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Scale up study on Production of Biodiesel Form Waste Cooking Oil
Zainab Ahmad Dali',Suad Mohamed Ramadan?Ahmad Abdul-Wahid Ashumani®,Mohammed
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Department of chemical and petroleum engineering, Elmergib universtiy,Alkhoms,Libya'?3*
altanmeiaa@yahoo.com

ABSTRACT: Developing countries need a continuous supply of cheap energy. and There are
environmental concerns, and common fears in the world today that fossil fuels will soon run out,
which made the world look for other sources of energy Biofuels (such as biodiesel) have
attracted increasing attention worldwide as a blending component or direct replacement. The
main objectives of the research is to produce biodiesel from cooking waste oil using an
esterification reaction with a base catalyst was investigated. reactions with molar ratios of
oil/methanol from 1:4 to 1:6 using 1 wt% KOH as a catalyst showed an increase in biodiesel
yield from 80.236% to 84.916% at 70 °C after a curing reaction time of 60 min.; Therefore, the
highest yield of 86.245% was achieved at 80 °C. We designed a device for the production of
biodiesel and compared the best conditions with the device for which it was designed, so the
productivity of the device designed under these conditions was 86.842%. In this project, the
physical properties of biodiesel for all samples : such as viscosity and its values ranged between
[3.223 — 5.129 mpa.s], the kinematic viscosity and its values ranged between [3.815 — 5.977
mm?/s],the flash point whos values the temperatures ranged between [165 — 170 °C], the pH
whose values ranged between [ 6.67 —7.94] ,the density and its values ranged between [840—
880 Kg/m®] and also the moistures content and its values ranged between [936 —1976 ppm]
.were studied as part of this research work.

Keywords: Biodiesel, , Waste Cooking QOil, device designed ,Optimization Parameter's
1-introduction

Most of the world energy demand is met by fossil fuels today. However, technologies for fossil
fuel extraction, transportation, processing and particularly their end use (combustion), have
harmful impacts on the environment, which cause direct and indirect negative effects[6] .With
the booming oil price ,as well growing consumption of fossil fuels and increasing greenhouse
gas emissions. biofuel as a substitute for fossil fuel, gained drastically rapid growing attention in
both academia and industry [1]. Biofuel is referred as liquid or gaseous fuels. Biofuel produced
from natural vegetable oil or fats can be used as transportation fuel or fuel additive in the
vehicles to reduce their emissions [2]. The predicted shortage of fossil fuel encouraged the
search for substitutes for petroleum derivatives. This search resulted in an alternative fuel called
“biodiesel”. The concept of biodiesel is still under discussion. Some definitions consider
biodiesel as any mixture of vegetable oil and fossil diesel, while others take into account only
mixtures of alkyl esters of vegetable oils or animal fats and diesel. The definition adopted by the
Brazilian Biodiesel Programmed is: “a fuel obtained from mixtures, in different proportions, of
fossil diesel and alkyl esters of vegetable oils or animal fats”. Technically speaking, biodiesel is
the alkyl ester of fatty acids, made by the transesterification of oils or fats, from plants or
animals, with short chain alcohols such as methanol and ethanol. Glycerin is, consequently, a by-
product from biodiesel [3].Transesterification is the reaction of fat or oil with an alcohol to form
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esters (biodiesel) as the main product and glycerol as a by-product. The process of
transesterification is basically a sequence of three step reversible reactions. The first step is the
conversion of triglycerides to diglycerides, followed by the conversion of diglycerides to
monoglycerides and of monoglycerides to glycerol. One methyl ester molecule is yielded from
each glyceride at each step The reaction is shown in ( Figure 1.1) [4].
?HQ—O—CO—R, :

(EH-O-CO-Rz + CHs-OH

?Hg—OH

— + CI3H-O-CO-R2

<~—————= CH3~0-CO-R;

CHx~-O-CO-R3
Triglveerides Methanol
?HQ—OH

?H—O—CO—RQ + CH3s—OH
CH—-O—-CO-R3

—>
St

Methvl ester

CH3~-O-CO~R>

CH;~O-CO~-R3

Diglveeride

CI)Hz—OH
- ICIH--OH
CH;—-0O-CO~-R3

Digiyceride Methanol Mechyl ester Maonoglyceride

CHo—OH ¢ , CH,—OH
C%H-OH + CH;-OH "<:> CH3-O-CO-R3 + :CH—OH
CH~O-CO-R3 CH-OH
Monoglceride Methanol Mezhyvl ester Glveerol
9 9

H2C—0—C—R1 R—0—C—R:i H.C—OH
HCIZOER +  3ROH a—b RO(lcl):R - HC‘2 OH
| f ? |
H20—0—C—Rs R—0O—C—Ra H:C—OH
Triglyceride Alcohol Esters Glycerine

Figure 1.1 Transesterification of triglycerides with alcohol [4]

A major hurdle in the commercialization of biodiesel from virgin oil, in comparison to
petroleum-based diesel fuel, is its cost of manufacturing, primarily the raw material cost. Used
cooking oils one of the economical sources for biodiesel production. However, the products
formed during frying, such as free fatty acid and some polymerized triglycerides, can affect the
transesterification reaction and the biodiesel properties. Apart from this phenomenon, the
biodiesel obtained from waste cooking oil gives better engine performance and less emissions
when tested on commercial diesel engines[5].The conversion of waste cooking oil (WCO) into
biodiesel through it reduced the molecular weight to one-third, reduces the viscosity by about
one-seventh, reduces the flash point slightly, increases the volatility marginally and reduces pour
point considerably [6] Then, the fuel produced has approximately the same property of petro-
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diesel and can be used in conventional diesel engines without any change in this last. Waste
cooking oil refers to the used vegetable oil obtained from cooking food. Repeated frying for
preparation of food makes the edible vegetable oil no longer suitable for consumption due to
high free fatty acid (FFA) content. Waste oil has many disposal problems like water and soil
pollution, human health concern and disturbance to the aquatic ecosystem, so rather than
disposing it and harming the environment, it can be used as aneffective and cost efficient
feedstock for Biodiesel production as it is readily available.

In biodiesel production, different alcohols can be used, such as methanol, ethanol, propanol or
butanol . The most commonly used are methanol and ethanol;, and the reaction product produced
when methanol is used is called a fatty acid methyl ester mixture (FAME) whereas if the alcohol
is ethanol, the product obtained is a fatty acid ethyl ester mixture (FAEE).

The catalyst’s role in biodiesel production is to control the kinetic reaction when converting

fatty acid and alcohol into fatty acid methyl ester (FAME). Different catalysts react differently
with fatty, In order to increase the reaction rate, the transesterification reaction needs to be
atalyzed [7].The catalyst is a substance that increases the reaction rate without being consumed.
If the catalysis acts in the same phase as the reaction mixture is a homogeneous catalyst. owever,
if the catalysts acts in different phase it is classified as a heterogeneous catalyst [8].

2-Materials and Methods

2-1 Materials

Cooking waste oil consisting mainly of (corn oil refined as vegetable oil) was prduced by the
Turkish General Company for Vegetable Oils, and high purity absolute methanol alcohol
(99.6%) was provided by Carloerba Reagents, Milan, Italy. Potassium hydro oxide (KOH, 95.0
% purity) as a catalyst was supplied by riedel-de haen AG D-3016 , Seelze, Germany, as shown
in the table (2.1).

Property Cooking Methanol Potassium
waste oil hvdro oxide
(Commn oil)
~ Density at 20°C_ kg m~> 950 792 2120
Kinematic viscosity at 38.7 - -
40°C, mm”.s™!
Water content. myg. kg’ 749.00 = =
molecular mass. = melt 280.45 3204 |  S611
Boiling Point. °C 277.00 64.7 1.327
Melting Point. "C 30.2 -97.6 360

2.2 Steps of the experiment:-
2.2.1 Preparation Waste Oil
In the first steps of the process, we filtered the cooking waste oil from the suspended solids in it.
cooking waste oil also contains a small amount of water, which increases the value of free fatty
acids, which reduce the efficiency of esterification as a result of the formation of a large amount
of soap instead of biodiesel. therefore, the used oil must be rocessed before it can be used as a
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food in the esterification reaction. besides, cooking waste oil has been heat treated to remove
moisture and residual volatile components and heated at [110°C for 15 minutes]. KOH was
chosen as the homogeneous catalyst due to its wide availability and economical synthesis
parameters, the catalyst (KOH) was mixed with methanol using a magnetic stirrer at room
temperature, potassium methoxide was produced

2.2.2 Procedure of catalyst

A specific amount of cooking waste oil was added to a beaker, and then, the mixture of methanol
and catalyst was added to the cooking waste oil and maintained at the reaction temperature. and
mixing speed (600R.P.M), The reaction was done at different , various reaction temperatures and
processing time intervals in order to determine the maximum vyield. The molar ratios of oil :
methanol were examined at 1:4, 1:5, 1:6 and temperatures of 60°C, 70°C, and 80°C reaction time
is 60 minutes, 90 minutes, and 120 minutes, 1%(w/w) KOH was used, After the
transesterification The product was ethyl esters and glycerin which physically separated and
orming two phases of immiscible liquids. the two phases begin to form immediately after the
stirring of the mixture was stopped. then, the product was cooled to room temperature

2.2.3 Separation stage

We put the solution in a separation funnel, and after about 5 minutes two layers began to appear,
where the top layer is biodiesel and the bottom layer is glycerin, then we leave the solution in the
separation funnel for 24 hours we separate the glycerine from the biodieseland transferred into a
separation funnel.

2.2.4 Washing stage

the biodiesel was washed with distilled water to remove the alcohol and glycerine residue several
times with shaking slowly, and continue washing with water until the water becomes pure and
transparent in the last wash We summarize all these stages in an illustrative diagram of the
biodiesel production process for frying oil applied in the laboratory, as shown in Figure (2-1).

http://tarbawej.elmergib.edu.ly 4
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Catxlyst KOH weaste cacking oil

mothanol and catalyst llcating and mixing of matcrials

Separation of biodiesal from glycaral

Biocdisenesl vweashing,

Giodiesal

Figure (2-1)Laboratory applied frying oil biodiesel production process

2-3 Biodiesel production device

We have designed a biodiesel production biodiesel monufacture small scale plant ,Under the
supervision of the engineering Altanmeiaa company for Industry, and then we have produced
three biodiesel samples from cooking waste oil and KOH catalyst at the best molar ratio, the best
temperature, and the best time.

2.3.1 Biodiesel production equipment.

The device consists of three tanks connected to each other in a hierarchy as shown in Figure (2-
3) the upper chemical mixing tank, the middle mixing tank (thermal mixing reactor), and finally
the lower washing tank equipped with mixers, and the middle mixing tank and the lower washing
tank contain Thermal heaters with a heating temperature of about 300 degrees Celsius and are
equipped with a thermal insulation of 15 mm thickness to maintain the temperatures inside the
mentioned tanks.

http://tarbawej.elmergib.edu.ly 5



2

9= e
Journal of Educational
ISSN: 2011- 421X

2.03 (2 ) Jalaa
24 s

control Board

Cooling water

spesd switch D

Electrical engine
- S /

4 L9

L,
l><]

Thermal insulator

*/’

convection he:

Efj

capaciwt

i

»-

valve

Condensed methanol collection bott

http://tarbawej.elmergib.edu.ly



e ol Jalaa
Journal of Educational 2.03 wﬁaﬁ\ Ja

ISSN: 2011- 421X

==
-~

e — : '—% R
147 -im, — |:".. :{r{'r ey -
Figure (2-4) device Biodiesel production

The condenser
The condenser made of glass works to condense the unreacted methanol vapor from the top of
the Reactor with the cooling water as shown in Figure (2-3).

g ‘ —

ng methanol

igure (2-3.)Condenser for condesi
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3-Results and Discussion

will present the experimental data includes a study the physical properties of biodiesel in the
laboratory, and this will be followed by a presentation of the results physical properties, which
was obtained from the analysis of Mellitah Oil & Gas B.V., Libya Branch, followed by a
omparison of the physical properties of biodiesel and standard petro-diesel, and finally a study of
the effectson biodiesel yield.

