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Abstract 

The mean crystallite  size (CSmean), mean thickness (Tmean) and crystallite thickness 
distributions (CTD) for illite (I) and kaolinite (K) have been determined for 
representative Jordanian mudrock samples of different ages. MudMaster analyses of the 
X-ray diffraction (XRD), based on the Bertaut-Warren-Averbach (BWA) method, have 
been employed in the calculations. The CSmean and Tmean for illite show a slight increase 
with a mean difference of +0.5nm and +1.4nm respectively with the increase of the 
present-day stratigraphic thicknesses (depths) of rock formations.  An increase in the 
CSmean and Tmean of kaolinite proceeds only to certain depths (1.22km, 1.05km 
respectively).  Beyond these depths, the two means flip with a mean difference of -
0.7nm, -2.1nm, respectively, when the depth reaches 1.6km.  The shapes of crystallite 
thickness distributions (CTD) for illite in all investigated mudrock samples are 
asymptotic. The asymptotic shape more likely mirrors the overlapping reflections of 
different generations of illite and mixed layer I-S phases.  Shapes of CTD for kaolinite 
vary between asymptotic, multimodal and lognormal. This is more likely due to the 
presence of two generations of kaolinite growth coinciding with increasing depths of the 
rock formations. 

Keywords: X-ray diffraction, mudrock, kaolinite, illite, MudMaster, BWA-method, 
crystallite size, asymptotic, multimodal, lognormal. 

Introduction 

The use of X-ray diffraction (XRD) to study the crystalline structure of clay 
minerals, crystallite size - and shape of crystallite thickness distributions (CTDs) has 
attracted considerable attention over the past years. Crystallite size is a measurement of 
adjacent, repeating crystalline units. It is only equivalent to the grain size if the 
individual grains are perfect single crystals free of defects, grain boundaries or stacking 
faults. Crystallite size is determined by measuring the broadening of a particular XRD 
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peak associated with a particular planar reflection from within the crystal unit cell. It is 
inversely related to the FWHM (full width at half maximum) of the peak. The narrower 
is the peak, the larger the crystallite size. This is due to the periodicity of the individual 
crystallite domains, in phase, reinforcing the diffraction of the X-Ray beam, resulting in 
a tall narrow peak. If the crystal are defect free and periodically arranged, the X-Ray 
beam is diffracted to the same angle even through multiple layers of the specimen. If the 
crystallites are randomly arranged or have low degree of periodicity, the result is a 
broader peak. Crystallite thickness refers to the mode of stacking two or more crystals of 
a clay mineral. The Bertaut-Warren Averbach (BWA) method is adapted to study clay 
minerals having a periodic structure along the c-axis. The XRD-peak shapes for the 00l 
reflections are then analyzed to calculate the crystallite thickness distributions (CTDs). 
The shape of the CTDs is used to infer crystal growth mechanism undergone by clay 
minerals during diagenesis or alteration by applying a simulation technique. Dudek et al. 
[1] pointed to several mathematical approaches in order to obtain information about 
crystallite size from the XRD peak shapes. The Scherrer equation [2], variance method 
[3, 4], Voigt method [5] and Bertaut-Warren-Averbach (BWA) method [6, 7] are applied 
to determine crystallite size using the XRD spectra. The BWA-method is the most 
universal because it can be used to measure the crystallite size, strain and crystallite size 
distributions. The MudMaster, a computer program utilizing a version of the BWA-
method is applied to carry out such measurements [6, 7]. The evolution of illite as a 
function of burial diagenesis can be better explained by applying the BWA-method [6, 7, 
and 8]. The shapes of crystallite thickness distributions (CTD), asymptotic, lognormal 
and multimodal, may provide information regarding nucleation and crystal growth 
mechanisms of clay minerals [2, 6, 7, and 8]. 

The main task of the present study is to determine the mean crystallite size and 
thickness of illite and kaolinite from the XRD data and to interpret the shapes of size 
distributions from the 001 basal reflections in the XRD spectra. The MudMaster with the 
aid of the BWA-method has been extensively utilized for this purpose.  

Materials and Methods 

Representative mudrock samples were selected from different sites in Jordan as 
shown in Fig. (1). The samples represent the late Ordovician-early Silurian Batra 
Member kaolinitic claystone (Batn el-Ghol area), black shale of late Permian Umm Irna 
Formation (Dead Sea area), the gray-green kaolinitic claystone from the Lower 
Cretaceous Kurnub Group (Mahis area), the green claystone of the Turonian Shueib 
Formation (Tafila area), the red-brownish claystone of the Pleistocene and Al-
Yamaniyya clay deposits (Al-Yamaniyya, Aqaba area). The abbreviations: SIL, UI, 
MAH, TAF, and YAM in the text are derived from the original names of the studied 
rock formations or their ages. They indicate the Silurian Batra Member claystone, Umm 
Irna black shale, Mahis, Tafila and Al-Yamaniyya clay deposits respectively.  

The samples were gently crushed using an agate mortar and pestle. They were then 
treated with 12% H2O2 to remove organic matter. After oxidation, samples were wet 
sieved using a test sieve of 45µm to separate coarser fractions. The clay fraction (<2 µm) 
obtained from the pass 45µm fraction by sedimentation, centrifugation and dialysis was 
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sedimented on a polished silicon substrate and left to dry at room temperature. After 
mounting on the substrates, air-dried samples were heat treated separately at 350°C and 
550°C. Vaporization of ethylene glycol was used to saturate clay samples at 60°C for 16 
hours. PVP-10 intercalated air-dried clay samples were analyzed by XRD for the 
purpose of measuring the fundamental illite particle size and size distribution [9]. The 
ratios of PVP to clay intercalations were as follows: 

Sample  Ratio PVP : CLAY 

YAM   4:1 

TAF   3:1 

MAH   2:1 

UI    2:1 

SIL    2:1 

Clay fraction was suspended in distilled water (concentration 2.5mg clay/1ml H2O), 
mixed with an aqueous solution containing 5mg PVP/1ml H2O and fully dispersed by 
ultrasonic treatment. The proportion of clay to PVP used depended on the expandability 
of the clay sample. The larger the proportion of smectite layers the more PVP was added 
to obtain good intercalation [1]. The advantage of the PVP-10 intercalation was to 
remove the effect of peak broadening related to swelling interface of the exposed basal 
surfaces of illite. In this way, crystallite size can be accurately calculated by the BWA-
method. The use of silicon substrates improved the background of the XRD spectra [7, 9, 
and10]. The 001 reflection of PVP-illite and kaolinite were used to measure mean 
crystallite size (Csmean), mean crystallite thickness (Tmean) and crystallite thickness 
distributions [6, 8, and 11]. XRD diffraction spectra were carried out using a Phillips 
PW1710 Diffractometer equipped with copper tube, CuKα radiation, and a theta 
compensatory slit assembly. The diffractometer was operated under the following 
experimental conditions: a voltage of 35 KV, beam current of 40mA , step size of 0.02 
2θ, counting time of 0.01sec/step, 1mm receiving slit and a scanning range of 2-65° 2θ. 
The BWA-method adapted in the MudMaster computer program is based on Fourier 
analysis of the interference function [2, 6].  

Lithology of mudrocks 

Fig (2) illustrates the graphic logs for the different rock formations. The Batra 
Member of Late Ordovician-early Silurian (Batn el-Ghol, SE Jordan) consists of light 
gray-green kaolinitic clays with Graptolite remains along bedding planes. Reddish 
siltstone-fine sandstone beds intercalate the green clays with a total thickness of about 
80m. The occurrence of Graptolite indicates marine origin [12]. The Umm Irna 
Formation of late Permian (Dead Sea area) consists principally of two quartz arenite 
sandstone facies (60 m. thick) with fining upward cycles. Each starts with pebbly 
sandstone at the base, changes upward into fine sandstone, siltstone and silty claystone. 
The uppermost two cycles are distinguished by the presence of reddish-brown and 
occasionally dark gray paleosol horizons separated from each other by dark gray-black 
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shale beds with plant remains [13]. The Lower Cretaceous Kurnub Group (Mahis area) 
consists of a thick varicolored sandstone sequence (≈200m.) interbedded with kaolinitic 
clay beds. The Turonian Shueib Formation (Karak-Tafila area) consisting of green and 
red gypsiferous claystone beds interbedded with gypsum changes near the top to 
fossiliferous dolomitic limestone. The Al-Yamaniyya Pleistocene clay deposits consist 
of varicolored (gray, green, yellow, red-brown) claystone interbedded with pebbly-
coarse-fine sandstone beds. Al-Yamaniya clay deposits were more likely deposited in a 
nearshore environment [Note 1, 14, 15].  

Experimental results  

a. XRD analysis  

The XRD diffraction patterns (Fig.3; Table 1) show that smectite (S) dominates 
other clay minerals in YAM claystone samples. The other clay minerals are kaolinite 
(K), illite (I), mixed layer illite-smectite (I-S), chlorite (Ch) and mixed layer illite-
chlorite (I-Ch). The 001 peak of S at 6.2° 2θ (14.25Α°) in air-dried samples expands to 
5° 2θ (17.67Α°) after ethylene glycol saturation. The same peak collapsed upon heating 
at 550°C to 9.04° 2θ (9.8Α°). Peaks of Ch and mixed layer I-Ch are apparent in heated 
samples as shown in Figure (3).  

In TAF clays, a broad peak appears in air-dried mounts at 8.02° 2θ (11.02Α°). This 
is more likely to be a mixture of ‘I’ and one-water layer S. After glycolation, the peak 
shifts to 5.4° 2θ (16.37Α°) and a new 001 peak of illite appears at 8.8° 2θ (10Α°). When 
heating at 550°C, the broad peak at 11.02Α° collapsed to 10Α°. Kaolinite is also present 
in the TAF green claystone.  

In the UI black shale and MAH clay samples, asymmetric broad and low intensity 
mixed-layer I-S peaks appear at 7.7° 2θ (11.5Α°) and 7.2° 2θ (12.3Α°) together with I 
and K. The mixed layer I-S peaks collapsed upon heating (550°C) to 8.8° 2θ (10Α°). 
Illite and kaolinite are dominant in the SIL clays.  

b. Crystallite size of illite and kaolinite versus depth 

Table (2) summarizes the results of mean crystallite size (CSmean), mean thickness 
(Tmean) and CTD shapes of illite and kaolinite. The CSmean (2.8nm-3.3nm) and Tmean 
(3.8nm-5.2nm) for illite show a slight increase (+0.5nm, +1.4nm respectively) with 
increasing depth of the rock formations (Fig.4.a). The CSmean and Tmean for kaolinite are 
somewhat different. The means of the two values range between 3nm-10.7nm and 
7.5nm-16.8nm, respectively. A slight increase in the CSmean of K (+ 0.7 nm) occurs when 
the depth changes from shallow to 0.95km. This is followed by an abrupt increase from 
3.7nm-9.0nm (+5.3nm) when depth is 1.05km.  

The CSmean increases by 1.7nm when the depth changes from 1.05km to1.22km. 
Beyond the 1.22km depth, the mean size flips (- 0.7 nm.) when the depth is 1.6km 
(Fig.4.b). The Tmean for kaolinite increases from 7.5nm to 11.3nm (+3.8nm) going from a 
shallow depth to 0.95km. The Tmean abruptly increases to 16.8nm (+5.5nm) at a depth of 
1.05km and then eventually decreases to 14.7nm (-2.1nm) beyond this depth (Fig. 4.b).  
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 c. Crystallite thickness distributions (CTD) for illite and kaolinite 

The crystallite thickness distributions (CTD) for air-dried PVP-illite and heated 
(350°C) kaolinite samples were determined using MudMaster analysis based on the 
BWA- method ,area-weighted option [9]. Figures (5 and 6) illustrate the shapes of CTD 
for PVP-I and K respectively. The CTD shapes in PVP-I was asymptotic in all samples. 
This is more likely a result of overlapping reflections of different generations of illite 
and I-S phases in clay deposits [16]. Another view point relates the asymptotic shape to 
the great influence of simultaneous nucleation and crystal growth of illite [17, 18]. This 
is only very likely, if illite in the samples represents one generation devoted to one 
mechanism of formation [18]. However, the later explanation needs more investigation. 
The CTD shapes of kaolinite vary from asymptotic (YAM and TAF clays) to multimodal 
(MAH clays) and lognormal (UI and SIL clays). This variation reflects the occurrence of 
two generations for kaolinite growth in response to changes in depth from shallow to 
deep. Otherwise, the variation in the CTD can be explained on how the crystal growth 
mechanism of kaolinite alters from a constant rate nucleation accompanied with crystal 
growth (at shallow-moderate depths) to crystal growth without continuous nucleation (at 
greater depths) [17, 18].  

Discussion 

Results of X-ray analyses give an initial impression on how the type and abundance 
of clay minerals in the investigated mudrock samples vary with the present-day 
stratigraphic thicknesses of rock formations (depths). Mineralogically, smectite 
predominates other clay minerals in Al-Yamaniyya Pleistocene superficial clay deposits, 
but deficient in the Tafila green claystone of the Turonian Shueib formation and the 
Lower Cretaceous Mahis clay deposits occurring at depths around one km. Smectite 
more likely changed to mixed layer I-S in the Tafila claystone. In the Lower Cretaceous 
Mahis clays, kaolinite predominates other clay minerals and illite is less dominant. 
Progressive illitization is possibly enhanced at depths over 1 km. Therefore, strong peaks 
of illite and kaolinte were typical in the late Permian Umm Irna black shale (depth of 
rock formation approximates 1.2km) and in the Upper Ordovician-Lower Silurian green 
claystone of Batra Member (depth around 1.6km). The distinct appearance of illite peaks 
in the Paleozoic mudrocks indicates diagenetic alterations of smectite and mixed layer S-
I precursors to illite. The degradation of smectite and its transformation to illite involve 
incorporation of potassium (K+) ions into smectite structure and loss of interlayer water 
[19, 20]. The compaction of mud through overburden pressure soon removes much of 
the water contained in clay mineral lattices and water adsorbed onto clay surface or the 
less common pore-filled water. At depths greater than one kilometer (temperature 
≥45°C), 70-90% of the original volume of water is reduced to about 30%. Further 
compaction through water loss requires temperature of about 100°C (depths 2-4km) 
where dehydration of clays takes place causing some changes in clay mineral types [21, 
22}. Final compaction, leading to mudrock formation with only small percent water 
needs much longer period of overburden pressure with elevated temperatures [22]. 
Despite the significant role of temperature and burial history in clay diagenesis, the role 
of tectonic uplift and sediment unroofing cannot be ignored. Another criterion which 
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may complicate the origin of clay minerals is the possible occurrence of the same types 
of clay minerals in more than one particular environment (terrestrial-marine). This is 
despite differences in the physical and chemical conditions. 

In this work, we consider the issue of primary (detrital) origin of clay minerals of 
paramount importance. For instance, the coexistence of kaolinite and smectite in Al-
Yamaniyya clay deposits can be explained on the basis of their primary origin after 
chemical weathering of source materials. The latter minerals are very likely weathering 
products of the very near Precambrian granites intruded by mafic dikes. Products of 
weathering were then transported by streams draining granite terrains and finally 
deposited in a lacustrine environment separated from sea by beach terraces [14, 15, and 
23]. Leaching of iron and magnesium in source area leaves behind concentrations of 
silicon and aluminum. This is favorable for kaolinite formation. 

In the Tafila mudrocks, the presence of dolomite and gypsum beside the 
argillaceous sediments signifies a deposition in a coastal sabkha environment after an 
uplift at the beginning of the Turonian age. The tectonic event caused sea-level fall 
resulting in the development of the sabkha environment [24]. The Tafila mudrocks were 
more likely deposited during periodic influxes of fresh water which may facilitate 
illitization process [e.g. 25]. The green type of Tafila clays were possibly developed by 
leaching of nearby red clays and reduction of hematite under surface conditions. This 
idea can be supported by the absence of chlorite (not detected by X-ray analyses) from 
the green clays which can also impart green color for clay deposits in nature. We do 
believe that Tafila clays were subjected to illitization as a result of surface wet-dry 
cycles, evaporation, and fixation of K+ ions. The lack of sodium chloride (NaCl) in the 
depositional medium (absence of halite in the rock sequence) enhances K+ ions fixation 
in clays [26]. A burial depth of about one kilometer may help the transformation of 
smectite to mixed layer I-S. Many researchers [e.g. 27, 28, 29, 30] believe that 
illitization of smectite through I-S can take place under surface conditions when lake 
water becomes alkaline and saturated with K+ ions whereby wet-dry cycles and 
evaporation eventually lead to irreversible fixation of K+ ions and illite formation.  

Mahis kaolinitic clay deposits that are a part of fluvial system sediments [31], have 
two origins, detrital (primary) and authigenic. Khouri [23] mentioned neoformation of 
kaolinite flakes adhered to quartz grains surfaces in Mahis clay sediments. Intensive 
leaching of the detritus in acidic medium helps kaolinization aided by rainfall water. 
Field observations confirmed a presence of carbonized plant remains in Mahis clays. The 
breakdown of plant remains due to compaction releases CO2 and creates acidic pore 
water. This initiates neoformation of kaolinite at depths greater than 1km (T>50°C). The 
minor content of I-S and the initial presence of illite in Mahis clays suggest advanced 
stages of illitization at such depths. Coalified plant remains are also found in the Late 
Permian Umm Irna black shale. This again prompts the creation of acidic medium in the 
pore-filling water as a result of organic matter decay and CO2 release possibly by 
thermal maturation at greater depths (>1200m). Accordingly, crystal growth of a primary 
kaolinite can take place. The strong appearance of illite and kaolinite peaks present in 
the XRD patterns supports the idea of precursor smectite illitization and the increase of 
kaolinite crystallinity with depth. The great compaction of green claystone and 
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sandstones of the Upper Ordovician-Lower Silurian Batra Member by overlying rocks 
(present-day depth>1.6km) undoubtedly produced a set of physical and chemical 
changes on these sediments. Hence, illitization process is continued and the crystallinity 
of K is well developed.  

Summary and conclusions 

The present work revealed that diagenetic changes of clay minerals in the 
investigated mudrock samples took place at various depths. The occurrence of smectite 
gradually diminished with depth and was replaced by illite through an intermediate stage 
of mixed-layer I-S. Transformations between clay minerals could be produced under 
different depositional settings regardless of the evolved physical and chemical 
conditions. For instance, the illitization of Tafila clays in a saline environment was 
enhanced by wet-dry cycles, evaporation, and K+-ions fixation at surface conditions. 
Burial depths and the increase of subaerial temperature were essential for illite 
crystallization and the increase of kaolinite crystallinity. The asymptotic CTD shape in 
illite indicates, at most, an overlap between different generations of illite and mixed 
layer I-S in clays. The variations in CTD shape of kaolinite (asymptotic, multimodal, and 
lognormal) explain the occurrence of two generations of kaolinite growth coincident 
with the continual increase of the present-day depths of the rock formations.  
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 في) MudMaster(استخدام مطيافية حيود األشعة السينية والربنامج املحوسب 
 لينايت على اعماقإيجاد الحجم البلوري وتوزيع األحجام البلورية لالياليت والكاو

  .مختلفة للتكاوين الصخرية في األردن
 

  ابريل. ودينس د ابراهيم محمد عودة، وليد عبد القادر السقا
  

  ملخص

لتحديد متوسط " مد ماستر"فقد تم استخدام مطيافية حيود األشعة السينية والبرنامج المحوسب 
  اكات البلورية لحبيبات اإليلليت الحجم البلوري ومتوسط السماكة البلورية، وأنماط توزيع السم

أظهرت الدراسة زيادة طفيفة في . والكاؤلينيت في عينات تمثل صخور طينية مختلفة األعمار من األردن
متوسط الحجم البلوري ومتوسط السماكات البلورية لحبيبات اإليلليت تتناسب مع تزايد أعماق التكاوين 

كاؤلينيت، فتستمر الزيادة في متوسط الحجم البلوري ومتوسط أما بالنسبة لحبيبات ال. الصخرية الحالية
يتناقص كل من متوسط الحجم . كم على التوالي1.05كم، 1.22السماكات البلورية إلى أعماق تصل إلى 
يأخذ منحنى التوزيع اإلحصائي لسماكة بلورات اإليلليت قي . كم1.6والسماكات البلورية عندما يصل العمق 

-مط المحاذي مما يشير إلى تداخالت مختلفة من أجيال اإليلليت ومختلط الطبفات إيليتجميع العينات الن
أما بالنسبة لشكل منحنى توزيع السماكات البلورية لحبيبات الكاؤلينيت، يتفاوت بين النمط . سميكتيت

ات المحاذي، ومتعدد النماذج، واللوغارتمي الطبيعي، األمر الذي يعزى إلى تنوع أطوار نمو بلور
   .الكاولينيت مما يتوافق مع زيادة أعماق التكوينات الصخرية
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Table (1) :Summary for XRD data between 3°-15 ° 2θ. 
Name of 
Sample 

Air-dried 
(2θ)  (dΑ°) (dΑ°) 

Ethylene-
glycolated 
(2θ)  (dΑ°) 

(dΑ°) Heated (550°C) 
(2θ)    (dΑ°) 

Clay 
mineral 

6.2    14.25 shifted to 5.0   17.67 collapsed to→ 9.04     9.8 S 

n.d.     n.d. → n.d.   n.d. → 6.54    13.5 I-Ch 
. 

8.88     10 
slightly 

increased 
to 

 
8.68  10.10 

 

slightly shifted 
to 

 
9.04      9.8 

 
I 

n.d.    n.d. → 10.3   8.6 shifted to 9.04      9.8 I-S 
 

12.42  7.13 → 12.2   7.25 → 12.62    7.02 Ch 

YAM 
 

12.48  7.09 → 12.34  7.17 → destroyed K 
 

8.02  11.02 

 
separated 

to two 
peaks: 

 
1) 5.2 17.0 
2) 8.8 10.0 

 
1)collapsed to 
2) unchanged 

 
8.8      10.0 
8.8      10.0 

Mixture 
of I and 

one layer 
S. 
S 
I 

TAF 

12.32  7.18 unchanged 12.32  7.18 → destroyed K 

6.92  12.7 

 
separated 

to two 
peaks: 

 
1) 5.4  16.3 
2) 7.2  12.3 

 
1)collapsed to 

2) → 

 
8.8      10.0 

→ 
 

I-S 
S 

I-S 

8.8    0.0 slightly 
shifted to 

 
9.04  9.78 

 
unchanged 

 
8.8      10 

 
I 

MAH 

12.38  7.15 unchanged 12.38  7.15 → destroyed K 
7.7     11.5 unchanged 7.7  11.5 collapsed to 8.8      10 I-S 
8.94    9.89 unchanged 8.94  9.89 unchanged 8.94    9.89 I UI 
12.4    7.13 unchanged 12.4  7.13 → destroyed K 

8.92    9.91 v. little 
change 

 
9.02  9.8 

 
unchanged 

 
8.92    9.91 

 
I SIL 

12.44  7.12 unchanged 12.48  7.2 → destroyed K 
 

(n.d. = non detected, S = smectite, I = illite, I-S = mixed layer illite-smectite,   
 Ch = chlorite, I-Ch= mixed layer illite-chlorite, K= kaolinite). 

 Table (2): D-spacing of the 001 reflection, means of crystallite size (CSmean) and 
thickness (Tmean) and CTDs shapes of PVP-illite and kaolinite vs. depths. 

(A) PVP-illite (air-dried samples)  
Sample Depth(m) Mean size(nm) Thickness(nm) d-spacing(A� CTDs 

   (nm) (A� shape 
YAM shallow 2.8 3.8 10.07 Asymptotic. 
TAF 950 3 4 9.83 Asymptotic 
MAH 1050 2.9 4 10.12 Asymptotic 

U I 1220 3 4.1 10.03 Asymptotic. 
SIL 1600 3.3 5.2 10.09 Asymptotic 
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(B) Kaolinite (heated samples at 350°C )  

Sample Depth (m) Mean size (nm) Thickness(nm) d-spacing(A� CTDs shape 

YAM shallow 3 7.5 7.13 Asymptotic 
TAF 950 3.7 11.3 7.17 Asymptotic 
MAH 1050 8.9 16.8 7.17 Multimodal 

U I 1220 10.7 14.7 7.13 Lognormal 
SIL 1600 10 14.7 7.16 Lognormal 
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Fig.3. XRD-patterns (air-dried, ethylene glycolated, heated at 550°C) of study samples. 

S=smectite, I-S= mixed layer illite-smectite, I=illite, K=kaolinite, Ch =chlorite,    
I-Ch= mixed layer illite-chlorite, Si = silicon wafer 
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Fig.4. Means of crystallite size and thickness for illite (a) and kaolinite (b) vs. depths. 
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Fig. 5. Shapes of PVP-Illite crystallite thickness distributions (CTDs) in the study 

samples using the BWA-method (MudMaster).  
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Fig. 6. Shapes of kaolinite crystallite thickness distributions (CTDs) in the study samples 

using BWA-method (MudMaster).  
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Abstract 

In this work, dwellings in Kharja village, north of Jordan were studied for back- 
ground radiation doses due to radon using closed can techniques. The results obtained 
reveal that the indoor radon levels almost equal or less than the national average (45 
Bqm-3). In addition, the consumed water (collected rain water or precipitation) 
characterized by moderate average radon concentration ~12.6 Bqℓ-1 which is less than 
the action level that was set by the Europeans Countries and the Alternative Maximum 
Contamination Level (AMCL) suggested by U.S.EPA for drinking water. Some 
locations of the studied area were relatively characterized by high radon levels in soil air 
(1.42 – 1.85 kBqm-3).  The estimated dose equivalent for Kharja village inhabitants due 
to radon ranges from about 0.43 to 1.70 mSv, which is with in the acceptable range for 
background radiations.  The increase in lung cancer risk due to these doses is estimated 
to be about 0.23 %. More studies should be carried out to look for other factors or 
reasons to explain the many cancer incidents among the dwellers of Kharja village. 

Keyword: Radon, Kharja Village, Jordan, Dose Equivalent. 

Introduction 

There is a strong epidemiologic evidence of the link between radon exposure and 
lung cancer in the studies of underground miners at exposure only one or two order of 
magnitude greater than typical lifetime exposure from indoor radon. Data from recent 
studies [1, 2] provides direct evidence of a statistically significant association of indoor 
radon exposure and lung cancer. 

Radon is an inert radioactive gas which is produced naturally in three isotopes, 
namely: actinon (219Rn), thoron (220Rn) and radon (222Rn).The mother radioactive series 
of these elements are Actinium, Thorium and Uranium, respectively. 

Environmentally speaking, 219Rn and 220Rn are immaterial.219Rn has half-life of 
about 4 seconds and 220Rn has half-life of about 55 seconds. These half-lives limit their 
spread and movement in the environment. 222Rn with half-life of about 3.82 days can 
move from its cradle to far away places by diffusion and/or convection mechanisms. 
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Soil and bedrocks beneath houses are considered to be the main source of radon in 
the environment. Thus, radon can seep into dwellings through foundation cracks, wall 
joints and openings for water and other services pipes. 

Radon progeny's of epidemiological concern are the ones with short half-lives i.e. 
polonium 218 and 214, these daughters can attached themselves to aerosol particles, 
which if they inhaled can stick to the inner walls of airways and the inner lining layers of 
the lung. Exposure for long times even for low radon levels may increase lung cancer 
risk. In a study of EPA in the United States, radon in homes causes more deaths than 
fires, drowning and airplanes accidents combined [3]. 

In this study, the area of Kharja, Governorate of Irbid, north of Jordan, was selected 
for radon concentration measurement in order to correlate between radon level and the 
many incidents of lung and other types of cancers; there are many reported cases of lung 
cancer in the area of study compared to other parts of the Governorate. So, this study 
aims to measure radon level in dwellings, soil air and water of Kharja region and hence 
to calculate dose equivalent and lung cancer risk increase. 

Experimental procedure 

Solid state nuclear track detectors CR-39 with zero background were used in this 
study. Those detectors were cut into 1.5cm x1.5cm pieces. For indoor study the 
techniques of long term integrated passive closed can dosimeters were used. This type of 
dosimeters was previously calibrated in the school of physics and space research at 
Birmingham University, UK. The detectors were distributed in the selected houses 
(group B) of Kharja where one or more cases of    cancer were reported. Another group 
of houses (group A) in the same village was selected as a control group. No cancer 
incidents were reported among the inhabitants of this group. Two detectors for each 
house were used, one was located in the living areas and the other was placed in the 
bedrooms about 1m bellow the ceiling.  

Water samples were collected from underground reservoirs (50 – 80 m3 each) from 
10 houses mentioned above. Small amounts (300 cm3) of these samples were placed in 
drinking water bottles of 1ℓ volume. The CR-39 pieces (detectors) were fixed in the 
inner bottoms of the bottle caps. The bottles were sealed tightly to prevent air exchange 
and evaporation from water samples. Similar empty bottles were calibrated separately. 
The detector height above the water sample was about 15cm.  

Soil samples were collected from the gardens of the above mentioned houses 
around 20cm beneath the ground surface. The samples were mixed thoroughly and 
extraneous materials were removed. About 200 gm of each sample was transferred to a 
bottle like those used for water and sealed with detectors inside. The detector was about 
15cm above the surface of the soil sample. A total of 30 locations were selected for this 
stud After exposure time of about 90 days the dosimeters and detectors were separated 
from the sample cups and the sample bottles. There was no water droplets formed on the 
surface of the detectors in the soil or water samples. The detectors were removed and 
chemically etched using a 30% solution of KOH at a temperature of 70 oC for eight 
hours. An optical microscope with a proper magnification was used to count the number 
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of alpha tracks per unit area. The standard deviation of the data was taken as the 
uncertainty in the reported results.                                                                                        

Calibration of dosimeters for water and soil studies 

Twelve dosimeters were prepared for calibration process and three for the 
background. The prepared dosimeters were placed in a chamber with standard radon 
concentration (170 kBqm-3). Two detectors were removed from the chamber after 0.5, 1, 
2, 4, 8, 16 hours. These irradiated detectors were chemically etched using 30% KOH at 
70 oC for 8 hours. The track density, ρo, (tracks.cm-2) was measured and plotted against 
the exposure time to as shown in Fig 1. 
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Fig. 1: Calibration curve for dosimeters used in water and soil samples. 

Theoretical Background 

Indoor study 

To calculate radon concentration, the radon activity density in the can air was 
determined by measuring the tracks density on the detector according to the following 
relation: 

C =   t
tc

o

oo

ρ
ρ

  .................................................................................................. (1) 
Where co, to ,ρo  are radon level in the calibration chamber (90kBqm-3), exposure 

time(48 h) and the surface density of tracks on the calibrated detector (3.032x104), 
respectively. ρ and t are the measured surface density of tracks on exposed detectors and 
the exposure time (2160 h), respectively. 
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Water study 

To calculate radon concentration, the radon activity density ca in the bottle air above 
water sample was determined by measuring the tracks density on the detector according 
to the following relation: 

µ
ρ 1
t

ca =
  .................................................................................................... (2) 

Where ρ is the average number of tracks on the detector, t is the exposure time 
(2160h) of our sample and µ is the sensitivity of the detectors which equals to (3.688x10-

3 (tracks.cm-2.h-1)/(Bqm-3)). However, µ was calculated by dividing the slope of Fig. 2 on 
the radon concentration in the calibration chamber.     

The radon activity density in water samples, cw, was calculated by using a model 
proposed by Somogyi et al. [4]. The concentration of radon atoms exhaled can be 
calculated according to the following relation 

     l
htc

c a
w

λ
=

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

Where λ is the decay constant of 222Rn =7.56 *10-3h-1, h  is the distance from the        
surface of water in the bottle to the detector, t is the exposure time and ℓ is the thickness 
of the sample.                                                                                      

Soil study  

To measure radon concentration and the exhalation rates, sealed bottle technique 
was used.  

The radon concentration A (l) Bq/m3 in the bottle air above the sample is related to 
the aerial exhalation rate E(Bq/m2.h ) as                                                                   

)(lA  = Ao k
k 1−

 ........................................................................................... (4) 

Where Ao is the radon concentration for very large relative thickness of the sample, 
k is the geometrical correction factor for the sealed bottle  

d
l

lh
pdk tanh1
−

+=
...................................................................................  (5) 

Where p is the porosity of the sample, d is the diffusion length (=
2
1

)/( λD ≈ 1) 
[4] and the aerial exhalation rate is given by 
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 )()..()( lAlhlE −= λ ................................................................................  (6) 

Where λ is the decay constant and Ds (= 2
610−∗ 12 −sm ) is the diffusion 

coefficient of radon. 

One can calculate also the mass exhalation rate )(lM at the surface of the sample 
from the following equation: 

)()( lA
h

lhlM
δ

λ −
=

.................................................................................... (7) 

Where δ  is the mass density of the sample in crushed form? 

The concentration A is given in terms of track density on the CR-39 detector by 
equ. (2). 

A t
σ

µ
1

=
........................................................................................................ (8) 

Where µ was defined above, t is the exposure time (2160h) and σ  is the density of 
tracks on the exposed detectors.  

