42) 18 (43) 

Helical 1800 51 (122) 83 (78) 30 (65) 30 (72) 

Wood 2000 371 (763) 83 (170) 51 (109) 39 (84) 

Total  3031 (6530) 1721 (3731) 653 (1640) 554 (1404) 

Indeed, it is clear from Table (1) that taking the PR-NAG routine (See Kusta and 
Mize) [18] as 100% NOI, NOF yields: 
Tools PR Story’s Generalized PR EGPR(1) EGPR(2) 

NOI 100 51.1 40.2 39.4 

NOF 100 48.3 40.1 41.2 

It is clear from the above table that the new algorithms improve the PR algorithm 
according to our calculations and for our special selected group of test functions in about 
60% NOI and NOF. Comparing our new modifications with the Story’s generalized PR 
algorithm yields: 
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Tools Story’s Generalized PR EGPR(1) EGPR(2) 

NOI 100 80.2 78.5 

NOF 100 83.0 85.2 

 It is obvious that the new algorithms (with the two different rational models) 
improve the generalized PR algorithm in about (20-22)% NOI; (15-17)% NOF, and this 
comparison for the group of low dimensionality test functions. 

Now from Table (2); taking the PR algorithm as 100% NOI, NOF and for 100< n < 
2000 yields: 

Tools PR Story’s Generalized PR EGPR(1) EGPR(2) 

NOI 100 56.7 21.5 18.2 

NOF 100 57.1 25.1 21.5 

Clearly the new proposed algorithms are still the most efficient CG-algorithms,. In 
particular it saves about (79-82)% NOI and (75-79)% NOF. Comparing them with the 
Story’s generalized PR algorithm yields: 

Tools Story’s Generalized PR EGPR(1) EGPR(2) 

NOI 100 37.9 32.1 

NOF 100 43.9 37.6 

 It is obvious that the new algorithms improve the generalized PR algorithm in 
about (63-68)% NOI; (57-63)% NOF. 

 As a conclusion, these modifications improve both rational model algorithms and 
Storey’s GPR algorithm and as we are going to deal with high dimension test functions, 
the improvement will be much better. 

6: Appendix 

1- Cubic Function: 

 f=100(x2-x1
3)2 + (1-x1)2 , xo=(-1.2,1)T 

2- Rosenbrock Function: 

 f=100(x2-x1
2)2 + (1-x1)2 , xo=(-1.2,1)T 

3- Generalized Wood Function: 
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4- Generalized Powell Function: 
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10- Generalized  Powell3. (Powell Three Varaible Function) 
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13- Generalized Freudenstien and Roth Function 
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  لتدرج المترافق في ربط نماذج غير تربيعيةخوارزميات موسعة ل
  في البرمجة الالخطية

 

  عباس البياتي

  

  ملخص

في هذا البحث تم استحداث خوارزميات جديدة موسعة في مجال التدرج المترافق لربط نماذج غير   
  .تربيعية في البرمجة الالخطية غير المقيدة

الحسابات العددية اثبتت . خطوط بحث غير تامةالنماذج غير التربيعية هي نماذج نسبية ومعتمدة على 
 .كفاءة الخوارزميات الجديدة مقارنة بمثيالتها في هذا الحقل
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  :التوثيق
 ]1[باستخدام نظام الترقيم  يتم ذلك داخل المتن :توثيق المراجع والمصادر المنشورة  -أ

  .بين قوسين
التـرقيم الـوارد فـي      المنـشورة فـي نهايـة البحـث حـسب           ادر والمراجـع    تعد قائمة بالمـص    •

  .النص
  :إذا كان المرجع كتابًا يكتب هكذا

ــع .عــزوز، دريــد  [ ] ، مديريــة الكتــب والمطبوعــات، جامعــة حلــب، حلــب،     ميكانيــك الموائ
1979.  

  :واذا كان المرجع بحثًا في دورية يكتب هكذا
: دراسـات خريـز أثنـاء كـسر الفـوالذ الكربـوني،      محمد، نوري صابر، قياس حـساسية الت  [ ]

  .24، ص 1985، 9، ع12، مجالعلوم الهندسية والتكنولوجية
  :واذا كان المرجع مقالة أو فصًال في كتاب يكون كالتالي

، طـرق زرع الطفيليـات  التـشخيص المخبـري للطفيليـات،    . عبـد الحـافظ، سـامي خـضر     [ ]
  .181-175، ص 1986اربد، جامعة اليرموك، 