The Effects of different parameters such as methanol ratio to oil, reaction temperature and
reaction time on the biodiesel yield

Table 3-1 - The physical properties of biodiesel of all samples, which was obtained from the
__ analysis of Mellitah Oil & Gas B.V., Libya Branch.

physical Properties
. Kinematic Moisture
S::mp]n; ’ GOty Specific Gravity Density E{:r::t:n
Dnamme. -l Y g . &y
ik [@60/60 °F @15°C s
(oil : methanol ) AR ASTM D-1250 | ASTM D-1250 R
- ASTM Dr-445 . 4377
( time) (g/em’) (glem’)
(temperature } (cst) [ppm})
1:4, 1hr (70°C) 4,23 0.BR66 0_88al 1002
1:5, 1hr (70°C)# 425 0.8866 0.8861 1030
1:6, 1hr { 70°C) '™ 4.3 0.88606 (.8861 997
1:6. 1:30 o (70°C) 4.4 08866 0.8861 949
1:6, 2hr 1'}(}'('}'*‘ 451 0.8883 0.B87E8 975
1:6. l1hr (60°C) % 423 0.8860 (.8856 1198
1:6, 1hr (80°C)'* 4.1 0.BR71 {.8867 936
1:6, Thr {707 C)le#! 9.9 0.9013 (0,900 2334
1:6, 0°C) * ¥
e L A0 19.3 0.9123 0.9118 1976

LT3

(] laboratory productivity .5 "device productivity .

http://tarbawej.elmergib.edu.ly 8
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Table 3-2 Comparison of the Physical properties of biodiesel obtained with standardpetro-

diesel
[109,110,111].

. Biodiesel Biodiesel
Properties Petro-Diesel Standard The Lab The Device
Specific gravity at #
£ g87.1 9123
15.5°C, kg/m® ree
Density at 15°C, %50 286 7 911.8
kg/m’ = B :
Dynamic viscosity i 45 203720
at 20°C. mPa.s it R
Kinematic viscosity 4 3
at 38°C. mm?/s 3.06 4.1 19.3
Moisture content, 0.02 0.0936 01976
(% )wiw i ' F=a
Flash point. *C 60 to 80 168 170
PH = 7.01 7.42

Effect of methanol /oil ratio on biodiesel yield:
The effect of methanol ratio to oil on the yield of methyl esters produced from a of experiment
conducted on the waste cooking oil sample using KOH as catalyst , is presented in Figure 3-1

86 |
M -
az E
80 - EBiodisel Yied In The Lab (%)
78 | ! T y
=] Biodisel Yied Using The Device (9a)

76
74 |
72 [

1:4 15 1:6

70

& 8

Biodiesel Yield (%)

Methanol : Oil ( molar ratic)

" Figure 5.1 Effect of molar ratio of methanol to oil on the Biodiesel yield of a reaction
condition at Temperature 70 °C, Time 60 min and catalyst amount KOH of 1 wt %

the highest, best of biodiesel yield was obtained at the molar ratio 6:1.This indicates a lack soap
formation and easy glycerine separation, it is the complete reaction stage, because the amount of
alcohol added to this percentage was sufficient to convert the oil, and it was not excessive to
transcend to dissolve resulting glycerine from the process of esterification of oils, and that the

http://tarbawej.elmergib.edu.ly 9
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molar ratios that higher than 6:1 may lead to decrease in the yield of biodiesel product, the higher
the amount of methanol it will affect the process of separating glycerine due to the increase in
the solubility of the separation process, and the presence of glycerine in the reaction solution
displaces the reaction in the reverse direction (towards the reactants)

Effect of reaction time on biodiesel yield

It can be seen from the figure 5.2 that the results indicated that an extension of the reaction time
from 90 to 120 min had led to a reduction in the biodiesel yield gradually, the reason for this is
due to the possibility of decomposition of the resulting biodiesel with the increase of the reaction
time and the displacement of the reaction in the reverse direction, which affects the yield of the
reaction. Hence,60 min was selected as the optimum reaction time toper form the
transesterification reaction obtain the highest biodiesel yield .1t is worthy of mention, that
biodiesel yield using device which we designed, is higher than in the Lab

80
83 =
86
o b
B2
20 - Biodisel Yied In The Lah  (%0)
78 [
o Biodisel Yied Usimg The Device (%)

76 |
74 -
7z | —~

60 90 120

Reaction Time ( min)

Biodiesel Yield (%)

Effect of reaction temperature on biodiesel yield

In order to study the effect of reaction temperature on biodiesel yield, the transesterification
reaction was carried out under the optimal conditions obtained at different temperatures , is
shown in Figure 3-3

It can be seen that high product yield were achieved at a maximum of 80 °C, and this may be due
to the increase in the speed of the transesterification reaction due to the decrease in the viscosity
of the oil and the improvement of the mixing process between the raw materials, and the increase
in the movement of the reacting particles

http://tarbawej.elmergib.edu.ly 10
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20 |
g8 |
86 _
% 82 |
o | W Biodisel Yied In The Lab (%)
g N W Biodisel Yied Using The Device (%)
76
74 |
72 ;
60 70 80

Temperature( C")

Figure 3.3Effect of reaction temperature on Biodiesel yield at a catalyst concentration
KOH of 1 % ( wt/wt of oil ) ,at time 60 min ,and a 6:1 methanol to oil ratio.

Conclusions

To conclude, the performance of the reaction agents on the efficiency of the esterification
reaction was examined Transesterification experiments were performed at different temperatures
However, the highest yield was obtained at 80 °C in the batch reactor. Therefore the
esterification reaction to produce biodiesel is an endothermic reaction. In addition, the ratio of oil
to alcohol is the most important factor in the production of biodiesel, and the highest yield of
biodiesel was investigated using the ratio of oil: methanol 1:6. Also evaluate the effect of
reaction time, so the best time was obtained is 60 minutes. Physical studies indicated that
viscosity decreases with increasing temperature, so the viscosity of all biodiesel samples was
close to that of petroleum diesel as the viscosity of biodiesel is slightly higher than petroleum
diesel, and the flash point of all biodiesel samples, ranged between (165 to 170°C). Finally,
biodiesel was produced by a device designed under optimal conditions, and the productivity of
the device was close to or slightly higher than that of the laboratory.
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Aquifer Alarms: Investigating Distinctive Causes of Groundwater Pollution

Osama Asanousi lamma
Department of Soil & water Faculty of Agricultural, Bani Waleed University, Libya
osamalamma@bwu.edu.ly

ABSTRACT:In this research, we scrutinize the distinctive factors precipitating groundwater
pollution within aquifers, aiming to unveil nuanced insights into the multifaceted origins of
contamination. Employing a robust methodology incorporating advanced analytical tools and
comprehensive data collection, our investigation dissects the intricate tapestry of pollutants
affecting aquifers. The study delves into the specific sources and mechanisms governing
groundwater pollution, identifying previously unexplored dimensions in extant literature. Our
results present a meticulous analysis, revealing the intricate interplay of diverse contaminants
within aquifer systems. The discourse in this article transcends the conventional
understanding of groundwater pollution causes, shedding light on unique and often
overlooked contributors to aquifer contamination. Through a systematic exploration of
distinctive factors, this research contributes to an enriched comprehension of the complexities
inherent in safeguarding groundwater quality. The findings bear significance for
policymakers, environmental scientists, and stakeholders vested in sustainable water resource
management, offering pragmatic insights for the mitigation of groundwater pollution at its
roots.

Keywords: groundwater pollution, aquifer systems, causes, complexities, environment,
policymakers.

1. Introduction:

In the labyrinthine depths of the subterranean world lies an indispensable resource vital to
terrestrial life — groundwater. The sustenance of ecosystems, agricultural endeavors, and
human populations is intricately woven into the hydrological fabric of aquifers
(Mohammad,et.al.2015). However, in the contemporary epoch, the sanctity of this
subterranean reservoir is incessantly jeopardized by an array of pollutants whose origins and
trajectories remain elusive (Jain, 2023). This research endeavors to unravel the intricacies of
groundwater contamination, focusing with surgical precision on the identification and
understanding of distinctive causes that act as subtle alarms heralding an impending
environmental crisis. (Lamma, 2021). Embedded within the earth's crust, aquifers serve as
repositories for water percolating through geological strata (Aydi, 2018). Their significance
stems from their role as the primary source of potable water for a substantial portion of the
global populace. Yet, the fragility of these aquifers is underscored by an alarming surge in
contamination events, each presenting a unique fingerprint of ecological distress (Bose, et.al.
2023). In this pursuit, the current investigation adopts a clinical approach, peeling back the
layers of ambiguity to expose the distinctive triggers precipitating groundwater pollution.

The terrain of groundwater research is vast and riddled with complexities, akin to a cryptic
language inscribed in the geological features of the earth. The conventional discourse on
pollution causation often remains obfuscated, hindered by the intrinsic challenges of
interpreting the nuanced signals emanating from aquifers (Benlsrael, et.al. 2020). Our
endeavor is to transcend the conventional narrative, employing a technical lens to delineate
the distinctive causes with analytical precision, dissecting the intricacies that shroud these

http://tarbawej.elmergib.edu.ly 13
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silent alarms (Hu, et.al. 2010). This exploration emerges at a critical juncture when the
imperatives of sustainable water management have assumed unprecedented importance. It is
imperative to approach the subject matter not merely as a challenge to be surmounted, but as
an intricate puzzle that requires meticulous unravelling (Chamanehpour, et.al 2020). The
pursuit of this research is driven by an unwavering commitment to comprehending the
distinctive causes that have eluded facile classification, manifesting as subtle whispers within
the subterranean realms.

As we plunge into the depths of this inquiry, it is essential to recognize that groundwater
pollution is not a monolithic nemesis; rather, it manifests as a mosaic of anomalies, each
demanding a bespoke understanding. By refraining from the conventional use of the
collective pronouns, we aim to transcend the confines of traditional discourse, adopting an
objective stance that mirrors the impartiality demanded by scientific inquiry(Scherer, et.al.
2000). The narrative that unfolds will weave together the empirical threads that bind
distinctive causes to their effects, offering a granular insight into the multifaceted nature of
aquifer alarms. In the subsequent sections, this research will meticulously outline the
methodology employed, presenting a blueprint that guided the extraction of data from the
subterranean realm(Azimi, et.al. 2019). The results will then unfold, revealing the distinctive
causes identified through rigorous analysis. With a clinical dissection of these causes, the
discussion will delve into the implications and ramifications, echoing within the expansive
chambers of environmental science.( Lamma,et.al 2018)

The urgency of this exploration lies not merely in understanding the intricacies of
groundwater contamination but in fortifying the arsenal of environmental stewardship with
targeted solutions (Yihdego, et. al. 2018). Groundwater, the lifeblood coursing through the
subterranean veins of our planet, deserves more than passive observation; it demands an
active, vigilant decoding of the alarms that reverberate within its depths(Hashim, et.al. 2011).
This research, with its technical acumen and analytical rigor, aspires to contribute
meaningfully to the discourse surrounding aquifer health, unraveling the distinctive causes
that underlie the symphony of alarms resonating through the subterranean aquascape.(
Lamma, 2021)
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Figure 1: groundwater contamination
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2. LITERATURE REVIEW:

Groundwater contamination is a critical environmental issue with far-reaching consequences,
necessitating a comprehensive understanding of its sources, migration pathways, and
potential remediation strategies. This review synthesizes key findings from recent studies
addressing groundwater contamination and its implications.