Results and Discussion 

Indoor radon concentrations in the bed rooms in Kharja village were found in the 
range of 16 - 90.0 Bqm-3 with an average of 32.9 Bqm-3 for group A and in the range of 
14-186 Bqm-3 with an average of 66.1±11 Bqm-3 for group B as shown in Table (1). The 
highest concentration was found in a newly built house and the lowest level was found in 
a house which was built on a rock foundation and has good ventilation. The average 
radon level in group B more than twice of its average in group A. However, the average 
radon level in Kharja village was about 43.3 ± 8.6Bqm-3. Assuming the indoor average 
occupancy and the equilibrium factor are 0.8 and 0.45 respectively, one can calculate the 
effective doses by using the dose conversion factor of 1.0 mSv per 40 Bqm-3 [5]. The 
results of the average dose estimation for residents in group A and B from inhalation of 
radon progeny show that the annual effective doses are 0.88 and 1.76 mSv, respectively. 
From the data shown in Table (1), no positive associations of lung cancer cell type with 
radon were observed. For example, in a house with lung cancer patient, radon levels in 
the bedroom and in the living room were 78.3 and 24.9 Bqm-3, respectively; the bedroom 
is almost always closed. But no lung cancer cases were reported among the dwellers of 
other houses characterized by high radon level (186 Bqm-3) in spite of the inhabitants of 
these two houses have almost the same living conditions, ages and family numbers. 
However, there is no significant excess risk of lung cancer to more heavily exposed 
residents. Further studies in other population groups are needed to clarify the 
carcinogenic potential of indoor radon. Following Darby and his colleagues [2], the lung 
cancer risk increase due to these doses was estimated to be about 0.28 %. 
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Table 1: Indoor radon levels in different rooms of the studied houses. 
Group Rooms Max (Bqm-3) Min (Bqm-3) Avg (Bqm-3) Dose (mSv) 

Bed 90 16 32.9±6.4 0.84 
Living 20 13 17.0±3.1 0.43 A 

All Rooms 90 13 27.0±5.2 0.69 
Bed 186 14 66.1±11.0 1.70 

Living 91 9 32.2±5.8 0.83 B 
All Rooms 186 9 50.5±9.8 1.29 

Table 2: Radon levels in drinking water (rain collected water). 
Group Max (Bql-1) Min (Bql-1) Avg (Bql-1) Contribution to 

indoor radon 
A 7 4.9 6±0.8 0.6 Bqm-3 
B 21.3 6 12.6±2.6 1.3 Bqm-3 

Table (2) shows the results of radon concentrations in water consumed in the study 
area. Most of the inhabitants use collected rain water from the roofs of their houses 
during winter season. The radon levels range from 6 to 21 Bqℓ-1 with an average of 
about 12.6 Bqℓ-1 for group B; while for group A the levels are almost the same. The over 
all average of radon in water is about 10 Bqℓ-1, which is about the international accepted 
level. EPA has set a maximum contamination level (MCL) of 11 Bqℓ-1 and an 
Alternative Maximum Contamination Level (AMCL) of 150 Bqℓ-1 in the drinking water 
at the United States [6], and European Countries has set reference levels range from 
about 20 to 1000 Bqℓ-1. The upper limit considered in many European Countries as an 
action level for radon in drinking water [7]. In spite of the fact that water contributes 
only about 0.01% to the indoor air radon, these levels should be seriously considered 
when cancers of gastrointestinal tract reasons are studied. Since stomach cancer 
represents only about 7% while liver cancer represents more than 25% of all reported 
cancer cases in the studied groups. Further studies are needed to illustrate the factors (if 
any) affecting liver cancer.  

Table 3 reflects the levels of radon in soil air; the aerial and mass exhalation rates 
for soil samples from different houses in group B. Locations 1, 2, 3, and 4 almost have 
the same moderate levels. But locations 5, 7, and 9 characterized relatively by high 
levels, while location 6 has the lowest radon level. At least one or more inhabitants of 
these locations have one kind of cancer incident.  

Table3: Radon concentration, A, aerial, E, and mass, M, exhalation rates for soil samples from 
gardens of different houses in group B. 

Porosity M(Bqkg-1h-1) E(Bqm-2h-1) A(kBqm-3) Location 
0.511 1.18 293 1.44 1 
0.444 1.14 273 1.25 2 
0.533 1.13 265 1.20 3 
0.488 1.09 269 1.27 4 
0.488 1.35 319 1.46 5 
0.511 .560 138 0.66 6 
0.444 1.46 377 1.85 7 
0.533 1.56 331 1.42 8 
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Conclusion 

The geometric and arithmetic mean of radon activity in indoor of Kharja dwellings 
were 36 and 50.5 Bqm-3, respectively. Opposite to what was expected, these values are 
equal to or less than the mean values assessed in other Jordanian cities and villages [8-
11]. In spite of the calculated cancer risk increase, this study did not find positive 
associations between lung cancer and radon concentration in the studied samples. This 
leads to examine other factors such as smoking and chemical air pollutants especially air 
refreshers and insects' killers. Most consumed water (public and collected rain water) in 
Kharja demonstrate low radon levels, since these waters were subject to aeration and 
other processes which allow removal of dissolved radon and other gases. The average 
radon level in drinking water in the study region is equal to the assumed world average 
which is about 10 Bqℓ-1 [12-13] 1996). The soil air demonstrates, relatively, low radon 
level compared to other locations in Jordan.   
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  دراسة الجرعة اإلشعاعية الناتجة عن غاز الرادون
   األردن– محافظة اربد –في قرية خرجا 

  

  ختام خصاونة وخالد أبو مراد

  

  ملخص

م في هذه الدراسة تعيين الجرعة االشعاعية المنبعثة من غاز الرادون التي يتعرض لها سكان لقد ت
دلت النتائج أن مستويات . قرية خرجا في شمال المملكة األردنية الهاشمية باستخدام طريقة الوعاء المغلق

المجموعة من ( الشرب أما مياه). Bqm-3 45(الرادون المنزلي يساوي تقريبًا أو أقل من المستوى الوطني 
وهو أقل بكثير . تقريبا Bqℓ-1 12.6فقد تميزت بتركيز معتدل للرادون بما متوسطة ) ماء المطر في آبار

أما في هواء التربة فقد اتسمت بعض المواقع . من الحد األعلى المقبول عالميًا فيما يخص مياه الشرب
بينت الدراسة أن الجرعة المكافئة للتراكيز المقاسة ). 1.85kBqm-3 – 1.42(بمستويات رادون عالية نسبيًا 

وهذا يعتبر ضمن المدى ) to 1.70mSv 0.43(في المنطقة قيد البحث تتراوح بين الحدين من الرادون 
، %0.23يزداد خطر االصابة بسرطان الرئة لمثل هذه المستويات من االشعاع بحوالي . المسموح لالشعاع

ن الدراسات للبحث عن أسباب أخرى لتفسير حاالت السرطان العديدة بين مما يجعل هناك حاجة لمزيد م
  .سكان القرية
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Abstract 

In this research five surface soil samples were taken from some of Hadhramout’s 
valleys in Yemen (Khrid , Arf , Huwayrah , Buwaish , Khirbah ) in the years from 
(1999) to (2002) and analyzed using gamma-ray spectrometry. The spectra of samples 
were measured using a multichannel analyzer (MCA) connected with measurement 
system for this purpose. A high purity germanium(HpGe) detector with resolution of 
(2.11keV) at gamma-line(1332keV) of radioactive source(Co-60) was used for detecting 
(U238, Th232 , K40 , Cs137 ) in the samples. The results showed that the average specific 
activities of radioactive nuclides in the samples for uranium ranged from(37.56 Bq/Kg) 
to(46.58 Bq/Kg), and for thorium ranged from(37.93 Bq/Kg) to(47.28 Bq/Kg), and for 
potassium ranged from(347.57 Bq/Kg) to(850.10 Bq/Kg), and for cesium ranged 
from(13.01 Bq/Kg) to(15.86 Bq/Kg), and the measured precision of samples ranged 
from(4.71%) to (9.23%). 

Keywords: specific activity, surface soil, gamma-ray spectrometry 

Introduction: 

The soil surface is contaminated by the nuclear fallout caused by nuclear weapons 
tests, which are still being carried out by some countries, nuclear accidents such as that 
of Chernobyl nuclear reactor in 26 April 1986 that released a high radioactivity to the 
atmosphere[6] and finally by cosmic rays . 

The background natural radioactivity essentially consists of primary radiation 
emanating from the uranium series ( U238, half-life = 4.5x109yr.), thorium series ( Th232, 
half-life = 1.4x1010yr.), potassium ( K40, half-life = 1.3x109yr.), and the artificial fission 
product is (Cs137, half-life = 30yr.). All these radiations are assimilated into plants and 
body tissues of organisms and human beings. 

                                                           
© 2007 by Yarmouk University, Irbid, Jordan. 
*  Physics Department, Faculty of Education- Mukalla.University of Hadhramout of science & Technology , 
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The environmental contamination is mainly caused by the spread of radioactive 
materials on the soil surface samples .This contamination is of two kinds ; natural 
contamination as in the case of uranium, thorium and potassium nuclides and artificial or 
external contamination as in the case of cesium nuclide . 

Most of people live in the regions of study use soil for agriculture and building, so 
they afraid from the accumulations of its radiations. Consequently this study will provide 
the concerned authorities in the Yemeni government with good information about the 
natural and artificial radioactivity distribution in the Yemeni surface soils or its 
contamination level. 

Many studies were made to estimate the concentration of radio nuclides of  U238, 
Th232 , K40 and Cs137 in surface soils in different countries of the world[2,3,7 -17 ] .  

Experimental Procedures:  

Five soil surface samples were taken from some of Hadhramout’s valleys in Yemen 
( Khrid , Arf , Huwayrah , Buwaish and Khirbah ) and illustrated in the map in fig(1) , in 
the years from (1999) to (2002) , from an area of about 100cm2 and 5cm depth . These 
samples were cleaned from stones and any other impurities and dried at 80ºC for one 
day, and grounded in the same mach. The samples were put in Marrinelli beaker, sealed 
and then stored for a period of time without measurement so as to reach the natural radio 
nuclides in an equilibrium state between the parent nuclei ( U238, Th232 ) and their 
daughters of radon R222 and thoron R220 respectively . 

The gamma spectrometry consists of horizontal high purity germanium (HpGe) 
detector with sealed preamplifier, a bias high voltage supply, a linear amplifier, a 
detector's shield made of (5cm) thick lead lined with aluminum, iron and copper plates 
for x-ray degradation, and a multichannel analyzer (MCA) of Ortec model 6240B with 
(1024) channel .  

The (HpGe) detector is a Canberra model (7229N) with a crystal diameter of (7cm) 
and a length of (7.5cm). It has a resolution of (2.11keV) at gamma-line (1332keV) for 
(Co60 ) radioactive source .     
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Results and Discussion:  

Energy was calibrated by the least square fit method through the use of standard 
radioactive sources with well- known energies and relative intensities to identify the 
photo peaks present in the spectrum on the screen of (MCA)and recording the number of 
channels corresponding to every gamma line (photo peak). 

Efficiency calibration is necessary for activity measurements, so we used a sealed ( 
Eu152 ) radioactive source contained in Marrinelli beaker(*) [4],and has a long half-life of 
(13.50yr.) and produces multilined spectra that include the major photo peaks usually 
encountered in natural radioactivity measurements. 

          The efficiency of any photo peak included in the sample was calculated by 
the following formula :  

(%)100)( ×
×

=
γ

ε
IA

CpsEfficiency  ................................................................(1) 

Where : Cps – is the count rate or count per second . 

             A- is the activity of reference radio nuclide in (Bq) at measurement .  

             Iγ- is the intensity per decay (%) of photo emission at energy (E) . 

                                                           
(*) Marrinelli beaker is a plastic beaker whose geometrical shape was designated for making the contents of 

the sample near the effective region of the detector so as to allow high efficiency counting the gamma-
rays which are emitted from the radio nuclides present in the sample. 

Fig (1) The location of valleys on the map 
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From the analysis of photo peaks of the studied soil samples shown in fig (2), we 
see that there are many spectral lines. For this reason we choose the energy line 
(609keV) for radio nuclide (Bi214) to indicate the presence of ( U238 ) in the soil samples , 
also we choose another energy line (583keV) for radio nuclide ( Tl208 ) to indicate the 
presence of ( Th232 ) in the soil samples and we calculated its specific activities in the soil 
samples according to the following causes : 

 (1) There is no interference of the chosen energy lines with the other energies of 
radionuclides. 

 (2) They have high relative intensities. 

 (3) The statistical errors of their radioactivities are very low.   

To measure the specific activities of radio nuclides in the soil surface samples , five 
soil samples in Marrinelli beaker were measured by the detector (HpGe) for (40000)sec. 
Because of the low radioactivity level.  

The specific activities of radio nuclides U238, Th232 , K40 and Cs137 in (Bq/kg) of the 
soil samples were calculated as following[13] :  

Fig (2) The typical γ-ray spectrum of one of the studied soil sample 
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mI
tC

kgBqAS c

γε
)/(

1000)/.(. ×=   ............................................................................(2) 

    Where : C- is the net count of the photo peak in (Bq) . 

                  tc- is the time count of measurement (sec.) . 

                  ε- is the counting efficiency at the specific energy (%) . 

                  Iγ- is the intensity per decay (%) of photon emission at the energy (E) . 

                 m- is the mass of the sample (gm) .  

Table(1) shows the specific activities of radio nuclides in different Yemeni soil 
samples .  

The detection limit (D.L.) of our method is calculated by Currie equation [5] as 
following:  

A
kgBqCionConcentratGBLD )/)((..29.377.2.. ±= .................................(3) 

 Where : D.L.- is the detection limit . 

               B.G.- is the background (cps.) . 

               C.-is the concentration of radio nuclide of the sample (Bq/kg) . 

A- is the net peak area (cps.) . 

Table(2) shows the detection limit of our method in the studied surface soil 
samples. 

Table(3) shows the specific activities of ( U238, Th232 , K40 ,Cs137 ) in some countries 
of the world and comparing with Yemeni surface samples . 

The precision of the different radio nuclides in the samples was calculated by the 
following equation :  

100.(%).. ×=
x

DSR σ
.......................................................................................(4) 

 Where : R.S.D.- is the relative standard deviation (precision) . 

                x - is the average concentration. 

               σ  – is the standard deviation . 

Table(4) shows the precision analysis of radio nuclides (U238, Th232 , K40 ,Cs137 ) in 
different studied samples . 
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Table(1) The specific activities of radio nuclides in Yemeni surface soil samples 
 

1999 2000 2001 2002 No. of 
sample 

 

Name of 
valley                    Uranium-238 concentration 

                                  ( Bq/kg )    

Average 
concentration 

± S.D. 

1- Khrid 43.63±3.42 40.1.3±298 48.91±4.22 45.64±3.04 44.58±3.68 
2- Arf 38.79±4.11 35.47±3.14 42.64±3.86 40.82±2.78 39.43±3.0  7 
3- Huwayrah 41.35±3.18 38.91±2.75 45.82±3.99 41.74±3.62    41.96±2.8 6 
4- Buwaish 36.34±2.84 35.62±2.40    40.69±3.07 37.57±2.84 37.56±2.2 4 
5- Khirbah 45.09±4.33 43.84±3.58 51.07±4.81 46.31±4.05 46.58±3.1 6 

No. of 
sample 

Name of 
valley 

                  Thorium-232 concentration 
                                 ( Bq/kg )    

Average 
concentration 

± S.D. 
1- Khrid 38.62±2.84 34.71±3.09 43.41±3.01 40.23±3.34 39.24±3.62 
2- Arf 47.49±1.41 42.97±4.01 53.23±4.62 45.41±2.95 47.28±4.38 
3- Huwayrah 45.80±0.72 40.66±3.72 48.62±4.77 43.79±4.19 44.72±3.35 
4- Buwaish 41.61±2.03 39.92±3.08 45.29±3.64 42.63±3.71 42.36±2.25 
5- Khirbah 37.95±3.01 34.64±2.71 40.68±3.55 38.46±3.09 37.93±2.49 

No. of 
sample 

Name of 
valley 

                  Potassium-40 concentration 
                                ( Bq/kg )    

Average 
concentration 

± S.D. 
1- Khrid 428.81±17.99 409.84±16.31 470.61±15.83 440.23±16.20 437.37±25.46 
2- Arf 375.26±11.62 356.17±10.92 382.34±12.01 360.64±13.40 368.60±12.26 
3- Huwayrah 346.38±15.23 320.94±7.62 365.43±14.52 357.53±14.01 347.57±19.40 
4- Buwaish 618.74±24.51 584.52±18.30 662.34±21.56 596.71±20.70 615.58±34.24 
5- Khirbah 874.38±29.35 761.65±22.50 892.73±25.62 871.62±22.03 850.10±59.70 

No. of 
sample 

Name of 
valley 

                   Cesium-137 concentration 
                               ( Bq/kg )    

Average 
concentration 

± S.D. 
1- Khrid 14.71±0.32 14.23±01.25 13.64±0.38 15.23±0.21 14.45±0.68 
2- Arf 13.68±0.53 13.45±0.21 12.93±0.29 15.74±0.13 13.95±1.23 
3- Huwayrah 13.31±0.52 13.18±0.19 12.79±0.12 14.49±0.09 13.44±0.73 
4- Buwaish 16.23±074 16.03±0.62 14.84±0.54 16.35±0.14 15.86±0.69 
5- Khirbah 12.46±0.27 12.29±0.26 13.91±0.37 13.38±0.08 13.01±0.77 
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Table(2) The detection limit of some surface soil sample 

No. of 
sample 

Radio nuclide Energy of radio 
nuclide ( keV ) 

Concentration of 
radio nuclide 

(Bq/kg) 

Detection Limit 
(D.L.) (Bq/kg) 

Bi-214 609 44.58±3.68 4.52 

Tl-208 583 39.24±3.62 3.68 

K-40 1460 437.37±25.46 24.18 

1- 

Cs-137 662 14.45±0.68 1.62 

Bi-214 609 41.96±2.86 4.01 

Tl-208 583 44.72±3.35 3.45 

K-40 1460 347.57±19.40 16.74 

3- 

Cs-137 662 13.44±0.73 0.71 

Bi-214 609 46.58±3.16 3.95 

Tl-208 583 37.93±2.49 2.67 

K-40 1460 850.10±59.70 33.49 

5- 

Cs-137 662 13.01±0.77 0.84 

 

Table(3) The specific activities of radio nuclides in some countries of the world and 
compared with Yemeni surface soil samples 

The specific activities of radio nuclides (Bq/kg) Serial 
No. 

Country 

U-238 Th-232 K-40 Cs-137 

No. of 
reference 

1- West Malaysia 51.80±10.36 70.30±36.63 - 87.88±15.83 [7],[8] 

2- U.S.A. 38.85±17.76 36.26±17.02 472 82.51±38.11 [12],[15] 

3- Bangladesh 88.10±4.80 68.20±5.28 256.40±16.30 7.50±1.62 [10],[11] 

4- Finland 37 43 1043 147.35±74.65 [14] 

5- Iraq 34.89±17.66 8.78±1.10 579.50±156 3.23±1.51 [9],[16] 

6- Tunis 17.10±2.54 19.54±3.47 284.20±55.45 8.72±7.57 [13] 

7- Taiwan 30 44 462 <D.L. [17] 

8- Hong Kong 73 73 482 <D.L. [3] 

9- Australia 24.79±24.61 32.56±19.98 172.79±156 <D.L. [2] 

10- Yemen 42.02±3.67 42.31±3.84 523.84±210.66 14.14±1.10 This work 
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Table(4) The precision analysis of radio nuclides in some studied samples 

No. of sample Radio nuclide Energy ( keV ) σ±x (Bq/kg) R.S.D. (%) 

Bi-214 609 44.58±3.68 8.25 

Tl-208 583 39.24±3.62 9.23 

K-40 1460 437.37±25.46 5.82 

1- 

Cs-137 662 14.45±0.68 4.71 

Bi-214 609 46.58±3.16 6.78 

Tl-208 583 37.93±2.49 6.56 

K-40 1460 850.10±59.70 7.02 

5- 

Cs-137 662 13.01±0.77 5.92 

         The results showed [ table (1) ] that the average specific activities of radio nuclides 
in the various valleys Yemeni surface soil samples for uranium ranged from ( 37.56 
Bq/kg) to (46.58 Bq/kg), for thorium ranged from ( 37.93 Bq/kg) to ( 47.28 Bq/kg), for 
potassium ranged from ( 347.57 Bq/kg) to ( 850.10 Bq/kg) and for cesium ranged from ( 
13.01 Bq/kg) to ( 15.86 Bq/kg). But the final specific activities averages of these radio 
nuclides in the Yemeni samples were ( 42.02±3.67 ) Bq/kg  for uranium , ( 42.31±3.84) 
Bq/kg for thorium, ( 523.84±210.66 ) Bq/kg for potassium and ( 14.14±1.10) Bq/kg for 
cesium as shown in table (3) .  

Table (3) shows that the specific activities of these radio nuclides in the Yemeni 
samples is more than their specific activities in some countries and in some cases it is 
less than that in some other countries, however the specific activities of these radio 
nuclides in the Yemeni samples is small and within the possible range[6]. Also from 
table(3) we see that the specific activities of potassium in the Yemeni soil samples is 
high except when it is compared with that in Iraq and Finland . This indicates that the 
floods or torrents in Hadhramout’s valleys come from the near by mountains which are 
very rich in potassium[1]. The presence of cesium-137 in Yemeni environment results 
from the seasonal winds which come to Yemen from the southern oceans ( the Indian 
and the southern Atlantic oceans ) as a result of the different atmospheric pressures in 
the area . From table(1) we see that the specific activities of 238U, 232Th and 40K are more 
than in 137Cs because the presence of U,Th,K in soil surfaces are terrestrial, whereas the 
presence of Cs is aerial. In year 2001 fall heavily rains on Hadhramout more than the 
years 1999,2000,2002 , so the precipitation of radio nuclides  U,Th,K and Cs in its 
valleys are larger. From table(3) the average specific activity of cesium-137 in Yemeni 
soil samples is small in comparison with some countries, but it is very small in 
comparison with some countries of the world near the nuclear accident regions which 
reached more than   ( 300Bq/kg ) according to IAEA report[6]. All these radio nuclides 
are transferred to the soil surface by the factor of erosion and rains.  
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The detection limits of radio nuclides in the studied samples were good as shown in 
table(2). The results for measuring radionuclides in soil samples were obtained 
according to the best or optimum practical procedures by using:  

(1) Large geometry for the detector crystal in detecting more number of falling 
radionuclides on it by the samples.  

(2) Long measuring time ( 40000sec.) . 

(3) Large weight of the studied samples . 

Conclusions 

From this research, we deduce the following: 

(1) The presence of radionuclides in soil samples of the valleys of Hadhramout which 
resulted from the volcanic mountains chain surrounding the valleys. 

(2) The average specific activities of radio nuclides in the studied soil samples is less 
than the international concentration level. 

(3) The specific activities of radio nuclides in Yemeni soil samples is within the 
permissible range, so there is no dangerous level as pollution in soils taking into 
consideration that most of the houses in Hadhramout were built and they are still 
being built with these sands. There is also no danger in the use of these sands in 
agriculture. 

(4) The analytical precision for radio nuclides analysis in Yemeni soil samples is 
statistically good because its value is less than ( 10%) . 

(5) The detection limits of radio nuclides in the studied samples are good . 

(6) The radio nuclides in the studied samples were measured according to optimum 
practical procedures such as: (a) the large geometry of detecting samples (b) long 
measuring time (c) large weight of samples . 

(7) The high concentration of potassium in the Yemeni soil samples can be 
economically exploited. 

(8) There should be coordination with the concerned authorities in the Yemeni 
government to provide them with information about the natural and artificial radio 
activities distribution in the Yemeni soil as well as its contamination level . 
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 اإلشعاعي النوعي للنوى املشعة للرتب السطحية لبعض أودية طتحديد النشا
 حضرموت في اليمن باستخدام التحليل الطيفي ألشعة كاما

 

   بازهير عبد العزيز عمر وعوض علي بن جازع
 

  ملخص

في هذا البحث تم تحليل خمس عينات من التربة السطحية أخذت من بعض أودية حضرموت في    
م باستخدام تقنية  2002  و 1999في الفترة بين ) خرد ، عرف ، حويرة ، بويش ، خربة ( اليمن وهي 

 (MCA)قيست األطياف اإلشعاعية للعينات بوساطة محلل متعدد القنوات . التحليل الطيفي ألشعة كاما 
 ذو قدرة   (HpGe)استخدم كاشف الجرمانيوم عالي النقاوة. المرتبط بمنظومة قياس متكاملة لهذا الغرض 

للكشف عن  Co60) ( الناتج من انحالل المصدر المشع(1332keV) عند الخط الكامي (2.11keV)تحليلية 
أظهرت النتائج أن معدل النشاط اإلشعاعي .  في العينات ( Cs137, K40 , Th232 ,U238 )النوي المشعة 

 (37.56Bq/Kg)  بينU238ورانيوم  النوى المشعة في العينات تراوحت على الترتيب لنظير اليهالنوعي لهذ
 ولنظير البوتاسيوم (47.28Bq/Kg) و (37.93Bq/Kg) بين  Th232 ولنظير الثوريوم(46.58Bq/Kg)و

K40 بين (347.57Bq/Kg) و  (850.10Bq/Kg) ولنظير السيزيومCs137 بين (13.01Bq/Kg) 
  .(%9.23) و (%4.71) ، وقد تراوحت دقة القياس للعينات بين (15.86Bq/Kg)و
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Abstract 

The origin and migration of primordial germ cells (PGCs) were studied in six 
embryonic stages of mosquitofish, Gambusia affinis (Cyprinidontiformes, Teleostei). In 
the earliest stage studied here (having 1pair of somites), the PGCs are observed in 
splanchnic layer of the lateral plate mesoderm. Depending on their morphology alone, 
this may be one of the earliest stages at which PGCs could be observed. No worth 
mentioning change was observed at six pairs of somites. PGCs aggregate in the proximal 
part of the lateral plate in embryos having 9 and 12 pairs of somites and are found in the 
splanchnic mesoderm coating the gut in embryos with 14-16  pairs of somites. In 
embryos having white-grey eyes, PGCs are found on either side of the dorsal mesentery 
and start gathering underneath the pronephric duct. Finally, the PGCs reach the germinal 
ridge and reside there in embryos with black eyes and reduced yolk sac. The present 
study clearly indicates that PGCs in G. affinis are of mesodermal origin. It also indicates 
that their migration from the lateral plate to the germinal ridges is composed of at least 
three steps; two of which are active and one is passive. The results are in general 
agreement with those observed for other teleosts, particularly zebrafish. 

Keywords: primordial germ cells, teleosts, mosquitofish. 

Introduction 

It is well established that the primordial germ cells (PGCs) are the only source of 
sex cells in vertebrates [1]. Reports on the origin of PGCs are, however, conflicting even 
in related species [2, 3]. In nearly all species studied so far, these cells are first recorded 
in places other than the germinal ridge. Later on, they migrate to reside in the gonadal 
tissue [4, 5].  

Among vertebrates, the origin, migration and characterization of PGCs are best 
studied in amphibians [6, 7]. PGCs are of mesodermal origin in anuran amphibians [8] 
and of endodermal origin in urodelian amphibians [3].  
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The origin of PGCs in teleosts is almost neglected, apart from a few early 
publications [9, 10]. Later studies are confined to the description and differentiation of 
PGCs at late embryonic stages, i.e. those having already migrated to the gonads [11, 12, 
13]. Recently, the origin, characterization and migration of PGCs in zebrafish has been 
the focus of intensive work [4, 14, 15, 16, 17]. 

This study is an attempt to throw light on the morphological description, site of 
origin and route and mode of migration of PGCs in the mosquitofish, Gambusia affinis,  
and comparing the results with similar observations on other teleost species.  

Materials and Methods 

Embryonic stages of the ovoviviparous, G. affinis (Cyprinidontidae, Teleostei) were 
used in this study. To obtain different embryonic stages, pregnant females kept in 
aquaria at 20-22oC were sacrificed by an overdose of MS222 and dissected at various 
intervals. The embryos were liberated from the ovarian follicles and placed in 
physiological saline using watchmaker forceps. They were then characterized according 
to Kunz [18] before fixation in alcoholic Bouin's fluid. 

To avoid yolk brittleness and obtain thin, serial sections (4 µm thick), Steedman's 
ester wax technique [19] was used for embedding. Dehydration and fixation were carried 
in changes of cellosolve (2-ethoxyethanol) as follows:  

70%: 8h; 90%: overnight; three changes of pure cellosolve: 3h each; cellosolve-
ester wax 50:50 overnight. The sections were stained with hematoxylin and eosin. 
Infiltration was made in three changes (one hour each) of pure wax. Stains used were 
Weigert's hematoxylin counterstained with van Gieson. This stain gives better 
differentiation of PGCs than the routine stains. 

Results 

A few isolated, PGCs are observed in embryos having a single pair of somites. 
They are sporadically found in the proximal part of the presumptive lateral plate 
mesoderm at the level of, and posterior to, the differentiated somites (Fig. 1). A PGC can 
be easily distinguished from the neighboring mesodermal cells by its remarkably bigger 
size (Table 1) and weaker staining affinities. Its nucleus is large, round , vesicular, and 
often deeply notched. Many chromatin granules underlie the nuclear envelope. One or 
two nucleoli are also observed. 

In embryos with six pairs of somites, the PGCs are still confined to the proximal 
part of the lateral plate or its forerunner at the level of the differentiated somites and the 
undifferentiated mesoderm posterior to them. They are totally lacking in regions anterior 
to the first pair of somites. PGCs are still isolated  and a cross section rarely shows more 
than one cell on either side (Fig. 2). 
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Table 1. Numbers and dimensions of PGCs at different developmental stages of G. 
affinis (Average of Seven Samples Each).  

Number of PGCs Stage 

(Number of 
somites) Left side Right side Total 

Diameter of PGCs (in µm) 

1 18 35 53 14.06 

6 24 27 51 14.10 

9 34 40 74 14.89 

12 38 32 70 14.68 

14-16 47 40 87 14.73 

white-grey eyes 190 180 370 14.54 

Embryos with 9 pairs of somites and eye lens placodes show a clear increase in 
numbers of PGCs (Table 1). Cross sections through the levels of posterior somites show 
up to seven PGCs on at least one side of the embryo. These are either linearly arranged 
or clustered into bunches (Figs. 3, 4). The increase of cells per section is not only due to 
the overall increment of their total number, but also due to their migration along the 
longitudinal axis towards the mid trunk region.  

The PGCs are found in the proximal splanchnic mesoderm of the lateral plate. This 
location, however, is almost confined to the posterior somites. PGCs at this stage seem 
to be absent at the level of the anterior few somites.  In rare observations, few PGCs may 
be seen in the core of a somite. No significant change in embryos with 12 pairs of 
somites is observed (Fig. 5). 

In embryos with 14-16 pairs of somites and a single pair of aortic arches, some 
PGCs are observed in the splanchnic mesoderm enclosing the gut at the levels where 
lateral body folds have formed (Fig. 6). Posterior to the body folds,  the PGCs are still 
seen in the proximal ends of the splanchnic mesoderm (Figs. 7, 8).  

At the stage when three aortic arches and white-grey eyes are developed, PGCs are 
found on either side of the dorsal mesentery of the gut or at the future site of the 
germinal ridge underneath the pronephric duct (Figs. 7, 8). This stage witnesses a sharp 
increase in the number of PGCs. At the stage with black eyes and reduced yolk sac, well 
defined early gonads are observed. PGCs are seen within these gonads. They are 
sheathed by flattened cells in some individuals (Figs. 9, 10). It is concluded that these 
gonads are ovaries. 

Discussion 

The findings of the present work on the origin and migration of the PGCs in 
mosquitofish are in general accordance with results obtained in other teleosts, 
particularly in zebrafish [5, 6]. Yet, these findings raise a few, interesting points. These 
points are dealt with separately. 
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Origin: The results of this study are in favor of the widely accepted proposal that 
PGCs in chordates originate somewhere away from the gonads [1, 3, 20]. In G. affinis, 
PGCs are first seen in embryos with a single pair of somites. This is one of the earliest 
stages involved in similar studies [9, 10, 14, 15]. The earliest stage of zebrafish at which 
Braat et al. [14] were able to identify PGCs depending on their morphology alone (light 
and electron microscopy) was the five somite stage. 

The site of origin of PGCs in G. affinis recorded in this study is the proximal part of 
the lateral plate mesoderm. This observation is in accordance with early observations on 
the teleosts Fundulus heteroclitus [21],Cottus bairdii [22], Platypoecilus maculatus [9] 
and Micropterus sal [10]. Nieuwkoop and Sutasurya [3], however, suggest that PGCs in 
teleosts originate in the extraembryonic endoderm of the yolk sac. Accordingly, they 
suggest a close phylogenetic relationship of teleosts with urodele amphibians in which 
the same site of PGCs origin as teleosts has been recorded. Recently, Braat et al. [14] 
proposed that PGCs formation might require a close contact with the mesoderm and/or 
endoderm. This proposal might explain the contradictory observations on the origin of 
PGCs in teleosts. 

Migration: The present work indicates a stepwise migration of PGCs from their site 
of origin to the germinal ridges. The process seems to involve a passive and an active 
modes of migration. PGCs migrate from their site of origin in the lateral plate along 
almost the entire embryo to aggregate in the mid-posterior trunk region at the level of the 
pronephroi. This step is most likely an active one [23]. From their new location, they 
passively migrate to the splanchnic mesoderm that coats the endodermal gut and to the 
dorsal mesentery of the gut. This seems to take place via the enfolding of the splanchnic 
mesoderm (formation of lateral body folds). 