ــشورة   -ب ــر المن ــات كلمــة     :  توثيــق الهــوامش والمــصادر غي ــك فــي المــتن بإثب ــتم ذل ) هــامش(ي
وتــذكر المعلومــات ). 1هــامش: (متبوعــة بــالرقم المتسلــسل للهــامش داخــل قوســين، هكــذا 

  :التفصيلية لكل هامش في نهاية البحث تحت عنوان الهوامش وقبل قائمة المراجع
 فـي هـواء منـازل مدينـة اربـد، األردن،      222لـرادون خضر، بسام راشـد، قيـاس تركيـز ا       :1هامش

  .11-8، ص 1990رسالة ماجستير غير منشورة، جامعة اليرموك 
  .تقبل للنشر في المجلة مراجعات الكتب الحديثة القيمة :مراجعات الكتب

  .يحق لرئيس التحرير إجراء التغييرات التي يراها ضرورية ألغراض الصياغة :التصرف
ل من ينـشر بحثـه نـسخة واحـدة مـن عـدد المجلـة الـذي ينـشر فيـه البحـث                        يمنح ك  :المستالت

  .باإلضافة إلى عشرين مستلة منه
  ترسل البحوث والمراسالت إلى

  رئيس تحرير مجلة
  "سلسلة العلوم األساسية والهندسية"أبحاث اليرموك 

  عمادة البحث العلمي والدراسات العليا
  جامعة اليرموك

  اشميةالمملكة األردنية اله-اربد
 مـن قـسم التبـادل فـي مكتبـة جامعـة اليرمـوك، أو عمـادة         أبحـاث اليرمـوك   يمكن الحـصول علـى      

  .البحث العلمي والدراسات العليا لقاء دينار للنسخة الواحدة
ــًا فــي     : االشــتراك الــسنوي    دينــاران ونــصف فــي األردن، وثمانيــة دنــانير أو اثنــي عــشر دوالرًا أمريكي

  . دوالرًا أمريكيًا أو ما يعادلها في البلدان األخرىالوطن العربي، وثمانية عشر



  

  بِسم اللَّه الرّحْمنْ الرّحِيمْ
  

  أبحاث اليرموك
  سلسلة العلوم األساسية والهندسية

  مجلة علمية محّكمة
  تنشر المجلة البحوث األصلية التي تتوافر فيها

  المنهجية السليمة، والتي لم تقدم للنشر في أي مكان آخر

  راءات النشرقواعد وإج
ــة • ــر       :اللغ ــة وال تــستلم البحــوث بغي ــة اإلنجليزي ــة أو باللغ ــة العربي  تكتــب البحــوث باللغ

  .هاتين اللغتين
 تقدم البحوث فـي أربـع نـسخ مطبوعـة بفراغـات مزدوجـة وعلـى وجـه                   :تقديم البحوث  •

  .سم2.5واحد، وهوامش حجم الواحد منها 
شــكال والرســوم والمراجــع يجــب أن ال يزيــد عــدد صــفحات البحــث بمــا فــي ذلــك اال    -

  .صفحة) 30(والجداول والمالحق عن 
يقدم الباحث ملخصين لبحثه في صفحتين منفصلتين أحدهما باللغة العربية واآلخر             -

  . كلمة لكل منهما200باللغة اإلنجليزية في ما ال يزيد على 
ى يكتب عنوان البحث واسم المؤلف ورتبتـه العلميـة والمؤسـسة التـي يعمـل بهـا علـ                     -

صفحة منفصلة، ثم يكتب عنوان البحث مرة أخرى علـى الـصفحة األولـى مـن البحـث                 
  .وعلى صفحة كل ملخص

يقدم البحث بعد الموافقة على نشره مطبوعًا ومحفوظًا على قـرص كمبيـوتر قيـاس          -
  IBM (Microsoft Word 2000, XP) إنش متوافق مع أنظمة 3.5

  :االشكال والرسومات
ات والجداول في نهاية البحث مع اإلشارة إلى أماكنها المناسـبة فـي        توضع األشكال والرسوم   •

  .المتن، ووصف لها صفحة منفصلة
 Tracing) تقدم األشكال والرسومات والجداول مرسومة بالحبر األسود على ورق شـفاف   •

Paper)      ــومات ــكال والرســ ــذه االشــ ــاد هــ ــاوز أبعــ ــث ال تتجــ ــصلة بحيــ ــفحات منفــ ــي صــ ، وفــ
  ).سم12×سم19(
عند ورود أسماء أعالم أجنبية في البحوث المقدمة بالعربية         : األعالم األجنبية  أسماء   •

  .فإنها تكتب باللغة العربية تليها األسماء باإلنجليزية بين قوسين
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