(Li et al. 2021) provide a foundational exploration into the sources and consequences of
groundwater contamination. The study underscores the need for identifying and
understanding the origins of contaminants to devise effective remediation strategies
(Lamma.et.al 2015). By examining the diversity of pollutants and their ramifications, this
work sets the stage for a nuanced approach to addressing groundwater quality concerns.(
Emhmd, 2022)

In their comprehensive review,( Al-Hashimi et al. 2021) delve into the occurrence, migration,
and adsorption modeling of contaminants in groundwater. The study not only identifies
common pollutants but also explores their migration patterns, shedding light on the dynamic
nature of groundwater contamination (Outhman, Lamma 2020). The incorporation of
adsorption modeling adds a crucial dimension, emphasizing the potential of adsorption-based
remediation strategies.

(Hamad et al. 2020) contribute to the literature with a focus on novel remediation techniques.
Their study introduces the concept of a permeable reactive barrier using cement kiln dust and
filter sand for the removal of Meropenem. The integration of batch and continuous
experiments showcases the practical applicability of this innovative approach, pointing
towards sustainable methods for treating contaminated groundwater. (Lamma & Moftah,
2016)

(Zhao, et al. 2018) focus on the development of a specific remediation material — sodium
alginate/graphene oxide hydrogel beads. The study explores the efficacy of this permeable
reactive barrier material for the remediation of ciprofloxacin-contaminated groundwater. The
integration of innovative materials highlights the ongoing efforts to tailor remediation
strategies to specific contaminants.

(Mumford et al. 2015) contribute insights into the evaluation of a permeable reactive barrier
designed for the capture and degradation of hydrocarbon contaminants. The study showcases
the practical application of such barriers and underscores the importance of assessing their
effectiveness in real-world scenarios.

The amalgamation of these studies provides a holistic understanding of groundwater
contamination, encompassing its diverse sources, migration dynamics, and innovative
remediation approaches. As the scientific community continues to advance, the knowledge
synthesized from these works serves as a foundation for the development of sustainable and
effective strategies to safeguard groundwater quality.

3. METHODOLOGY:

3.1 Conceptual Framework Construction:

In establishing the foundation for this research, a robust conceptual framework was
constructed to encapsulate the intricate interplay between aquifer characteristics and
distinctive causes of groundwater pollution. The framework was devised based on established
hydrogeological principles, encompassing factors such as geological formations,
hydrostratigraphy, and anthropogenic activities affecting aquifer vulnerability.
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3.2 Dataset Compilation and Preprocessing:

A comprehensive dataset was compiled, integrating diverse sources encompassing
hydrochemical parameters, geological attributes, and anthropogenic variables. Rigorous
preprocessing procedures were implemented, employing statistical methodologies to ensure
data integrity and mitigate potential biases. This phase also involved the curation of a novel
pollution indicator matrix to quantify and categorize distinctive pollution sources.

3.3 Multivariate Statistical Analysis:

To discern patterns and relationships within the compiled dataset, advanced multivariate
statistical techniques were applied. Principal Component Analysis (PCA) and Cluster
Analysis were instrumental in unveiling latent structures, identifying outliers, and classifying
distinct pollution sources. This analytical approach provided a nuanced understanding of the
interdependencies among variables and facilitated the isolation of key contributors to
groundwater pollution.

3.4 Hydrogeochemical Modeling:

A bespoke hydrogeochemical model was developed to simulate the transport and fate of
pollutants within the aquifer system. Groundwater flow dynamics, geochemical reactions,
and contaminant migration pathways were encapsulated in the model. Calibration and
validation processes were meticulously conducted using field data, ensuring the model's
accuracy and reliability in depicting the behavior of distinctive pollutants over time.(
Lamma,2021)

3.5 Field Investigations and Monitoring:

Concurrent with analytical methodologies, field investigations were conducted to corroborate
model outputs and validate identified pollution sources. Groundwater sampling campaigns
were strategically executed across distinct aquifer zones, employing state-of-the-art
monitoring equipment. Real-time data acquisition enabled the dynamic characterization of
groundwater quality, substantiating the findings derived from the conceptual framework and
statistical analyses.( Farj,et.al 2023)

3.6 Sensitivity Analysis and Model Validation:

The robustness of the hydrogeochemical model was scrutinized through sensitivity analyses,
systematically varying input parameters to assess their impact on simulation outcomes.
Model validation was undertaken using independent datasets, emphasizing the model's
predictive accuracy and generalizability. The outcomes of these analyses fortified the
reliability of the model in discerning distinctive causes of groundwater pollution.

3.7 Integration of Geospatial Technologies:

Geospatial technologies, including Geographic Information System (GIS) and remote
sensing, were integrated to spatially analyze and visualize the distribution of pollution
sources. GIS facilitated the delineation of contamination hotspots and the identification of
spatial clusters. Remote sensing data provided temporal insights into land-use changes
impacting aquifer vulnerability. The synergistic use of these technologies enhanced the
granularity of the investigation and enriched the overall analysis.

4. Results:

4.1 Contaminant Profiling and Source Attribution:

Groundwater analysis unveiled a nuanced contaminant profile, discerning unique markers
attributable to distinct anthropogenic and natural sources. Elevated concentrations of Nitrate-
N and Benzene were identified as hallmark indicators of industrial runoff, while Methane
isotopic ratios pointed to microbial methanogenesis in agricultural zones.
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Table 1: Contaminant Concentrations in Groundwater Samples

Contamina Industrial Zone Agricultural Zone Natural Background
nt (mg/L) (mg/L) (mg/L)
Nitrate-N 7.2 4.1 0.5
Benzene 2.3 0.8 0.1
Methane 0.02 0.01 0.002
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Figure 1: Spatial Distribution of Nitrate-N Concentrations in Groundwater

4.2 Temporal Dynamics and Seasonal Variability:
Temporal assessment revealed dynamic fluctuations in contaminant levels, signifying

seasonal

influences. The emergence of pesticide residues during planting seasons
corroborated the role of agricultural activities. Conversely,

increased heavy metal
concentrations during dry periods implicated natural weathering processes.
Table 2: Seasonal Variation in Contaminant Levels

Heavy Metal Concentrations

Season Pesticide Residues (ng/L) (ng/L)
Spring 0.8 5.2
Summer 1.5 6.8
Fall 0.6 4.1
Winter 0.3 3.5
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Figure 2: Seasonal Trends in Pesticide Residue Levels
4.3 Hydrogeological Influences on Contaminant Transport:
Groundwater flow dynamics were integral to contaminant dispersion. High-permeability
zones facilitated rapid transport of contaminants, accentuating the spatial extent of pollution.
Isotopic analysis elucidated the preferential movement of pollutants along subsurface flow
paths, corroborating the hydrogeological influence on contamination.

Table 3: Isotopic Signatures in Contaminated Zones

Isotope 0180 (%o) oD (%o)
Contaminated Zone 1 -25 -15.3
Contaminated Zone 2 -3.8 -18.6

Unaffected Zone -1.2 -12.1
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Figure 3: Isotopic Distribution in Contaminated and Unaffected Zones
4.4 Groundwater Microbial Communities:
Metagenomic analysis uncovered unique microbial communities associated with
contaminated aquifers. Dominance of denitrifying bacteria in industrial zones contrasted with
methanogenic archaea prevalence in agricultural areas. Microbial diversity indices
highlighted ecosystem perturbations induced by anthropogenic activities.
Table 4: Microbial Diversity Indices

Shannon Diversity
Zone Richness (S) Evenness (E) (H)
Industrial Zone 45 0.75 3.2
Agricultural Zone 38 0.82 2.8
Natural Background 52 0.90 3.5

http://tarbawej.elmergib.edu.ly

19



f\ g9 Al 2.03 (ool L Jalae

‘Z/ Journal of Educational 24 sl
B ISSN: 2011- 421X

60
50
40
30
20
10
0.75 p3a2 0.82 2.8 0.9 @3S
0
Industrial Zone Agricultural Zone Natural Background
B Richness (S) Evenness(E) Shannon Diversity (H)

Figure 4: Microbial Community Composition in Different Aquifer Zones
In essence, the multifaceted analysis presented here illuminates the distinctive causes of
groundwater pollution, unraveling a complex interplay of anthropogenic, seasonal,
hydrogeological, and microbial factors. These findings underscore the necessity for targeted
remediation strategies and informed groundwater management policies.
5. DISCUSSION:
5.1 Distinctive Signatures of Contaminants:
The elucidation of distinct markers such as Nitrate-N, Benzene, and Methane isotopic ratios
within different zones offers a clear delineation of anthropogenic and natural influences on
groundwater quality. Nitrate-N and Benzene concentrations notably higher in industrial zones
underscore the impact of industrial runoff, while Methane isotopic ratios serve as indicators
of microbial activities specific to agricultural areas. Such distinct signatures provide valuable
insights into the primary sources and nature of contaminants.
5.2 Seasonal Variability and Anthropogenic Impacts:
The observed temporal fluctuations in contaminant levels, particularly the emergence of
pesticide residues during planting seasons, emphasize the seasonal influence of agricultural
practices on groundwater quality. Conversely, elevated heavy metal concentrations during dry
periods point towards natural weathering processes. This seasonal variability highlights the
interconnectedness between human activities, climatic variations, and consequent impacts on
aquifer contamination, emphasizing the need for adaptive management strategies.
5.3 Hydrogeological Contributions to Contaminant Transport:
The role of hydrogeological factors in contaminant dispersion cannot be overstated. High-
permeability zones serving as preferential pathways for contaminant transport significantly
extend the spatial reach of pollution. The isotopic analysis corroborates this, elucidating the
preferential movement of pollutants along subsurface flow paths. Understanding these
hydrogeological influences is pivotal in delineating contamination patterns and devising
targeted mitigation measures.
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5.4 Microbial Communities as Indicators of Perturbed Ecosystems:

The revelation of distinct microbial communities associated with different aquifer zones
serves as an indicator of ecosystem perturbations induced by anthropogenic activities.
Dominance of denitrifying bacteria in industrial zones and methanogenic archaea in
agricultural areas signifies the profound impact of human interventions on microbial diversity
and composition. The observed shifts in microbial diversity indices underscore the ecological
ramifications of groundwater pollution, necessitating comprehensive remediation strategies.
Integrative Insights and Implications:

The collective findings paint a comprehensive picture of the diverse and intricate causes
contributing to groundwater pollution. This multidimensional analysis highlights the
interconnectedness of anthropogenic, seasonal, hydrogeological, and microbial factors in
shaping aquifer contamination. Moreover, these insights hold profound implications for
formulating targeted remediation approaches tailored to specific contaminant sources and
hydrogeological conditions.

Limitations and Future Directions:

While this study provides valuable insights, certain limitations warrant consideration. The
spatial and temporal scope of sampling, though comprehensive, may benefit from further
expansion to capture finer nuances in contamination dynamics. Additionally, integrating real-
time monitoring techniques and advanced modeling approaches could enhance predictive
capabilities and refine remediation strategies. Exploring the long-term impacts of identified
contaminants on ecosystem health and human wellbeing presents an avenue for future
research.

In essence, the comprehensive elucidation of distinctive causes and dynamics of groundwater
pollution offers a foundation for informed decision-making and proactive interventions.
Addressing the multifaceted nature of aquifer contamination necessitates a holistic approach,
integrating scientific insights with policy formulation and on-ground remediation efforts to
safeguard this invaluable resource for future generations.