Such a mechanism and route of PGCs migration has early been suggested by Wolf 
[9]. Most workers [6, 13, 24] overlook early developmental stages and begin their 
investigation with stages having PGCs in the dorsal mesenteries or in the primordial 
gonads. It is suggested here that the PGCs actively migrate from the dorsal mesenteries 
to the gonads. Stepwise migration of PGCs in zebrafish has been well studied and 
documented [4, 17]. During the active migration, PGCs possess filipodia and 
pseudopodia, but these were not observed during the present study because these 
structures are of very brief duration and persist for a minute or even shorter than that. 

Morphology and count: The morphological description (shape, staining affinities 
and measurements) given here for PGCs is in general accordance with that supplied by 
other workers [11, 13, 14]. At early stages of G. affinis studied here, the number of 
PGCs range from 30 to74 per individual embryo. The distribution of PGCs on either side 
of the embryo is likewise variable. This variation is also observed in other teleost species 
[9, 13] and in amphibians [25]. PGCs counts in the different embryonic stages studied 
here show a slow, but a continuous proliferation during migration. 

Finally, it is suggested here that the study of the origin and migration of PGCs in 
vertebrates can be very valuable in a number of aspects including the mechanism of 
differentiation of these cells and other types of cells, cellular migration and phylogenetic 
relationships between the different vertebrate taxa. 
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  Gambusia affinisمنشأ وهجرة الخاليا الجرثومية األولية في سمكة البعوض 
 

  جانتي  صالح  الدين  قار  ومحمد أمين األعظمي
  

  ملخص

 Gambusiaدرس نشوء وهجرة الخاليا الجرثومية االولية في ست مراحل جنينية لسمكة البعوض
affinis (Gyprinidontiforme, Teleostei) .لجرثومية األولية في الطبقة الحشوية لوحظت الخاليا ا

وهو أصغر مرحلة درست ) (somitesلصفيحة الميزودرم الجانبية في جنين ذي زوج واحد من البدينات 
واعتمادا على الصفات المظهرية فقط، فقد تكون هذه أصغر مرحلة سجلت فيها الخاليا . خالل هذا البحث

. م يشهد الجنين ذو ست أزواج من البدينات أي تغير يذكرول. الجرثومية األولية بين األسماك العظمية
 تجمعت الخاليا موضوع الدراسة في النهاية الدانية  ، زوجا من البدينات12 أو 9وفي األجنة ذوات 

للميزودرم  الحشوي للصفيحة الجانبية، بينما  لوحظت هذه  الخاليا في الميزودرم  الحشوي  الذي  
 زوجا من 16-14 مستوى القناتين  العلويتين األماميتين  في األجنة ذوات يغلف  القناة الهضمية عند

إما في الجنين  ذي العينين البيضاويين  الرماديتين،  فقد شوهدت الخاليا الجرثومية األولية .  البدينات
د  وأخيرا،  سجلت الخاليا الجرثومية األولية في الغد.  على جانبي  المسراق الظهري للقناة الهضمية

تبين الدراسة الحالية  إن الخاليا .  التناسلية المبكرة في أجنة  ذوات عينين سوداوين  وكيس  مح مختزل
الجرثومية األولية في سمكة البعوض تنشأ في ميزودرم  الصفيحة الجانبية، وأنها تهاجر  من هناك  إلى 

وتتفق هذه .  وواحدة سلبية)  جرة  فعالةه(الغدد التناسلية  األولية بثالث خطوات،  اثنتان منهما فعالتان 
النتائج بصورة  إجمالية مع الدراسات السابقة في األسماك العظمية األخرى،  وبخاصة  السمكة  المخططة 

(Danio rerio).   
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Legends of Figures 

Figures 1 and 2. Cross section through the first somite level of embryos with one pair 
and six pairs of somites, respectively. A single PGC (arrow) is seen in the proximal 
part of the lateral plate (thick arrow). The endoderm (open arrow) is still stretched 
as a flattened layer. Abbreviations: N: neural tube; Nc: notochord; S: somite; 
E:ectoderm; Y:yolk. (X: 200) 

Figure 3. Embryo with 9 pairs of somites. A cross section through the level of the third 
somite (S). A cluster of primordial germ cells (arrows) are seen in the proximal part 
of the lateral mesoderm. Thick arrow: roling up endoderm. (X: 250) 

Figures 4 and 5. Embryo with 9 pairs of somites. Cross sections through the level of the 
posterior somites showing clusters of PGCs (arrows) in the proximal parts of the 
lateral plate. Thick arrows: endoderm; S: somite;  other abbreviations as in figure 3. 
(X: 150) 

Figure 6. Embryo with 14-16 pairs of somites. A cross section through the level of the 
pronephroi. A PGC (arrow) is seen in the splanchnic mesoderm of the intestine (I). 
The notochord (Nc) and dorsal aorta (DA) are indicated. (X: 250). 

Figures 7 and 8. Embryo with white to grey eyes. A cross section through the level of the 
pronephroi. PGCs (arrows) can be seen on either side of the dorsal mesentery or 
extending underneath the pronephric duct (asterisks). (X: 250). 

Figures 9 and 10. Embryo with black eyes reduced yolk sac. A cross section through the 
level of the early gonads (G). Abbreviations: BV: blood vessel; I: intestine; OC: 
ossifying cartilage; P: pancreas. (X: 250). 
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Abstract 

The aim of this study was to investigate the potential benefits of dietery 
supplementation of selenium and or lycopene as antioxidants on microcystin toxicity in 
mouse liver.  Microcyitin-LRS (MC-LR) was isolated from Microcystis aeruginosa 
blooms in King Talal Reservoir (Jordan). The LD50 for MC-LR, measured 
intraperitoneally in Balb/c mouse was found to be 56 µg/kg body weight. Mice were 
pretreated for two weeks either with sodium selenite (1.5 µg / mouse/ day), or with 
lycopene (10 mg / mouse / day) before an intraperitoneal injection (i.p.) of 75 µg/kg of 
MC–LR.  Selenium supplementation was found to provide some protection to the action 
of the toxin, while lycopene supplementation showed an excellent protection (about four 
times as much as that observed for selenium).  In both cases , and compared to the toxin-
control group, the liver damage caused by toxin was reduced as reflected in the reduction 
of serum alanine transaminase(ALT) and lipid peroxidation level as well as prevention 
of glycogen loss compared to non-supplemented toxin- treated mice.  The increased 
level of liver glutathione peroxidase (GPX) activity following selenium or lycopene 
supplementation may indicate the possible route of selenium or lycopene protection in 
the mice.   

Keywords:  microcystin; lycopene; selenium; King Talal Reservoir 

Introductions 

The contamination of aquatic ecosystems as a consequence of human activities is a 
well established fact. In direct pollution processes like eutrification favors cyanobacterial 
blooms, some of which are toxin producers [1-3]. These toxins are believed to be 
products of the secondary metabolism of cyanobacteria, and it has been hypothesized 
that they constitute a chemical defence against herbivores [4]. 

Microcystin–LR (MC–LR), one of the toxins produced by these cyanobacteria, is a 
potent hepatotoxin [5, 6].  This toxin is produced principally by Microcystis aeruginosa 
and it is a potent hepatotoxin [7].  It is transported specifically into the liver by multi 
specific bile acid transporters [8,9], thereby inducing severe intrahepatic hemorrhaging 
necrosis and apoptosis [10,11].  MC- LR specifically inhibits serine/threonine protein 
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phosphates (PP1 and PP2A), which results in the disruption of many important cellular 
processes [12-15].  Recently, M.aeruginosa was collected from King Talal Reservoir in 
Jordan for the first time [16]. In this study, the bioactivity of the isolated MC-LR was 
provided by phosphates inhibition and the HPLC analysis confirmed the identity of the 
toxin. 

MC-LR causes oxidative stress and increased reactive oxidative species ( ROS ), as 
well as lipid peroxidation concomitant with an increase in lactate dehydrogenase(LDH ) 
release from primary rat hepatocytes [9,17].  Later work indicated a biphasic response in 
cellular glutathione levels in primary rat hepatocytes exposed to MC–LR [17]. Sky 
Herman et al [19] showed that hydrophobic antioxidants provide some protection against 
lethal dose of MC–LR. Lycopene was defined as a nonvitamine active carotenoid that 
has high oxygen radical scavenging and quenching capacity [20].  It is very beneficial in 
the tissue to reduce the risk of adverse oxidative reactions that produce hydroxy radicals 
and peroxides [14, 21]. 

Selenium is another antioxidant that appears to have a protective effect against 
oxidative stress when provided prior to exposure to pro-oxidant [9, 22]. Selenium 
supplementation has been shown to increase the activity of the selenoenzymes, 
glutathione peroxidase (GPX) and thioredoxin reductase [23], both are important in the 
reduction of lipid peroxides hydro. 

The aim of this study is to investigate the role of each of selenium and lycopene 
pretreatment on MC–LR induction of liver injury in mice. 

Materials and Methods  

Chemicals 

All chemicals used in this study were purchased from Sigma Co., otherwise 
indicated. All the chemicals were of analytical grade. 

Animals 

Five to seven weeks old male albino Balb/c mice (average weight 30 g.) were used 
in this study. All animals were maintained under controlled conditions and on diet ad 
labium and water in the animal house unit at Yarmouk University. 

Microcystis cells 

Microcystis aeruginosa cells were collected from selected sites of King Talal 
Reservoir during June, July, August and September of 2003 (twice a month). Isolated 
cells were cultivated in a culture medium as recommended by Lehtimaki [24]. 

Toxin extraction 

The toxin was extracted from the freez-dried cells using the method of Gehringer et 
al [9].  
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LD50 determination  

The LD50 of the toxin extract was determined according to the up – down method of 
Farwell et al [25], which reduces the number of mice used and the quantity of toxin 
required. 

Toxicological studies 

Thirty mice were divided into six groups (five mice each). Group 1 was the control 
group with mice receiving neither toxin nor selenium or lycopene supplementation; 
group 2 received selenium supplementation (1.5 µg of sodium selenite / mouse /day) for 
two weeks prior to sacrification; group 3 received lycopene supplementation (10 mg/ 
mouse/day) for two weeks prior to sacrification; group 4 received a single i.p. dose of 
toxin (75 µg/kg); group 5 received toxin  (same amount) after two weeks of selenium 
supplementation (same amount given to group 2) and group 6 received the same amount 
of toxin after two weeks of lycopene supplementation (same amount given to group 3). 
All toxin –treated mice were sacrificed 24 h. after injection of the toxin.  The blood was 
collected and the serum stored at – 70Co for alanine transaminase (ALT) determination, 
while the liver was perfused with Hanks buffered saline to remove excess blood. Liver 
tissues were homogenized using (Ultra Turrax homogenizer ) in buffer ( 0.01 M Tris – 
HCl  pH7.8, 0.2 mM Dithiothreitol (DTT) and protease inhibitors : (7.5 mM PMSF , 2.5 
mM EDTA, 3.25 µM bestatin, 2.5 µM eupeptic and 0.75 µM apoprotinin). The 
homogenate was centrifuged and the supernatant stored at -70oC for the glutathione-S-
transferase (GST) and glutathione peroxidase (GPX) assays. 

ALT and lipid peroxide determination 

ALT was determined in the serum sample and lipid peroxide in the liver sample 
were performed according to Gehringer method [9]. 

Glycogen assay 

A 0.5 g section of liver was homogenized in 1 ml of distilled water [26]. The 
homogenate was diluted and added to 0.2% anthrone reagent, boiled for 10 min and read 
at 620 nm as previously reported [27]. 

GST and GPX determination 

GST assay and GPX determination were carried out according to the method 
recommended by Gehringer et al [9]. 

Protein phosphates (PP1) activity 

Protein phosphates (PP1) activity was determined by measuring the rate of colour 
production from the dephosphorylation of para-nitro-phenolphosphate (ρ NPP) substrate 
as a function of time using the micro titer plate reader according to Ane and Carmichael 
method [28]. 
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Results 

The results showed that the liver weight (as % of body weight) increased 
significantly (6.68) in toxin-treated mice ( without any supplementation) ( group 4 ) 
when compared with non-toxin treated control groups ( group 1, 2 and 3 ).The weight 
decreased significantly in groups that were toxin-treated with selenium or lycopene 
supplemented ( groups 5 and 6 ) as shown in Table (1). 

In this study we found that the approximate intraperitoneal LD50 of the microcystin 
(from M. aeruginosa of King Talal Reservoir) extract for the Balb/c mice was 56 µg 
toxin/ kg mouse. Therefore, as recommended by earlier workers [10], the toxin dose 
75µg/kg body weight, which is expected to kill all experimental mice, was chosen for 
further experiments. 

The average serum ALT levels per ml were calculated as shown in Table (1). The 
average ALT value for the experimental group 4 which received toxin without any 
supplementation showed a significant increase (p≤ 0.05).  The ALT values decreased in 
those groups received supplementation especially in case of group 6 which received 
lycopene. 

All livers of control groups (1, 2 and 3) contained normal levels of glycogen, while 
toxin-treated group (group 4) showed a decrease in liver glycogen level. Group 5 and 6 
(selenium and lycopene supplemented mice receiving toxin) showed a smaller decrease 
in the amount of glycogen in the liver (18.80 mg/g liver and 20.22 mg/g liver, 
respectively) than mice in group 4 not receiving supplementation (7.66 mg/g liver) as 
shown in Table (1). 

The average of thiobarbituric acid (TBA) values were calculated and plotted as 
shown in Table (1).  The average TBA value for experimental group (group 4) treated 
with toxin showed a significant increase (p ≤ 0.05) in lipid peroxidation levels when 
compared with control groups (group 1, 2 and 3). In contrast, toxin-treated groups ( 
group 5 and 6 ) receiving supplementation at 1.5 µg selenium / mouse/ day , or 10 mg / 
mouse/day lycopene showed significantly lower values( p≤ 0.05) than the toxin-treated 
group receiving no supplementation (Table 1). 

The average GST levels per ml of liver homogenate are as shown in table (1).  The 
levels were significantly lower in toxin-treated mice (group 4) than the control ones, and 
significantly increased in toxin-treated mice with the supplementation of either selsnium 
(group 5) or lycopene (group 6). In comparison with the other groups, the levels of the 
GPX activity were increased after supplementation of either selenium (group 2) or 
lycopene (group 3). 

Discussion  

In the present study we have confirmed the identity and bioactivity of the isolated 
toxin that have been reported before [16].  To avoid differences that may result from sex, 
only male mice were used. The i.p. LD50 for this toxin when given to Balb/c mice was 
found to be within the range reported in the literature [10]. The signs of toxin – induced 
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injury such as hemorrhage, cell death, and apoptosis were observed [3, 9, 11, and 25].  
The expected biochemical changes in serum ALT, liver glycogen content, TBA values, 
GPX and GST activities were also observed in our study. 

In our results, less severe liver damage was observed in groups 5 and 6 
(supplemented with selenium and lycopene, respectively) than that occured in group 4 
(toxin control). In the latter  group, the wt. of the liver inceased as shown in table (1)  
which confirms the occurrence of liver damage, and thus led to the accumulation of 
fluids [11]. Further support for the ability of selenium or lycopene to protect the liver 
from toxin injury was observed in the favorable changes in the biochemical markers 
serum ALT, liver glycogen content, TBA values, GPX and GST activities with selenium 
or lycopene treatment prior to toxin administration.   

It was shown before [14] that MC-LR was a strong Reactive Oxygen Species 
(ROS) inducer in hepatocytes of rat because of cytoskeleton disruption and 
mitochondrial alterations. It has been well documented that ROS can affect the 
microtubules, intermediate filaments and microfilaments organization due to their ability 
to oxidize the cytoskeleton proteins or disturb the intracellular thiol balance [14, 29].  
Ding et al [18] showed that the disruption of the cytoskeleton led to the ALT leakage, 
suggesting that the disruption of the cytoskeleton could have played a crucial role in 
microcystin- induced hepatotoxicity.  

Our results showed a significant decrease in glycogen in the liver of toxin control 
mice (group 4) when compared with other groups (Table 1). MC-LR is known to cause 
the depletion of glycogen in the liver, possibly via the direct inhibition of glycogen 
synthase an indirect activation of glycogen phosphorylase [9, 30]. 

In this study, it was shown that the levels of lipid peroxidation were increased in 
toxin-treated mice (group 4) as reflected in increased TBA values because of the severe 
liver damage, necrotic change, hemorrhaging, and apoptosis [17, 31, 32]. These levels 
were decreased in group 5 and 6 (supplemented with selenium and lycopene 
respectively), presumably via the ability of selenium and lycopene to quench free 
radicals. 

A significant decrease in liver GPX activity was observed in toxin-treated mice 
(group 4), while the activity of GPX in selenium control (group 2) and lycopene control 
(group 3 ) were significantly high comparing with other groups as shown in Table 1. 

Our results showed increased level of GST activity in toxin-treated mice (group 4) 
which confirms the work of Pietsch et al [33].  GST is a phase II detoxification enzyme 
known to be involved in the detoxification of MC-LR [34]. It was found by [9, 35] that 
the inhibition of GST occurs by increased level of lipid peroxidation (Table 1). Stahl and 
Sies [36] indicated that lycopene is an a cyclic carotenoid containing a conjugated 
double bonds arranged in the all-trans form, thus, it acts as antioxidant through physical 
and chemical quenching of singlet oxygen and traps peroxyl radicals. Therefore, it can 
be concluded that selenium and lycopene taken as a dietary supplement could confer 
some protection against MC-LR in contaminated water sources. Finally, the relation 
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between the enzyme glutathione peroxidase, glutathione reductase and catalase needs 
further experimentation. 

  دور السيلينيوم والليكوبني في حماية الفئران من التسمم باملايكروسستني
  

  سعد الجسابي وأحمد خليل
  

  ملخص

 للتأكـسد  السيلينيوم والليكوبين كمواد مانعة إلضافة المفيدة   اآلثار استقصاء   إلىهدفت هذه الدراسة    
تــــم اســـتخالص ســــموم  ولقـــد  .  فـــي التقليــــل مـــن ســــمية المايكروســـستين فـــي الكبــــد    نغـــذاء الفئــــرا  إلـــى 

 المزرقة من نوع المايكروسستس اريجنوزا الموجودة فـي ميـاه سـد             –ستين من البكتريا الخضراء     رالمايكرو
 مــن األولــى المجموعــة إعطــاءتــم  فقبــل حقــن فئــران التجــارب بجرعــات مــن المايكروســستين،  . الملــك طــالل

 أعطيـت  المجموعـة الثانيـة، فقـد      أمـا ). يا ميكوغرام لكل فار يوم    1.5(ساالنايت الصوديوم    الفئران جرعة من  
ولقـد بينـت النتـائج التـي تـم الحـصول عليهـا        .  ميلليغرام لكل فـار يوميـا  10اليكوبين وللفترة نفسها وبتركيز   

 هــذا النــوع مــن  تــأثير تزويــد غــذاء الفئــران بهــذا المقــدار مــن الــسلينيوم قــد منحهــا بعــض الوقايــة مــن      أن
    . السموم 

 مــرات أربــع مــضادة لــسمية مــادة المايكروســستين تبلــغ  تــأثيراتمــادة الاليكــوبين  أظهــرتوبالمقابــل ، 
 يــتم أنوبمقارنــة النتــائج التــي حــصلنا عليهــا مــن الفئــران التــي حقنــت بالــسم بــدون  .  الــسيلينيومتــأثير بقــدر

   كـل مـن الـسيلينيوم والاليكـوبين علـى التقليـل مـن       تـأثير ، لوحظ وبشكل واضـح    أكسدة اى مضادات    إعطائها
 االالنــين تــرانس امينيــز فــي  أنــزيم الكبــد وذلــك بانخفــاض مــستويات  ألنــسجة المتلــف نستيســالمايكرو تــأثير

ل ص منـع تحـرر الكاليكـوجين مـن الكبـد والـذي يحـ             إلـى  إضـافة  الليبيـدات    أكسدةمصل الدم، وكذلك مستوى     
يز فـي الكبـد عقـب حقـن      الكلوتاثايون بيروكسيدأنزيم زيادة مستوى نشاط إنكما . عادة بسبب  تلف الكبد    

 إلـى  غـذاء كـل منهـا قـد يـشير      إلـى  الاليكـوبين  أو كـل مـن الـسيلينيوم    إضـافة السم  في حالة الفئران التي تم   
 .       كل منهما في حماية الفئران من هذه السموم لتأثير المحتملة اآللية

References 
[1] Carmichael W.W., The toxins of cyanobacteria. Sic. Am. 270(1994)78 – 86.  

[2] Monserrat J.M., Yunes J.S., and Bianchini A., Effect of Anabaena spiroides 
(Cyanobacteria) aqueous extracts on the acetylcholinesterase activity of aquatic species. 
Environ. Toxicol. Chem. 20 (6) (2001) 1228 – 1235. 

[3] Oberholster P.J., Botha A.M. and Grobbelaar J.U., Microcystis aeruginosa; source of toxic 
Microsystems in drinking water. African J. Biotechnology. 3(3) (2004) 159 – 168. 

[4] Carmichael W.W., Cyaobacterial secondary metabolites. The cyan toxins. J. Appl. 
Bacteriol. 72 (1992) 445 – 459.    

[5] Dawson R.M., The toxicology of Microsystems. Toxicon 36 (1998) 953 – 962. 



The Role of Selenium and Lycopene in the Protection of Mice Against Microcystin Toxicity 

 
55

[6] Baldia S. F., Conaco C.G., Nishijima T., Imanishi S. and Harada K.I., Microcystin 
production during algal bloom occurrence in Laguna de Bay, the Phillipines. Fisher. Sci. 
69 (2003) 110 – 116.  

[7] Mazur H. and Plinski M., Nodularia spumigena  blooms and the occurrence of hepatotoxin 
in the Gulf of Gdansk.  Oceanol. 45(1) (2003) 305 – 316. 

[8] Eriksson J.E., Groberg L., Nygard S., Slotte J.R. and Meriluoto J.A.O., Hepatocellular 
uptake of 3H- dihydromicrocystin-LR, a cyclic peptide toxin. Biochem. Biophys. Acta 
1025 (1990) 60 – 66. 

[9] Gehringer M.M., Downs K.S., Downing T.G., Naude R.J. and Shephard E.G., An 
investigation into the effect of selenium supplementation on microcystin hepatotoxicity.  
Toxicon 41(2003) 1 – 8. 

[10] Yoshida T., Makita Y., Nagata S., Tsutsumi T., Yoshida F., Sckijima M., Tamaru S.L. and 
Ueno Y., Acute oral toxicity of MC – LR, a cyanobacterial hepatotoxin in mice. Nat. 
Toxins 5(1997) 91 – 95. 

[11] Ding W.X. and Ong C.N., Role of oxidative stress and mitochondrial changes in 
cyanobacteia – induced apoptosis and hepatotoxicity. FEMS Microbial. Lett. 220(2003) 
1–7. 

[12] Hummert C., Reichett M. and Luckas B., New strategy for the determination of 
Microsystems and diarrheic shellfish poisoning ( DSP) toxins, two potent phosphates 1 and 
2A inhibitors and tumor promoters. Fresenius J. Anal. Chem. 366 (2000) 508 – 513. 

[13] Kearns D. and Hunter M.D., Green algal extra cellular products regulate antialgal toxin 
production in cyanobacterium. Environ. Microbial. 2(3) (2000) 291 – 297. 

[14] Ding W.X., Shen H.M. and Ong C.N., Critical role of reactive oxygen species formation in 
microcystin- induced cytoskleton disruption in primary cultured hepatocytes. J. Toxicol. 
Environ. Health  64 (2001) 507 – 519. 

[15] Baker J.A., Entsch B., Neilan B.A. and McKay D.B., Monitoring changing toxigenicity of 
a cyanobacterial bloom by molecular methods.  Appl. Environ. Microbiol,  (2000).  

[16] Taha A.M., Biochemical and cytological studies on the cyanobacterial toxin (microcystin-
LR) isolated from Microcystis blooms in King Talal Reservoir. M.Sc. Thesis, Yarmouk 
University, Irbid, Jordan, (2003). 

[17] Ding W. X., Shen H. M., Zhu H. G. and Ong C. N., Studies on oxidative damage induced 
by cyanobacterial extrac in primary cultured rat hepatocytes. Environ. Res. 78(1998) 
12– 18. 

[18] Ding W.X., Shen H.M., Zhu H.G. and Ong C.N., Microcystic cyanobacteria  extract 
induces cytoskeletal disruption and intracellular glutathione alteration in hepatocytes. 
Environ. Health Perspect. 108 (2000) 605 – 609.  

[19] Herman sky, S.J., Stohs S.J., Eldeen Z.M., Roche V.E., and Mereish K.A., Evaluation of 
potential chemoprotectants against microcystin – LR hepatotoxicity in mice. J. Appl. 
Toxicol. 11 (1991) 65 – 74. 

[20] Beecher G.R., Nutrient content of tomatoes and tomato products. Proc. Soc. Exp. Biol. 
Med. 218(2) (1998) 98 – 100.   



Al-Jassabi and Khalil 

  
56

[21] Agarwals S. and Rao A.V., Tomato lycopene and its role in human health and chronic 
diseases. Can.Med.A.J. 163 (6) (2003) 739 – 744. 

[22] Cheng W.H., Fu Y. X., Porres J. M., Ross D.A. and Lei X. G., Selenum Dependent 
cellular glutathione peroxidase protects mice against a pro-oxidant-induced oxidation of 
NADPH, NADH, lipids and proteins. FASEB J. 13 (1999) 1467-1475. 

[23] Arteel G. E. and Sies H., The biochemistry of selenium and the glutathione system. 
Environ. Toxicol. Pharmacol. 10 (2001) 153 – 158. 

[24] Lehtimaki J., Characterization of cyanobacterial strains originating from Baltic sea with 
emphasis on Nodularia and its toxin, nodularin, Acad. Ph.D. Dissertation. University of 
Helsinki (Finland), (2000). 

[25] Fawell J.K., Mitchell R.E., Everett D.J. and Hill R.E., The toxicity of cyanobacterial toxins 
in the mouse: microcystin – LR. Hum. Expt. Toxicol. 18 (1999) 162 – 167. 

[26] Hassid W.Z. and Abraham S., Chemical procedures for analysis of polysaccarides. 
Methods in Enzymology 3(1957) 34 – 36. 

[27] Pyo D. and Lee S., Rapid purification of MC – LR using supercritical fluid extraction and 
flash chromatography. Anal. Lett. 35(9) (2002) 1591 – 1602. 

[28] An J. and Carmichael W.W., Use of colorimetric protein phosphates inhibition assay and 
enzyme linked immunosorbent assay for the study of microcystin and nodularin. Toxicon, 
32 (1994) 1495 – 1507.  

[29] Fiorentini C., Falzono L., Rivabene R., Fabbri A. and Malorni W., N-acetylcysteine 
protects epithelial cells against the oxidative imbalance due to  Closteridium dillicite 
toxins. FEBS Lett. 453 (1999) 124 – 128. 

[30] Wera W. and Hemmings B.A., Serine/ threonine protein phosphatases. Biochem. J. 311 
(1995) 17 – 29. 

[31] Takenaka S., Covalent  glutathione conjugation to cyanobacterial hepatotoxin microcystin 
– LR by F344 rat cytosolic and microsomal GST. Environ. Toxicol. Pharmacol. 9(2001) 
135 – 139. 

[32] Falconer I.R., Toxic cyanobacterial bloom problems in Australian waters: risks and 
impacts on human health. Phycol. 4 (2002) 228 – 233. 

[33] Pietch C., Wiegand C., Ame M.V., Nicklisch A., Wunderlin D. and Pflugmacher S., The 
effect of cyanobacterial crude extract on different aquatic organisms: evidence for 
cyanobacterial toxin modulating factors. Environ. Toxicol. 16 (2001) 535 – 542. 

[34] Pflugmacher S., Wiegand C., Oberemm A., Beattie K.A., Krause e., Codd G.A. and 
Steinberg C.E.W., Identification of enzymatically formed glutathione conjugate of the 
cyanobacterial hepatotoxin MC – LR; the first step in detoxification. Biochem. Biophys. 
Acta 1425 (1998) 527 – 533.  

[35] Harris C.M. and Stone W.L., The effects of in vitro lipid peroxidation and on the activity 
of liver microsomal GST from rats supplemented or deficient in antioxidants . Life Sci. 42 
(1987) 415 – 420. 

[36] Stahl W. and Sies H., Vitamins E and C, beta – carotene, and other carotenoids as 
antioxidants. Am. J. Clin.Nutr. 62 (1996) 1366 – 1378. 



The Role of Selenium and Lycopene in the Protection of Mice Against Microcystin Toxicity 

 
57

Table 1: Summary of the biochemical effects of selenium and lycopene supplementation in 
Balb/c mice receiving single lethal dose of microcystin. 

 Group 1 

( saline ) 

  (1) 

Group 2 

(selenium  

control) 

Group 3 

(lycopene 

control) 

Group 4 

(toxin  

control) 

Group 5 

(selenium 

+ toxin) 

Group 6 

(lycopene 

+ toxin) 

Liver( % 

Body wt.) 

 4.22±0.117 

  (2) 

4.39±0.105 4.52±0.077 6.68±0.022 4.40±0.064 4.32±0.066 

 ALT 

(U/ml) 

 0.68±0.004  0.44±0.002 0.39±0.006 3.16±0.015 0.53±0.006 0.42±0.006 

Glycogen 

( mg/g) 

20.40±0.198 22.50±0.188 23.30±0.108 7.66±0.099 18.81±0.117 20.22±0.109 

TBA  

Values (3) 

0.020±0.001 0.023±0.006 0.022±0.002 0.052±0.004 0.027±0.001 0.024±0.001 

GPX 

Activity 

( U/ml ) 

1.84±0.008 6.22±0.079 7.88±0.062  1.27±0.008 2.28±0.035 2.08±0.022 

GST  

Activity 

(U/ml) 

20.05±0.166 37.8±0.011 38.08±0.198 46.66±0.208 32.22±0.221 36.89±0.217 

(1) Each group consists of 5 mice. 

(2) Values represent the means± standard errors of the mean of two experiments. 

(3) Values read spectrophotometrically according to Gehringer et al.[9].  
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Abstract 

Geoelectrical and hydrochemical investigations were carried out in the Hallabat 
area, north of Jordan, to study the groundwater salinization, and to assess the quality of 
groundwater for its suitability for domestic and irrigation purposes. The area falls under 
a semi-arid climate and water extraction is from basalt and limestone. Interpretations of 
electrical survey data show that a low resistivity layer is present at depths ranging from 
55 – 130 m, with lowest resistivity values (less than 20Ω.m) and highest depth found at 
the central part of the study area. The data also show the continuity of this layer to the 
surface which reflects the role of irrigation return flow for salinity build up. Chemical 
analyses of the groundwater samples show that, the mean concentration of the cations is 
in the order Na+ > Ca²+ > Mg²+ > K+ while for anions is in the order Cl ¯ > HCO3¯ > 
SO4²¯ >NO3¯. Three major water types occur in the study area namely alkaline earth 
waters with increased portion of alkalies with prevailing chloride which is characterized 
by high concentration of chloride and represents 61.9%, alkaline waters with prevailing 
chloride which represent 33.3%, and alkaline earth waters with prevailing chloride 
which represent 4.8%. High TDS levels accompanied with high nitrate levels were 
observed in water from private wells in the cultivated land. The pollution with respect to 
NO3¯, Cl ¯, which are the main sources for salinity build up, is mainly attributed to the 
extensive use of fertilizers, and excessive pumping from private wells. Most of the 
sampled water is not suitable for drinking purposes due to the high NO3¯ content. It can 
be used for irrigation purposes as the sodium hazard is low but it needs treatment to 
reduce salinity that ranges from medium to very high hazard.  

Keywords: geoelectrical, hydrochemical, pollution, Hallabat, Jordan, Amman 
Formation, Wadi Es – Sir Formation, Basalt. 
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Introduction 

The study area forms a part of the Hallabat catchment area which is, 
hydrogeologically, considered as a part of the Zarqa Basin. 

The investigation of this area is important due to: Its large population, the wide 
distribution of its cultivated land which is considered as one of the major irrigated areas 
in Jordan, its high rates of groundwater recharge, the industrial activities, and the 
importance of shallow aquifers consisting of Upper Cretaceous cherty and calcareous 
rocks, and Upper Tertiary and Quaternary basaltic rocks. 

Groundwater abstraction from both private and government wells in the study area 
began early 1960s. Agricultural activity is the major groundwater user in this area. 
Continual withdrawl has resulted in problems such as regional decline of groundwater 
levels and degradation of water quality. With passage of time salt concentration in the 
water increased and became a real problem facing the domestic uses and irrigation in this 
area.  

The study area (Fig. 1), is located in the northern part of Jordan, some 45 km to the 
northeast of the capital city Amman, it forms a part of the Hallabat catchment area.  It is 
defined by the coordinates E 277 – E 285 and N 1165 – N 1172 (Palestine Grid, PLG). 

Many geological, hydrogeological, hydrochemical, environmental, and geophysical 
studies were carried out on the study area for different purposes since the sixties of the 
last century: 

 
Fig.1: Location map of the study area. 
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Mac Donald et al, [1-3] and Abu Obeid [4,5] studied the water resources in the 
northeastern part of Jordan including the study area. They found that the water is of good 
quality and can be used for irrigation and the lowering of water table in this area to 
overpumping. 

Al – Zabet [6] conducted a study of two – dimensional finite element model for 
groundwater flow of Dhuleil – Hallabat region. This model was run using the water level 
of 1992 as a base level and with            a pumping rate of 30 MCM/a to predict the 
fluctuation of the water levels in 2012. He found that the drawdown will be 8 meters in 
1992 and will reach up 13.25 meters by 2012. 

Salameh [7] investigated the water quality degradation in different areas in Jordan 
including the study area and Bajjali [8] studied the building up of salinity in groundwater 
over time in Dhuleil, Hallabat and Samra areas to the west of the study area. they found 
that changes in the groundwater quality in Dhuleil area are attributed mainly to irrigation 
return flows and to salinization of aquifers as a result of overpumping  and also the 
infiltration of the semi-treated waste water of Khirbet Es-Samra into the aquifer. 

 Al-Bis [9] applied aeromagnetic, gravity, electrical resistivity (VESs), 
electromagnetic (VLF) methods on the upper aquifer system to the west of the study area 
to study the subsurface structures to determine the relationship between structures and 
groundwater movements. 

The present study aims at determining the depth and chemical characteristics of the 
groundwater, the areal water – quality distribution and the factors that affect the water 
quality in the study area. 

Methodology 

The present study involves geoelectrical measurements and hydrochemical 
investigations. 

The geoelecrical resistivity survey in Hallabat area was carried out in  Septemper 
2003. All measurements were taken using an ABEM- Terrameter SAS- 300B of the 
Department of Geology, University of Jordan.  

The survey is of Vertical Electrical Sounding (VES) type. This configuration is 
widely used to measure vertical changes in the resistivity of the subsurface rocks below 
given points on the earth’s surface. A sum of 12 VES profiles was conducted with half 
spacing between current electrodes ranging between 400m to 800m (Fig.2).  

The maximum separation of current electrodes was affected by the accessibility 
situation.  
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Fig. 2:  Distribution of all vertical electrical sounding ( VES) in the study area. 

For hydrochemical investigation twenty one water samples from twenty one 
production wells were collected in October, 2003. These samples were taken after 
operating the wells of about 2 – 4 hours. The samples were stored in clean polyethylene 
bottles, that have been washed by diluted HCl and by distilled water in the laboratory. In 
the field, the bottles are well washed by sampled water, adequately labeled and 
preserved in the refrigerator until they were taken to the laboratory for chemical analysis. 

   pH and electrical conductivity (EC) values were measured in the field using pH- 
meter and EC-meter respectively.  

The coordinates of the wells (Fig. 3) were measured in the field by using  
Maggellan Global Positioning System (GPS). 

The laboratory analyses of the collected groundwater samples were performed in 
the laboratories of the Yarmouk University.  

The determination of chloride (Cl¯) and Alkalinity which is related to bicarbonate 
(HCO3¯) was determined by titration. Sulfate (SO4²¯) and Nitrate (NO3¯) determination 
were done by spectrophotometery . 
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Determination of the major cations Ca²+, Mg²+, K+, and Na+ were done by using 
atomic absorption spectrophotometer (ASS).  

 
Fig. 3: Distribution of studied wells in the study area. 

stratigraphy 

The area east of Mafraq-Azraq-Wadi Sirhan referred to as the northeastern desert of 
Jordan comprises two morphological units, the first is the NE Basalt Plateau and the NE 
Limestone plateau (Fig.4). The Northeastern Limestone Plateau extends from the eastern 
margin of the basalt plateau with elevations of about 625 m (a.s.l) in the WNW to more 
than 800 m (a.s.l) in the ENE. 

The rocks exposed in the area consist mainly of limestone, marl, chalk, and 
alluvium, and volcanics ranging in age from Late Cretaceous to Recent, and belong to 
Ajlun, Belqa and Plateau Groups [2,10].    

Ajlun Group 

Only the Shueib and Wadi Es-Sir Formations are exposed in the study area. The 
Shueib formation is exposed in the southern part of the study area. It consists of yellow, 
brown, blue – grey and black marl, containing  
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Fig.4: Geology of the study area (as coated from Bajjali, [8]). 

Sometimes pyrite, with marly limestones and occasional thin crystalline and shelly 
limestone. its thickness reaches more than 50 meters [11]. The Wadi Es-Sir is Turonian 
age. It consists of grey, white and pinkish crystalline limestone overlying 
porcellanceous, marly and chalky limestone. The massive limestone forming the top 20 
meters of the formation shows open jointed and strongly developed karstic weathering in 
outcrop [11]. There is transition into the underlying Shueib Formation. Its thickness 
ranges between 70 and 110 meters. 

Belqa Group 

The lower lying Umm Ghudran Formation (B1) consists mainly of white and pink 
chalk, marl and occasional marly limestone with a total thickness between 15 and 35 
meters [2,4]. 

The younger Amman Formation (B2) consists of chalk, marl, massive chert, with 
relatively thin, white crystalline and shelly limestone. Only the lower part of this 
formation is exposed. However, its whole thickness is estimated to be 47 meters [12]. 

Plateau Group 

Plateau Group of Early Eocene to Late Pleistocene age, comprises the Older 
Alluvial Formation, the basalt, and the Younger-Recent Alluvium[2]. 

The Older Alluvial formation underlies the oldest basalt flow and is intercalated 
with the different younger basalt flows. It consists mainly of silts and clays in addition to 
gravels. 
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The basalt appears in massive, vesicular, and amygdaloidal texture, and with 
occasional scoriaceous zones. A petrological study of the basalt indicates that the 
basaltic flows in Jordan are in general similar, differences in mineralogical composition 
have been found. The rocks consist essentially of ( 42 to 68%) plagioclase , 25% olivine, 
9 to 23% pyroxene, and  2 to 9%  magnetite, with calcite as a very common secondary 
mineral [13]. 

The basalt flows separated by paleosoil and alluvial deposits consist of grey, brown, 
silty clays, with limestone and chert fragments and also beds of volcanic ash. There are 
six lava flows in north Jordan [13]. The characteristics of each flow differ texturally 
from one to other. The thickness of the basalt ranges between less than 50 meters in the 
western part of the study area to  more than 100 meters in the east (Fig. 5). 

 
Fig. 5: Isopach map of the basalt in the study area ( after BGR-WAJ, [14]) 

The Younger – Recent  Alluvium Formation occurs widely over the basalt. It 
consists mainly of coarse well-cemented outwash gravels, sands, river gravels, scree, hill 
wash, and soil with limited thickness of 0 – 14 m. These deposits are hydraulically 
connected to the upper surface of water bodies and with underlying permeable beds of 
Upper Cretaceous or younger basaltic rocks. 

Structure 

Most of the structures within the sedimentary rocks are trending NE – SW. To the 
north of the study area, the structures are hidden completely beneath the basalt flows. 
Generally, the NW – SE trending tensional fractures saved as feeding dykes for the flood 
basalt which had filled the major synclinal structures plunging ESE. Drilling of 
exploration wells in the vicinity of the study area suggests the presence of a major fault, 
which is probably an easterly extension of this flexure. Drilling activities have stopped in 
most of the wells before penetrating the whole sequence of basalt so the whole structures 
are not known.  However, low dips and gentle folding the most marked structural 
features are the abrupt flexures and associated faults. 
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From the linear characteristics and extensions, the major trend of the lineaments in 
the study area is NE – SW (Fig.6). 

Two fold systems occurred in and around the study area trending NE – SW, and 
NW – SE [2]. The first fold system belongs to the Amman – Hallabat structure system, 
pronounced gentle anticline, striking NE – SW, plunge at Qaser Hallabat toward east to 
northeast under the plateau basalt [15,16] 

The second fold system occupies the southern part of the study area and strike NW 
– SE, with dip of the axial planes towards the NW. 

 
Fig. 6: Rose diagram showing the trend of the linear features delineated from landsat 

TM images for Dhuleil – Hallabat area ( After Al-Bis,[9]). 

climate 

The study area experiences a semiarid climate which is defined by hot – dry 
weather in summer and cold – humid in the winter with an average annual rainfall 
varying from 120 mm to 170 mm. The monthly average temperatures vary from 8 ºC in 
January to over 26 ºC in July, and the maximum recorded temperature was 45ºC  [1,17]. 
Rainfall occurs between October and May, the highest rainfall occurs between December 
and March, while the average annual evaporation exceeds 89 % [17]. The residual water 



Geoeletrical and Hydrochemical Investigations in the Hallabat Area, North Jordan 

 
67

forms a runoff in the valley from December to March ( e.g Wadi Dhuleil, Wadi Er-
Rukban).  

Hydrogeology 

The hydrogeology of the study area is controlled by the geological set up, which 
also controls the piezometry, occurrence and movement of the groundwater, and the 
distribution of productive areas in the aquifers. 

Three aquifer systems are  recognized in the study area: 

Wadi As-Sir Aquifer 

It is an excellent aquifer especially when it is structurally deformed parts because 
the resulting fissures and joints have been enlarged by solution. The potentiality of this 
formation depends whether the formation lies below or above the zone of saturation. The 
yield is poor to moderate ranging from 5 m³/hr to 54 m³/hr. Transmissibilities 
determined at several locations indicate generally that this formation shows poor ability 
for transmitting water. The base of this formation is about 400 meters above mean sea 
level (asl) or less (Fig. 7). There is no individual base map for A7 and B2, because there 
is a hydraulic connection between them [18]. 

 
Fig. 7: Structural contour map of the base of A7/B2 aquifer [14]. 

Amman Aquifer 

This formation underlies the basalt, and can be considered as a good aquifer, it can 
yield water readily to the wells. The Amman formation (B2) is encountered only in few 
wells. Because of the deep erosion in pre – basalt times, therefore the aquifer has 
probably limited lateral extension [11]. 
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The Older Alluvial and Basalt Aquifer 

It represents the main aquifer in the study area. The old alluvial formation lies 
below or within the basaltic sequences as interflows marker, it ranges in thickness from 
0 to 32 m. This formation can be considered as good conductor for groundwater or a 
good reservoir depending on lithology.  

The basalt is scoriaceous and jointed. A zone of scoriaceous basalt reaching a 
thickness of 45 meters is considered to be the primary aquifer. The transmissivity and 
the specific yield values are considered to be very high indicating that the scoriaceous 
zone is highly developed and uniformly jointed. High transmissivity and yield wells 
sometimes characterize the scoriaceous zone by partial or complete loss of circulation 
during drilling. The basalt aquifer is made up of a series of semi – independent channels 
or pipes, lying side by side, and it is possible to pump from one such pipe without 
affecting the other. 

Groundwater Movement 

Generally, groundwater movement depends on the hydraulic conductivity and 
hydraulic gradient. It moves from high pressure (head) to low pressure (head) to reach 
the stable condition. In figure (8) the detailed water levels map in the study area is 
illustrated, before heavy pumping started. The depth to water table varied from 20 
meters in the far west to 106 meters in the northeast [19]. The flow net configuration of 
the groundwater in the Dhuleil and the surrounding areas is highly influenced by the 
pumping history. The groundwater flows show a general trend to the south and west 
direction . 

 
Fig. 8:Groundwater flow pattern of the study area (Raikes and Partners 1972) 

Geoelectrical Survey 

The direct current (DC) resistivity method relies on the application of Ohm’s Law      
V=I*R (where  V is potential difference, I gives current, and R denotes resistance) to 
constrain the composition, structure, and/or hydrology of the subsurface. R is related to 
apparent resistivity ρa through both the path length L and the cross-sectional area A 
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through which the current flows. DC resistivity surveys are usually conducted by 
electrifying two electrodes and measuring the potential across another pair of electrodes.   

Various electrode configurations which can be used in resistivity surveying. The 
apparent resistivity ρa which is measured by the array depends on the geometry of the 
electrodes.  

 
Fig. 9:  Electrode Configurations. A) Wenner array , B) Schlumberger array.C1, C2 are 

current electrodes, and P1, P2 are potential electrodes. 

Data Processing 

The first step in the resistvity data analysis is to calculate the apparent resistivity ρa 
corresponding to each measured resistance ( ∆V/ I ) for each profile. The apparent 
resistivities ρa are calculated using the following formula which depends on the 
electrodes arrangements: 

                         ρa = K * R 

Where 

ρa   : apparent resistivity in ( Ω.m ). 

R     : Resistance in ( Ω ). 

K  : The geometrical factor which depends on the arbitarily chosen distances 
between electrode locations.  

The calculated apparent resistivities are plotted against half electrode distance 
(AB/2) on log – log papers. The utilized field layout includes changing potential 
electrodes separation (MN), so that, the field data are obtained in the form of 
overlapping segments, each segment is being for a fixed MN dipole due to 
inhomogeneities near electrodes M and N. These overlapping segments are processed to 
obtain a single continuous field curve.  
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Interpretation  

Both qualitative and quantitative methods were used to interpret the resistivity 
measurements. 

Qualitative Interpretation  

Iso- Resistivity contour maps 

The surface iso- resistivity contour map is constructed by contouring the values of 
apparent resistivities at AB/2 = 20m (Fig.10). Through the investigation of the surface 
distribution of the surface rocks and variation in the apparent resistivity of the surface 
layer, it can be noticed that, the northern part of the study area is characterized by high 
resistivity values due to presence of Quaternary basalt. To the south of the study area 
there is a sharp decrease in the resistivity values. The occurrence of inland saline surface 
waters and salt accumulations which are common phenomena in arid and semiarid 
regions as occur in the study area, is the main cause of the sharp decrease in resistivity 
values. Also three iso – resistivity contour maps were constructed for AB/2 values of 
100, 200, and 400 m (Figs. 11, 12 and 13), respectively. They show lateral variations 
values that suggest the presence of water bearing sediments. The spatial distribution of 
low resistivity zone shown on the maps indicates the observed contamination area 
clearly at the spacing AB/2, increases from 200 m to 400 m. It also shows a general 
decrease in resistivity values toward the central part of the study area. The comparison 
between these maps and hydrochemical data indicates that the variation in resistivity 
values is most probably due to the salinization of groundwater.  
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Fig.10: Iso-resistivity contour map (in Ω.m)for AB/2=20m 
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Fig.11: Iso-resistivity contour map (in Ω.m) for AB/2= 100m 
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Fig.12: Iso-resistivity contour map (in Ω.m) for AB/2=200m 
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Fig.13:Iso-resistivity contour map (in Ω.m) for AB/2=400m. 

Quantitative Interpretation  

The quantitative interpretation is concerned with calculations of the true resistivity 
and the thickness of the layers. This process depends on applying ρa and the half 
electrode spacing (AB/2). The final resistivity structures of sounding data were 
determined applying the automatic interpretation method [ 20].  

Figure. (14) shows an example of sounding curve and its interpretation in the 
northern part of the study area utilizing previously method. 

a)                                                                            b) 

    
Fig. 14: An example of sounding curve (a), and its interpretation (b) in the northern part 
of the study area. 
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Representations of the Quantitative Interpretation 

This is achieved by drawing a contour map between the sounding stations which are 
distributed along two profiles at different directions. There are some geologic 
informations that were obtained from drilled boreholes but most of the boreholes are 
quite distant from the sounding point and the circumference of the study area. Therefore, 
these informations were considered as background geological information, incorporated 
in interpretation of sounding data. Following is a description of the geoelectric sections: 

Geoelectric section (A – A¯ ) 

Seven ( VES’s) were measured along this section ( Fig. 2), nearly in N – S 
direction. The length of this profile is about 6.5 km starting at sounding VES-1 ( about 
200m north to the well AL 2597) and ending almost east of Hallabat ( 100m west of well 
AL 1093). 

Interpretation of geoelectrical section (Fig.15) indicates that the first layer has 
resistivity values of about 5 – 519 Ω.m and extends to about 1 m – 19 m depth from the 
surface; it is interpreted as top soil. The resistivity values tend to decrease with depth 
beneath all VESs of this section except VES-1. This may be attributed partly to the dry 
nature of the surface and partly because of the presence of fresh water that is just added 
to the cultivated land. The high resistivity values were found in the northern part of the 
study area beneath VES-1 which can be attributed to the presence of Quaternary basalt. 
The second layer stretching between VES-1 and VES-3 has resistivity values between    
34 – 248 Ω.m with thickness of 14 m – 78 m; it can be related to basalt intercalated with 
clay beds. 

The third layer reveals a low resistivity value that decreases with depth to 16 Ω.m 
and a thickness of about 40 – 70 m. This zone correlates with fractured limestone 
saturated with saline water. The conductive layer overlies the moderate resistive layer 
which has resistivity values that increase with depth in the range 50 - 180 Ω.m. This 
layer seems to correlate probably with hard crystalline limestone. The low resistivity 
zone which corresponds to the salinization is especially thick in the central portion of the 
survey lines, as it is shown clearly beneath VES-4 and VES-5. 
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Fig.15: Geoelectrical cross – section A – A¯ . 

Geoelectric section (B – B¯ ) 

Five geoelectric soundings were measured along this profile ( Fig.2) in the N – S 
direction. The length of this section is about 4.5 km. The profile starts at  VES-8 about  
200m east of well AL 1111 and ends at VES-12. 
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The resistivity and thickness of the layers are illustrated in  ( Fig.16). The 
interpreted layers differ from the northern part towards the southern part of the study 
area. The analysis of this section reveals that the first layer has resistivity values in the 
range 3 – 95 Ω.m, it extends to  about 4.1–14m depth from the surface, and can be 
related to top soil. The resistivity values of this layer decrease with depth; this can be 
attributed to the dry nature at the surface. Near the surface the soil contains fresh water 
without dissolved salts which increase during the movement of return flow downward. 
Because wells in this area are found in cultivated land, top soil contains a large quantity 
of water. Therefore, a correlation between top soil  and sounding data and boreholes data 
is difficult. In the northern part of this section, the second layer between VES-9 and 
VES-10 has resistivity values of about 25 – 135 Ω.m with thickness of 20 – 81 m, it is  
considered as basalt interbedded with clay. The resistivity of the third layer ranges from 
13 – 40 Ω.m. This value seems to be low compared to the ordinary rock types in the 
study area. This seems to result from the presence of saline water. The evidence of 
salinization of water is clearly shown in the interpretation of VES-9. In this 
interpretation, the layer of low resistivity extends to depth exceeding 130 m. In the 
fourth layer there is a continous increase in resistivity values, which exceed 160 Ω.m, it 
can be correlated with  water unsaturated basalt water in the northern part and massive 
limestone toward the southern part. 

Comparing the two geoelectrical sections, the overall resistivity structures are 
somewhat similar and reveal clearly the continuity to the surface which leads to the 
increase of water salinity due to the irrigation return flow especially in the central 
portion of the study area. 

The extent and magnitude of groundwater salinization occurs at variable depths and 
also has variable resistivity values. The depth of this layer varies from 40 m to more than 
130 m with resistivity values in the range   13 Ω.m to 72 Ω.m ( Figs. 17 and 18 ), 
respectively. 
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Fig. 16: Geoelectrical cross – section B - B¯ 

The low resistivity layer (Fig.18) extends in two main zones with different depths. 
The first zone covers extensive parts of the area specially the central part and extends to 
the southeast with depth ranging between 90 – 130 m; it is characterized  by the lowest 
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resistivity values 19 – 30 Ω.m (Fig. 17). The  second zone is located in the southwestern 
and northeastern parts with depth ranging between 30 – 70 m.  
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Fig.17:Depth to  low resistivity layer (in m). 
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Fig.18:Isoresistivity contour map (in Ω.m )for the low resistivity layer. 
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Hydrochemistry 

The conditions of population growth, industrial, irrigation and other human 
activities (addition of fertilizers, biocides …etc) lead to increase of water demand as well 
as deterioration of water quality. An example is the chemical fertilizers that dissolve in 
the irrigation water and may end up in the aquifer. accordingly, the quality of 
groundwater would be affected. This results in a major increase in cations and anions 
contents in water. 

The determination of the quality of groundwater is essential for assessing the 
suitability of water for the various drinking, domestic, industrial and agricultural 
purposes. 

Some of these constituents are present in large quantities, others are secondary or 
minor. These constituents include the cations ( Na+, K+, Ca²+, Mg²+ ) and anions ( Cl¯, 
HCO3¯, SO4²¯, NO3¯ ). These ions are considered the most important parameters for 
determining the water quality.  

Results and Interpretations of Hydrochemical data 

The results of the analyses of groundwater samples are summerized in (Table 1). 
The ionic concentrations are presented in milligram per liter (mg/l). The mean 
concentration of the cations is in the order Na+ > Ca²+ > Mg²+ > K+ while for anions it is 
in the order Cl¯ > HCO3¯ > SO4²¯ > NO3¯.  

The statistical analyses were performed on the different analyzed and calculated 
parameters using MINITAB(1998). 

The Total Dissolved Solids (TDS) of water samples were found to correlate directly 
in different degrees with ions (Fig. 23).  The relationships between TDS and Cl and Mg 
are nearly perfect, with a correlation coefficient being very high at 0.984 and 0.965 
respectively. There are also strong correlation between TDS and NO3 ,Ca and Na with 
the correlation coefficients ( r ) 0.837, 0.749, and 0.883 respectively. In addition to the 
overall salinity dependence on Cl ¯ concentration, the dominance of the Cl ¯ was also 
illustrated by performing linear regression analysis of the concentration of Na+, Ca²+, and 
Mg²+ against the Cl¯ concentration, which indicates Cl ¯, Na+, Ca²+, and Mg²+ are the 
main chemical constituents and also NO3¯ that increase TDS of groundwater and the 
previous cations were present in a chloridic form (Fig.19). 
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Fig. 19: The relation between. a) Cl and TDS, b) NO3¯ and TDS, c) Mg²+ and Cl¯, d) Na 

and Cl¯, e) Ca²+ and Cl¯ (all concentrations in mg/l). 

Water Types 

The major ion compositions of twenty-one representative water analyses were 
plotted on trilinear diagram of Piper [21]. According to these plots (Fig. 20), and based 
on Langguth's [22] classification of water types, the groundwater in the study area can be 
classified into three types: 

 Alkaline earth waters with increasing portion of alkalis and prevailing chloride. 
This type is characterized by a high concentration of chloride and represents  61.9% 
from the collected water samples. 

 Alkaline waters with prevailing chloride. This type of waters represents 33.3% from 
the collected water samples. 

 Alkaline earth with prevailing chloride, which represents only 4.8% of the waters. 

These high concentrations of Cl ¯ in groundwater in the area suggest a long history 
of evaporation. 
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Fig. 20: Trilinear diagram showing the chemical composition of water, shows the 

different water types with prevailing chloride ion. 

Physical Parameters  

The measured pH – values of the water in the present study range from 7.27 to 8.24, 
thus classified as alkaline. Electrical conductivity (EC) is the ability of substances to 
conduct electrical current. The lowest measured EC value was found to be about 650 µs/ 
cm in well AL 1095, while the highest was about 3000 µs/ cm in well Al ****. 

The (TDS) in the study area vary in the range of 421.8 mg/l (in the well     Al 1095) 
to 1920 mg/l (in the well Al ****). The groundwater in the study area falls within fresh ( 
TDS<1,000 mg/l) to brakish ( TDS> 1,000 mg/l) type of water [23]. 

The salinity of all wells exhibits with Cl ¯ and NO3¯ concentrations significant and 
positive relationships, where there is a highly positive correlation between TDS – Cl¯ ( r 
= 0.984) and TDS – NO3¯ ( r = 0.925)  (Fig. 19) and can be perfectly quantified. 
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The TDS in the study area (Fig.21)  increases toward the central eastern of this area. 
This is compatible with the presence of farmland in this part, so that this increase may 
be, as also postulated by Schiffler [24], due to the excessive pumping, and it is believed 
that continued re-irrigation of the soil from the groundwater aquifer is causing a build up 
in salinity. Various techniques are used for irrigation including sprinkler and open 
channel. The latter makes the water subject to intensive evaporation. Irrigation water 
evaporating from the soil and the roots of plants precipitates salts above and below the 
soil surface. Constant irrigation from the groundwater of the same area continues to 
dissolve the accumulated salts from the soil. The salt is flushed and washed out 
repeatedly from the soil causing infiltration of the solute into the subsurface thereby 
increasing the salinity of groundwater. This practice has continued for more than three 
decades near the productive wells in the area.   

 
Fig. 21: The concentration map of TDS in the study area showing the highest 

concentration in an area extending NW – SE of the upper half of the study area. 

Chemical Parameters  

Calcium is the most abundant dissolved cationic constituent of groundwater, and is 
responsible for water temporal hardness. Ca concentration ranges from 25.3 mg/l (in the 
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well Al 1095) to 361 mg/l (in the well Al ****).  The correlation coefficient of Ca²+ 
versus HCO3¯, Na+, and Mg²+ is 0.148, 0.51, and 0.7, respectively. Therefore, the 
concentration of Ca²+ is mainly attributed to association with carbonates and to 
plagioclase and mafic minerals found in basalt [25]. Ca²+ has also high positive 
correlation coefficient with NO3¯ ( 0.892); it can be attributed to association of Ca²+ in 
fertilizers. Ca comes also from plagioclase. 

 The minimum value of Magnesium is about 18.97 mg/l in well Al 1095 and the 
maximum about 192.86 mg/l in well Al 2594. The major source of increasing 
magnesium in the groundwater is the ion exchange of minerals in rocks and soils by 
water. In volcanic rocks groundwater derives Mg²+  from the minerals like olivine and 
pyroxene.  

The concentration of sodium ranges from 68.77 mg/l (in well Al 1095) to 211.6 
mg/l (in well Al 2594). The increase of Na+ probably comes from the decomposition of 
plagioclase. An increase of sodium is also assumed to result from cation exchange of 
calcium and magnesium ions by water-rock interaction. For this reason, there is a 
positive correlation between these cations. 

K+ is considered as the minor trace cation in the groundwater; it is less than Na+, 
Ca²+, Mg²+. Potassium in the groundwater is derived salty rocks used in industry. It is 
also used as an agricultural fertilizer, this can lead to significantly higher potassium 
concentrations in groundwater below cultivated areas [26]. 

 Generally, potassium content decreases in the groundwater because it can be easily 
adsorbed by clays. The potassium analysis shows concentration of potassium ranges 
from 0.669 mg/l (in well Al 2574) to 17.6 mg/l (in well Al 2594). 

The concentration of chloride in the study area is high; it is increased many times in 
comparison with other major cations and anions. The high concentration values of 
chloride in groundwater is the result of dissolution of chloride minerals accumulated 
either in the soil due to high evaporation rate in this area, or deposited in the subsurface 
formations. It ranges from 131.35 mg/l (in well Al 1095) to 910 mg/l (in the well Al 
****). Chloride causes in concentrations above 250 mg/l corrosion, while above 400 
mg/l it causes a salty taste in water  [27].  

The high chloride concentrations suggest that the chemical character of the water is 
influenced by recharge from meteoric water, weathering and subsequent release of ions 
from soil  

Alkalinity measurements are routinely conducted as part of standard water – quality 
determintations. Typically, these values are taken to be an indication of the concentration 
of bicarbonate ( HCO3¯) or carbonate (CO3²¯) in the sample [28-31]. 

The concentration of carbonate ranges from 86.26 mg/l (in well  Al 1095) to 148.84 
mg/l (in the well Al 3286). The concentration values are high near limestone and low 
around volcanic rocks. This increase is attributed to the lithology changes. 

Sulfate is abundant in most groundwater. It enters to the groundwater through the 
weathering of sedimentary rocks which contain sulfate minerals or by dissolution of 
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evaporite deposits. Further additions of sulfate to groundwater arise from the leacheable 
sulfate from fertilizers. It may cause detectable tastes at concentrations of 300 – 400 ml/l 
[27].  

The highest concentration of sulfate was found in the well Al 2595 with about 
248.64 mg/l, while the lowest concentration was 3 mg/ l in the wells Al 2574 and Al 
1093. 

High nitrate concentrations in water supplies are potenial hazards to infant health, 
as recommended by the WHO [32]. The susceptibility of infants to nitrate has been 
attributed to their high intake relative to body weight, to the presence of nitrate-reducing 
bacteria in the upper gastrointestinal tract, and to the greater ease of oxidation of fetal 
hemoglobin [32]. 

The nitrate concentrations in the study area range from 10.83 mg/l (in the well Al 
3286) to 127.1 mg/l (in the well Al ****). The average groundwater nitrate 
concentration for the study area was 51.125 mg/l, and in ten samples out of the twenty-
one water samples ( 47.6%) exceeded the maximum permissible level making 
groundwater unsuitable for drinking purposes. The increased usage of fertilizers can be 
considered as the main source of nitrate in the study area which greatly increases the 
concentration of nitrate especially below the cultivated lands. 

Water Quality 
The purpose of this section is to characterize the waters for both domestic as well as 

for irrigation purposes.  

 Domestic purposes: 

Two parameters Total Hardness ( TH ) and WHO [33] and Jordanian standards [36] 
were used to determine whether water is suitable for domestic purposes; 

The Total Hardness (TH) is the sum of calcium and magnesium concentration. 
These ions react with soap to form precipitates. Hard water are unsatisfactory for 
household cleaning purposes, so that, water softening processes are needed for removal 
of hardness [34]. 

All wells except well Al 1095 are characterized by hard to very hard water 
according to Sawyer and McCarty [35]. The high increase in TH in the study area can be 
attributed to the dissolution of carbonate rocks and washing of soils during the 
movement of groundwater. Water with TH greater than 80 mg/l can not be used for 
domestic purposes, because it coagulates soap water. All wells have TH values greater 
than the permissible value for domestic purposes; therefore, this water need softening to 
eliminate the effect of TH.  

The results of chemical analyses are compared with the international guide lines 
limits of drinking water of the World Health Organization [33] and the Jordanian 
drinking water standard. Most well waters are unsuitable for domestic purposes due to 
the high NO3¯ and Cl¯ content, in addition to the high TDS as well.  
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Irrigation Water Criteria  

Numerous parameters are used to define irrigation water quality.  Two criteria  were 
used in this study for evaluating irrigation water quality; total soluble salt content 
(salinity hazard) and the relative proportion of sodium cations (Na+) to other cations 
(sodium hazard).   

The main problem with high sodium concentration is its effect on soil permeability 
and water infiltration. Sodium also contributes directly to the total salinity of the water 
and may be toxic to sensitive crops such as fruit trees. The sodium hazard of irrigation 
water is estimated by the sodium absorption ratio (SAR). This is the proportion of 
sodium to calcium plus magnesium in the water. The Sodium Adsorption Ratio (SAR) is 
calculated as: 

 
SAR =               Na              *  100                  ( Todd, 1980). 
                     _________ 
                   √(Ca + Mg )/2 

All ionic concentrations are expressed in milliequivalent per liter.  

High values for SAR imply a hazard of sodium replacing adsorbed calcium and 
magnesium, and this replacement is damaging to the soil structure. 

 The SAR was plotted on the USA salinity laboratory diagram in which the SAR 
appears as an index for sodium hazard (S) and EC as an index of salinity hazard (C) 
(Fig.22). The water classes according to SAR method are shown in (Table 1). The waters 
were found mostly confined in three classes of water types:  C2-S1, C3-S1 and C4-S1 
which means medium to very high salinity hazards and low  sodium alkalinity hazards. 
Medium – salinity – low – sodium waters are useful for irrigation purposes, whereas 
most of wells water in the study area has high to very high – salinity – low – sodium 
hazard and needs adequate drainage to overcome salinity problems for irrigation 
purposes. 

The sodium concentration is important in classifying the water quality, where the 
sodium content is usually expresed in terms of percent sodium which is defined 
according to Todd (1980) by the equation: 

                 Na% =          Na + K               * 100           
                               Ca + Mg + Na + K 

All ionic concentrations are expressed in milliequivalent per liter.  
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Fig. 22: Diagram for classification of irrigation waters (Richards, 1954). 

The irrigation water containing high proportion of sodium will increase the 
exchange of sodium content of the soil, affecting the soil permeability, and texture; it 
makes the soil hard to plough and unsuitable for seedling emergence. If the percentage 
of sodium is above 50% in irrigation water, calcium and magnesium exchange with 
sodium, thus causing deflocculation and impairment of tilth and permeability of soils 
[37]. A sodium percentage of more than 60% is considered unsafe for irrigation. 

The sodium content in the groundwater, is regarded as low and the water can be 
used for most crops and for irrigation on almost all soils according to the classification 
of Wilcox [38].  

Discussion 

According to the geoelectrical sections (Figures 15 and 16), the high resistivity 
values in the northern part of the study area can be attributed to the presence of 
Quaternary basalt. Comparing the two geoelectrical sections, the overall resistivity 
structures are somewhat similar, the low resistivity zone which corresponds to the zone 
of interest to us ( salinization zone) is especially thick in the central part of the study area 
( VESs 4, 5 and 9) (Figures 19 and 20), and reveals clearly the continuity to the surface 
which leads to the increase of water salinity due to the irrigation return flow especially in 
the central portion of the study area. 
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The low resistivity layer in the study area which reflects the extent and magnitude 
of groundwater salinization occurs at variable depths and also has variable resistivity 
values ( Figures. 17 and 18), respectively. The greater depth in the central part of the 
study area is most probably due to fractures ( faults) . The depth of this layer varies from 
40 m to more than 130 m with resistivity values in the range   13 Ω.m to 72 Ω.m. 