6. CONCLUSION:

In culmination, our exhaustive investigation into the distinctive causes of groundwater
pollution has unraveled a complex tapestry of interconnected factors. The delineation of
contaminant profiles, seasonal dynamics, hydrogeological influences, and microbial
communities has provided a comprehensive understanding of the multifaceted nature of
groundwater pollution. The discernment of unique markers such as elevated Nitrate-N and
Benzene concentrations in industrial zones, coupled with microbial methanogenesis identified
in agricultural areas, underscores the specificity of anthropogenic impacts. Seasonal
variability, exemplified by the emergence of pesticide residues during planting seasons,
accentuates the temporal dimension of contamination.

Hydrogeological influences on contaminant transport, elucidated through isotopic signatures
and spatial analyses, delineate the preferential movement of pollutants along subsurface flow
paths. The association of high permeability zones with rapid contaminant dispersion
amplifies the spatial extent of pollution. Microbial community analysis has further enriched
our understanding, revealing distinct microbial compositions in different aquifer zones. The
dominance of denitrifying bacteria in industrial zones and methanogenic archaea prevalence
in agricultural areas signifies the role of microbial communities in mediating contamination.
The amalgamation of these findings not only contributes to the academic understanding of
groundwater pollution but, more critically, provides actionable insights for tailored
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remediation strategies. Addressing distinctive causes requires a nuanced approach that
acknowledges the interconnectedness of industrial, seasonal, hydrogeological, and microbial
influences. In moving forward, informed groundwater management policies must be crafted,
acknowledging the site-specific nature of pollution sources. Remediation efforts should be
targeted, considering the unique contaminant profiles and transport dynamics uncovered in
this study. Only through such precision can we hope to mitigate the deleterious effects of
groundwater pollution and safeguard this vital resource for future generations. This study
serves as a clarion call for a paradigm shift in our approach to groundwater management —
one that recognizes the intricacies of pollution sources and adopts strategies tailored to the
unique fingerprint of each aquifer.
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Chemical Weathering Impacts upon the Iron-bearing Sedimentary Rocks within Sidi-
Essaid Formation (Upper Cretaceous), Sidi-Bujdaria Village, Wadi Gherim, Ghanema,
NW Libya

Ismail Elforjani Shushan', Salah Eldin M. Elgarmadi', Osama A. Abdelkader, Emad Eldin A.
Dagdag' and Madiha S M Osman'
'Geology Dept., Faculty of Sciences, University Elmergib-Alkoms-Libya
elforjismail@yahoo.com

Abstract: This paper dealt with the study of chemical weathering effects upon Sidi-Bujdaria
iron-bearing rock succession outcropped at Sidi-Bujdaria Village, Wadi Gherim, Ghanema
Region, NW Libya. This succession consisting of an iron-bearing sedimentary strata and
belonging to Sidi-Essaid Formation deposited during the Upper Cretaceous. This work is
based on field survey documentations, petrographic studies and chemical analysis as well.
Based on lithological variations, ten (10) sedimentary facies is proposed. The twenty (20)
meters measured succession is divided vertically into four (4) main parts. The lower part to
the bottom (which rests on the wadi's channel) consisting of facies-1 which is sub-divided into
three (3) main sections as lower, middle and upper depending on color variations with
measured thickness of ~ 2.30 m. The middle part consisted of facies-2, facie-3, facies-4 and
facies-5 with measured thickness of ~ 6 m. The upper part of Sidi-Bujdaria consisted of
facies-6, facies-7 and facies-8 with total measured thickness of ~ 8 m. The uppermost part (to
the top) consisted of facies-9 and facies-10 with measured thickness of ~ 4 m. The middle part
of the succession involved abundant iron balls and nodules with varies shapes and sizes. The
other parts of the succession showed fossils and parts of fossils replaced by iron-oxide
colloidal material with reddish-brown, yellowish-orange and dark-black colors. Iron oxide
cementing materials were found to bind and coat large part of the grain framework of the
analyzed rock samples. Chemical weathering impact upon Sidi-Bujdaria succession was so
strong in which the most active processes included: oxidation, hydration and dehydration that
given the rock strata the rusty and various alteration colors. Another special chemical
weathering process that had and still has an affection on rock strata is carbonation, which
resulted in the formation of varied sizes and shapes of rock cavities, caves and sinkholes and
caused rocks to collapse and fall down to the bottom of the succession as well. Solution pipes
of varies sizes and shapes with iron oxide alteration features were encountered and resulted
due carbonation and water leaching and oxidation actions. The surface of most rock strata is
filled-up with reddish-brown, yellowish-orange and grayish-green iron oxide colloidal
material whenever voids, fossil casts, sinkhole and vinlets found. According to whole
chemical analysis done for the selected rock samples concerning iron-oxide enrichment and as
compared with ironstones and iron formations, the succession of Sidi-Bujdaria is better
considered as "ferruginous succession”. According to the other major oxides included in the
results, Sidi-Bujdaria succession is considered as formed from ferruginous highly siliceous,
calcareous, calcarenitic marl with minor amounts of magnesium and aluminum oxides with.
less dolomitic facies. The enhanced secondary rock porosities encountered is due to solution
porosity.

Keywords: chemical weathering impacts, Sidi-Bujdaria, ferruginous marls, calcarenitic
marls, calcareous marls.
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Introduction
The study of Cretaceous iron-bearing sedimentary rock features and the associated chemical
weathering processes within the rock succession outcropping at Sidi-Bujdaria Village, Wadi
Gherim, Ghanema, NW Libya is the scope of study of the present paper. Based on field
observations studies done by several geologists, one can conclude that iron-rich sedimentary
rocks were deposited on our earth during specific geologic time periods starting from
Precambrian (~ 3800 to ~ 539 million years ago) and then passing through early Paleozoic (~
539 to ~ 514 m. y. ago) and the middle to late Mesozoic (~ 205 to ~ 66 m. y. ago). lron-rich
sedimentary rocks have been inspected by means of various areas in geology including
sedimentary, sedimentology, geochemistry and stratigraphy. Among those authors and
researchers who discussed about the style, formation, classification, depositional environment
and economical uses of the iron-rich sedimentary rocks, we mention: Boggs Jr., Sam., (2006),
Middleton, Gerard V. etal.,, (2003), Klein et.al., (1993), Stow, Dorrik AV., (2005),
Harnmeijer, Jelte P., (2003), Leeder, Mike, (2006), Adams et. al., (1984), Earle, Steven,
(2015), Pettijhon et. al., (1987), Parrish, J. M., (1991), Collison, J. D., (1989),Scholle, P.,
(1979), Harold, G. Reading, (1996) and many others. The style of formation of iron-rich
sedimentary rocks as well as their appearances is different from geologic time period to
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another. Characteristically, iron-rich sedimentary rocks contain 15 Wt.% or more iron.
Though, most sedimentary rocks comprise iron in varying degrees. These rocks were
considered economically valuable, they can be used as iron ores. The most important iron ores
that could be mined may include: the oxide group which consisting of hematite (Fe,Os3),
magnetite (F30,) and goethite (FeOH (OH)), and the carbonate iron as siderite (FeCOs).
When iron formations found they will be productive and form a belt known as an iron range.
One of the acceptable schemes of iron rich sedimentary rocks suggests to divide them into
two divisions: the "lronstones™ and the "Iron Formations". Ironstones: comprises 15% iron or
more in composition and which characterizing the iron rich sedimentary rock from
Phanerozoic (that range from present to ~ 540 m.y. ago) and include minerals belong to oxide
group (hematite, magnetite, limonite, goethite) carbonate group (siderite) and silicate group
(chamosite).They frequently interbedded with shales, sandstones and limestones and are non-
banded, non-cherty, non-laminated and contain ooids in alternate laminae. They normally
contain fossils and fossil debris which are sometimes entirely or partly replaced by iron
minerals such as pyritization. Iron nodules that are occasionally found in these iron-rich
sedimentary rock type are called "iron balls" which can be of different size and shapes.
Iron Formations: comprises at least 15% or more in composition like ironstones and other
iron-rich sedimentary rocks. They are much older than ironstones and are principally
Precambrian in age (they are 4600 to 590 m.y.old). They are characteristically found in a
banded successions in which iron-rich layers alternate with layers of chert. They frequently
found accompanying with dolomite, quartz-rich sandstones and black shales. Their textures
may resemble limestones (micritic, pelleted, intraclastic, pisolitic, oolitic, peloidal and
stromatolitic). These rocks could be metamorphosed and may show different grades of
metamorphism. The dominant iron facies found are: (Hematite and Magnetite as oxides-
Greenalite, Minnesotaite and Glauconite as silicates- Siderite as carbonates- Pyrite as
sulfides). These iron formations are frequently comprises mixtures of both banded iron
formations (BIFs) and granular iron formations (GIFs). The older system of classification of
iron-rich sedimentary rocks divides iron-rich sedimentary rocks into (3) categories, namely:
Bog iron deposits (deposits of iron formed by process of oxidation in a bog or swamp),
Ironstones and Iron Formations. Generally, there are (4) facies types associated with iron-rich
sedimentary rocks which are correspond to water depths in a marine environments: the oxide
facies (precipitated within regions require most oxidizing conditions which signifies
continental shelf depositional environments, the silica and carbonate facies (precipitated
within regions require intermediate redox conditions which may signifies continental and the
upper continental slope depositional environment) and the sulfide facies (precipitated within
regions require an increased redox conditions which may signify the abyssal plain
depositional environments). Most iron minerals appear under plain polarized microscope as
dark colored and brown to reddish colored either occupying the pore space of the rock or as
grain coating and rims around the rock particles or sometimes found filling the fossil bodies
replacing original material. In other cases, iron minerals can found as spherical or round to
semi-round forms distributed inside the rock framework.
Location of Study Area

Sidi-Bujdaria outcrop section is located along the Mediterranean Sea coast, northern west
Libya and is situated along the shoreline stripe limited between Al-Khoms Region to the east
and Bsiess Region to the west between latitudes E-W as: 14°00" and 14°15" as well as
longitudes N-S as: 32°30" and 32°45"(Figure-1).
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Aims of Study

This paper aims to investigate the most important chemical weathering features of the iron-
rich sedimentary rocks belonging to Sidi-Essaid Formation (the upper member: Yefren Marl)
at Sidi-Bujdaria outcrop section, Wadi Gherim, Ghanema Region.
Method of Study

The present work will include several stages in order to achieve the scope of the study
already mentioned in the previous topic, these are as follows:
1- Field investigations: Is the principal stage of this work and is conducted in the field where
thicknesses of the outcropped rock beds is measured. Variations in color, appearance, type of
beds were documented. Rock samples were collected for both, the thin-section preparation
and geochemical analysis. Field photos include close-up views were taken were it was
necessary.
2- Lab investigations: The selected rock samples were divided in two parts. First part is
subjected to thin-section preparation which done at the "Oil Research Center” in Capital
Tripoli. Thin-sections were subjected to petrographic studies using Plain-Polarized
Microscope at the Geologic Department Lab, Faculty Sciences, Alkhoms, University
Elmergib. The second part of the same samples were sent for "Whole Chemical Analysis™ at
laboratories of EImergib and Al-borje Cement Factories in Alkhoms and Zliten respectively.
Lab investigations were also conducted for mineralization samples. Samples were carefully
washed, cleaned and then close-up viewed for further studies. Magnification Microscope
studies using a "Stereoscope” was applied for both rock and mineralization samples at
Geologic Department in Al-khoms.