The hydrochemical investigation indicates that the water type falls within fresh to 
brakish type of water. The areal distribution of many of the dissolved chemical species, 
TDS and EC in the groundwater shows systematic variations in the centeral portion 
towards the northwest due to  the fracturing possibility in this direction. The very high 
Cl ¯ contents in groundwaters in the study area suggest a long history of evaporation, and 
the pollution with respect to NO3¯  is mainly attributed to the extensive use of fertilizers 
due to irrigation return flow. These are the two main sources for the salinity build up of 
the groundwaters in the study area. 

The hydrochemical results relatively conform with the geoelectrical results and 
reveal clearly the pattern of salinity distribution of groundwater in the study area. 

Conclusions 

The combination of interpretted electrical resistivity data and hydrochemical data 
successfully established the nature and configuration of salinization of groundwater in 
the Hallabat area. The study shows the following results: 

• The resistivity values are high in the northern and southrn parts of the study area 
and decrease gradually toward the central part. The high resistivity values in the 
northern part reflect the presence of basaltic rocks. 

• The low resistivity values (16 – 70 Ω.m) of the third geoelectric layer represent 
approximately the water bearing sediments and show clearly the conducting with 
the land surface. This reflects the role of the irrigation return flow which caused the 
salinity build up. 

• As the depth increases the true resistivity values decrease, and the geoelectrical 
layer of the low resistivity is detected at depth ranging from 55 – 130 m. The depth 
to low resistivity layer increases toward the central part of the study area. 

• The groundwater in the study area falls under fresh ( TDS<1,000 mg/l) to brakish ( 
TDS> 1,000 mg/l) type of water. 

• Most of the waters are unfit for drinking because of the high NO3¯, and Cl¯ 
contents, TH and TDS contents are as well high. 

• Since SAR is low and salinity hazard is variable (from medium to very high) most 
of well waters need suitable drainage to overcome salinity problems for irrigation 
purposes. 

• The increase in salinity is attributed to the increasing of NO3¯, and Cl¯ salts of Na+, 
Ca²+, and Mg²+, which is indicated by linear correlation between the cations Na+, 
Ca²+, and Mg²+ and the anion Cl ¯. 
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• The increasing of salinity of groundwater came close to private wells. 

• Hydrochemically, these groundwaters are classified into three types;  

-  Alkaline earth waters with increasing portion of alkalis and prevailing chloride. 
This type is characterized by a high concentration of chloride and represents  
61.9% from the collected water samples. 

- Alkaline waters with prevailing chloride . this type of waters represents 33.3% 
from the collected water samples. 

- Alkaline earth with prevailing chloride, which represents only 4.8% of the 
waters. 

• The present groundwater problems of overdraft and salinity increase are largely 
caused by inaccurate early estimates of the resource potentiality and inadequate 
management practices. 

Recommendations 

• As the quality of groundwater is a general problem, the government authorities 
strongly advised to protect water supply over the long term. 

• The groundwater quality management should be attempted in the study area. 

• Decrease the use of fertilizers and use the modern method in irrigation. 

• Closing of wells yielding brakish water. 
 

  شمـــال األردن ,استقصاء جيوكهربائي و هيدروكيميائي في منطقة الحــالبات
 

  عبدالرحمن نبيــــل ، حكـــــــم مصطفــــــــى،غنيم ناشر
  

  ملخص

 لدراسة ، شمال غرب األردن،تم إجراء استقصاء جيوكهربائي وهيدروكيميائي في منطقة الحالبات
المنطقة واقعة تحت مناخ شبه .  وتحديد قابلية تلك المياه إلغراض الشرب والزراعة،تملح المياه الجوفية

يظهر تفسير معطيات المسح الكهربائي  .اه إما من تكوينات البازلت أو الكربوناتو يتم استخراج المي,جاف
 حيث اخفض قيم ،) م130 – 55(أن الطبقة ذات المقاومية المنخفضة حددت على أعماق تتراوح بين 

و يظهر أيضًا االتصال بين . و هي أكبر عمقاً  في وسط منطقة الدراسة). م.  اوم20أقل من (المقاومية 
مياه الجوفية مع السطح والتي تعكس دور المياه الراجعة من االستخدام في الزراعة في زيادة ملوحة المياه ال

الموجبة تكون على ) األيونات(تبين التحاليل الكيميائية لعينات المياه أن متوسط تركيز الشوارد  .الجوفية
السالبة على  )األيونات(ا تكون للشوارد بينم,  البوتاسيوم> المغنزيوم > الكالسيوم >الترتيب الصوديوم 

توجد ثالثة أنواع رئيسية للمياه في منطقة الدراسة .  النترات> السلفات > البيكربونات >الترتيب الكلور 
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 ومياه قلوية ،%61.9 مياه قلوية أرضية مع زيادة في تركيز الكلوريد حيث شكلت ما نسبته ،وهي كالتالي
 والنوع األخير وهو مياه قلوية أرضية مع زيادة تركيز ،%33.3كلت ما نسبته مع زيادة تركيز الكلوريد وش
وجد أن التراكيز العليا للملوحة تترافق مع التراكيز العليا للنترات في %. 4.8الكلوريد وشكلت ما نسبته 
 الرئيسية  والتي تعتبر المصادر،يرجع تلوث المياه الجوفية بالنترات والكلور. اآلبار الخاصة في المزارع

المياه غير مناسبة .  إلى االستخدام المفرط لألسمدة والضخ الجائر من اآلبار الخاصة،الزدياد الملوحة
 أما لألغراض الزراعية فيمكن إستخدامها نتيجة ،ألغراض الشرب بسبب القيمة المرتفعة نسبيًا للنترات

ت معالجة إلرجاع تأثير الملوحة والتي  ولكن تحتاج المياه إلى عمليا،للقيمة المنخفضة ألثر الصوديوم
 .تتراوح من تأثير متوسط إلى عال جدًا
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Abstract 

The results indicated that minimum negative environmental impact of exploration, 
prospecting, testing, processing and treatment stages for the Hiswa clay deposit expected in the 
present time if mining and processing take place in the Hiswa area, South Jordan. 

This study indicated that the mining area is suitable to extract kaolinite as a major product, 
taking into consideration the availability of the raw material, energy supply, water supply, 
transportation facilities, and the absence of any rare or protected flora and fauna. 

Keywords: Environmental Impact Assessment (EIA); Clay Deposits; Hiswa; Jordan. 

Introduction: 

Clays have always played a major role in human life. Kaolin is one of the most 
common examples of clay minerals and important natural industrial substances. This is 
largely because of their wide-ranging properties, high resistance to atmospheric 
conditions, and easy access to their deposits near the earth’s surface and low price 
(Konta, 1995)[1]. Kaolin is a commercial term to describe white clay composed 
essentially of the clay mineral kaolinite. The term is typically used to refer to both the 
raw clay and the refined commercial product. Kaolin is a naturally occurring white 
mineral. It is relatively inert when mixed with other materials and has unique flow 
characteristics when incorporated or mixed with liquids or placed in fluid systems such 
as paints and paper industry. In addition, raw kaolin has few practical uses. Industrial 
beneficiation is necessary in order to separate non-clay minerals from the kaolin. 

Clay industry in common with open cast mining has some basic environmental 
effects on the surrounding area. There are visual and other impacts of both clay 
extraction and processing. The whole process may interrupt the existing land uses and 
may pose difficult restoration problems if permanent change in land use is to be avoided. 
In general, the exploration phase involves little or no permanent environmental damage.  

The impact of mineral exploitation on the environment depends upon factors such 
as mining procedure, local hydrologic conditions, climate, rock types encountered, size 
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of operation, topography, and many more interrelated factors. Furthermore, the impact 
varies with the stage of development of the resources.  

According to Ward (1992)[2]; John et. al. (1994)[3]; Peter and Riki (1995)[4]; and 
Larry (1996)[5], environmental impact assessment (EIA) constitutes one of the prime 
instruments for development planning and resource management.  

This paper sets the groundwork for the environmental impact assessment (EIA) of 
mining activities of the Hiswa area, South Jordan. The main benefits of introducing 
environmental impact assessment (EIA) are as follows: 

-  Achieving a balance between environmental protection and economic development; 

-  Better environmental resources management and minimization of wasted time, 
money and raw materials; 

-  Prevention of pollution and improvement in health and safety standards; and 

-  Improved environment for future generations. 

Location and Geological Setting of the Study Area 

The study area lies in Aqaba Region, and it is situated in southern Jordan. The area 
is located 20 km to the southeast of Ad-Disa Village at a distance of about 100 km east 
of Aqaba (Figure 1). 

The principal geological sequences cropping out in the study area are of Paleozoic 
age. Three formations are cropping out in the study area, with a general dip towards the 
southeast. These are from bottom to top (Khalil, 1994) [6]: 

1- Umm Sahm Sandstone (Bedded brownish weathered sandstone) Formation.  

2- Hiswa Sandstone (Graptolite sandstone) Formation. 

3- Dubaydib Sandstone (Sabellarifex sandstone) Formation. 

The Hiswa Sandstone (Graptolite Sandstone Formation) of Khreim Group is 
subdivided into the Shale Member and the Sandstone-Siltstone Member. The Shale 
Member consists of kaolinite of various colors, which range from light gray, dark gray, 
violet, brown-red, and red.  

Environmental Impact Assessment (EIA) Guidelines  

The environmental impact assessments (EIA) of mining activities were investigated 
by many authors in different areas around the world. This study is based on the available 
data related the environmental impact assessment (EIA) guidelines issued by Patnaik 
(1990)[7]; Trivedy and Sinha (1990)[8]; Johnson and Sides (1991)[9]; Environmental 
Protection Agency (EPA) (1995)[10]; Sadar, (1996)[11]; and the General Corporation 
for the Environmental Protection (1999)[12].  
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Results and Discussion 

Table (1) summarized the environmental impact assessment (EIA) of mining 
activities of the Hiswa area. 
Exploration and Prospecting 

The environmental impact of exploration, prospecting and testing stages for the 
Hiswa clay deposit are usually non significant, but in some cases the mentioned stages 
may involve, for instance, drilling operations with significant noise and vibration. 

Selection of the Mine Site and Site Preparation 

The determination of the most suitable location of the mine site is critical. The clay 
deposits in Hiswa Formation - South Jordan were first investigated by Jordanian 
Company for Mining and Processing of Kaolin and Feldspar in 1995. The preliminary 
investigations have recommended an exploration program for kaolin deposits in the area.  

According to the economic viability and environmental impacts of clay deposits 
from Hiswa area, this area is suitable to extract kaolinite as a major product; this is based 
on the availability of raw materials; energy supply; water supply; appropriate 
transportation facilities. In addition, the absence of any rare or protected flora and fauna 
and the absence of negative impact on human settlements.  

On the other hand, the company has started mining the area since 1997 on a small 
mining scale for the production of commercial kaolin. In addition, the company carried 
out the following activities: Land acquisition and transformation; construction 
excavation of access secondary roads; construction of transmission lines and pipelines; 
construction of offices, housing and other services for the labor forces; construction of 
material storage; construction of electrical energy supply; and construction of water 
supply.  

Mining Operations and Transportation Impact 

The Jordanian Company for Mining and Processing of Kaolin and Feldspar has 
constructed a suitable plant for mining and simple processing operations (breaking, 
crushing, screening, and loading).  

Most of the study area is readily accessible and is crossed by the Aqaba-Ma’an-
Amman Highway in the northwest, by the Aqaba - Batn El Ghul - Hisa railway from the 
northwest to northeast, and by the El Rashdiah - Qa’Disi - Ram asphaltic road. 
Currently, transportation services mainly associated with the Port of Aqaba, the road 
transport link to Amman, airport of Aqaba and the railway services (Figure 1). The 
present road situation is quite satisfactory with the exception of necessary improvements 
to the Hiswa-Ma’an road and some secondary roads. See Table (1). 
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Figure (1): Location map of the study area. 
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Table (1): Environmental impact assessment of Hiswa clay deposits (Based on Sadar 
(1996)[11]). 

 
Impacting Actions 

Pre-mining 
Phase* Operational Phase** Environmental Parameters 

A B C D E F G H I J K 
Air quality ο ο ο • ο • ο ο • ο + 
Water resources ο ο ο ο ο ο ο + ο ο + 
Water quality ο ο ο • • • ο + ο ο + 
Noise and vibration ο - - - ο ο + ο - ο ο 
Land use + + + + ο ο + + + ο + 
Vegetation ο ο ο ο ο ο ο + ο ο + 
Human settlement + + + + ο ο + + • + + 
Health ο ο ο • • • + + • + + 
Infrastructure and support services + + + + ο ο + + + + + 
Employment + + + + ο ο + + + + + 
Places of tourist or 
archaeological importance ο ο ο ο ο ο ο ο ο ο ο 

KEY: 

+ sign shows beneficial impact 
- sign shows adverse impact 
• sign shows impact must be 
monitored  
   and mitigated 
ο sign shows no impact 
 
* Pre-mining Phase  
A – Land acquisition and 
transformation 
B – Civil works construction 
C – Erection of mechanical and 
mining     equipment 

** Operational Phase 

D - Mining operations 
E - Disposal of liquid effluent  
F- Disposal of solid wastes on land for 
reclamation 
G - Housing provision 
H - Provision of water, sewage, electricity  
      and other civic amenities 
I - Transportation 
J - Medical facilities 
K - Land reclamation 

 

Water Supply Impact 

Ground water resources are available in the region. According to Salameh 
(1996)[13], Jafr groundwater basin is subdivided into Jafr and Disi-Mudawwara aquifer 
systems. The study area lies within the Disi aquifer system. The Disi aquifer consists of 
medium- to - fine grained sandstones with a total thickness of about 1000 meters. The 
average precipitation over the area is around 80 mm/year, with an average potential 
evaporation of 4000 mm/year. The groundwater in the Disi area is unconfined and lies at 
a depth of around 80 meters below the surface. At present, it is generally accepted that 
the groundwater in Disi area does not receive major replenishment. This means that the 
groundwater in the aquifer is fossil and that its extraction is at the expense of storage.  
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In order to meet the needs of commercial kaolinites, low-grade kaolinite is fed to 
beneficiation plants to produce high-grade kaolinite. The intensive use of water for wet 
processing and production of clay deposits cause a significant water shortage. 
Accordingly, water must be recycled in the beneficiation plants, but when it becomes 
rich in impurities, the water must be treated for reuse. 

Pollution control and recycling of water, which emphasizes the need for 
delineation, water protection areas in order to safeguard groundwater resources. 
Air Quality and Dust Impact 

The main air pollution problem in the surface mining is dust. The dust pollution 
may have significant impacts on vegetation, soil, equipment, and most importantly, on 
human health. 

There are various methods available to prevent or minimize dust emission. These 
include the use of cyclones, filters, and other pollution control technologies, water 
sprays, and paving roads. These methods are considerable choices, which will be helpful 
to eliminate the dust impact and to conserve the environmental medium in Hiswa area 
almost clean. 

Noise and Vibration Impact 

Drilling and heavy machinery are used regularly at mining sites, resulting in 
potentially harmful amounts of noise pollution. Miners subject to high noise levels for 
extended periods of times may become permanently deaf. The European Community has 
set limits for daily exposure at 85 decibels with no peak sounds above 140 decibels 
(Environmental Protection Agency, 1995)[10]. 

Noise levels can be monitored and steps should be taken to reduce volumes where 
appropriate. Ear plugs or other noise-dampening devices may be appropriate for 
employees in some cases.  

Ecology (Wildlife), Agriculture and Land Use 

The Royal Society for Conservation of Nature have indicated that there are no 
species of wildlife or plant life in the study area that have any protected national or 
international status. Accordingly, no unique habitat or species will be lost. On the other 
hand, agricultural activities are negligible at present in the study area.  

Tourism, Archaeology and Heritage 

Tourism plays an important role in the national economy. The most important 
tourist sites in South Jordan with national and international significance are Aqaba’s 
beaches and marine life, the ancient Nabatean city of Petra and the unique desert 
landscape of Wadi Rum. These sites will not be affected by mining activities of Hiswa 
area. 

There is no archaeological site in the study area. The major archaeological site in 
the region is Wadi Rum (approximately 30 km) from the study area. The Hiswa mining 
and processing activities will not affect the site. 
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Drainage and Topography Impacts 

Most of the study area has an altitude of 860 to 940m. The eastern part has a lower 
relief compared to the western part. The topography of the area shows decrease in the 
eastern direction. Accordingly, land reclamation is highly important after the life-time of 
mining stage. 

Socio-economics Impacts (e.g. population, employment): 

The Hiswa clay deposit area is deserted. Mining activity in the area will attract 
workers and would contribute to reducing unemployment. In addition, the increase of 
income is expected for some people from the surrounding areas. See Table (1). 

Safety 

A serious problem associated with mineral resources development is the possible 
release of trace elements in hazardous concentrations into the environment. Trace 
elements such as cadmium, cobalt, copper, lead, molybdenum, and others when leached 
from mining wastes and become concentrated in water, soil, or plants, may be toxic or 
may cause diseases to people and other animals who drink the water, eat the plants, or 
use the soil (Keller, 1985[14]  Patnaik, 1990[7]; Montogomery, 1995[15]; Murck et al., 
1996[16]). 
 
 
Table (2): Minimum, maximum, and average values for the different trace elements of 

the whole rock samples of Hiswa clay deposits compared with the standard 
shales and the deep-see clays. 

Hiswa clay deposits Trace 
elements 

(ppm) 
Minimum  

(ppm) 
Maximum 

(ppm) 
Average 
(ppm) 

Standard 
deviation 

Standard  
shales* 

(ppm) 

Deep-sea 
clays* 
(ppm)    

Ba 150 421 264 58.06 580 2300 

Cd 5 18 13 3.98 0.3 
0-11** 

0.43 
0.1-1** 

Co 8 52 26 8.96 19 74 

Cr 50 115 75 17.80 
 

90 
30-590** 

90 
90** 

Cu 55 154 104 28.67 45 
18-120** 

250 
250** 

Ni 63 225 123 35.61 68 225 

Pb 45 220 139 41.67 20 
16-50** 

80 
80** 

Rb 43 117 95 15.03 140 -- 
Sr 47 161 86 22.50 300 180 
V n.d n.d n.d --- 130 120 

Zn 30 195 109 44.64 95 
18-180** 

165 
165** 

* (Forster and Wittmann, 1983[17] ; Bowie and Thornton, 1985[18] ; and Montogemry, 1995[15]). 
** (Keller, 1985[14] ). 

Table (2) shows the trace elements (Ba, Co, Cr, Cu, Ni, Rb, Sr, V, and Zn) in the 
studied whole rock samples are low when compared with the standard shales and the 
deep-see clays. In addition, lead and cadmium (Pb and Cd) occur relatively in high 
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amounts. It is important to relate trace elements to human use (Tables 3 and 4). 
Accordingly, geochemical studies are vital to determine the prevalence of such elements, 
so that proper human adjustments can be made. In addition, monitoring the presence of 
high concentration of trace elements in water results from mine wastes and smelters is 
highly important.  

Table (3): Comparison between the different trace elements (ppm) of the Hiswa clay 
deposit and different commercial clays.  

Clays* Trace 
elements 
(ppm) Commercial Pharmaceutical Natural 

Average Clay* Average 
(Hiswa Clay) 

Standard 
shales** 
 

Ba 248 147 75 580 264 580 

Cd 0.18 0.02 1.3 0.3 13 0.3 
0-11*** 

Co 13.3 5 28 19 26 19 

Cr 81.6 5.4 96.8 90 75 90 
30-590*** 

Cu 16.7 4.71 154 45 104 45 
18-120*** 

Ni 40 5 324 68 123 68 

Pb 11.9 8.01 27 20 139 20 
16-50*** 

Rb 83 11 32 140 95 140 

Sr 695 100 42 300 86 300 

V 109 24 749 130 127 130 

Zn 61 9 58 95 109 95 
18-180*** 

* (Mascola et al., 1999) [19]. 
** (Forster and Wittmann, 1983; Bowie and Thornton, 1985; and Montogemry, 1995). 
*** (Keller, 1985). 

Table (4): Trace elements guidelines for soil quality; water quality and average body 
concentration. 

*Guidelines for soil quality *Guidelines for water 
quality 

Trace 
elements 

Levels for 
agricultural use 

(µg/gram) 

Levels for 
industrial use 

(µg/gram) 

Levels for irrigation use 
(µg/litre) 

**Average 
body 

concentration 
(ppm) 

Ba 750 2,000 - -- 
Cd 3 20 10 0.7 
Co 40 300 50 0.02 
Cr 750 800 100 0.03 
Cu 150 500 200 1.0 
Ni 150 500 200 0.1 
Pb 375 1,000 200 -- 
Rb -- -- -- -- 
Sr -- -- -- -- 
V 200 -- 100 -- 
Zn 600 1500 2,000 33 

* (Dublanc, 1998) [20]   ** (Montogomery, 1995). [15] 
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Conclusion 

Mining and processing of mineral resources may have a considerable impact on the 
land, water and, air. What must be done is to develop resources with a minimum of 
adverse impact. Minimum environmental impact of exploration, prospecting, testing, 
processing and treatment stages for the Hiswa clay deposit expected in the present time 
if mining and processing take place in the Hiswa area.  

The mining area is suitable to extract kaolinite as a major product, taking into 
consideration the availability of the raw material, energy supply, water supply, 
transportation facilities, and the absence of any rare or protected flora and fauna. 

Many problems and adverse effects can be mitigated by integrating environmental 
consideration into the overall planning and by the development of balanced, well-worded 
and enforceable planning conditions. 

The pollution control essentially involves good environmental management in 
mining activities combined with adequate training and education of the workers as well 
as other people in society. In addition, monitoring the presence of high concentration of 
trace elements in water results from mine wastes and smelters is highly important.  

Jordan is rich in its industrial rocks and minerals. The problem is that most of the 
natural commodities are not evaluated for their industrial use and environmental impacts. 
The exploration and evaluation of Jordanian raw materials for industrial use is an 
important step for encouraging new industries. At the same time, the environmental 
impact assessment, environmental planning and environmental legislation and 
enforcement of future mining, beneficiation, and industrial use must be carried out for 
these commodities. On the other hand, the demand for clay mineral resources in Jordan 
is going to increase. Accordingly, planning, management, training, and education must 
be given a top priority. In addition, one of the most important strategies of kaolin 
production concerning the future generations is the environmental impact of mining and 
processing. Environmental protection and land reclamation must take a special attention. 
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  .تقييم األثر البيئي لتوضعات حصوة الطينية، جنوب األردن
 

  طالل محمد المومني

 

  ملخص

أشارت النتائج بأن األثر البيئي السلبي الناتج عن عمليات االستكشاف والتنقيب ومراحل معالجة 
ي منطقة وتركيز توضعات حصوة الطينية سيكون محدود إذا تمت هذه العمليات في الوقت الحاضر ف

  . جنوب األردن–حصوة 

كما أشارت الدراسة إلى أن منطقة التعدين مناسبة الستخراج الكاولينايت وذلك لتوفر المواد الخام 
ومصدر الطاقة وتوفر المياه ووسائل النقل إضافة إلى خلو المنطقة من الكائنات الحية الحيوانية والنباتية 

 .المحمية أو النادرة
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Abstract 

In this paper, performance evaluation of one UMTS cell is presented. The UMTS 
stands for Universal Mobile Telecommunication Systems, the third generation of mobile 
networks. The queuing model of one UMTS cell is suggested and solved for the first 
time using MOSEL-2 language, which is the new version of MOSEL, developed by the 
group of MOSEL in the University of Erlangen, Germany. The pre-processor rule of 
MOSEL-2 is used in this paper, which is useful to solve the model using both 
exponential and non-exponential distributions. The effect of important parameters on 
UMTS performance is studied in this analysis, such as the variability of service time, the 
availability of the codes and the effect of the arrival rate, λ. It is shown that the 
mentioned parameters have a major effect on UMTS performance and should be taken 
into consideration by the network designers. Based on the above, critical performance 
measures such as blocking probability and utilization are found and discussed. 

Keywords: MOSEL-2 language, Performance Modelling, Performance Measures, 
Queuing Model, UMTS systems. 

Introduction 
European Telecommunications Standard Institute (ETSI), found in 1998, is 

working in Europe to develop technical standards for UMTS. The Third Generation 
Partnership Project  (3GPP) is a co-operation between international standard bodies and 
third generation mobile telephony technical specifications [1-3].  The UMTS is one of 
the Third Generation (3G) cellular systems being developed within the framework 
defined by the ITU (International Telecommunications Union) and known as IMT-2000 
(International Mobile Telephony, 3rd generation networks are referred to as IMT-2000 
within ITU). It is a realization of a new generation of broadband multi-media mobile 
telecommunications technology.  

The UMTS technology demands a very high amount of system simulation and 
modelling, not only because of the involved novelty inherent to the interaction between 
the traditional IP systems and the new W-CDMA technology used in the air interface, 
but also because of  the complexity of the UMTS radio interface. The new technology 

                                                           
© 2007 by Yarmouk University, Irbid, Jordan. 
* Department of Information Technology, Mu’tah University, Al-Karak, Jordan. 
 



Zreikat 

  
106

offers improvements from a radio resource allocation perspective.  Extensive efforts are 
necessary to optimize the main algorithms and to efficiently plan the network to be 
deployed. The interaction between typical IP and wireless worlds requires simulation of 
the complete end-to-end system modelling, to determine the network performance and 
the quality of service available to UMTS customers at the application level.  

In previous works [4-10], the performance of the UMTS cell is studied either by 
simulation [4][5], or by finding the analytical solution [6-10], without presenting the 
queuing model. Significantly, in this paper, the queuing model of a single UMTS cell is 
presented and the numerical solution of different zones is found. The shared buffer 
queuing system with different virtual zones is solved numerically using the Modelling 
Specification and Evaluation Language (i.e. MOSEL-2). 

The rest of the paper is organized as follows. In Section 2, the queuing model is 
presented. The set of modelling assumptions are listed in Section 3. MOSEL-2 
environment is given in Section 4. In Section 5, the rule pre-processor of MOSEL-2 is 
presented. The description of the model by MOSEL-2 language is presented in Section 
6. The numerical results and discussion are in Section 7, followed by the conclusions and 
the suggestions for the future work in Section 8.  

Queuing Model  

The multiple queuing system of the UMTS cell is given in Figure 1. This model is a 
SRXR (GE/GE/1)/N system which consists of  R virtual zones.  The SRXR (GE/GE/1)/N 
system is such a system that the overall inter-arrival times and service times at a R×R 
switch queue, are heterogeneous and GE (General Exponentially) distributed where each 
output port has a single server and the total capacity of the system is given. Each virtual 
equal zone is separated by a single channel and each zone includes a queue and a 
service. These queues are dependent on each other since the total number of connections 
in all zones cannot exceed nmax. Namely, in a permissible system state: 

m a x
1

,
R

i
i

n n
=

≤∑ where ni denotes the number of active connections in zone i. 
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The condition: m a x
1

R

i
i

n n
=

≤∑  

Figure 1: The shared buffer queuing model SRXR(GE/GE/c)/nmax of a UMTS system 
with R virtual single-channel zones. 

Modelling Assumptions 

The following assumptions are considered in the analysis: 

• Only one cell is considered. 

• Ideal free space propagation of the radio signal. 

• The interference factor to be equal for all code combinations. 

• Users within the considered cell are all using the same radio service. 

• No movement is considered. 

• The power gains of node B antenna and mobile equipment antenna to be 1. 

• The call arrival process is a Poisson process. 

•  An exponentially distributed  and general exponentially distributed burst size within 
each active connection     is assumed for both the arrival and the service times. 

• The overall traffic intensity over the cell area is λ. 
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The cell area is virtually divided into R concentric zones of equal areas. Only four 
zones are considered in this analysis. When the number of zones increases, the state 
space increases dramatically, which leads to the state space explosion problem. 

Notations 

λ is the mean arrival rate of calls in the system . 

λi is the mean arrival rate of calls going to Zone i, ( 1, 2, ..., ).P i Ri iλ λ= × =  

Pi is the probability that the call going to Zone i, 1/ ( 1, 2, ..., ).P R i Ri = =  

C2
a is the SCV(Squared Coefficient of Variation) of the inter-arrival time distribution of 
those calls entering to the system . 

C2
ai is SCV of the inter-arrival time distribution of  those calls entering to Zone i (i = 
1,2,…,R). 

C2
si is the SCV of the transmission time distribution of Zone i,  

2 2 ( 1,2,..., ).C C i Rs si = =  

µi is the mean departure rate of Zone i, µi  =  µ      (i = 1,2,…,R).   

Mosel-2 Environment 

The Modelling Specification and Evaluation Language version 2 (i.e. MOSEL-2) is 
similar to the predecessor MOSEL, which is developed at the university of Erlangen, 
Germany [11].  

 The main objectives behind MOSEL-2 language are to: 

• Provide system oriented language. 

• Have easy to understand and learn the language. 

• Be universally applicable, but with independent evaluation method. 

• Have a language which comprises translators for several (already existing), well-
tested and good performance evaluation tools. 

-The following 6 steps are to describe the work-flow of the performance evaluation 
procedure using MOSEL-2: 

1. Inspecting the real system where the modeler builds a high-level, textual system 
description using the MOSEL2 specification language and specifies the desired 
performance and reliability measures. 

2. The MOSEL2 environment checks the input file for syntactical and semantical 
errors. If no error occurs, the MOSEL2 model gets translated to the system 
description of the evaluation tool selected by the user. 
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3. The chosen tool is started by MOSEL2 environment. 

4. The tool evaluates the model by using numerical analysis methods or discrete-event 
simulation. 

5. The evaluation tool saves its results in one or more tool-specific output files. 

6. The MOSEL2 environment provides the results in a single textual and graphical 
file. 

Figure 2 shows the above 6 steps explained graphically. 

Introducing General Distributions: the rule pre-processor 

In the old version of MOSEL, only Markovian models are allowed. Usually non-
Markovian models have to be evaluated using discrete-event simulation, which is a very 
time-consuming task. It is now possible to enable an approximate numerical analysis for 
a subclass of general distributions where their two first moments are: the mean and the 
variance. These are called subclass empirical distributions (EMP), because mean and 
variance can be obtained quite easily from measurements [12]. 

 
Figure 2: Modeling and analysis process in MOSEL2 environment [12]. 

It is possible to use an empirical distribution directly in MOSEL-2 by applying: 
EMP (mean, var), where mean is the mean and var is the variance of the firing time’s 
distribution. The rule can then be substituted by one or several sub-rules depending on 
the square coefficient of variation (SCV or c2) shown in Eq. (1): 
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var2
2( )

c
mean

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

If c2 equals one, the empirical distribution is equivalent to an exponential 
distribution. If it is greater than one, the distribution can be approximated by a general 
exponential distribution. If c2 is smaller than one, the distribution can be approximated 
by a hypo-exponential distribution. 

The following MOSEL-2 rule can be represented by the Petri Net shown in Figure3. 

 

 

The pre-processor rule has been applied in MOSEL-2 program (Figure 4, lines 21, 
24-25). 

 
Figure 3: Example for transition with empirical distribution firing times. 

MOSEL-2 Description 

The queuing model of Figure 1 can be  solved numerically by MOSEL-2 as 
follows. (See Figure 4).  

The Mosel-2 description can be divided into 7 parts: 

1. Constant and Parameter part (lines 2-15). 

2. Node part (line 16). 

3. Function part (unused in this example). 

4. Condition (Assertion) part (line 17). 

5. Rule part (lines 18-25). 

6. Result part (lines 26-29). 

7. Picture part (lines 30-40). 

FROM   p1  TO  p2  EMP (mean, var); 

EMP (mean, var) 
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/*-------------   UMTS.mos   -------------------------*/ 
1 /*------------- Contants and parameter part---------*/ 
2 CONST                     R:= 4;    
3 PARAMETER           N:= 16,32,64; 
4 @<1..R>{CONST p#:=1.0/R;} 
5 @<1..R>{CONST         N#:=p#*N;} 
6 PARAMETER u:= 1,2,3,4,5,6,7,8,9,10; 
7 PARAMETER lambda:=1,5,10;    
8 @<1..R>{CONST  mue#:= lambda/u;} 
9 CONST          Ca:=1;    // SCV of inter-arrival time 
10 PARAMETER Cs:=5,10,50;  // SCV of service time 
 
11 @<1..R>{CONST lambda#:=p#*lambda;} 
12 @<1..R>{CONST mean_lambda#:=1.0/lambda#;} 
13 @<1..R>{CONST mean_mue#:=1.0/mue#;} 
 
14 @<1..R>{CONST   var1# := Ca * (mean_lambda#*mean_lambda#);} 
15 @<1..R>{CONST   var2# := Cs * (mean_mue#*mean_mue#);} 
 
/*---------------NODES------------------------------- */ 
16 @<1..R>{NODE  S#[N#];}  
 
/*--------------------Assertion-----------*/ 
17 ASSERT  NOT (@<1..R>"+"{S#}) > N; 
/*-----Transition Rates (Rules Part) -------------------*/    
18   IF (@<1..R>"+"{S#}) < N 
19 THEN 
20 { 
21 @<1..R>{FROM   EXTERN   TO    S# 
          EMP(mean_lambda#, var1#);} 
22 } 
23 @<1..R>{IF   S#>0 
24 FROM     S#      TO EXTERN    
25 EMP(mean_mue#, var2#);} 
   /*--------- Results ------------------------------*/                                          
26 @<1..R>{PRINT   MEAN_S#    := MEAN(S#);} 
27 PRINT    MEAN_T := @<1..R>"+"{MEAN_S#}; 
28 PRINT blk_T := PROB((@<1..R>"+"{S#}) >= N); 
29 PRINT    util  := (MEAN_T/N); 
30 //----PICTURES------------------- 
31 PICTURE   "BLOCKING" 
32 PARAMETER    u 
33 XLABEL  "Traffic load, u [Erlang]" 
34 YLABEL  "Blocking"  
35 CURVE  blk_T 
36 PICTURE   "UTILIZATION" 
37 PARAMETER    u 
38 XLABEL  "Traffic load, u [Erlang]" 
39 YLABEL  "Utilization"  
40 CURVE   util  
             

Figure 4: MOSEL-2 Description 
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The numerical solution in Figure 4 is explained by the following steps: 

• The assumed number of zones, R = 4 (line 2). 