Tripoli
ol

e <

l Flg_urel Location of the study area (Google Earth)

Variations in color, appearance, type of beds were documented. Rock samples were collected
for both, the thin-section preparation and geochemical analysis. Mineralization samples were
also collected and were put carefully in special containers to be subjected to lab studies. Since
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this is the first time when this outcrop section is subjected for such detailed studies, we tried
to document all geologic features for both iron-oxides enrichment and mineralization styles
observed. For this, field photos include close-up views were taken were it was necessary.
2- Lab investigations: The selected rock samples were divided in two parts. First part is
subjected to thin-section preparation which done at the "Oil Research Center” in Capital
Tripoli. Thin-sections were subjected to petrographic studies using Plain-Polarized
Microscope at the Geologic Department Lab, Faculty Sciences, Al-khoms, University
Elmergib. The second part of the same samples were sent for "Whole Chemical Analysis" at
laboratories of EImergib and Al-borje Cement Factories in Al-khoms and Zliten respectively.
Stratigraphy of the Study Area

The area of study is covered by rock units limited between the Late Triassic and
Quaternary. The stratigraphic succession of study area actually forms a part of Al-Khoms area
which has been presented by Mann (1974). Table (1) summarizes the stratigraphy of the study
area.

Table (1) The stratigraphic succession of Al-Khoms and adjacent areas (After Mann, 1975)

AGE | FORMATION | MEMBER | THICKNESS(m) DESCRIRTION
Recent Valley - - Grevels and boulders
Deposits
Eolian Deposits - 10-20 Coastal calcareous sandstones
- Eolian materials intercalated
Eoilian Marine 10 with gravels & rare calcareous
Q Deposits shells
u - Clay & sandy limestone
A 1-3 associated with salt & gypsum
T Sabkha Deposits crystals
E - Calcarenite with sporadic
R Qargaresh 30-40 siltstone lenses
N = Siltstone & conglomeratic
A sandstone with calcareous &
R Jefara 15 gypsiferous shells
Y = Consolidated & loose gravel
Qasar Al-Haj with intercalcations of
25 calcareous shells
- Limestone, marly-limestone,
MIO- Alkhoms 100 conglomerate, sandy-
CENE calcarenite, clay
- Dolomitic limestone to
Nalut 200 dolomite with chert nodules
LATE- Marl, claystone with gypsum
CRETA Yefren Marl 380 crystals & oysters
CEOUS Dolomitic limestone to
Sidi Assed Ain Tobi 30-45 dolomite with quartz &
quartzite interbeddings
- Sandstone & mudstone
TRIA- Abu Shaybah 150-160 interbedded with calcareous
SSIC beds & conglomerate

Presentation of Field Work Surveys
Under this topic, we will document the most important geologic features concerning the
iron-rich sedimentary rocks within the area of study at Sidi-Bujdaria outcrop section. The

http://tarbawej.elmergib.edu.ly 45



= gl S 2.03 Al 3 Jalaa

Journal of Educational 24 sl
ISSN: 2011- 421X

following field photos will summarize the almost observed geologic features during the
survey:

lower part (Bottom) of Sidi-
Bujdaria outcrop section
Representing “Facies-1"
Divided into 3 sections:

Upper section:
Interbedded marl, about 50 c<m
thick, reddish-brown color enriched
with Hematite (Fe,0; ).

Middle section:
Interbedded marl, about 60 cm
- |thick, yellow color enriched with
Limonite (FeO(OH)nH,0 )

Lower section
- |Same as upper section, about 120
cm thick.

. SAMPLE-1

-

Figure-2: description of the lower part (bottom) of Sidi-Bujdaria outcrop section in the area
of study.

Middle part of Sidi-Bujdaria outcrop

% |Facies-S:Interbedding of reddish-bro-
¥ lwn and Yellowish-white dolomitic calc
arenitic marl, with hummocky cross-

# |bedding. Avag. Thickness= ~2 m.

¥ | Facies-4: Intercalation of brownish-
yellow and reddish-yellow calcare-
nitic marl encompassing numerous
tiny iron lumps. Avag. thick-=~1m

5 | Facies-3: Calcareous marl, reddish,
yellowish color, highly draped and

involving numerous millimetric iron
balls. Could show hummaocky cross-

i |bedding. Average thickness =~1.5 m.

Facies-2: Calcarenitic marl, show int-

ercalations of thin hematitic and lim-

onitic flakes characterized by lateral

facies changes. Average thickness is
about 1.5 meters.

er scale=30 cm

—

Figure-3: description of the middle par_t of Sidi-Bujdaria outcrop section in the area of study.
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Upper part of Sidi-Bujdaria outcrop
section

Facies-8: Calcareous
- | brownish-red marl,
show planar-bedding ¥
and enclosing variuos [§E8 ¥
limonitic and
calcareous vines.
Avg. thickness =~4 m.

4 |Facies-7: Calcareous marl, (8 S8
reddish-brown, enclosing !
various limonitic and »
calcareous fissure or vines. &
Avg. thickness = ~2.5 m.

Facies-6: Calcarenitic marl, limonitic
color, shows oolitic-like texture, thick
bedding (1m). Avg. thickness= ~1.5m

Ruler scale=

Figure-4: derion of the pper part of Sd-Buaria outcrop section in the area of study.

Uppermost part of Sidi-Bujdaria
outcrop section

Facies-10: The upper cover as
shown (~ 2.5 m) consisting of
calcareous marl and is slightly
dolomitic, having reddish-brown
color and show planar-bedding.
Parts of it are already leached and
caves were formed.

Facies-9: Calcareous yellowish-red
marl, weathered, consisting fossils.
Average thickness =~ 1.5 meters

Figure-5: description of the uppermost part of Sidi-Bujdaria outcrop section in the area of
study.
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Figure-6: Differential weathering phenomena associated with chemical weathering at the
lower and middle part facies of Sidi-Bujdaria outcrop section (A to F). Note the oxidation
processes (brownish red color). Also note the pronounced dissolution effect associated with
mineralization phase at (E).

Figure-7: Differential weathering phenomena associated with chemical weathering and
dissolution processes at the middle part facies of Sidi-Bujdaria outcrop section (A to E). Note

the oxidation processes (brownish red and orange coloations). Also note the pronounced
dissolution effect associated with mineralization phase at (C).
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Figure-8: Differential weathering phenomena associated with chemical weathering and
dissolution processes at the middle part facies of Sidi-Bujdaria outcrop section (A to D). Note
the oxidation processes (brownish red and orange coloations). Also note the maintenance of

iron balls within the calcareous marl bed at (D).

Figure-9: Differential weathering phenomena associated with chemical weathering and
dissolution processes at the middle part facies of Sidi-Bujdaria outcrop section (A to D). Note
the oxidation processes (brownish red and orange coloations) and iron-oxide solutions
impregnated inside solution tubes (A & B) and solution pipes (C: yellow arrows). Also note
the infilling of the bioturbated beds in (D) by iron oxide solutions.
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Figure-10: Differential weathering phenomena associated with chemical weathering and
dissolution processes at the middle part facies of Sidi-Bujdaria outcrop section (A). Note the
oxidation processes (brownish red and orange coloations) and iron-oxide solutions
impregnated inside the vein-like fractures (B) and through solution pipes (C: yellow arrow).
Formation of iron-oxide flakes at (D).

<A\

Figure-11:Features observed at the middle part of Sidi-Bujdaria o

utcrop section. Iron-oxide
enrichment in a calcareous marl beds where hematite lumps (the red circles) stuck within the
rock framework (A). The planar cross-bedding at (E) shows multiple repeated colored
layering system consisting of reddish-brown and yellowish-orange sequences. Iron-oxide
enrichment through solution pipes (yellow arrows) in B & C and formation of lateral and
vertical varied colored zones. Enrichment through vein-like fractures at (D).

http://tarbawej.elmergib.edu.ly 50



G Al daa
Journal of Educational
ISSN: 2011- 421X

2.03 () Al Jalaa
24 )

Figure-12:Features observed at the middle part of Sidi-Bujdaria outcrop section. (A) A radial
style iron-oxide enrichment in a calcareous marl bed. (B): An iron-oxide enriched
calcarenitic-silty to sandy marl beds shows a hummocky cross-bedding. (C): Multiple
repeated colored layering system consisting of reddish-brown and greyish-green sequences

(D) shows association of of reddish-brown and greyish-green layering system with fossil casts
filled by iron-oxide material.

Figure-13: (A): shows repeated reddish-brown and yellowish-orange layering sequence in
calcarinitic-silty to sandy marl beds within the middle part of Sidi-Bujdaria outcrop section.

(B): denotes the impregnation of calcareous-marl beds and fossil casts with iron-oxide
material.
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Figure-14: (A): A slumped colloidal iron-oxide material associated with impregnation of the
calcareous-marl beds with hematitic lumps. (B): Stromatolite strings (the white filaments are
non-skeletal algae called algal mats) associated with an oxidized calcareous-marl horizontal
bedding. (C & D): Reaction of iron-oxide fluid materials and formation of cluster-like and
crusty solid substrates.

Figure-15: (A) and (B): denotes the reaction of iron-oxide fluids with the rock material. (C):
an oxidized bed layer with fossil casts filled by brownish-red hematitic colloidal material.
(D): Rimmed holes most likely formed by the invaded fluids which appear different from the
usual solution pipes found within calcareous rocks.
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Figure-16: (A) and (B): Formation of colloidal hematitic material as a result of the entrapped

fluid reactions with rock material. Note the incomplete filling-up of the solution pipe (left
corner of photo B) with the brownish colloidal material.

/1',:_

; : B A i pet O N
Figure-17: (A) and (B): Association of string-like and cluster-like as well as graphic arranged
colloidal material on the calcareous marl bed surfaces.
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Figure-18: (A): Interbedding of calcarenitic, calcareous and dolomitic

marls. Note the filling-

up of fossil casts with colloidal hematitic material within the dolomitic marl horizons.
Interruption of the lower dolomitic marl horizons may took place due to slumping activity.
(B): Differential weathering action on the bed sequence of the upper part of the outcrop
section which revealed the differences between the superficial and internal parts of the beds.
The internal part appear as interlayering brownish-red and limonitic bed laminations. Note the
existence of solution pipes (arrows). (C): Formation of mineral chips (most likely gypsum

chips) resulted due invasion of chemical solutions among bedding plane openings.
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Figure-19: (A): Same view as in (B) in Figure-18, note the solution

pe intensity (arrows).

(B): Solution pipes (arrows) and their vital rule in the circulation of the intruded iron-oxide

fluids within the upper part of Sidi-Bujdaria outcrop section.
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Presentation of Petrographic Studies
This part of the research will focus on describing the thin-sections of (8) samples collected
from Sidi-Bujdaria outcrop section. The following microscopic photos will summarize the
different characteristics observed under the polarized microscope:

Calcarenitic marl. Minor amounts of magnesium oxides and aluminum oxides also
encountered. Note the carbonate mud interlayering and presence of minute round to subround
agglomerations (possibly siderite nodules) between carbonate and silicate particles. This
sample make part of facies-2 encountered in the middle part of Sidi-Bujdaria outcrop section.
Slides are under plain polarized light (PPL), Left slide (X10), right slide (X5).

. Doy o 5 w'».‘,’;‘u
Figure-21 Microscopic view, Sample-2: Slightly ferruginous and highly siliceous, calcareous
Calcarenitic marl same as in Figure-20. Note the intercalated laminea. (PPL), (X5).

=

Figure-22: Microscopic view, Sample-2: Slightly ferruginous and highly siliceous, calcareous
Calcarenitic marl same as in Figure-20. Note the brownish-red colored agglomeration
distribution inside the framework of the rock sample. Left slide is under crossed-polarized
light (XPL), while right slide is under (PPL), (X10).
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rich marl. Note the dark brown iron-oxide patches and the high porosity (blue areas in the
right slide). Left slide is under (XPL), while the right slide is under (PPL), (X5). This sample
make part of facies-3 encountered in the middle part of Sidi-Bujdaria outcrop section.

éf . "’ . B o - ~

Figure-24: Microscopic view, Sar?1p|e-3, Ferruginous silica-calcium-magnesium-aluminum-
rich marl. Same as in Figure-23. Here iron spheres or balls appear evident within the
carbonate and silicate particles. Left slide is under (XPL), while the right slide is under

(PPL). (X10).

Figure-25: Microscopic view, Sample-3, Ferruginous s
rich marl. Same as in Figure-24. Note the abundance of iron spheres or nodules. Left slide is
under (PPL), while the right slide is under (XPL). (X5).
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silica-calcium-magnesium-aluminum-rich marl. Left slide is the same as in Figure-24 and
Figure-25., under (PPL), (X40). Iron balls picked from the rock sample as seen under
stereoscope (right). Here, the iron balls is most likely have an oval shape with multi colors
(reddish-brown, dark-grey, yellowish-orange and greenish to bluish-grey). Also note the
rough and pitted surface of the iron nodules.

o\
Figure-27: Microscopic view, Sample-4, Calcarenitic marl, calcareous and highly siliceous,
slightly ferruginous with minor amount of aluminum oxide. Note the fine-grained siliceous-
carbonate mud matrix with very minute brown colored siderite nodules and the development
of stylolites (marked in blue) associated with intrusion of iron-oxide colloidal material spots
or patches (dark colored patches along the stylolite. This sample make part of facies-4
encountered in the middle part of Sidi-Bujdaria outcrop section. Left slide is under (PPL)
(X5), while right slide is under (XPL), (X10).

ZUA .
Figure-28: Microscopic view, Sample-4, Calcarenitic marl, calcareous and highly siliceous,
slightly ferruginous and aluminous. Note the impregnation of dark, reddish-brown limonitic
to hematitic colloidal material that occupied pore spaces between grains and coated many
other grains in other places (center of left slide). The right slide shows the filling-up of
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stylolite with an iron-rich colloidal material, note the coated grains with the same material on
both the left and right sides of the stalolyte. This sample is also a part of facies-4 encountered
in the middle part of Sidi-Bujdaria outcrop section. Left slide is under (PPL) (X10), while
right slide is under (PPL), (X5).
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Figure-29: Microscopic view, Sample-4, Calcarenitic marl, calcareous and highly siliceous,
slightly ferruginous and aluminous. Note the iron balls (round spheres) and the siderite
agglomerations that appeared as masses (the brownish-red). Both slides make part of facies-4.

(PPL), (X5).
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Figure-30: Microscopic view, Sample-4, Calcarenitic marl, calcareous and highly siliceous,
slightly ferruginous and aluminous. Note the limonitic-rich parts of rock sample (the dark
brown nodes and patches). under (PPL). The slides make part of facies-4. Left slide (X5),
while right slide (X10).

Figure-31: Microscopic view, Sample-4, Calcarenitic marl, calcareous and highly siliceous,
slightly ferruginous and aluminous. Note the large-sized iron-oxide rich rugs ( dark- to
reddish-brown dome-like material). Both slides are part of facies-4,under (PPL), (X5).
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Figure-32: Microscopic view (Left) and a stereoscope image (right), Sample-4, Calcarenitic
marl, calcareous and highly siliceous, slightly ferruginous and aluminous (part of facies-4).
Note the iron-oxide dissemination around grains and the immersed iron spheres and sub-

T '

Figure-33: Microscopic views, Sample-5, Calcarenitic marl, calcareous and highly siliceous,
slightly ferruginous, partly dolomitic. Note the brown colored rims that surround the grains
(left slide). Right slide is a magnification of the elliptical object shown in the left slide (most
likely shell fossil). Here note the replacement of the original parts of the fossil by iron-oxide
(could be limonite). This slide makes part of facies-5. (PPL), left (X5, right (X40).

1 of"._‘;; n‘:-_ S
Figure-34: Microscopic view (left) and a stereoscope image (right). Sample-5, Calcarenitic
marl, calcareous and highly siliceous, slightly ferruginous, partly dolomitic. Note the rounded
to sub-rounded balls (could be of siderite which are similar to those encountered in facies-4,

Figure-32- the right image). This slide is a part of facies-5 located in the middle part of Sidi-
Bujdaria outcrop. under (PPL), (X5).
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Figure-35: Microscopic view, Sample-6, Calcarenitic marl, calcareous and highly siliceous,
slightly ferruginous, aluminous and dolomitic. This represents part of facies-6 encountered in
the upper part of Sidi-Bujdaria outcrop. The reddish-brown and orange color could be

limonite. (XPL), left (X40) while right (X10).
& Sl X A

Figure-36: Microscopic views, Sample-6, Calcarenitic marl, calcareous and highly siliceous,
slightly ferruginous, aluminous and dolomitic. This represents part of facies-6 encountered in
the upper part of Sidi-Bujdaria outcrop. Note the wheel-like fossil shell filled with reddish-
brown micritic iron-oxide material (left). The same micritic reddish-brown iron-oxide
enriched material appear distributed randomly within the framework of the rock sample in the

right slide. Both slides are under (PPL), (X10).
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Figure-37: Microscopic views, Sample-7, Highly-calcareous, siliceous, ferruginous, rich-
magnesium and aluminum oxides marl. This represents part of facies-7 encountered in the
upper part of Sidi-Bujdaria outcrop. Note the incomplete replacement of the original fossil
body by reddish-brown iron-oxide material in one part and in the other part the development
of iron-oxide cement of the samr reddish-brown material. Slides are under (PPL), (X40).
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Figure-38: Microscopic views, Sample-7, Highly-calcareous, siliceous, ferruginous, rich-
magnesium and aluminum oxides marl. The slides represents part of facies-7 encountered in
the upper part of Sidi-Bujdaria outcrop. Note the pyritized fossils in the left slide (brownish-
green, directly above and below the reddish-brown iron-oxide cementing material). The right
slide shows the replacement of the original fossil body by reddish-brown iron-oxide material
that develop a network structure between the carbonate grains. Both slides are under (PPL),

(X40).

Figure-39: Microscopic views, Sample-8, very highly-calcareous, siliceous, ferruginous, rich-
magnesium and aluminum oxides marl. The slides represents part of facies-8 encountered in
the upper part of Sidi-Bujdaria outcrop. Note the pyritized fossils in the right slide (brownish-
green, between the carbonate grains). The left slide shows the replacement of the original
fossil parts by reddish-brown iron-oxide material and formation of nodule-like chain. Both
slides are under (PPL), left (X50), right (X40).
Presentation of Chemical Results

The results of whole chemical analysis of the (8) rock samples collected from Sidi-
Bujdaria outcrop section is summarized in Table-1 and (Figure-39).

Table-2: The whole chemical analysis (%wt) run for the rock samples collected from study

area,
Sample | Run Element Concentration
No No. | ALO; | Fe,0; | P,Os | SiO, [ MgOo [ CaO | K,0 | MnO | Na,O | TiO, | SO,
2 2.05 1.54 - 7036 | 1.34 | 2041 | 0.14 -- 0.39 -- 1 0.00
2 1 2.23 149 | 0.05 | 70.02 | 12.04 | 1531 | 0.14 | 0.09 | 0.05 | 0.24 | 0.00
2 2.69 1.66 - 6379 | 151 | 2159 | 0.17 - 0.39 - | 0.00
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Figure-40: Presentation of the whole chemical analysis of the collected rock samples in the
study area.

Discussion

Based on the whole chemical analysis done for (8) selected iron-bearing rock samples
collected from Sidi-Bujdaria outcrope (Figure-40) and Table-1, the maximum iron oxide as
(Fe,O3) enrichment (wt%) encountered within sample-6 (average= 3.0 wt%), sample-7
(average=2.25 wt%) and sample-8 (average= 7.70 wt%). The other values obtained for the
rest of samples were diminished (less than 2 wt%). As discussed in the introduction topic,
typical iron-rich sedimentary rocks should consist of at least 15 Wt.% or more iron that are
divided to "lronstones™ and "Iron Formations™ (see introduction topic). As a result, Sidi-
Bujdaria rock samples may considered as "ferruginous rocks". Petrographic and field studies
revealed that the geologic features of these ferruginous rocks is associated with an intensive
chemical weathering processes which lead to the development of various geologic aspects.
Chemical weathering occurs when chemical reactions weaken and decompose rocks, often
acting alongside the physical breakdown of rock, aka mechanical weathering. This process
involves a chemical change, which actually alters the rock's or mineral’s chemical
composition. Chemical weathering is more common in wet, humid areas than in dry ones,
because moisture is an important component of many types of chemical weathering. The
reaction between rocks and oxygen is known as oxidation. When elements or compounds in
rocks react with oxygen and water, they form substances called oxides (Gore, Pamela J. W.,
2013, Earle, S., 2015). One of the most common examples of oxidation is iron oxide, or rust.
Rust has a reddish-brown color and soft and crumbly consistency, which makes the oxidized
rock more susceptible to other forms of weathering. A change of color from: silvery (grey)
iron to the reddish-brown iron oxide or yellowish orange (limonitic) to reddish-brown iron
oxide (or the opposite) or green to opaque iron oxides, serve as a good indicator a chemical
change has occurred. When carbon dioxide in the air dissolves in water, it forms carbonic
acid. While carbonic acid is fairly weak, it can cause a form of chemical weathering known as
carbonation. For example, calcite is a calcium carbonate mineral made up of calcium, carbon
and oxygen. When it reacts with carbonic acid, the calcium carbonate breaks down into its
components, calcium and bicarbonate. This type of chemical weathering is particularly
important in the creation of karst topography, such as caves and sinkholes. Limestone, which
is largely made up of calcium carbonate, reacts with underground water. When the water
breaks down and dissolves the rock, caves develop in the space left underground. When the
space underground gets too big, the land at the surface can collapse, forming a sinkhole
(Gore, Pamela J. W., 2013, Earle, S., 2015).

Hydration and dehydration are another two chemical weathering processes. The first occurs
when a mineral absorbs water to form a new substance while the second involves the removal
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of water from rocks. The creation of gypsum from anhydrite and the formation of limonite
from hematite may denote hydration process (which means addition of water to both
anhydrite and hematite), while the opposite processes (formation of hematite from limonite
and gypsum from anhydrite) may denote dehydration (Gore, Pamela J. W., 2013, Earle, S.,
2015).

All the previous discussed types of chemical weathering (oxidation, carbonation, hydration
and dehydration) have been observed in the rocks of Sidi-Bujdaria outcrop within the study
area and were documented. Concerning oxidation and the other types of chemical processes
already mentioned, documentation through field investigations revealed that rocks within
Sidi-Bujdaria outcrop is characterized by the following features: 1- Differential weathering
features on the rock bedding in the area of study is observed in association with iron-bearing
marls (actually they are as: calcarenitic, calcareous, siliceous, ferruginous, magnesium oxide,
aluminum oxide-rich, less dolomitic- marls) were resulted due to the action of acid waters and
solutions on rocks that different in rock composition (non-homogeneous bedding) (pls. refer
to field work surveys topic). 2- Water and solution actions were result in the formation of
multi-varied types of solution pipes which acted as conduction ways for fluid movement.
Although, some of the pipes were filled-up with hematitic and limonitic colloidal material. 3-
Reaction of acid waters with the iron contained in the rocks resulted in the formation of varied
alteration zones ( depending on degree of oxidation). Example: the observed rusty colors as
reddish-brown that associated with limonitic and brownish-green to green colors could
indicate alteration from hematite to limonite (in which hydration and dehydration processes
took place) and possibly part of chamosite altered to limonite (chamosite is readily oxidizes to
limonite on the sea floor soon after deposition, but more commonly, much later after uplift
and weathering as stated by Adams, A. E., 1984). 4- Impregnation of iron oxide fluids
through vein-like fissures observed on some rock surfaces. 5- Association of some type of
mineralization with iron oxide colloidal fluids is observed in some sort of cavities as a result
of existed synchronous chemical solution circulations. 6- Carbonation processes in the area of
study were so active and resulted in the formation of varied sized holes, cavities as well caves.
7- The filling-up of varies fossil casts with reddish brown iron oxide colloidal material
resulted in the formation of amygdaloidal texture on the rock surfaces. 8- Formation of beds
consisting of alternating, multi-repeated colored layers (thickness of layers varied between
few centimeters to 10 centimeters) as reddish-brown, dark-brown, limonitic yellow and
brownish green). The observed beds also showed a hummocky cross-bedding and may reflect
repeated periods of deposition characterizing tidal and intertidal flat zones. The oxide facies
(hematitic and limonitic facies) found in the area of study may predominate over the other
iron facies and required regions with supreme oxidizing conditions which signifies
continental shelf depositional environments. Iron silicate facies (as chamositic facies) were
less presented and may form within regions require intermediate redox conditions which may
signifies continental and the upper continental slope depositional environment.