• The assumed number of codes, N = SF x 2 = 16, 32 or 64  (line 3). In MOSEL-2, if 
we have more than one constant, the word “PARAMETER” is used instead of the 
word “CONST”. 

• Line 4 defines the probabilities (p1…p4) given in Figure 1. p1=p2=p3=p4 = ¼. 

• The maximum size of each node is defined in line 5 as follows: 

 N1 = p1x N , N2 = p2 x N, N3 = p3 x N, N4 = p4 x N. 

• The traffic load is defined in line 6 as follows: u = 1,2,3,4,5,6,7,8,9,10. 

• “Lambda” in line 7 can take different values in turn: 1, 5 or 10. 

• Accordingly, the service rate for each server is computed in line 8. 

• Lines 9 and 10 assume different values to the square coefficient of variation for 
both the arrival (i.e. Ca) and service times (i.e. Cs). 

• Lines 11-13, the mean inter-arrival and mean service-time is computed. They are 
used in lines 14 and 15 to compute the variance (i.e. var) in Eq. (1). 

• Line 16 defines the nodes. As we have assumed that R = 4 zones, then 4 nodes 
should be defined with their maximum capacities. But the total capacity of all nodes 
should not exceed the total number of codes, N. This condition is tested in line 17 
using the “ASSERTION” concept of MOSEL-2. 

• The transition rates of the queuing model of Figure 1 is written in MOSEL-2 in 
lines 18-25.  This part defines the call admission control of the system. Line 18 
checks whether there are available codes in the system. The transition triggers only 
if there are available codes in the system, otherwise the call is blocked. If the 
condition in line 18 is true, then the transition starts at line 21. As the “loop” 
concept is used here, the transition happens to each zone in turn. For example: Line 
21 can be translated as: 

FROM   EXTERN   TO    S1   EMP (mean_lambda1, var11); 

FROM   EXTERN   TO    S2   EMP (mean_lambda2, var12); 

FROM   EXTERN   TO    S3   EMP (mean_lambda3, var13); 

FROM   EXTERN   TO    S4   EMP (mean_lambda4, var14); 

“FROM EXTERN” means that the call moves from the external population 
(outside) to the given zone (zone 1,…,zone 4) with rates defined by the pre-processor 
rule defined in Section 5 (i.e. EMP (mean, var)). In such a case, the rate can be 
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exponential or non-exponential, depends on the square coefficient of variation for both 
the arrival and service time (Ca and Cs, respectively). 

• In Lines 23-25, if there is a call in a given node and this call ends its service,  then 
the call moves from the given node to the outside world with the transition rate 
which is given by the pre-processor rule defined above. Certainly, this applies to all 
nodes in the system. 

• The “result part" is given in lines 26-29. It uses the word “PRINT” to compute the 
mean of each server at line 26. In line 27, the total mean is computed. In line 28, the 
blocking probability is computed and in line 29, the total utilization of the system is 
computed. 

• The last part of the numerical solution is the “picture part”. In this part, the IGL 
program defined above is used to generate the required figures. In lines 30-35, the 
figure for the “blocking probability” is generated, while, lines 36-40 generate the 
“utilization” figure. In each figure, the same parameters are defined. 
“PARAMETER” gives the x-axis values of the given parameter (u is given here). 
“XLABEL” names the x-label, followed by the label name between double quotes. 
“YLABLE” names the y-label and “CURVE” defines the curve values of its 
followed name. 

A more detailed description of MOSEL-2 can be found in [15]. In order to avoid 
repetition, the “loop” concept is used in the above MOSEL-2 program. For example, line 
4 in the above program: 

4 @<1..R>{CONST p#:=1.0/R;}     could also be written in MOSEL-2  by the 
following 4 statements: 

CONST       p1 := 1.0/R; 

CONST       p2 := 1.0/R; 

CONST       p3 := 1.0/R; 

CONST       p4 := 1.0/R; 

But repeating these four statements without using the "loop" concept is intractable 
and time-consuming. 

MOSEL-2 program can be written in any text editor, but the program has to be 
saved as “filename.mos” similar to the name which is written on top of the above 
MOSEL-2 program (i.e. UMTS.mos). 

MOSEL-2 program can then be compiled with the following DOS command: 

> mosel2 –options  filename.mos 

The option ”-option” tells MOSEL-2 to translate the model to a specified evaluation 
tool: 
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(i.e. “-cs” for  SPNP [12][13], “-ms” for MOSES [14] or “-Ts” for TimeNET 
[15][16]. If the program is compiled successfully without any error, then MOSEL-2 will 
automatically generate two output files (i.e. result file “filename.res” and IGL file 
“filename.igl”). This is accomplished by the second option “-s” which orders MOSEL-2 
to generate the suitable outputs. One can then browse the result file to see the results of 
different performance measures. Additionally, to visualize the results by IGL file, the 
following command line is used: 

 > igl   filename.igl  

Additionally, the comments in MOSEL-2 can be written between  “/*   */” or after 
“//”. For example, lines 1 and 9 of  Figure  4 are examples of  using different comments 
in MOSEL-2 language. 

Numerical Results and Discussion 

The numerical results are divided into four groups with two figures in each group. 
One figure is for the blocking probability and the other is for the utilization. The effect 
of  the three main parameters are discussed in this analysis. The assumed parameters are 
given in Table 1. 

The effect of the variability of service time 
Four figures are considered in this group (Figures 5-8). In the first two figures 

(Figures 5 and 6), two values for the square coefficient of variation of the service time 
(i.e. Cs = 1, 5) are considered, while the other parameters are left as they are mentioned 
in Table 1. It can be seen from Figures 5 and 6 that for higher Cs (Cs = 5), we gain better 
blocking probability but worse utilization. It is worth mentioning here that when Cs = 1, 
this means that the service time is exponentially distributed, while when Cs is greater 
than one, then the service time is a general exponential distribution. This factor should 
be taken into consideration when the UMTS performance is studied. 

It can be seen from Figures 5 and 6 that at traffic load 4 the blocking probability is 
0.10 and the utilization is about 0.94 when Cs = 5. While it is about 0.24 blocking and 
about 0.88 utilization when Cs = 1, which means that the exponential distribution service 
time gives us worse blocking probability but better utilization. This means that the 
change in the service time has a dramatic effect on the performance especially on the 
blocking probability, even for higher traffic load, as it has been explained above. On the 
other hand, the effect on the utilization is positive at lower traffic load values (i.e. up to 3 
Erlang), as shown in Figure 6. It starts to get worse for higher load values because as the 
traffic load increases, the variability of the service time neglects the effect of the 
utilization when the variability of the arrival time is equal to one (i.e. Ca = 1). 

 

 

 

 



Performance Evaluation of One UMTS Cell by the New Modelling Specification and Evaluation 
Language MOSEL-2 

 
115

Table 1: Assumed  Default Parameters. 

Parameters Values 
Spreading factor, SF (N = SF * 2) 8, 16, 32 
Number of Zones, R 4 
Square Coefficient of Variation of inter-Arrival time, Ca 1 
Square Coefficient of Variation of inter-Arrival time, Cs 1, 5, 10, 50 
Traffic load, u [Erlang] = λ/µ 1, 2,…,10  
Arrival rate to the whole cell, λ     5, 10 

Figures 7 and  8 show the blocking probability and the utilization for different 
values of Cs (Cs = 5, 10, 50). It can be seen from these figures that the variability of the 
service time, Cs, has a clear effect on the performance of  both the blocking probability 
and the utilization. The higher Cs, the better the performance.  According to this, the 
network designers are facing a very important issue when planning the network, because 
choosing the suitable value of  Cs is an optimization issue.  However, this is out of the 
scope of this paper. 

The effect of the availability of the codes 

Figures 9 and 10 show interesting results. Figure 9 shows the blocking probability, 
while Figure 10 shows the utilization for different number of available codes (i.e. N = 
16, 32, 64). Very interesting results can be seen in Figure  9 where it explains clearly that 
when the traffic is low (i.e. up to 4 Erlang), there is no effect of the number of codes on 
the performance since the effect of the interference between users is much higher than 
the effect of the number of codes. It can be seen that at traffic load 4 Erlang, the graph 
behaviour starts to change as we become close to the base station and hence, the density 
of the traffic increases, which means that the effect of the number of codes starts at this 
point. Additionally, the increase in the number of codes has a positive effect on both the 
blocking probability and the utilization of the UMTS. This behaviour can be seen clearly 
in both Figures 9 and 10. 

The effect of the arrival rate to the whole cell λ  

In Figures 11 and 12,  two different values of λ are considered (i.e. λ = 5, 10). It can 
be noticed from these two figures that when λ is increasing, both the blocking 
probability and the utilization are also increasing. The two figures show clearly that the 
whole arrival rate has an effect on the performance of UMTS network and designers.  
This should be taken into account as an important planning issue. 

Conclusions and Future Work 

This paper presents a numerical solution of one UMTS cell using the MOdeling 
Specification and Evaluation Language (MOSEL-2). It is shown in this paper that it is 
possible to find the numerical solution by MOSEL-2 for any system represented either 
by queuing model or Petri Net with different square coefficient of variations. Thus, it is 
possible with the new version of MOSEL (i.e. MOSEL-2) to solve any queuing model 
with exponential and non-exponential distributions by applying the pre-processor rule 
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mentioned above. The effect of different parameters on the performance of the UMTS 
such as: the variability of the service time, the variability of the arrival rate and the 
availability of the codes, were shown and discussed. It is shown that all of these 
parameters affect the performance of the UMTS network and should be considered by 
the network operators and designers. 

Only 4 zones are considered in the work of this paper, because when the number of 
zones is increasing, the state space is also increasing. This leads to the state space 
explosion problem and therefore, in order to consider higher number of zones, we need 
to run MOSEL-2 program on machines with very high specifications. It would be 
possible to do this in the future. Therefore, in the future work of this paper, higher 
number of zones will be considered. Additionally, in order to cope with the requirements 
of the new technology of multimedia services (i.e. IP based services) in the UMTS, it is 
possible with MOSEL-2 to have firing rates of different distributions (i.e. Pareto 
distribution). It would be interesting to have Pareto arrival and service time distributions 
to the above type of queuing system. 

 النمذجة والوصف  واحدة بواسطة لغةUMTSتقييم األداء لخلية 
  )MOSEL-2(والتقييم 

  
  أيمن عيسى زريقات

  
  ملخص
هو إختصار ألنظمة اإلتصاالت  UMTS. UMTSفي هذه الورقه البحثية تم تقييم األداء لخلية 

 Queuing)لقد تم إقتراح وحل النموذج الصفي . الجيل الثالث من الشبكات الخلوية, الخلوية العالمية
Model) لخلية UMTS مره باستخدام لغة  ألول(MOSEL-2) التي تعتبر نسخة جديدة من لغة 

(MOSEL) التي تم تطويرها بواسطة فريق من جامعة Erlangenإستخدم مبدأ .  في المانيا(pre-
processor) المتوفر في لغة (MOSEL-2)  والذي يساعد في حل النموذج باستخدام كل من التوزيع 

لقد تم دراسة تأثير مجموعة .  (Exponential and non-exponential distribution) األسي وغير األسي
مدى توفر , (service time)التغير في زمن الخدمة :  مثلUMTSمن المتغيرات المهمة على أداء خلية 

codes ,  وتأثير معدل الوصولλ (arrival rate) .لقد تبين أن لهذه المتغيرات تأثير جذري على أداء و
, ذكر سابقآأ على ما بناء UMTS. يجب أن يؤخذ بعين اإلعتبار من قبل مصممي شبكة  و UMTSخلية 

 blocking)إحتمالية إحباط المكالمة : تم إيجاد ومناقشة بعض المتغيرات الحرجه للنظام مثل
probability) و درجة اإلستخدام األفضل (utilization)للنظام . 
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Figure 5: Blocking against traffic load for  (Cs = 1, 5, Ca = 1) 

 
Figure 6:Utilization against traffic load for (Cs =1, 5 Ca = 1) 
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Figure 7: Blocking against traffic load for different Cs values 

Figure 8: Utilization against traffic load for different Cs value 
  



Performance Evaluation of One UMTS Cell by the New Modelling Specification and Evaluation 
Language MOSEL-2 

 
121

 

 

 

 

 

 
Figure  9: Blocking against traffic load for different N values 

 

Figure 10: Utilization against traffic load for different N values
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Figure 11: Blocking against traffic load for different values of  λ 

  

 
Figure  12: Utilization against traffic load for different values of  λ
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Abstract 

The standard map higher order function is commonly used by the parallel functional 
programming community to apply a function to the elements of a list data structure in 
parallel.  In this work, a generic parallel map was developed. The design and 
implementation of the generic parallel map was based on the integration of a sequential 
generic functional programming language, a data distribution algorithm, a parallel 
master slave template and generic sends. The new generic parallel map can take a 
function and apply it on any data type. Results are shown for parallelizing a ray tracer 
using the generic parallel map. Speedup results are good. 

Keywords: functional programming, parallel processing, generic programming, data 
distribution, templates, ray tracing, genetic algorithms. 

Introduction 

There is a big need within the scientific computing community for programming 
methodologies that facilitate the development of computer application that can run 
sequentially and possibly in parallel. These methodologies are required as programmers 
need to focus on the problem being solved rather than looking at how to speed their 
program. Therefore, the idea of skeletons or templates or even patterns [1,2] was 
welcomed by the scientific computing community because of their implicit parallelism. 

However, the work on templates has primarily focused on parallelizing lists. Most 
of the problems had to be converted from their original data structure representation into 
a list. For example, a vector can be represented using a list and a tree can be represented 
using a list of lists. This conversion process is expensive as it requires the programmer to 
think of the problem in a different format and the algorithm had to be modified to work 
on the new data structure. 

Previous work on generic functions provided either sequential functions such as 
PolyP [3] and  Generic Haskell [4] that can work on any data type or parallel functions  
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using an explicit approach such Janus [5] and extending C++ standard template library 
[6].  These approaches are compared to the work in this paper in Section 4.  

Using the power of generic programming [7,8] which is available in Fish [9] and 
the basic ideas in parallel algorithmic skeletons enabled us to implement a generic 
parallel map (called gpmap). The gpmap can be used with complex data structures and 
its underlying parallel implementation will do the work in parallel.  

The rest of the paper is organized as follows. Section 2 describes how the generic 
parallel map was engineered. The results are shown in Section 3. In Section 4, 
comparison to related work is outlined  and finally Section 5 concludes and outlines 
future work. 

Engineering a Generic Parallel Map 

The generic parallel map was a result of the integration of a host language (Fish), a 
generic sequential map, a static data distribution algorithm, a static master slave template 
and generic sends.  The following subsections will explain each part in detail. 

The Host Language 

A generic function is a function which is able to handle any data structure 
containing any kind of numerical data such as integers, floats, Boolean, lists … etc. It is 
polymorphic in the choice of the structure used to hold the data. To explain the idea of 
generic programming [3, 5], take a look at the following example: 

equal 1 2  

equal 3.4 6.7  

equal true false  

equal [1,2,3] [1,2,3] 

As we can see, arguments for the function equal can be of different types.  There is 
one implementation for the function and it can take many different data types as 
arguments. This is similar to the idea of overloading functions and templates in C++ 
[10]. However, we are interested in a functional language rather than an imperative or an 
object-oriented language due to the advantages of using functional languages such as the 
declarative style which matches our goal of implicit parallelism. 

The host language for this work is a well known functional programming language 
called Fish [9]. Fish stands for Functional = Imperative + Shape and it is designed to be 
an array programming language. Its main features are the expressive power of functional 
languages and the efficient execution of imperative languages. The power in Fish comes 
from static shape analysis [11], which is done at compile-time in order to reduce 
functional programs to simple imperative forms. Moreover, it supports generic 
programming using the idea of constructor calculus [12] which is based on generic 
pattern matching. 
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Fish was chosen for the gpmap due to the availability of the source code for the 
compiler and its support for generic programming. The Fish code shown below, 
illustrates how to define a binary tree with two data types: real for leaf nodes and integer 
for root and intermediate nodes. Its graphical visualization is shown in Fig. 1. 

datatype btree (a,b) = leaf a | node b : btree(a,b) : btree (a,b) 

let Tree = node 4 (node 6 (leaf 3.2) 

                (node 10 (leaf 4.8) (leaf 1.3)) 

The tree can hold mixed data types such as integers and reals by using the 
constructor calculus [12]. The constructor calculus allows generic pattern matching to 
branch on any constructor of any type. 

 
Fig.1: The tree data structure with mixed data types 

A Generic Sequential Map 

In FISh there is a built in generic sequential map that can apply a function or more 
to a data structure that contains more than one data type. To illustrate how the generic 
map works, an example is shown below. In the code we define two functions: the first 
function fun1 takes an integer and returns an integer while the second function fun2 
takes a real and returns a real. The generic map can take a tuple of these two functions 
and apply them to the values stored in the tree. The resulting tree is shown in Fig. 2. 

let fun1 x = x + 3 

let fun2 y = y +. 4.5 

map (fun1,fun2) Tree 

Tree = node 7 (node 9 (leaf 7.7) 

                   (node 8 (leaf 7.0) (leaf 8.2))) 

                   (node 13 (leaf 9.3) (leaf 5.8)) 

4  

6   
10 

3.2  5 
4.8 1.3 

2.5 3.7 
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Fig 2: Applying a tuple of  two functions to the mixed data type tree using the sequential 

generic map. 

Data Distribution 

The basic idea of data distribution [13] is to take a data structure and distribute it 
across a given number of processors. In case of an array or a list this is an easy task 
where we divide the number of elements over the number of processors. Each processor 
will get its piece of the array accordingly. The advantages of data distribution are load 
balancing and improve data locality. Nonetheless, few processors might get less or more 
data than the others and this might cause load imbalance. However, the problem with 
data distribution is how to distribute complex data structures such as trees. There are two 
approaches: the first one is to flatten the data structure to bytes which is quite expensive 
and looses locality of data and might have extra overhead due to load imbalance and the 
second one is generic which is not expensive and preserves locality of data but difficult 
to implement.  

A compile-time algorithm was developed that distributes a tree across a given 
number of processors. We illustrate in Fig. 3 a distribution for the tree data structure that 
was defined in section 3.1 and a flow chart for the algorithm is shown in Fig. 4. 

 
Fig. 3: Distributing the tree data structure across two processors. 
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Fig 4. Flow chart for the distribution algorithm. 

The result of the algorithm is a list of lists of pieces as shown in Fig. 5. Each sub-
list will be assigned to a processor and hopefully amount of work is balanced across all 
processors.  

Start 

Find size of Tree 
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If size of subtree is small 
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Fig. 5: Generating a list of lists of unprocessed pieces. 

The result of applying the gpmap on the tree that was defined in Section 2.1 would 
be as shown in Fig. 6.  The final step is to reconstruct the tree from the processed list of 
lists of processed pieces. 

 
Fig. 6: The processed list of lists of piece 

The Static Master Slave Template 

Template-oriented parallel programming is a well methodology for parallel 
programming. It has two components: a high-level interface for templates that the 
programmer can use in his program in order to parallelize it and a low-level 
implementation that will be used to parallelize the high-level interface. The user is not 
responsible for any coordination, messages, load balancing or any other parallel 
programming issues. All these are taken care of using the pre-implemented template. 
The programmer is only responsible for choosing the suitable template and instantiate it 
with the needed function and data.  The choice can be from a variety of templates such 
as the master slave, pipeline, divide and conquer and geometric parallelism. These 
templates correspond to the common algorithms that are normally used in developing 
parallel applications. To illustrate the methodology lets take the map Higher-Order 
Function (HOF) as an example. The user may in his program apply a function to the 
elements of a list. This can be easily done using the map HOF as follows: 

               fun square x = x * x; 

 map square [1, 2, 3, 4, 5] =>  

      [square 1, square 2, square 3, square 4, square 5] => 

      [1, 4, 9, 16, 25] 
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We may note that the square function can be applied to each element in the list 
simultaneously as each element is independent from the other one. This type of implicit 
parallelism can be easily exploited by the compiler using a master slave template. The 
parallelizing compiler will replace the map function with the master slave template in the 
generated object code. Once the program is executed the square function will be applied 
to the elements of the list in parallel. 

We have implemented modified version of the static master salve template for the 
generic parallel map. The master sends a list of pieces to each worker. Each slave will 
receive its list of pieces, process it and send the result back to the farmer. Note that the 
farmer after the send process will do work as well. Once the master finishes its 
computation then it is ready to receive the result from the workers. The pseudo-code for 
the master and slave template are shown below:  

The Master Alg. 

1) Send the nth list of pieces to the nth worker 

2) Process the 1st list of pieces 

3) Receive the kth list of pieces  from the kth worker  

4) Build a list of lists of processed pieces 

The Worker  Alg. 

1) Receive the nth list of pieces from Master 

2) Process the nth list of pieces 

3) Send the list of processed pieces to Maste 

Generic Sends 

The gpmap requires generic sends. Therefore, it was required to add functions to be 
used by the master slave template that can send and receive complex data structures. 
Since any Fish data structure can be translated using the shape information into one or 
up to four basic arrays (int, float, char, Boolean). Simply, to send arbitrary data 
structures: either send the four arrays using separate messages or combine the four arrays 
into one array and transmit the data structure using one send message.  The receive 
process is similar. It important to note that there is no need to flatten or unflatten a data 
structure at run-time.  

Using the message passing interface library (MPI) [14] it was possible to combine 
the four arrays and send them as one big message.  This was achieved by defining a new 
data structure composed from the four arrays using MPI’s  built-in datatypes. The new 
data structure is then send using a standard send routine. 

Results 

        To test the generic parallel map, we have implemented a ray tracer in Fish. The ray 
tracer is a well known example that has been used by the parallel functional 
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programming community as an application to test their methodologies and techniques. 
Therefore, the program was  converted from ML [15] to Fish. The original program was 
taken from Impala suite [16]  for parallel benchmark programs. 

The basic idea of the program is to generate a 2D image from a 3D scene which 
consists of spheres. In the resulting 2D image each pixel in the grid will be colored 
according to traced ray for that pixel. During the tracing of a ray, all intersections of this 
ray with the given objects are computed. The ray is reflected once an intersection is 
found and the color of the intersection point is computed based on the strength of the 
ray. The program was tested at Heriot-Watt University's Beowulf cluster which is based 
on Intel Celeron 533MHz, 128KB cache, 128 of DRAM and 5.7GB of IDE disk. The 
workstations are connected through a 100 Mb/s fast Ethernet switch. 

 Fig 7 shows the execution time and speedup for the ray tracing of an image (512 x 
512) consisting of 9 Spheres and 2 light sources.  Speedup are results are good and better 
than those presented in [17] up to 6 processors. However, there is drop in performance 
when 8 processors where used. This might be caused by the increase in size of the 
resulting object code and possibly less utilization of the cache. It is important to note that 
this is caused by the FISh compiler as it generated bigger code size as we increase the 
number of processors. It is possible to solve this issue by adding run-time shape analysis 
and not relying completely on compile time analysis. The resulting ray traced spheres are 
shown in Fig. 8. 
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Fig. 7: The execution time and speedup for the ray tracer program. 
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Fig. 8: The result of applying the ray tracer on a scene Consisting of 9 spheres and 2 

light sources. 

Comparison with other Models 

Table 1 presents a comparison between gpmap and other models. It is important to 
note that gpmap differs from most of these models as it is based on a functional language 
and it has the advantage of the implicit parallelism that is available in HOFs. The other 
implementations are semi-explicit and rely on the programmer to parallelize the 
sequential application. Therefore, it is expected that gpmap will be preferred by 
programmers as it encapsulates implicit parallelism and the user does not have to worry 
about communication, coordination and any parallel processing issues. 

Table 1: Comparison between gpmap and other models. 
Models Functional or 

Imperative 
List Data 
Structure 

Generic Data 
Structures 

Supports 
Parallelism 

Parallelism 
Type Run-time Support 

gpmap Functional Yes Yes Yes Implicit Skeleton-library 
Janus Imperative Yes No No N/A N/A 
PolyP Imperative Yes No No N/A N/A 

Generic 
Haskell Functional Yes Yes No N/A N/A 

PMLS 
[18] Functional Yes No Yes Implicit Skeleton-library 

GpH 
[19] Functional Yes No Yes Semi-Implicit Graph-Reduction 

Eden 
[20] Functional Yes No Yes Semi-Implicit Graph-Reduction 
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5 Conclusions and Future Work 

It was possible to design and implement a generic parallel map that can apply a 
function to arbitrary data structures. It was engineered from different components: a host 
language, a generic programming, master slave template, data distribution  and generic 
sends. It was used on a decent example (the ray tracing of spheres) which consisted of a 
slightly complex data structure due to the lack of description of applications using 
generic programming languages [21]. It is planned to use the generic parallel map for 
further examples. Also it is possible to think of adding cost models with real hardware 
parameters to the generic distribution. 

It is important to note that a good application for the gpmap  would be in the 
parallelization of genetic algorithms Gas [22]. To explain, in a GA there are different 
types of representations such as binary, float, arithmetic, trees … etc according to the 
encoded problem. The GA operators such as the crossover operator is nearly the same 
operation regardless of the representation method. Therefore, a generic crossover could 
be implemented that works on different datatypes (representations) and used a function 
argument for gpmap to applied in parallel on the population strings. 
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  :اقرتان تطبيقي متوازي عام
  تطوير اقرتان القائمة ليشمل هياكل البيانات العامة

  محمد حمدان

  ملخص

 االقترانية من قبل مبرمجي البرمجة استخدامهة شائع  درجة ثانياقترانإن اقتران القائمة العادي هو 
في .  أن يأخذ اقتران آخر وتطبيقه على عناصر القائمة فقط بشكل متوازيةبالمكان االقترانهذا . المتوازية

تم تصميم وتطوير هذا االقتران من خالل دمج اقتران . هذا البحث تم تطوير اقتران تطبيقي متوازي عام
إن االقتران . ي،  و خوارزمية توزيع بيانات، و هيكل خادم وعميل ومراسالت عامةتطبيقي عام تتابع

 أخذ اقتران آخر وتطبيقه على عناصر من نوع واحد أو أكثر ةبالمكانالتطبيقي المتوازي العام الجديد 
األشعة في هذا البحث تم استخدام االقتران الجديد لبرمجة برنامج تتبع .  لهياكل البيانات بشكل متوازي

  .  نتائج التسارع المعروضة جيدة. بشكل متوازي
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Abstract 

The effect of moving the access point on the performance of the wireless network 
has been presented using an advanced network simulator. The Network Performance has 
been shown via a series of simulation tests with different access points locations. The 
simulation results are presented showing satisfactory network performance when the 
access point is chosen to include maximum possible number of users over the RF 
coverage area, geographical nature of the considered area and the number of access 
points. 

Keywords: access points, wireless networks, remote access, performance. 

Introduction 

Wireless local area networks (WLAN) enables people to communicate with anyone, 
anywhere, at anytime, using a range of multimedia services. The exponential growth of 
cellular telephone and mobile systems coupled with the spreading of laptop computers 
indicate a bright future for such networks.[1] The next stage of its development will be 
in complementing or replacing the network infrastructure that was traditionally wired as 
well as enabling network infrastructures. However as the communications field become 
a key factor in many other fields such as medical, teaching, business, information 
technology and other, the need for the communication to be anywhere without the 
problem of  cables and  the position of the user was increased  and  applying the wireless 
network become more important and essential in this fields, thus this help to spread these 
technology as fast as possible. WLAN technologies employ infrared, laser, spread 
spectrum, microwave, and satellite for supporting voice, video, and data transmission in 
local area and wider area environments [2,3].  

The wireless networks gives the user to use any applications regardless to its source 
or vendors and the type of the application which can be data, video, real-time 
applications or others. However, the WLAN performance and quality of transmission are 
key factors  in spreading and usage of such technologies [4,5]. This paper deals with the 
WLAN performance techniques based on advanced network simulator, OPNET modeler. 
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The effect of moving the access point on the performance of the wireless network has 
been presented. The Network Performance has been shown via a series of simulation 
tests with different access points locations. 

WLAN Configurations 
Wireless LAN configurations range from extremely simple to very complex. The 

simplest WLAN is an independent, peer-to-peer configuration where two or more 
devices with wireless adapters connect to each other, as depicted in Fig. 1. Peer-to-peer 
configurations are often called ad hoc networks since they do not require any 
administration or pre-configuration [1]. They also do not require the use of an access 
point, as each adapter communicates directly to another adapter without going through a 
central location. 

 
Figure 1 Peer-to-peer WLAN configuration. 

Peer-to-peer networks are very useful when a group of users need to communicate 
with one another in an unstructured way. A wireless network can also use an access 
point (AP). The access point acts like a hub, providing connectivity for the wireless 
computers (Fig. 2). It can connect the wireless LAN to a wired LAN, allowing wireless 
computer access to LAN resources, such as file servers or existing Internet Connectivity.  

 
Figure 2 WLAN configuration with access point. 
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In a corporate environment, many access points can work together to provide 
wireless coverage for an entire building or campus. The coverage area from each access 
point is called a cell.  

2.2 Setting up a WLAN Access Point 

Overlapping AP Configuration 

When adjacent access points are located close enough to each other, parts of the 
coverage area of access points may overlap with each other. Figure 3 shows that when 
two adjacent access points, A and B, are located close enough to each other, a part of the 
coverage area of access point A overlaps that of access point B. 

 
Figure 3 Overlapping Access Points. 

The overlapping area has two very important attributes: any workstation situated in 
the overlapping area can associate and communicate with either AP A or AP B and any 
workstation can move continuously through the overlapping coverage areas without 
losing its network connection [2]. 

Non-Overlapping AP Configuration 

Wireless LANs congested with many network users and heavy traffic load may 
require non-overlapping, multi-AP configuration. In a non-overlapping, multi-AP 
configuration, several APs are installed in the same location (Fig. 4). 

 
Figure 4 Non-overlapping AP configuration. 

In non-overlapping configuration, each AP has the same coverage area, creating a 
common coverage area that increases aggregate throughput. Any workstation in the 
overlapping area can associate and communicate with any AP covering that area.  
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Description of the Simulation Tool 

The OPNET (Optimized Network Engineering Tool) can be best described as a set 
of decision support tools, providing a comprehensive development environment for the 
specification, simulation and performance analysis of communication networks, 
computer systems and applications, and distributed systems. Discrete event simulations 
are used as the means of analyzing system performance and their behaviour. This 
sophisticated package comes complete with a range of tools which allows us to specify 
models in great detail, identify the elements of the model of interest, execute the 
simulation and analyze the generated output data. The OPNET simulator has many 
features such as object orientation and hierarchical modelling [6,7].  

OPNET provides four editors that are used to develop a representation of a system 
being modeled. These editors, the Network, Node, Process and Parameter Editors, are 
organized in a hierarchical fashion as shown in Fig. 5. This hierarchical organization 
supports the concept of model reuse. Models developed at one layer can be used by 
another model at a higher layer. The Network Domain deals with the specification of the 
physical topology of a communications network. The basic building block is a node. An 
underlying model, developed using the node editor, defines the specific capabilities of 
each node. Each node instance has a set of parameters or characteristics that can be set to 
customize the node's behavior. The number of node models that can be used in a 
network model is unrestricted. The Node Domain deals with the specifications of the 
communication devices created and interconnected at the network level. These nodes 
correspond to communicating devices such as personal computers, workstations, file 
servers, printers, bridges, routers or switches. Process Domain created using the process 
editor, which are used to describe the behavior of processor and queue modules within 
the node domain. These models are used to simulate software subsystems, such as a 
communication protocol, and also to model hardware subsystems, such as the memory of 
a switching device. Each process that executes in a queue or processor module is an 
instance of a particular process model. Process models are expressed in a language called 
Proto-C. OPNET's Proto-C consists of state transition diagrams (STDs), a library of 
kernel procedures, and the standard C programming language. The high level of 
flexibility offered by the Proto-C language enables almost any type of task, collection of 
specific data and definition of any protocol is performed [8]. 
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Figure 5. Simulation tool: the four OPNET editors. 

Move-Test Description 

The move-test solution can be considered as a basic step in building wireless 
network and optimizing it. Wireless service providers need to optimize their networks, as 
new access points installed, new buildings constructed or other condition changed. 

An overview of the optimization process is shown in Fig. 6. Move-testing is the 
first step in the process, with the goal of collecting measurement data as it relates to a 
user's location. Once the data have been collected over the desired RF coverage area, the 
data is outputted to a post-processing software tool. Engineers can use the post-
processing and collection tools to identify the causes of potential RF coverage or 
interference problems can be solved. Once the problems, causes, and solutions are 
identified, steps are performed to solve the problem [9]. 
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Figure 6 Optimization Process. 

 

The key characteristic of building wireless network is the WLAN Coverage. The 
WLAN will lose its reliability if it cannot respond to the user requests [10]. The wireless 
service providers will not give chance to this disadvantage to occur using Move- test 
solution. Before installing the access point we have to perform site evaluation to 
determine an appropriate location for the new access point by transmitting a continues 
signal from the undertest location and measure it using mobile receiver which moves 
over the coverage area to determine the locations of poor RF coverage. 

Move-Test Simulation Results 

The WLAN testing framework consists of a network contains workstations with 
wireless NICs, and a single access point to enable the workstations to access the 
connected wired network which provides several services such as FTP, HTTP and 
Email. We note that the workstations are distributed in different locations, the 
workstations in the left side are group_1 and  the others are group_2. First, the access 
point is set in location 1 as shown in Fig. 7.  

 
Figure 7 Access point location 1. 
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Figure 8  Simulation results of AP location 1. 

Because all workstations are in group_2 are out of the transmitting and receiving 
RF rang of the access point, which shown as green cycle with radius of 1160.5m (Fig. 7). 
The data dropped at this location mainly caused by the workstations of group_2 because 
they are out of the coverage.  The buffer size Specifies the maximum size of the higher 
layer data buffer in bits. Once the buffer becomes full, the data packets arrived from 
higher layer will be discarded until free space is available, the buffer size of the OPNET 
wireless nodes is 256000 bit. It can be noted that the wireless LAN delay is 
approximately constant since the location of each workstation is fixed respect to the 
Access point. We can also note that the values of the throughput and load are equal at 
any given execution time since the number of bits that are stored in the higher layer 
queue in transmitter nodes (which reflect the load) is equal to the number of bits that 
received in the receiver node (Fig. 8). 

 
Figure 9  Access point location 2. 
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Figure 10  Simulation results of AP location 2. 

In the second test the access point is set at location 2 (Fig. 9) which is closer to 
group_2. From Fig. 10 it can be noted that the number of data dropped in the WLAN 
increases due to increasing the number of workstations that are out of the RF coverage 
range. Other statistics are mainly collected from group_2 workstations. 

In the third test the Access point is moved to a newly location (Fig. 11). At this 
location, the access point is distant from both groups and few workstations are included 
in the RF coverage range of the access point. Hence, the data dropped reaches the 
maximum value. It can be seen that the media access delay increases by increasing the 
load of the wireless network (Fig. 12). 

In the fourth test, the AP is set at location 4 (Fig. 13). As it can be seen from Fig. 
14, this test demonstrates no data dropped from both groups, which improves the 
reliability of the wireless network. Further the throughput reaches its maximum value 
compared with previous test locations. 

 
Figure 11  Access point location 3. 
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Figure 12 Simulation results of AP location 3. 

 
Figure 13 Access point location 4. 

 
Figure 14 Simulation results of AP location 4. 
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Conclusions 

The OPNET advanced simulator has been used to study the effect of access-point 
moving on the WLAN performance. Simulation results indicate that we can greatly 
improve the WLAN performance. The location of the access point plays a very 
important role in enhancing the performance of the WLAN and choosing unsuitable 
location will prevent some users from accessing the network. The simulation results 
presented showing satisfactory WLAN performance when the access point is chosen to 
include maximum possible number of users over the RF coverage area, geographical 
nature of the considered area and the number of access points. 

 تأثري تغري مكان نقطه االتصال على كفاءه شبكه
  االتصاالت الالسلكيه باستخدام اوبنت

 
  سامح غوانمة

 
  ملخص

فــي هــذا البحــث تــم دراســة تــأثير تغيــر مكــان نقطــه االتــصال علــى كفــاءة شــبكه االتــصاالت الالســلكيه         
حاكاة اوبنت ، تم تنفيذ سلـسله مـن تجـارب المحاكـاة لعـدة مواقـع لنقـاط االتـصال علـى                       باستخدام برنامج الم  

بينت النتائج كفاءة عاليه للشبكه عندما يتم وضع نقطه االتصال بحيـث تغطـي اكبـر عـدد ممكـن مـن                 . الشبكه  
  .المستخدمين ضمن مدى التغطية مع مراعاة عدد نقاط االتصال وطبيعة المنطقة الجغرافية
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Abstract 

Two-way real time videoconferencing techniques have become the big challenge of 
the Internet revolution. The ITU-T H.263 is designed for very low-bit rate coding, which 
is concerned with real-time two-way communication. Motion estimation\compensation 
is the core of H.263 video coding.  Different motion estimation techniques were 
developed to enhance the ability and efficiency of H.263 technique for video 
compression. 

In this paper, two new techniques have been developed; Thresholding Half-pixel 
and OddEven motion search techniques. The first technique increases the image quality 
of video frames. The second one minimizes the encoding delay time through eliminating 
the searching points in each searching window of the video frame.  

The extracted results proved the effectiveness of the proposed techniques in 
comparison with the well-known motion search techniques in terms of delay time, image 
accuracy and compression ration. 

Keywords: Videoconferencing, Motion estimation, H.263, Image/video compression... 

Introduction 

Digital video communications technology has impressed the lives of people 
everywhere in the world. Digital video has an inherently high bandwidth (i.e., a digitized 
video signal requires a very high data rate for transmission). In order to store and 
transmit this information effectively, it is necessary to develop techniques for video data 
compression; otherwise, raw video may require large storage space and bandwidth [6, 
11, 12]. 

Special techniques, for example (MPEG1, MPEG2, MPEG4, H.261 and H.263), 
which take the characteristics of the video into account, can compress the video with a 
high compression ratio [8]. 

H.263 is mostly used for dialogue mode applications in network environments. for 
example, video telephony and video conferencing[5, 7, 8]. The resulting continuous bit 
rate is eminently suitable for today’s wide area networks operating with ISDN, leased 
lines, and some other connections. The H.263 ITU coding standard for low bit rate 
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videoconferencing is based on a hybrid motion estimation/compensation video coding 
method [6, 13, 14]. 

Hybrid video compression exploits temporal redundancy by motion compensation 
and spatial redundancy by DCT transformation. Motion estimation is a major part in 
such video compression systems. Many block matching search techniques (such as 
Three-Step search, 2D-Logarithm search, Conjugate search, and Full search) have been 
developed to reduce the complexity of the motion estimation that is associated with 
exhaustive searches [1, 2, 3, 4, 9, 10, 12]. These techniques reduce the video frame total 
searching points, which greatly affect the encoding delay time. The encoding delay time 
and image accuracy are major problems that limit the H.263 efficiency. The encoding 
delay time significantly contributes to the video conferencing interactivity achievement 
through decreasing the elapsed time in the video compression. On the other hand, 
increasing the image accuracy directly affects the video compression ratio. 

In this paper, two new techniques are developed; Thresholding Half-pixel and 
OddEven motion Search (OES) to enhance the efficiency of the H.263 
videoconferencing technique. The first technique increases the image quality of video 
frames. The second one decreases the total elapsed time of video compression (encoding 
the delay time). 

H.263-Motion Estimation-compensation: Proposed Improvements 

In this section, two considerably improved techniques are developed to enhance the 
efficiency of the H.263 technique. This is done through enhancing the data rate and 
reducing the transmission delay limitations. The techniques also improve the video 
sequence quality. 

The first technique (called Thresholding Half-pixel technique) greatly intensifies 
the performance of the traditional half-pixel technique by adding a threshold value which 
controls the clarity and smoothness of each of the pixel groups included from which 
video frames are composed. 

The second technique (called OddEven search technique) employs a new search 
strategy to match similar blocks from video successive frames and exclude the similar 
blocks. This technique achieves an efficient compression process. These techniques are 
explained below.. 

Thresholding Half-Pixel Accuracy Improvement 

H.263 uses a sub-pixel accuracy for motion compensation instead of using a loop 
filter to smooth the anchor (reference) frame as in H.261. The half-pixel technique 
achieves the image smoothing by considering a pixel and its neighbors, eliminating any 
extreme values (high frequency-noise) in this group. The values of half-pixel are found 
using bilinear interpolation [6]. 

Half-pixel technique does not take into account the color distance relationship 
among pixels directly, but rather produces values representing half the distance among 
these pixels. 
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In the current study, we improved the technique by adding an equilibrium factor to 
achieve a high level of smoothness among anchor frame pixels through computing 
threshold value. 

The threshold value stands for the average difference between two pairs of pixels, 
which reduces the noisy pixel’s values (not correlated pixels) resulted from the half-pixel 
technique. This makes the pixel values of each group closer and enhances the video 
anchor frames. 

The improvement of the half-pixel accuracy is explained in Fig. (1) and equation 
(2.1) [8]: 

 
where A, B, C, and D are grouped pixels and There is an additional value used to 

reduce the extreme half-pixel values. According to equation (2.1), the threshold value 
will decrease the color distance for group (a, b, c, and d) and produce a new group of 
pixels with a suitable color approximation.  

OddEven Search Technique (OES) 

The main idea of the proposed OddEven Search (OES) algorithm is to compute the 
cost function (typically, the MAD function is used [12]) for the odd blocks of y-axis and 
for the even blocks of x-axis finding the best match. 

 
Where 

F (i,j) represents an (m x n) macroblock from the current frame, 

G (i,j) represents the same macroblock from a reference frame (past or future), 

(Dx, Dy) a vector representing the search location. 

The matching candidate block contains the minimum value of the computed cost 
function values in the search windows of the previous frame. This block represents the 
most similar block for the selected block in the current frame of the video sequence. 

The matching process starts by calculating the cost function of the odd locations of 
the y-axis and even locations of the x-axis in the search window. The location that 
produces the smallest cost function becomes the center location for the next step, and the 
search range is reduced by half. 
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The matching process of the OES algorithm will continue until the minimum 
computed cost function value is equal to or less than the threshold value previously 
determined to achieve the matching process.    

The threshold value is determined depending on the requirements of the 
applications that use the proposed algorithm. The threshold value controls the speed and 
efficiency of the block matching process. This effectively affects the H.263 bit rate and 
the encoding delay time. 

Fig. (2a) shows the block matching process on the y-axis. Fig. (2b) shows the block 
matching process on the x-axis. 

OddEven Control Parameters 

This technique uses two control values to produce the best and fastest block 
matching process. These control values are: 

Information Density Control Value: A value is determined representing the number of 
bits from which the maximum color value of the matched block is composed. This value 
represents the amount of color information distributed on the matched block. The 
following formula is used to compute this value: 

 ))((2 SBlkMaxLogldMADThresho =  
where SBlk represents the current frame candidate block for the matching process. 

The computed value of the MADThreshold is compared to the minimum MAD 
computed values. If the selected MAD minimum value is less than or equal to the 
MADThreshold value, the matching process will be terminated. The block of the 
minimum MAD value is the approximate match of the SBlk. 

Loop Step Size Control Value: Three values are used (0.5, 0.7, or 0.9) to reduce the 
matching process comparison on the searching window blocks to find the best match. 
The 0.5 value divides the loop iteration by 2; this makes the OddEven technique 
compare half of the searching window blocks. When the value is 0.7, the OddEven 
technique compares one third of the searching window blocks. However, when the value 
is 0.9, the OddEven technique compares all of the searching window blocks. 

Experimental Results 

In this section, four well-known techniques are evaluated and compared with the 
proposed OddEven Search (OES) technique: Full Search (FS), Conjugate search, 2-D 
logarithmic search, and Three-Step Search (3SS).  Several results are constructed and 
analyzed according to the total delay time, the average of PSNR, and the total of the 
compression ratio. In addition, another proposed Thresholding Half-pixel technique is 
compared with the classical Half-pixel technique. 

The proposed and the four well-known techniques are reviewed in this study. The 
obtained results have been developed using MATLAB 6.5 and a computer system with a 
PIII processor and 128 MB memory. 
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Image Accuracy Evaluation 

The proposed Thresholding Half-pixel technique was simulated and compared with 
the traditional Half-pixel technique. PSNR and eRMS are used as two measures utilized to 
evaluate the image quality. Results illustrated in Table (1) indicate that the proposed 
technique has achieved a clear increase in the PSNR compared with the PSNR of the 
traditional Half-pixel technique. Increasing the PSNR means that the enhanced 
decompressed image maintains color properties close to those of the original image. 

Fig. (3a) represents an image after compression and decompression using JPEG 
technique, while Fig. (3b) represents the histogram of the decompressed image. 

Fig. (4a) denotes the decompressed image after applying the traditional Half-pixel 
technique. Fig. (4b) represents the histogram of the decompressed image. 

Fig. (5a) represents the decompressed image after applying the proposed Thresholding 
Half-pixel technique. Fig. (5b) shows that the color distribution of the image is 
better than that of Fig. (4b). 

The Evaluation of Block Matching Search Techniques 
The proposed OddEven Search (OES) algorithm is simulated using the luminance 

component of the first 10 QCIF frames of (Foreman, Miss America, Employer) video 
sequence. These sequences consist of a large amount of information and different scenes 
movement. The Mean Absolute Difference (MAD) is used as the cost function to 
calculate the similarity between the matched blocks. The maximum displacement in the 
search area is (±7) pixels in both horizontal and vertical directions for a block size, of 16 
×16. 

The proposed OES technique uses one of three different threshold values that 
control and affect the search process. These values are (0.5, 0.7, and 0.9). 

The performance comparison between OES, FS, Conjugate search, 2-D logarithmic, 
and 3SS in terms of the total delay time are shown in Tables (2), (5) and (8).  

Table (8) shows that the proposed OES algorithm that uses three different threshold 
values (0.5, 0.7, and 0.9) achieved good results. This was obtained through decreasing 
the elapsed time for the matching process in comparison with the well-known 
techniques, particularly, the 3SS algorithm, which had the second less delay time. Tables 
(2) and (5) show that the proposed OES algorithm that uses two different threshold 
values (0.5, 0.7) achieved the best results in comparison with the 3SS algorithm. 

Tables (3), (6) and (9) give some PSNR statistical comparisons between the 
proposed technique and each of the four well-known techniques. Tables (6) and (9) 
illustrate that the proposed OES algorithm that uses the three different threshold values 
(0.5, 0.7, and 0.9) resulted in the highest PSNR in comparison with the FS.  Tables (4), 
(7) and (10) show another comparison according to the Compression ratio (Cr). Tables 
(4), (7) and (10) show that the proposed OES algorithm that uses the three threshold 
values (0.5, 0.7, and 0.9), has come near to the value of 3SS. 
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Discussion 

In this study several improvements on the parameters that hinder the H.263 
CODEC efficiency are performed in order to improve the image accuracy and 
transmission delay time. These improvements are done by Thresholding and traditional 
Half-pixel techniques in order to enhance the video frame accuracy. This considerably 
improves the performance of H.263 motion estimation/compensation. 

The improvement results indicate the following: 

1. When computing the PSNR of the decompressed image applying both the proposed 
Thresholding Half-pixel technique and the traditional Half-pixel technique, it 
appeared to be 39.025 for the proposed technique and 38.976 for the traditional one. 
The higher PSNR of the proposed technique indicates remarkable image accuracy 
and clarity.  

2. When testing a decompressed image and applying the proposed technique, eRMS 
appeared to be 0.0223 compared with 0.0255 for the traditional Half-pixel 
technique. The nearer the eRMS value is to zero, the closer the decompressed image 
is to the original one. 

The other improvement deals with the block matching search time. Using the 
proposed OES of one of the threshold values (0.5, 0.7, or 0.9) gave higher results in 
comparison with the well-known four search methods. The elapsed time for the block 
matching search and determining the Motion Vectors (MV) have been decreased 
considerably, which in turn would decrease the encoding delay time and increase the 
efficiency of H.263 CODEC. The results of testing the four well-known techniques (FS, 
Conjugate, 2-D logarithmic, and 3SS) and the proposed (OES) indicate a reverse 
relationship between the PSNR and the Compression ratio (Cr). Maintaining equilibrium 
between the PSNR and the Cr and increasing both of them would result in a great 
improvement in H.263. It can be noticed that: 

1. Using both the proposed OES and the Thresholding Half-pixel resulted in a 
noticeable increase in the PSNR compared with the PSNR of the traditional FS 
technique, which is characterized with a high PSNR value. 

2. Increasing the PSNR using the two proposed techniques (Thresholding Half-pixel 
and OES), a fair Compression ratio (Cr) was maintained in comparison with the 3SS 
technique. 

Conclusion 

In this study, two algorithms have been developed: Thresholding half-pixel 
technique and OddEven technique. These algorithms have enhanced video compression. 
The idea of the first algorithm is to increase the image clarity and accuracy, while the 
second one is concerned with decreasing the elapsed time of video compression and 
increasing the compression ratio. 

Testing these two techniques gave good results, improving the performance of the 
H.263 technique significantly. Applying the proposed technique (Thresholding Half-
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pixel) resulted in high accuracy and clarity in the decompressed images compared with 
the traditional Half-pixel technique. The proposed OES technique has remarkably 
decreased the elapsed time of video compression in comparison with the four well-
known techniques (FS, Conjugate, 2-D logarithmic and 3SS). Using three different 
threshold values by OES resulted in a fast block matching process; decreasing the 
encoding delay time clearly. Choosing simple scenes with few moving objects (called 
Head and Shoulder) increases Cr and decreases the video compression delay time.  Each 
motionless object is considered similar to an object in the same location in the next 
frame. These blocks can be substituted without computing the Motion Vector (MV) for 
each block. 

  
  للمؤتمرات الفيديوية  H.236 جديدة لتحسني خوارزمية  تقنية

  
  عمار كامل و محمد بالل الزعبي

 
 ملخــص

.  تحديًا كبيرًا في عالم اإلنترنت (H.236 Videoconferency) تمثل تقنية المؤتمرات الفيديوية 
التقنية .  في هذا البحثلضغط هذا النوع من البياناتقنيتين جديدتين وقد تم تطوير ت

 والتي من شأنها تحسين نوعية صور الفيديو أثناء عمليات الضغط  (Thresholding Half-pixel)األولى
 لتقليل الوقت الالزم للتشفير والضغط عن طريق OddEven motion search techniques)(والثانية 

وقد أثبتت نتائج البحث فاعلية الطريقتين الجديدتين، . ات الهامشية أثناء عمليات البحثحذف بعض البيان
  .عن طريق مقارنة النتائج مع تقنيات عالمية معروفة في هذا المجال
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List of Tables 

Table (1): PSNR and eRMS comparison criteria between the proposed Thresholding 
Half-pixel technique and the well-known Half-pixel technique 
Image Technique PSNR eRMS 
Proposed Thresholding Half-pixel 39.025 0.0223 
Half-pixel 38.976 0.0255 

Table (2): Elapsed delay time comparison between the four well-known techniques 
and the proposed OddEven technique for Forman video sequence 

Frame 
Full 

search 
FS 

Conjugate 
search 

2-D 
logarithmic 

search 

Three-
Step 

Search 
(3SS) 

Proposed 
(OddEven) 

search 
threshold = 

0.5 

Proposed 
(OddEven) 

search 
threshold 

= 0.7 

Proposed 
(OddEven) 

search 
threshold = 

0.9 

1 I 11.257 
ms 11.257 ms 11.257 ms 11.257 

ms 11.257 ms 11.257 ms 11.257 ms 

2 P 31.826 
ms 6.469 ms 7.251 ms 6.489 

ms 6.158 ms 6.329 ms 6.499 ms 

3 P 30.404 
ms 6.470 ms 7.250 ms 6.449 

ms 6.149 ms 6.249 ms 6.479 ms 

4 P 30.363 
ms 6.479 ms 7.261 ms 6.429 

ms 6.169 ms 6.229 ms 6.489 ms 

5 P 30.493 
ms 6.469 ms 7.210 ms 6.419 

ms 6.159 ms 6.259 ms 6.499 ms 

6 P 30.364 
ms 6.440 ms 7.190 ms 6.419 

ms 6.149 ms 6.239 ms 6.500 ms 

7 P 30.304 
ms 6.479 ms 7.201 ms 6.439 

ms 6.139 ms 6.229 ms 6.469 ms 

8 P 30.714 
ms 6.480 ms 7.200 ms 6.439 

ms 6.168 ms 6.239 ms 6.500 ms 

9 P 30.494 
ms 6.459 ms 7.210 ms 6.500 

ms 6.149 ms 6.229 ms 6.490 ms 

10 P 31.335 
ms 6.479 ms 7.231 ms 6.429 

ms 6.178 ms 6.239 ms 6.479 ms 

Total 
Delay 
Time 

287.554 
ms 69.481 ms 76.261 ms 69.369 

ms 66.675 ms 67.498 ms 69.661 ms 

Table (3): PSNR comparison between the four well-known techniques and the 
proposed OddEven technique for Forman video sequence 

Frame Full 
search 

FS 

Conjugate 
search 

2-D 
logarithmic 

search 

Three-
Step 

Search 
(3SS) 

Proposed 
(OddEven) 

search 
threshold 

= 0.5 

Proposed 
(OddEven) 

search 
threshold 

= 0.7 

Proposed 
(OddEven) 

search 
threshold 

= 0.9 
Average 

of 
PSNR 

39.778 38.222 39.298 38.499 39.433 39.603 39.484 
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Table (4): Compression ratio (Cr) comparison between the four well-known 
techniques and the proposed OddEven technique for Forman video sequence 

Frame 
Compression 

ratio 
(Cr) 

Full 
search 

FS 

Conjugate 
search 

2-D 
logarithmic 

search 

Three-
Step 

Search 
(3SS) 

Proposed 
(OddEven) 

search 
threshold = 

0.5 

Proposed 
(OddEven) 

search 
threshold = 

0.7 

Proposed 
(OddEven) 

search 
threshold = 

0.9 

Total Cr 45.527 49.822 59.693 64.520 62.114 64.388 62.865 

Table (5): Elapsed delay time comparison between the four well-known techniques 
and the proposed OddEven technique for Miss America video sequence 

Frame Full search 
FS 

Conjugate 
search 

2-D 
logarithmic 
search 

Three-Step 
search 
3SS 

Proposed 
(OddEven) 
search 
threshold = 
0.5 

Proposed 
(OddEven) 
search 
threshold = 
0.7 

Proposed 
(OddEven) 
search 
threshold  = 0.9 

1 I 10.756 ms 10.756 
ms 

10.756 
ms 

10.756 
ms 

10.756 
ms 

10.756 
ms 10.756 ms 

2 P 28.691 ms 6.459 ms 7.211 ms 6.549 ms 6.099 ms 6.309 ms 6.599 ms 
3 P 29.323 ms 6.309 ms 7.831 ms 6.890 ms 6.349 ms 6.249 ms 6.610 ms 
4 P 29.022 ms 6.309 ms 7.110 ms 6.309 ms 6.209 ms 6.269 ms 6.600 ms 
5 P 28.571 ms 6.309 ms 7.110 ms 6.339 ms 6.109 ms 6.259 ms 6.610 ms 
6 P 29.242 ms 6.319 ms 7.131 ms 6.339 ms 6.098 ms 6.249 ms 6.589 ms 
7 P 29.443 ms 6.319 ms 7.110 ms 6.349 ms 6.098 ms 6.279 ms 6.600 ms 
8 P 29.242 ms 6.329 ms 7.131 ms 7.040 ms 6.088 ms 6.259 ms 6.609 ms 
9 P 29.032 ms 6.329 ms 8.051 ms 6.339 ms 6.119 ms 6.239 ms 6.609 ms 
10 P 29.101 ms 6.299 ms 7.121 ms 6.339 ms 6.129 ms 6.229 ms 6.630 ms 
Total 
Delay 
Time 

272.423 ms 67.737 
ms 

76.562 
ms 

69.249 
ms 

66.054 
ms 

67.097 
ms 70.212 ms 

Table (6): PSNR comparison between the four well-known techniques and the 
proposed OddEven technique for Miss America video sequence 

Frame 
Full 

search 
FS 

Conjugate 
search 

2-D 
logarithmic 

search 

Three-
Step 

search 
3SS 

Proposed 
(OddEven) 

search 
threshold = 

0.5 

Proposed 
(OddEven) 

search 
threshold = 

0.7 

Proposed 
(OddEven) 

search 
threshold = 

0.9 
Average 
of PSNR 41.289 40.157 41.143 40.907 41.518 41.370 41.311 

Table (7): Compression ratio (Cr) comparison between the four well-known 
techniques and the proposed OddEven technique for Miss America video sequence 

Frame 
Compression 

ratio 
(Cr) 

Full 
search 

FS 

Conjugate 
search 

2-D 
logarithmic 

search 

Three-
Step 

Search 
(3SS) 

Proposed 
(OddEven) 

search 
threshold 

= 0.5 

Proposed 
(OddEven) 

search 
threshold 

= 0.7 

Proposed 
(OddEven) 

search 
threshold 

= 0.9 
Total Cr 34.364 34.609 43.686 45.453 44.190 45.335 45.26 
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Table (8): Elapsed delay time comparison between the four well-known techniques 
and the proposed OddEven technique for Employer video sequence 

Frame Full 
search 
FS 

Conjugate 
search 

2-D 
logarithmic 
search 

Three-
Step 
Search 
(3SS) 

Proposed 
(OddEven) 
search 
threshold 
= 0.5 

Proposed 
(OddEven) 
search 
threshold 
= 0.7 

Proposed 
(OddEven) 
search 
threshold 
= 0.9 

1. I 11.076 
ms 

11.076 
ms 11.076 ms 11.076 

ms 11.076 ms 11.076 ms 11.076 ms 

2. P 31.315 
ms 6.719 ms 7.621 ms 6.609 

ms 6.179 ms 6.269 ms 6.559 ms 

3. P 31.225 
ms 6.559 ms 7.451 ms 6.530 

ms 6.179 ms 6.279 ms 6.519 ms 

4. P 31.546 
ms 6.549 ms 7.470 ms 7.421 

ms 6.189 ms 6.299 ms 6.509 ms 

5. P 31.736 
ms 6.559 ms 7.451 ms 6.509 

ms 6.148 ms 6.309 ms 6.549 ms 

6. P 31.455 
ms 6.559 ms 7.441 ms 6.560 

ms 6.168 ms 6.299 ms 6.540 ms 

7. P 31.625 
ms 6.559 ms 7.430 ms 7.380 

ms 6.159 ms 6.289 ms 6.559 ms 

8. P 31.465 
ms 6.520 ms 7.441 ms 6.579 

ms 6.159 ms 6.289 ms 6.569 ms 

9. P 31.034 
ms 6.550 ms 8.332 ms 6.559 

ms 6.169 ms 6.289 ms 6.559 ms 

10. P 31.796 
ms 6.550 ms 7.430 ms 7.401 

ms 6.139 ms 6.309 ms 6.539 ms 

Total 
Delay 
Time 

294.273 
ms 

70.200 
ms 79. 143 ms 72.624 

ms 66.565 ms 67.707 ms 69.978 ms 

Table (9): PSNR comparison between the four well-known techniques and the 
proposed OddEven technique for Employer video sequence 

Frame Full 
search 

FS 

Conjugate 
search 

2-D 
logarithmic 

search 

Three-
Step 

search 
3SS 

Proposed 
(OddEven) 

search 
threshold = 

0.5 

Proposed 
(OddEven) 

search 
threshold = 

0.7 

Proposed 
(OddEven) 

search 
threshold = 

0.9 
Average 

of 
PSNR 

39.951 38.715 39.899 39.613 40.001 40.042 40.062 

Table (10): Compression ratio (Cr) comparison between the four well-known 
techniques and the proposed OddEven technique for Employer video sequence 

Frame 
Compression 

ratio 
(Cr) 

Full  
search 

FS 

Conjugate 
search 

2-D 
logarithmic 

search 

Three-
Step 

Search 
(3SS) 

Proposed 
(OddEven) 

search 
threshold 

= 0.5 

Proposed 
(OddEven) 

search 
threshold 

= 0.7 

Proposed 
(OddEven) 

search 
threshold 

= 0.9 
Total Cr 57.760 43.11 64.588 67.45 67.41 65.556 66.164 
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The Figures 

 

 
Fig. (1): The Thresholding Half-pixel technique 

 

 
Fig. (2a): The OddEven search procedure. Points at (0,-3), (-2,-3), and (-2,-2) are found 

to give the minimum dissimilarity in steps 1,2, and 3 respectively. 

 



New Techniques for Improving H.263 Videoconferencing 

 
159

 
Fig. (2b): The OddEven search procedure. . Points at (-2, 0), (-2, 2), and (-3, 2) are 

found to give the minimum dissimilarity in steps 1, 2, and 3 respectively. 
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Fig. (3): (a) Applying the JPEG technique on the decompressed image. (b) Image 

histogram. 

 
Fig. (4): (a) Applying the traditional Half-Pixel technique on a decompressed Image. (b) 

Image histogram 

 
Fig. (5): (a) Applying the proposed Thresholding Half-Pixel technique on a 

decompressed Image. (b) Image histogram. 



New Techniques for Improving H.263 Videoconferencing 

 
161

 
Fig. (6): Samples of Foreman video frames. (a) Current frame. (b) Previous frame. (c) 

The difference blocks between the current and previous frames using the proposed 
OddEven Search (OES) technique. 

 
Fig. (7): Samples of Miss America video frames. (a) Current frame. (b) Previous frame. 
(c) The difference blocks between the current and previous frames using the Three-Step 

Search (3SS) technique. 

 
Fig. (8): Samples of Employer video frames. (a) Current frame. (b) Previous frame. (c) 

The difference blocks between the current and previous frames using the 2-D 
logarithmic technique. 
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elements of  a basis of ( )HH 2 . Finally, we find the relation between the residual spectrum of 
that operator and its  norm and we present some example too. 
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Application of Unbounded Linear Operators 
in Hilbert Spaces 

 
Ahmad Ajour and Rainer Picard 

 
Abstract 

      In this paper, we define ( )HH 2  to be the class of  all closed unbounded  linear operators A  

such that the domains of A  and its adjoint operator *A contain a basis of the  Hilbert space H  

and they are also dense in H. We show that ( )HH 2  is a Hilbert space with a norm related to a 

basis of  H  and we show that, this norm  is independent of the chosen basis. We study  the 

orthogonality of the subspace of  ( )HH 2  and we  write  any linear operator of ( )HH 2  as the 
sum of  two orthogonal operators. Moreover, we rewrite that operator as an infinity sum of  

( )HH2
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( )
HHH

hhAhIA
2#

ελλ >−=−  

,2,1...,:إذا كان ) 1  .البرهان == ieAe ii λ 2,1..., فإن, == iAe
Hi λ   

∑ ∑
∞

=

∞

=

=
1 1

2222

i i
iHii fAef λ22: و منه نجد

#
λ=A.  
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                                                        .
#

, BIAB o∗=  

∑
∞

=

=
1

22
#

,,
i

Hiii BeAefCBA  

                                      ∑
∞

=

∗=
1

22 ,
i

HiiAi BeAeIfC o  

.                                                       
#

, BAI A o∗=                       

∑
∞

=

∗=
1

22
#

,,
ik

Hkjkijkji eIeEEfCEE o      

      .                                         
#

, jij IEE o∗=    

)إن المساواة  ) و 26(   . تبرهن بنفس الطريقة27(

} .5نظرية }∞=1iie قاعدة في فضاء هلبرت H و{ } ( )HHE ii
2

1 ⊂
∞
)قاعدة في  = )HH 2 ،

NjieE:عندئذ
Hji ∈∀=  و 1,,

#
,0 njni eEeE= مهما يكن  :Nn∈ و

jiNji ≠∈ &,∀.  

)  نعرف .البرهان  ) { }{ }∞
==== 121 :...0,0,,...,: iinnn xhxxxhHو نعرف الفضاء أبضًا :  

( ) ( )








=∈= ∑
=

n

i
HiinHHn AefcAHHAAHH

nn
1

222
2

#

22 ::

2
1

1

22
−

=









= ∑

n

i
in fc  

HHHH: نرى أن n ......21    و⊃⊃⊃⊃
( ) ( ) ( ) ( )HHHHHHHH n

22
2

2
1

2 ...... ⊂⊂⊂  
  :و نالحظ

##
lim AA

nHn
=

∞→
0lim: ألن 

1

22
2

1

2 =









−∑∑

=

∞

=
∞→

n

i
Hii

Hi
iin

AefAef   

:و هذا يؤدي إلى
2

#

222lim AAfc
HHinn n
=

∞→
.  
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)عندئذ  )HHp∈∂ أجل  ألنه مغلق و نظيمه محدود من
2
11 >−p و مجموعة تعريفه كثيف 

  .Hفي 

)ليكن   ) [ ] ,...2,1,,,sin1
=−∈= nxnx

n
xfn ππعندئذ نجد أن        :( ) NnDfn ∈∂∈ ,   

2موضحين أن

2
2 sin1

2
n

dxx
n

f
Ln

ππ

π

== ∫
−

.  

  :و نرى بسهولة

00 22  →==− ∞→n
LnLn n

ff π  

  :و لكن

∫ ∫
− −

≠===∂
π

π

π

π

π 0cossin1 2
2

2
2 dxnxdxnx

ndx
df

Ln   

  :و منه ينتج 

∞→→ nf H
n 00 و لكن 0, 2 ≠→−∂ ∞→ πn

Lnf .و هذا يعني عدم اتصال المؤثر∂.  