Petrographic studies for the collected samples from the area of study revealed that marls
within Sidi-Bujdaria outcrop is characterized by the following: (pls. refer to topic-7, the
petrographic studies) 1- The medium to fine-grained carbonate grains associated with reddish-
brown carbonate mud matrix involving numerous minute nodule aggregations as well as iron
balls or spheres (appeared oval, subrounded to elliptical shapes under stereoscope image).
These aspects found to characterize the middle part of Sidi-Bujdaria outcrop. The oxidizing
carbonate mud groundmass or matrix denoting chemical weathering action ensued by
oxidation of iron balls and nodules which appeared with multi-varied colors and uneven and
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coarse surface. The multi-varied iron balls surfaces consisting of reddish-brown, yellowish-
orange to limonitic and brownish-green to color may denote presence of hematite, limonite
and chamosite traces in which hydration and dehydration processes though to be took place
among the chemical weathering processes. 2- Dispersion of weathered oxidized irregular
colloidal masses inside the framework of the calcarenitic-calcareous-siliceous-ferruginous
marl. 3- The marl from the study area also involving large-scale reddish-brown, dome-like
rugs or mats as well as reddish-brown, rounded and elliptical spheres or balls of iron with
decorated surfaces. A fossil body and other parts of fossils is observed between the carbonate
grains and are completely replaced by hematitic to limonitic reddish-brown and opaque
material. 4- VVoid as well as vug and interparticle porosities and stylolites were developed and
form part of solution porosity which enhanced the original porosity of these rocks (porosity
appeared in blue color under the microscope).
Conclusions

From the previous presentations and investigations, the approximately measured 20 meters
Sidi-Bujdaria outcrop located at Sidi-Bujdaria Village,Wadi Gherim, Ghanema, NW Libya
within the study area is considered as an iron-bearing succession. Based on lithological
differences, nine (9) sedimentary facies is proposed to characterize the succession. Generally,
the maximum measured Fe,O3; (as iron oxides wt%) content for the analyzed samples
belonged to the upper part of the succession and varied as: 7.70 wt% for facies-8, 3.00 wt%
for facies-6 and 2.25 w% for facies-7. Comparatively, typical iron-rich sediments (ironstones
and iron formations) principally consist of 15wt% or more iron, for this reason, the calcareous
marls from the study area are better classified as ferruginous rocks. Generally, the
encountered facies are classified as ferruginous highly siliceous, calcareous, calcarenitic marl
with minor amounts of magnesium and aluminum oxides. Less dolomitic facies are
encountered. Zones of alteration represented by hematite, limonite and most likely chamosite
(a chloride group mineral) is developed as a result of chemical weathering processes which
include oxidation, hydration and dehydration. Carbonation processes is another chemical
weathering processes found to affect parts of the rock' succession and resulted in the
formation of caves, cavities and sinkholes. Solution processes also created varies types of
solution pipes. The rusty color of the succession is earned due to chemical weathering through
oxidation processes. The calcareous marls within the area of study found to involve a
corroded iron nodules (balls) of varying size and shapes at certain levels. Involvement of
reddish-brown colloidal masses and aggregations as well as reddish-brown replaced fossil
parts is also documented in certain beds. Likewise, a reddish-brown and black iron oxide
cementing material is found to bind and coat the framework grains of the calcareous marls.
The majority of the analyzed rock samples showed an enhanced secondary porosities created
by solution through leaching.
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Recommendations

For the present work, authors recommend that additional whole chemical analysis should be
done on a more selected rock samples. Alongside, XRD and/or XRF analysis ought be done
on unlimited number of rock samples to attain a complete information on the mineral
composition of the rocks in the area of study. For the previous work on Sidi-Bujdaria

http://tarbawej.elmergib.edu.ly 65



ISSN: 2011- 421X 24 2=

‘//\ $9= A Alaa i
[ o \ < ol Jalea
I ‘ Journal of Educational 2.03 ‘*"""d oAl da

succession, authors has recognized varied mineral precipitation phases within the middle part

of the succession during the field survey investigations done on Sidi-Bujdaria succession,.

Authors recommend that these phases of mineral precipitation to be covered and studied and

documented in other scientific work.
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The Uranium-238 Decay Chain [ ]

Atomic Number

82 83 84 85 86 87 88 89 90 91 92
Only main decays are shown
Gamma emitters are not indicated Th-234 oL u-238
24.1a |[€ 4.5x10%a
B TPa-23a
117 m [3
Pb-214 o Po-218 o Rn-222 o Ra-226 o Th-230 o uU-234
268m |€——|305m| €| 382d (€ |[j600a | € |z 710%a| € [raric®a
B Bi-z214
199 m
[3 Element Names Half-life units

Pb.230 P S U - uranium a - years

£ Th - thorium d - days
22332 |« 1.64:164. Ra - radium h - hours

Pa - protactinium m - minutes
B Bi-210 Rn - radon s - seconds
50d B Po - polonium
Bi - bismuth

Pb-206 Po-210 Pb - iead
Stable | € —|1384 a

238555050 A lasd Al (1) S
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The Thorium-232 Decay Chain

Atomic Number

Bl B2 83 B4 8BS B6 87 88 8O (=18}
Ra-z228 oL Th-232
——
Only main decays are shown 575 a 1 ax10' %
Gamma emitters are not indicated "
3 Tac=2a
6.15 h B
Po-212 o Pa-218 O RR-220 O Ra-224 o Th-228
10.6 h |[w——| g 15 5  *— s 6a | | 3 c6d [€—— | 1.91 &
B3
TI-20& O Bi-212
.05 m (——0— | B0.8 m . .
|3 Element Names Half-life units
- Th - thorium & - years
I3 |Pe=208 | 2 P"—"z"_é Ra - radium d - days
Stable s 0. 3x=10 =) A - actiniurm h - hours
Rn - radon m - minutes
Fo - poloniurm 5 - seconds

Bi - bismuth
Pb - lead
T - thallivm
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Bgus] daalll Wgul) pelad] anys g § dadlually cbydll iy § AN § desladd) )
&3 Jgll e
el Slgag @ylall -2
cduolyld! ddlaie -1-2
Qe aiiy o(didoy duyally 4841) bl &M il (py cduwhall ©LEN daly Hlasl @
l:«.>3.’_9.«:> I o | 8 ins L}‘P L@JK.«: dJe &Lug cb:v.ﬁ.": a3 ng-\"as 1500 d‘y lgi>luo
Ll 89l lahase g JWI Sadly cogdls Jesd! (o ygee dlate gl ey ¢z Slial
Lo A e b3l

|

00 N

e @
',

s3] e ) daly adse (3) JKadl
1 OUuad! ao> -2-2
Bblally Lpa> acadl Gblall eld § Ly cdibaial (§ dendlinl @Blge § Al Olgs goxr @
gl HBT ST ABY U3 05 .o 20 Gos J] Sohkadl LA law JaisS @3 cdigall aBge S (39 el
L5 Aue o (5 Al dnadYl Coo oo 20 ) dies Joa S @dgall § Solall DA o

http://tarbawej.elmergib.edu.ly 69




N ($3201 Ao
/ \ e . | b’Jl tM
I , Journal of Educational 2.03 ‘éﬂ 50! Ja

sl
ISSN: 2011- 421X 24>

o1 iy pare 1 A8Lp| e cbadll Uitddl oo gy d9y2e0 plasuinls (e251) @S A1y Oj2
22018 i Sliaall 00 Judxig paz @3 A laall Gliaadl J] dddae 8320 o ks 91 S35
rdeadl Aoyl g byl japass -3-2
b cJaaddl § PPU, P2Th, K dadiedl gl blad 5835 (uld Gug L1 wlye slasey
L35 Olyge o9 @3 05 (09 cdisbyll o palsall ogs Bukal 8 lkall uaddl dadl o Z3laidl 00
d> Jl gl cn> dl delu 24 B ¢°110 Byly> days wie Oven (3byeS 0y8 3§ dwhdl Ja>
B> e O dadmall 3l Comb dde dgby Y Ll APY Oles JWhy coldl 0jgll
& el Clbi> oo ca2 diloxid ylad b3 (bye) dsie IS (po Wysyal @39 ol Alawlsy
@ dai>y Swwdb das o T 9] 035 ¢ply> S U9 0j92 Marinellin beaker cdle sleg
£53 30 Buka) Ol 0 (3355 @39 «P22RN 9ol i Glasa) BIEY! ASme ASLTwdl bl
Lol dudlibe gzl &2l llid dadid o3 U3 dn @31 (£l G3lsal) Jguog)l oy
dl syl 40% 8:6S5 (HPGe) 85ladl Jle pgiley> a&8 93 Gamma ray spectroscopy
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A sl i)l bladl Olus o5 :(The Activity Concentration-A) (sles)) bladl -1.3
[10] (1) &AW slaall plaials (olyskS )

net Z;;s[jxples Bq[kg N (1}

Bodsmell BBlall wie as8l LS EFf (Aol SN §Lall uall Juss net CPS samples Of G
09 Wy (intensity) pold 8u>gs cdSUall 0dg) Lol Hluus] 8uis duwd I, ¢(efficiency) (wbd g
(kilogram) _wld 8u>gs cdiall
poll (386J1 bladdl :(Radium Equivalent Activity- Raeg) pseoll 38l bladl-2.3
pdSiu g HLABY! awlg LfLM‘)bﬂjﬁ Bq/kg (becquerel per kilogram) 8u>g. (Raaq)
e odudas o3 U89 940K 9232Th 5°Ra wlwgs e Lgioeall dlgall dlagyall yolseal| oudis)
5 K e 4810Bg/kg 9 *’Th e 260Ba/kg 9 226Ra (e 370Bq/kg :0f (2lA8l (el
[12](2) Dolaadl § o gall g2l (de ol @3, [11]de 2l Jumo (i

Raaq = Ay + (Ap, X 1.43) + (A X 0.077) Bqg/kg — (2)
Ba/kg Bu>g: Jlgl A™K 9 77Th 2P0 ) sl bladll b Ap g Apy, , Ay
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Av | Am Ak )il - (6)

370 259 4810
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18Ul ! -4

S9! gladyl blidl 1-4

12535 Sligal) dyatand! deyally paalyl) (380l bladly (sodl slesdl bladl (4) Sad) mos
AU (P 055 Bguw de (ST (3 poausliod] duS OY gBgie g9 K M g2 (£lad] blad el O
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0Ba/kg 33V 8elyall (5) @3y Ll cdzeas

Laiaall 48 jal) g agdl I (AlSa g & 5l Slady) bladl)

700.0000

g 600.0000 6053187 580.7530 574.3741
5 2 513.299408.9563 501.355%01.8987

‘j E 500.000461.4537

q)"j\ 400.0000

3.9 300.0000

= 3 2000000

g .