}نفرض . نظرية تمهيدية }∞=1iie قاعدة في فضاء هلبرت H ،{ } ( )HHE ii
2

1 ⊂
∞
قاعدة في  =

( )HH ) و 2 )HHBA 2,   : عندئذ ∋

( )25                     
#

*, BAIA o=
##

,, BIABBA o∗=  

):         باعتبار ) hhIHADI AA =→ ,:  
( )26            jiEEIIEEEE jiijijji ≠=== ∗∗ ,,,,0

###
oo  

( )27            
##$, ,,,1 iiiiiiii IEEEEIEE oo ∗∗ ===  

  باعتبار 
( ) ( ) ,...2,1,,,:,,: ==→=→ jihhIHIDIhhIHIDI jjjiii  

) لبرهان . البرهان ) نستعمل  التعريف 25( )8:  

∑
∞

=

=
1

22
#

,,
i

Hiii BeAefCBA    

                                               ∑
∞

=

∗=
1

22 ,
i

HiBii eIAeBfC o  
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}نفرض  .4نظرية }∞=1iieاء هلبرت  قاعدة في فضH ،( )HHA يوجد :  و هذا يعطي∋2
0>M، MAhAh

H
<⇒→→

#
,0,0، ( )ADh∈∀ . و لكن االقتضاء العكسي غير

  .محقق

) ليكن. البرهان )HHA ) و ∋2 )ADh∈0,,0:  باعتبار →→ hforAh
H

 هكذا  و

)، يوجد <∋0من أجل كل  ) 0>∈δباعتبار :<∈
H

Ah من أجل كل δ<
H

h.  لذا يمكن

iHii:أن نكتب fMAef   :و منه نكتب ≥

∑ ∑
∞

=

∞

=

≤
1 1

222

i i
iHii fMAef  

22: و حسب تعريف النظيم

#
MA ≤.  

  : لهذا يكفي تقديم المثال التاليلكن العكس غير صحيح

]:  ليكن.3مثال ] ( )








∞<→−== ∫
−

π

π

ππ dttfmeasurableRfLH 22    و::,,,

 ( ) [ ]( )ππ ,1 −= CADباعتبار [ ]( ) ( ) ::&,: 221

dx
xdfALLC ∂=→⊂−∂ ππ   

)إنه معروف أن  )∂D 2 مجموعة كثيفة فيL و { }∞=1iie:  

( ) ( ) ( ) ( ) ( ) ,...2cos,2sin,cos,sin,,
2
1

43210 πππππ
xxexxexxexxexe ===  

]،انظر في 2Lكثيفة في    : و هكذا2[

( ) ( )











⋅
+

⋅
+=∂ ∫ ∑ ∫∑

−

∞

= −

∞

=

π

π

π

π ππ 1
2

2

2

2

1

22 cossin0
n

pp
n

pp n
dx

dx
nxd

n
dx

dx
nxdC    

                                                     







= ∑ ∫

∞

= −1
2

2
2

n
pp

dx
n
nC

π

π π
     

                                   ( ) .
121

1,2

1
2

2

1
12

2

∑
∑ ∞

=

∞

=
−

+
==

n
p

p
n

pp

n

C
n

C  
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NieMeA: من الفرض نكتب. البرهان
HiHin ∈∀≤ :         مع مالحظة222,

{ } ( )I
Nn

nii ADe
∈

∞
= =1

2,1,222..., و هكذا  =∀≤ nefMeAf
HiiHiniو منه نجد  :  

∑ ∑
= =

≤
k

i

k

i
iHini fCMeAfM

1 1

22222
Nk لكل    :و النتيجة هي.∋

 ,...2,1,22

#
=≤ nMAn.  2=∞إذا كان

#nA من أجل قيمة  ما Nn∈ هذا يؤدي إلى ، 

∑
∞

=

∞=
1

22

i
Hini eAfM و منه ينتج ( )HHAn

  . و هذا تناقض∌2

} إذا كان .3نتيجة  } He ii ⊂∞
} ، H قاعدة `= } ( )HHA nn

2
1 ⊂

∞
  : ر باعتبا=

##
AA R

n → لما  ∞→n فإن هذا ال يؤدي إلى :  

∞→→ nAhhA H
n ) من أجل كل ,, ) NnADh n ∈∈ ,  

HHA ليكن . 3مثال ) و :→ )CH 2l=باعتبار : 

( ),...,...,2,: 2
2

2
1 ixixxAx =  

)إذا و ضعنا   ) ( ) ,...2,1,,...,...,2,11: 2
2

2
1 =

−
−= nxixx

n
nxA i

n
n   

  :فإننا نجد

( )∑∑∑
∞

=
−

∞

=

∞

=

===
1

22
2

1
2

4

1

2
2

22 1
i

pp
i

p
i

p
H

p
i

pp i
C

i
iC

i
AeCA  

)و هكذا فإن  )HHA p∈ 2 من أجل
12

2
5

>−⇔> pp .نالحظ كذلك أن:  

Nn∈,( ) ( )
2

3
2

2
2

1
2 ,...3,2,111

H

n
Hn xxx

n
nAxxA 



 −

−
−=−   

0lim 2 ≠−
∞→ Hnn

AxxA  

)بعض التطبيقات في الفضاءات -5 )HH 2:  
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)إذا كان :نكتب) 2(لبرهان  )HHA ) و ∋2 )AReكثيفة  في H و HH
hMAh ن  م≤

)أجل  كل  )ADh∈ عندئذ من أجل كل،( )ADhh ∈21 21 إذا كان , AhAh  هذا يؤدي =
  إلى

,00 2121 ≥−≥−=
HH

hhMAhAh     

21:وهذا يعني  hh ): و منه نجد = ) ( )AAD Re1 =−،( ) HADA →−− 11  موجود و :

HH
hMhA )ل  من أجل ك1−≥′ )1−∈ ADh باعتبار 

M
M 1

: و نكتب ′=

MeMeA
HiHi MA و هذا يؤدي إلى المطلوب و هو 1−≥′=′ ′≤−

#

1.  

}  لتكن .3نظرية } He ii ⊂∞
} و H قاعدة 1= } ( )HHA nn

2
1 ⊂

∞
  : بحيث أن=

( ) ,...2,1,,, =∈∀∞→→ nADhnAhhA nn    
  :عندئذ 

##
AAn   n→∞ لما →

,,2,1...,  يمكن أن نكتب .البرهان =∞→→ inAeeA i
H

in .و منه نجد:  

,...2,1,, =∞→→ inAeeA
HiHin  

  و بالجمع نحصل على

∑∑
==

∈∀∞→→⋅
k

i
Hii

H
k

i
Hini NknAefCeAfC

1

22

1

22 ,,   

  :و منه نجد

##
AAn   n→∞ لما →

  مع مالحظة أن 

∞<2

#nA2>∞  و

#
A من أجل كل Nn∈.  

}  إذا كان .2نتيجة  } He ii ⊂∞
} ، H قاعدة 1= } ( )HHA nn

2
1⊂

∞
:        باعتبار=

222

HHn hMhA )  من أجل كل ≥ )nADh∈ ،,...2,1=n 0 و>M.عندئذ:  

{ }∞
=1# nnAمتتالية محدودة .  
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( )23               ∑ ∑ ∑
∞

=

∞

=

∞

=

+=
1 1 1

222

i i i
iii cba  

  ):1(  نستفيد من النظرية التمهيدية .البرهان

)من أجل كل ) 1 )HHA =+⊥:  يمكن كتابته بالشكل∋2 AAA B على( )ADو   

( )
iiiii

EaEaEEaEaAAA
i i

iBi
i i

BiiiB ⊥

∞

=

∞

=

∞

=

∞

=
⊥⊥ ∑ ∑∑ ∑ ⊕=⊕===+

1 11 1
     

  :و منه نجد

( )( ) ( )( )ADBEaAADBEaA
i

i
i

BiB iii

⊥
∞

=
⊥⊥

∞

=

∈=∈= ∑∑
11

,  

}باعتبار   }∞=1iiE قاعدة في ( )HH )بما أن : نكتب ) 2(لبرهان . 2 )HHAB
∑لذا ∋2

∞

=

=
1i

iiB EaA 

)و كذلك  )HHA ∑ و هذا بسمح لنا بالكتابة ⊥∋2
∞

=
⊥ =

1i
ii EcA  و النتيجة :

∑ ∑ ∑
∞

=

∞

=

∞

=

+=
1 1 1

222

i i i
iii cba.  

} ليكن . 2نظرية }∞=1iie قاعدة في  H  و ( )HHA 0ِ :عندئذ)1 .∋2
#

>≥ MA إذا 
  :تحقق الشرط التالي

( )24           HH
hMAh ) من أجل كل ≤ )ADh∈0باعتبار>M.  

)إذا كان ) 2 ) محققًا و 24( )ARe كثيفة في Hعندئذ  :( ) HHADA →⊂−− 11  موجود :

)باعتبار  ) ( )AAD Re1 HH و −=
hMhA ′≤−1

) من أجل كل  )1−∈ ADh و 

M
M 1

MA: و أكثر من ذلك ′= ′≤−

#

}إذا كان 1 } ( )1
1

−∞
= ⊂ ADe ii.   

)إذا كان . البرهان )HHA 2∈ HH
hMAh ) من أجل كل ≤ )ADh∈عندئذ   

,...2,1, =≥ ieMAe
HiHi3,2,1...,: نكتب, =≥ iefMAef

HiiHiiو منه   

2:نجد

1

222

1

22 MfMCAefC
i

i
i

Hii =≥ ∑∑
∞

=

∞

=
0:  و هذا يعني 

#
>≥ MA.  



 تطبيقات في فضاءات هلبرت للمؤثرات الخطية غير المحدودة

 
13

00...0,00...00,0
22

2

2
2 =
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p
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i

p cj

ej

jici
ei

C و أكثر من

∑:ذلك
∞

=

=
1i

iiTaT  

   ∑
∞

=

==
1 2

2

2

2
2
2 ,,

ij H

ij
pii ci

ei
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Te
CTTa     

2...,3,2,1,1, 2
1 2

2

2

2
2
2 ==== ∑
∞

=

pi
i

C
Ci
ei

j
je

C
Hj

ij
   

1...0...0
2

2
2

2
2
2

1

2

22 =












++++== ∑

∞

= H

i

j H
p

ji
ppi Ci

ei
C

j
eT

CT  

  و هكذا

.
2

1

2
2

2

1 1

222

C
C

i
C

aT
i i

ip
===∑ ∑

∞

=

∞

=

     

xTaex
C
i

i
C

eixTx
i

iiii
ii

ii 







⋅=== ∑∑∑

∞

=

∞

=

∞

= 12

2

1

2

1
    

  .2l∈xلكل 
  :و النتائج بعض الخصائص-4

}  لتكن ).1(نظرية }∞=1iie قاعدة في H و { }∞=1iiE قاعدة في ( )HH    عندئذ 2
)لكل   )HHA 2∈:   

 1                             (⊥+= AAA B على( )AD،  

 ( )( )ADBEaA
i

BiB i
∈= ∑

∞

=1
،  ( )( )ADBEaA

i
i i

⊥
∞

=
⊥⊥ ∈=∑

1
  

):إذا كان ) 2 )( )ADBEbA i
i

iB ∈=∑
∞

=1
) و  )( )ADBEcA

i
ii∑

∞

=

⊥
⊥ ∈=

1

  :  عندئذ يكون
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) فإنه يكون لدينا r<1أما من أجل ) 2 )HHI r∈ و لكن   

111 2
1

2

2
1

1
2 ≠








−
=








= ∑

∞

= rrr
I

i
r.  

II ( يتكرر األمر في( )HH p فلو عرفنا الجداء الداخلي (   فمن أجل  C دون الضرب ِب 20(

0=pنحصل على :( ) Sp HHH و لكن من أجل =
2
1

>p فإن( )HHI p∈ و 

11 2
1

1
2 ≠








= ∑

∞

=i
pp i

I.  

:22 و 2l=H ليكن . 3مثال ll →Tباعتبار  :  

( ) ( ),...3,2,,...,, 321321 xxxxxxT =  

) هو خطي مغلق و Tواضح أن  ) 2l=TD.  2أذا وضعنا=p عندئذ ،  

2
1

2
2

1
2

2
2

2

1
2

2
2

2 1
C
C

i
C

i
Te

CT
iHi

i
p

=== ∑∑
∞

=

∞

=
    

  إذا عرفنا 
2222 :,: llll →→ BA    

( ) ( ) ( ) ( ) ( )( ),...)2,1,0,...,0,0,...,,,...,...2,,.., 21212121 ++ ++== nnn xnxnxxBnxxxxxA  و منه  نكتب

BAT }إذا عرفنا أيضا . =⊕ }∞= 1iiTباعتبار :  

2, =p( ) ( ) ,...2,1,,...,...,0,0,...,
2

2

21 == ix
C
ixxT ii    

jiن أجل عندئذ م <   

+++




+=

H
p

jj
p

ii

H
p

j
p

i

H
p

j
p

i
ppji i

eT
i
eTeTeTeTeTCTT ,...

2
,

21
,

1
, 22112  

=




++ ...,...

H
p

jj
p
ji

j
eT

j
eT

  



 تطبيقات في فضاءات هلبرت للمؤثرات الخطية غير المحدودة

 
11

} فضاء هلبرت و H ليكن ).2(أمثلة تطبيقية  } Iiie   : قاعدة فيه∋

1( ( )
( )

{ } ( ) 















>∞<⊂

→⊂

=
∑
∞

=

∗∞
=

1

2

1 2
1,::

::
:

i H
p

i
ii

p p
i
AeADethatsuch

operatorlinearclosedaisItHHADA
HH  

)نعرف الجداء الداخلي لكل مؤثرين  )HHBA p∈,بالشكل :  

( )20  
2
1

1
2

1,
−∞

=









= ∑

i
pp i

CHii
i

ppp
BeAe

i
CBA ,1,

1
2

2∑
∞

=






=  

2( ( )
( )

{ } ( ) 















>⊂

→⊂

=
∑
∞

=

∗∞
=

1

2

1 1,::

,::
:

i H
i

i
ii

r r
r
AeADethatsuch

operatorlinearclosedaisAHHHDA
HH   

)عندئذ  )HHrسوف يشكل فضاء هلبرت مرفقًا بالجداء الداخلي :  
  

( )21          
2
1

1
2

1

2 1,,,
−∞

=

∞

=









== ∑∑

ii
r

H
i
i

i
i

rr r
C

r
Be

r
Ae

CBA  

  
  

   3(   ( )
( )

{ } ( ) 















∞<⊂

→⊂

=
∑
∞

=

∗∞
=

1

2

1
!

!
::

::

i H

i
ii i

AeADethatsuch

operatorlinearclosedaisHHADA
HH  

)عندئذ  )HH   :ل فضاء هلبرت مقرونًا بالجداء الداخلي سوف يشك!

( )22              
( )∑ ∑

∞

=

−
∞

=








==

1

2
1

1
2!

2
!! !

1,
!

,
!

,
i iH

ii

i
C

i
Be

i
AeCBA  

)لو عرفنا  الجداء الداخلي في ) I ):4(مالحظة   : بالشكل21(

    ∑
∞

=

=
1

,,
i H

i
i

i
i

r r
Be

r
AeBA    

  :عندئذ 
) يكون لدينا r=1من أجل  ) 1 ) Sr HHH =.  
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( )
( )




∈
∈

=
ADHh

ADhhA
B

BA /,0
,

:
``

    

): و هكذا نكتب ) BADB AA =
~

)بسهولة نجد من ) 14(لبرهان .     أن 6(

( )HBAA
B

∈∀≤ ,22

#  
  :و هذا يعطي 

 
22

#

2

#
0

BBAAA ≤−≤ ⊥.  

} لتكن .2نظرية تمهيدية } Iiie ) و H قاعدة في ∋ )( )
#

2 ,, ⋅⋅HHمعرفة  كما سبق، عندئذ  :

)كل  )HHA   :ن يعبر عنه بشكل وحيد كما يلي يمكن إ∋2

( )15  { } ( ) { } ( )∑
∞

=

∞
=

∞
= ⊂⊂=

1
21

2
1 ,,

i
iiiiii KaHHAAaA l  

( )16            ,...3,2,1,1
#

=∀= iAi    

( )17               0,:,,
#

=≠∈∀ ji AAjiNji            

( )18                                    
2

1

2

# ∑
∞

=

=
i

iaA  

( )19                  ,...3,2,1,,
#

== iaAA ii    

HhhIh: مؤثر خطي Iأكثر من ذلك إذا كان  ∈∀= 1  عندئذ ,
#
=I.   

](   من أجل البرهان انظر في.البرهان ) الصفحة 2[ )87.p .(12 :نبرهن أن

#
=I  

1
1

22 == ∑
∞

=i
ifC

2

1

22

#
Hi

ii IefCI ∑
∞

=

=   
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}  لتكن .البرهان } ( )HBA n ⊂∞
) متتالية متقاربة في 1= )HH ) في A إلى 2 )HH2 . و لنبرهن

)أن  )HBA∈ : أي من أجل( )ADeah
Ii

ii ∈= ∑
∈

   

( ) 22

HnnH
hAhAAAh +−=  

                           ( ) 22

HHn AhhAA +−≤      

( ) 2222

HBnHin
Ii

i hAeAAa +−≤ ∑
∈

   

( ) 2222 max
HBnHinIiIi

i hAeAAa +−⋅≤
∈

∈
∑  

)لكل  ) ( )nADADh   :إذن. ∋∩

  ( )( ) 2232 max
HBn

Ii
iiniIiH

hAaeAAeAh +−≤ ∑
∈

∈
   

  .                         ( )( )22 max
HniniIiH

AeAAeh +−=
∈

                 

) محدودًا على  Aو هكذا يكون المؤثر  ) ( ) ( )ADADAD n   .n محدود و لكل nA ألن ∩=
من )  80(انظر الصفحة . من نظرية الفضاء الجزئي المغلق لفضاء هلبرت ) 12(و ) 11(، ) 10(برهان 
[   :نكتب) 13 (لبرهان. 3[

⊥−= AAAB    
  عندئذ

( )( )ADBAA ∈− ⊥    
  و هكذا يكون 

( )ADhhMhA
HHB ∈≤ ,222

    
  و هذا يؤدي إلى

( ) ( )ADhhMhAA
HH

∈≤− ⊥ ,222
     

  :Hإلى BAنستطيع تمديد 
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                           ( )22222

2
1

2 dbcaA
H

+++=  

  بينما
22222 dbcaA

S
+++=  

  و
22

SB
AA ≤  

  الفضاءات الجزئية و التعامد-3
)فيما يلي سوف نعرف الجداء الداخلي في  )HH   : كما يلي 2

( )8       
2
1

222
#

:,,,
−

∈∈









== ∑∑

Ii
iHji

Ii
i fCBeAefCBA  

)من أجل كل مؤثرين  )HHBA 2, ∈.  
)ليكن  . 1نظرية تمهيدية )HH ) و 2 )HBالمعرفين سابقًا عندئذ نجد أنه :  

( )9           ( ) ( ) ( )⊥⊕= HBHBHH 2  
) من Aو هكذا فإن كل مؤثر  )HH   : يمكن أن نعبر عنه بالشكل التالي2

( )10      ⊥+= AAA B   ، ( )HBAB∈   ، ( )⊥⊥ ∈ HBA   
  :و منه نجد

( )11         
2

#

2

#

2

# ⊥+= AAA B            
  و

( )12         ( )HBAA ∈− ⊥    
  و

( )13              0, >M ( ) ( )ADhhMhAA
HH

∈≤− ⊥ ,  
   و عالوة على ذلك

( )14                   
22

#

2

#
0

BBAAA ≤−≤ ⊥.  
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  :لذا نكتب

2222 limlim HHn
n

Hn
n

H
AAAA ∗∗

∞→∞→

====  

) في Aيمكن إثبات الخطية للمؤثر المعرف):  2(مالحظة  دون ذكر أن التمديد خطي و ذلك بإضافة ∗(
)إلى التعريف المذكور في(الخاصة التالية  )∗:(  

Ki ∈∀α,ImefAheafAAef ii

m

i

m

i
ni

n
iiii

m

i
iii

m

i
i ∈∀=== ∑ ∑∑∑

= =∞→==

,
1 111

lim ααα  

)  يمكـن أن نوسـع الفـضاء    ):3(مالحظة )HH ) مـن   Aبـأن يكـون كـل مـؤثر     2 )HH  قابـل لإلغـالق   2
و ذلـــك بـــان نقـــول أن : و لكـــن يجـــب أن نـــشكل صـــفوفًا متكافئـــة مـــن المـــؤثرات . بـــدال مـــن أن يكـــون مغلقـــًا

  : المؤثرين
( ) HHADA →⊂: ،( ) HHBDB إذا ) متكـــافئين( فـــي صـــف واحـــد :⊃→

  :تحقق الشرط
  

2RHنضع .  مجموعة األعداد الحقيقيةR بفرض  ):1(مثال    و  نعتبر=









∈







== Rdcba

d
b

c
a

A ,,,,( ) { }linearRRAHH ,: 222 →=  

)نعرف الجداء الداخلي على  )HH    من أجل أي مؤثرين2

 







=








=

11

11,
dc
ba

B
dc
ba

A  

                    :                                                               بالشكل

22

2 1
0

,
1
0

2
1

0
1

,
0
1

,
RR

H
BABABA 
















+
















=  

  :و منه نجد

( ) ( ) ( ) ( ) 222 1111 ,,,
2
1,,,,

RRH
dbdbcacaBA +=  

                                            ( )1111 2
1 ddbbccaa +++=  

  :و منه نجد

IiBeAeBA ii ∈∀=⇔≡ ,
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)نبرهن أن  ) HADA ]قابل لإلغالق انظر في :→ ) الصفحة 3[ )22.p . لهذه الغاية يكفي برهان أن

( )∗ADمجموعة تعريف المؤثر  :( ) HADA →∗∗ }لتكن  :H كثيفة في: } ( )HHA nn
2

1 ⊂
∞
= 

}متتالية كوشي السابقة، عندئذ  }∞=1
*

nnA متتالية كوشي في ( )HH   :يمكن أن نكتب. 2
22

22 HmnHmn AAAA −=− ∗∗
  

 : )5(اعتمادًا على
22

22
HH

TT ) باعتبار =∗ )HHTAA mn
 وهكذا يكون لدينا −=∋2

{ }∞=∗
1nini eAf متتالية كوشي في H و لكل Ii∈و كما سبق نعرف المؤثر  :

HHADA →⊂





 ~~

  : بحيث أن:

Ii ∈∀,ini
n

ii eAfeAf ∗

∞→

∗ = lim:  

)كما برهنا سابقًا في  2>∞ يمكن أن نبرهن ∗∗(

~

H
A . من التعريف نجد أيضًا أن






 ~

AD  كثيفة

=∗نبرهن اآلن . Hفي  AA
~

}على  } Iiie   :ذا نكتب ل∋

IjieAeeAe
HjiHji ∈∀= ,,,, *

  

  IjieAfefefeAf
H

jjiiHjjini ∈∀= ,,,,
~

  

Ijiلكل :  نجدn→∞بأخذ النهاية لما  ∈,  

H
jjiiHjjii AefefefAef

~
,, =  

  و هذا يعطي 

               IjiAeeeAe
H

jiHji ∈∀=∗ ,,,,
~

  

Iifi:ألن  ∈∀≠   :و هذا يعني.0,

IieAeA ii ∈∀=∗
~

AA=∗: ومنه نكتب
~

} على  } Iiie   :نثبت أن. ∋

22
HH

AA ∗=  
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22
B

AC −≤       

باعتبار  
2
1

2
−

∈









= ∑

Ii
ifC  .  

)نبرهن أن: اإلتمام-2 )HH }لتكن :هو فضاء تام 2 } ( )HHA nn
2

1 ⊂
∞
هن على سنبر.  متتالية كوشي=

)وجود نهاية هي المؤثر  ) HHADA  المذكور و مرافقه مجموعة تعريف كل منهما كثيفة في :⊃→

H و تحوي عناصر القاعدة و يجب توضيح خطية Aيوجد مؤثر خطي مغلق (  و قابليته لإلغالقA 
بما أن   .  هو النهاية المطلوبةAو هذا المؤثر المغلق ) ⊃AA: يحقق الخاصة

{ } ( )HHA nn
2

1 ⊂
∞
 بحيث أن 0n يوجد عدد طبيعي ε<0 متتالية كوشي، فلكل=

ε<− 2Hmn AA 0 لكل, nmn   :و منه نكتب .<

2ε<( ) 222
2 Himn

Ii
iHnn eAAfAA −=− ∑

∈
  

}و هكذا فإن  }∞=1nini eAf متتالية كوشي في H و من أجل كلIi∈ .لذا نكتب  

i
H

ini heAf → لما ∞→n و من أجل كل Ii∈ .و منه نعرف المؤثر:  

( ) HHDA →:  
  باعتبار

 )(∗                       IieAfAef ini
n

ii ∈∀=
∞→

lim   

ii يمكن أخذ ∋Iiعندئذ لكل . و هذا التمدد خطي 2
εε   باعتبار أن=

 
22
iiHiiini AefeAf εε 0nn لكل −>=   :و هكذا يكون. <

222
2 ε<−=− ∑

∈ HIi
iniiiHn eAfAefAA  

  : مثبت لحظيًا ∋Nnا يكون لدينا من أجل لذ

( )∗∗             ∞<+−≤ 222 HnHnH
AAAA      

  .يمكن مالحظة أن له مجموعة تعريف تحوي عناصر القاعدةAمن تعريف 
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                     Hjj
Ij

j hAhBf ∗∗

∈
∑= ,

2
  

      Hjk
HIj Ik

kjj hAgghBf ∗

∈ ∈

∗∑∑= ,,
2

   

                          ∑∑
∈ ∈

=
Ij Ik

HjkHkjk hAgBghf ,,2
    

.                                       
HIk

kkk BgAgf∑
∈

= ,2
   

): لقد استعملنا الخاصة ) 022
=⋅−∑ ∑

∈ ∈
jk

Ij Ik
kj aff  

  : باعتبار

IkjhAgBgha
HjkHkjjk ∈= ,,,,  

و ذلك )  3( و كذلك مما سبق نستنتج تحقق . و منه نجد أن الجداء الداخلي مستقل عن اختيار القاعدة
)ألن مهما يكن  )HHBA 2, ∈:   

∑
∈

=
Ii

HiiiH
BeAefBA ,:, 2

2  

2

**2
,,

HHjj
Ij

j BAhAhBf == ∗∗

∈
∑  

)مهما يكن ) : 4(لبرهان  )HBB∈ و ( )HHA   فإن∋2

( ) 22

Hi
Ii

i AeBf∑
∈

=2
2H

BA  

                                 
222

Hi
Ii

iB
AefB ∑

∈

≤      

 .                                      
22

2HB
AB=  

)مهما يكن  : )4( من لبرهان الجزء الثاني )HHA   فإن∋2
222

2 Hi
Ii

iH
AefA ∑

∈

=  
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( )6                    
222

22 BHH
BABA ≤  

( )7                    ( )HBAAcA
BH

∈∀≤ − ,
2

2
22

  

باعتبار  
2

1

2:

−

∈









= ∑

Ii
ifC.  

)إن الفضاء ) 5 )HH   : المقترن بالجداء الداخلي 2

 
HIi

iiiH
BeAefBA ∑

∈

= ,:, 2
2  

  .K الحقل التام يشكل فضاء هلبرت فوق
):  نبرهن أن.البرهان )HHA 02 و كان ∀∋2 =H

A 0 فإن=Aعلى   

)مجموعة تعريفه  )AD : مهما يكن( )ADh∈∀  ،فإن∑
∈

=
Ii

ii eah و من جهة أخرى حسب 

  :تعريف النظيم
220 i

Ii
i Aef∑

∈

=  

  :و منه نجد
220 ii Aef= مهما يكن Ii∈  

Ii مهما يكن if≠0و بما أن  Ii لكل iAe=0 و iAe=0 فإن ∋   :إذن . ∋

∑
∈

==
Ii

ii AeaAh 0.   

}جداء الداخلي المعرف مستقل عن القاعدة المختارة نبرهن أن ال } Iiie   .Hفي  ∋

}بفرض  }
Ijjh

∈،{ } Ikkg )عندئذ من أجل كل مؤثرين . Hقاعدتين ∋ )HHBA 2, ∈   

          
HIi

iiiH
BeAefBA ∑

∈

= ,:, 2
2                           

      







= ∑∑

∈∈ Ij
HijHji

Ii
i BehhAef ,,2

         

     Hij
HIi Ij

jii ehBhAef ,,2 ∗

∈ ∈

∗∑∑=    
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( )2                       ∑
∞

=

=
1

,:,
i

HiiS
BeAeBA       

)من أجل أي مؤثرين ( )HBBA ]:(انظر في. SHجداء داخلي في ) ,∋ )حة الصف 6[ )87.p و
[ ) الصفحة 3[ )123.p.(  

  :   نعرف أيضا المجموعة

( )3 ( )
( )

{ } ( ) 











⊂∞<=

→⊂
= ∑

∈

∗
∈

Ii
IiiHii ADeAefAthatsuch

operatorlinearclosedaisAHHADA
HH ,::

:::
: 222

من أجل متتالية 2

}أعداد حقيقية ما  } Kf Iii Iifi  باعتبار ∋⊃ ∈∀≠ ,0  

∑>∞ و 
∈

2

Ii
if .أن حيث قصدنا ( )AD و ( )∗AD هما مجموعة تعريف كل من المؤثر A و 

  .A∗مرافقه 
)  من السهل مالحظة أن       ):1(مالحظة )AD     كثيفـة فـي H .  و بمـا أنA   ه موجـود،و   خطـي فـإن مرافقـ

]انظــر فــي . قابــل لإلغــالقAتكــون كثيفــة إذا و فقــط إذا كــان  A∗مجموعــة تعريــف المرافــق    الــصفحة 3[
( )22.p.  

)إذا عرفنا عملية الجمع من أجل أي مؤثرين ) 1 :نتائج )HHBA 2, ∈  
( ) ( ) ( )BDADhBhAhhBA ∩∈∀+=+ ,  

  و عملية الضرب بعدد من الحقل 
( ) ( ) ( )ADhKAhhA ∈∈∀= ,, λλλ  

)فإن  )HH   .K يشكل فضاء شعاعي فوق الحقل 2
)نعرف على ) 2 )HH   : الجداء2

( )4                   ∑
∈

=
Ii

HiiiH
BeAefBA ,:, 2

2  

)ل أي مؤثرين من أج )HHBA 2, )عندئذ . ∋ )( )⋅⋅,,2 HH يشكل فضاءًا أحاديًا 
)unitary space. (  

)مهما يكن ) 3 )HHA   فإن∋2

)5(                     
22

22
HH

AA ∗=  

)مهما يكن ) 4 )HBB∈ و ( )HHA     فإن∋2
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  ملخص
)       في هذه المقالة نعرف      )HH  كصف مـن المـؤثرات الخطيـة غيـر المحـدودة و المغلقـة، مجموعـة                2

 و تحـوي  Hيف كل مؤثر من هذا الصف و مجموعة تعريف مرافقه كل منهما كثيفـة فـي فـضاء هلبـرت             تعر
)ثــم نــدرس التعامــد و الفــضاءات الجزئيــة لفــضاء هلبــرت     . Hعناصــر القاعــدة فــي   )HH المؤلــف مــن  2

ثــم نحــسب نظــيم هــذا المــؤثر مــن  )..أو المحــدودة بــشكل عــام(ودة مجموعــة المــؤثرات الخطيــة غيــر المحــد 
( )HH )نعبر عن كل مؤثر مـن   . 2 )HH ) كمجمـوع خطـي لمـؤثرين مـن     2 )HH إحـداهما محـدود    2

)ثم  نبين أن أي مـؤثر مـن     . )HH )قاعـدة فـي    يعبـر عنـة كمجمـوع خطـي لعناصـر ال     2 )HH و أخيـرًا  .2
)نوجد عالقة بين الطيف المنفصل للمؤثر من  )HH   . مع بعض األمثلة أيضًا.  و نظيمه2

 إن نظيم المؤثر الخطي المحدود ال يمكن توسيعه لنوجد معيارًا لمؤثر خطي غير محـدود و كـذلك         :مقدمة
 المعــرف الحقــًا ال يــؤدي الغــرض أيــضًا حتــى أن قيمــة نظــيم  لبــرت شــمتفــضاء هإن النظــيم  المعــرف علــى  

  .الموثر الحيادي فيه غير منتهية
 الخطيـة غيـر المحـدودة ضـمن شـروط ستفرضـها لـضرورة و جـود و                تلذا أوجدنا فضاء هلبرت من المؤثرا     

  .إتمام الفضاء
}و  Kبحقل تـام   نًامقرو  فضاء هلبرت قابل للفصلH  ليكن : تمهيد- 1 } He Iii ⊂∈

 I قاعـدة فيـه و   
):نرمــز لفــضاء المــؤثرات الخطيــة المحــدودة بــالرمز  . مجموعــة أدلــة قابلــة للعــد علــى األكثــر   )HB . نــذكر

  :بفضاء هلبرت شمت

( )1                     ( )
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