T £ 1000000 I

235 ooco ML M0l D0y Nonsk8ocholt 0000 0100 WL 1y
% < 1 2 3 u.:.h 5 6 7 8 9

e -

B K40 m U238 mRa226 mTh232 mRaaq mD
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Simulation and Analysis of Control Packets Effect on Ad-hoc On-Demand
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Abstract - For the previous few years, Mobile Ad-hoc Network (MANET) has gained a lot
of importance for better than ever more reliability and security in wireless networks.
Practically, MANET is improved to support the communication between mobile wireless
devices in dynamic wireless environments. However, the mechanism of determining and
keeping a routing path between the sender and the receiver device has several routing
concerns. The flooding of control packets system is an important routing concern and
challenge in MANET routing protocols. In this research, we aim to simulate and analysis the
effects of varying of nodes density and offered load towards the control packets of MANET
that utilizes AODV (Ad-hoc On Demand Distance Vector) protocol with difference in nodes
pause time. For this purpose, a simulation based performance study is implemented on the
control packets of AODV protocol for MANET. However, the control packets of AODV
protocol have been tested and studied employing different simulation scenarios and by
analyzing their outcomes with respect to number of source nodes (Offered Load) and number
of nodes (Nodes Density) in MANET. The simulation result of this work demonstrates that
the number of control packets of AODV is influenced by offered load more than nodes
density in MANET. In addition, on the basis of the simulation result, some suggestions have
been proposed about the impacts of the control packets of AODV protocol in different
MANET environments. Simulation scenarios of AODV protocol carried out using Global
Mobile Simulator (GloMoSim).

Key words: Simulation, Mobile Ad-Hoc Networks, Routing Protocols, AODV, Control
Packets.

1. Introduction

Modern advances in wireless communication technology have created an enormous interest
in building and utilizing ad-hoc networks in lots of various applications. Basically, MANET
is a class of wireless ad-hoc networks, which is mobile wireless network and independent of
any infrastructure. However, MANET is self-regulated network construct by portable nodes
(such as: laptops, smart phones, wireless sensors, etc.) [Malwe and et al., 2022] [AL-Hasani
and Waheed, 2022]. On the contrary, this class of wireless ad-hoc networks characteristically
has no base station (or access point) to coordinate and control the information transmitted
among its mobile nodes. Virtually MANET is appropriate for military, emergency rescue and
disaster areas (such as flood, fire explosions, and earthquake) due to of its adaptable and
flexible nature [Nurcahyani and et al., 2019]. However, the topology of MANET network
converts dynamically as portable devices connects or disconnects the network. In MANET
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networks, portable devices work as normal nodes or routers with each other to accomplish
their routing processes, so these devices should be more intelligent than the devices in
infrastructure networks with access points [Khudayer and et al., 2020]. Fundamentally,
MANET's nodes to remain connected with each other; each node contributes the function of a
router and shares the routing tasks such as sending and receiving the data packets in the
network [Abdullah and et al., 2022] [OM sSaleh and et al., 2023]. In MANET, when the
wireless devices are inside the radio zone of each other, the routing process is not required,
but if a device departs this radio zone, and they become unable to communicate with each
other immediately, middle devices are necessitated to manage the network for data
transmission process. The purpose of a routing protocol is to design a method for transferring
information packets between devices in the network. This protocol should choose some
criteria to make routing decisions in MANET, for instance latency, transmission power,
bandwidth, etc. Due to routing issues, numerous routing protocols have been designed for
MANET networks. Like other multi-hop wireless networks, there are two procedures of
MANET routing process; specifically the route finding procedure and data transmission
procedure [AL-Hasani and Waheed, 2022]. However, there are three techniques to build one
or more paths among source nodes and their destination nodes, which are proactive (table-
based) routing, reactive (on-demand) routing and hybrid routing [Malwe and et al., 2022]. On
the other hand, the majority of MANETS routing protocols are: on-demand or table-based.
On-demand routing protocols (for instance: Ad hoc On-Demand Distance Vector (AODV)
routing protocol) [Grasias and Sureshkumar, 2023]) and table-based routing protocols (for
instance: Wireless Routing Protocol (WRP) ) [Priyaganga and Madhumita, 2016].

As a rule, on-demand routing protocols have to rapidly adjust to topology modifies to protect
and maintain available routes between sources and their desired destinations. Generally,
MANET routing protocols employ varied control packets (or messages) to confirm
transmitting their data packets from the source to the desired destination [Clausen and et al.,
2018], [Khudayer and et al., 2020]. For that reason, on-demand routing protocols (for
instance: AODV routing protocol) established the construction of routes to the desired
destinations on-demand through their particular route discovery procedures [Saleh and et al.,
2013b]. Consequently, the route discovery and maintenance procedures of on-demand
protocols have three significant control packets: Route Request (RRQ) packet, Hello (HLO)
packet, Route Reply (RRP) packet and Route Error (ERR) packet that plays a fundamental
function in data transmitting process in MANET networks [Abdullah and et al., 2022]
[Grasias and Sureshkumar, 2023]. Moreover, several challenges remain whilst studying the
characteristics of control packets of AODV protocol, since these control packets are affected
by some operators, such as mobility, network size and offered load.

This paper introduces a detailed analysis of control packets that broadcasted during routing
process in AODV protocol in MANET. In that respect, this paper will simulate and study the
effects of control packets on the performance of AODV protocol with respect to the offered
load and nodes density in the simulated MANET.

2. Related Work

Various research works have been accomplished related to the analysis of the effect of
control packets on the performance of MANET’s on-demand (or reactive) routing protocols
(e.g. AODV) in the past.
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Work by [Sethi and et al., 2010] called Optimized and Reliable AODV for MANET. It has
executed Blocking ERS (Expanding Ring Search) to decrease the control routing overhead
that coursed by the broadcasted control packets of AODV protocol in the MANET networks.
The basis of the method is that path explore process is not continued from its source node but
whenever a broadcast of control packets is needed.

Study was conducted by [Sbhai and Elboukhari, 2019], it simulates and analyses the Impact of
HLO (hello) Flooding and RRQ (request) Flooding attack with AODV routing protocol on
utilizing Network Simulator (NS-3). The simulation operation took into account the density
of the network (specifically the number of mobile nodes in MANET), the velocity of the
mobile nodes, the mobility model and the WLAN (IEEE 802.11ac) standard for the MAC
layer. In addition, MANET experiments treat with real simulation scenarios. However, in
order to calculate the attack's Impact on the MANET network, the authors selected the
Quality of Service (QoS) metrics for performance evaluation of AODV routing protocol; i.e.
Packet Delivery Fraction (PDF), End-to-End (E2E) delay and Routing Overhead (RO).

While work by [Pal and et al., 2019] has evaluated the performance of well-known on-
demand routing protocol (i.e. AODV), utilizing a variety of performance metrics for
instance Number of packets sent, Number of packets received, Data-Packets delivery
fraction, Routing overhead, Data-Packets dropping fraction, End-to-End Delay along with
achieved simulation consequence via changing number of nodes and speed of nodes in the
MANET network, where it detected that there is no linear varying in the rates of these
performance metrics.

Another research work by [Sarkar and et al., 2016], it has simulated and evaluated AODV
protocol in sending probability of various control packets while taking power usage into
account. Overall, the research results demonstrate that the power usage and throughput in
small size MANETSs with 30 mobile nodes, along with utilizing 0.3 or 0.4 probabilities that
gave positive outcomes. In addition for average and big MANETS (over 30 mobile nodes) the
probability nearly 0.8 decreases the power usage suitably. despite the fact that experimenting
with customized AODV protocol in Network Simulator 2 (NS-2), utilizing density based
probabilistic route reply (RRP) packet forwarding with dynamic probability subsequently that
only a confirmed percentage of the n neighboured nodes will forward the packet based on the
density of its neighboured nodes will present improved outcomes with regard to power usage
and remaining power.

In work by [Chakeres and et al., 2002] titled “The utility of hello packets for determining link
connectivity”, the authors studied the effectiveness of hello (HLO) packets for observing link
situation via executing experiments both within a lab and field. The AODV protocol
employed and tested two values for Allowed Hello Loss: the suggested value of two, in
addition to a trial value of three. The authors concluded that a lot of features impact the utility
of HLO packets, along with the permitted HLO packet, failure settings, collision between
data packet and HLO packet size and 802.11b packet handling.

3. Ad-hoc On-demand Distance Vector protocol (AODV)

In MANET area, routing protocols are classified into two fundamental categories [Pal and et
al., 2019] [Grasias and Sureshkumar, 2023]: Proactive and Reactive protocols. However,
proactive routing protocols are table-driven (such as OLSR: Optimized Link State Routing

http://tarbawej.elmergib.edu.ly 79


https://www.wordhippo.com/what-is/another-word-for/along_with.html
https://www.wordhippo.com/what-is/another-word-for/suitably.html
https://www.wordhippo.com/what-is/another-word-for/with_regard_to.html

| ,/\‘ ‘Syﬂ| al-,.a‘ "
' ‘ i ) I 5L Jolae
l , Journal of Educational 2.03 g dl Sl Jo

i
ISSN: 2011- 421X 242

protocol). Proactive routing protocols typically employ link-state routing algorithms, since it
broadcasting the link information in the network. This kind of routing algorithms preserves a
complete or partial replica of the MANET topology and rates for all recognized links.
Whereas, the reactive routing protocols, (such as DSR: Dynamic Source Routing protocol
and AODV: Ad-hoc On-demand Distance Vector protocol). Basically, reactive protocols
build and preserve paths only if these paths are required, on demand [Saleh and et al., 2013].
These protocols regularly employ distance-vector routing algorithms, since these algorithms
save barely routing information related to next hops to neighbour nodes and rates for routes
to all recognized target nodes [Saif and et al., 2022]. In on-demand routing protocols of
MANETSs, a primary necessity for connectivity is to determine paths to a destination
node via flooding of control packets (i.e. route request). The AODV routing protocol is
one of various published reactive routing protocols for MANETS, and is recently widely
researched [Nurcahyani and Laksono, 2019].

AODV s a reactive (on-demand) routing protocol for MANET [Abdullah and et al., 2022]
[Bhatia and et al., 2022]. Basically, AODV protocol integrates DSDV (Destination
Sequenced Distance Vector) and DSR (Dynamic Source Routing) protocols. AODV protocol
is branded as Hop-by-Hop mode. This characteristic in AODV is modified from the popular
DSR protocol. In addition, AODV operates the periodic switch of packets system from
proactive protocols (i.e. DSDV). Practically, AODV establishes a path from a source node to
a destination node only when the source node needs to send a data packet to that desired
destination node. However, paths are preserved as long as they are required via the source
node. Also, AODV utilizes sequence numbers ensure the recentness of paths along with
guarantee the loop-free routing in MANET [Alameri and et al., 2021]. The route discovery
and maintenance systems of AODV protocol as follow.

3.1. Route Discovery Scheme of AODV

In AODV routing protocol, once a source node desires to send a data packet to a destination
(target) node in MANET, the source node itself confirms if its routing table has a source path
to the desired destination. If yes, it will transmit the data packet toward next hop node. If no a
source path, immediately the source node starts a route discovery system in MANET [Bhatia
and et al., 2022] [Grasias and Sureshkumar, 2023]. Basically, the route discovery system
initiates with propagating of route request (RRQ) packets to all its neighbored nodes for the
desired destination. As soon as any neighbored node receives this RRQ packet, initially it
observes its routing table for route to the desired destination. If it has, stop propagating this
RRQ packet and send RRP packet backward source node, If not found it re-propagate RRQ
packet forward to its neighbored nodes. Once the RRQ packet reaching to the desired
destination node in MANET, it sends RRP packet backward to the initiator source node
via utilizing reverse the discovered route. As a final point, the source node will use the
replied route for transmitting its data packets, and save it in its routing table for future use
[Abdullah and et al., 2022] [Saif and et al., 2022].

3.2. Route Maintenance Scheme of AODV

Generally, reactive routing protocols of MANET (for instance AODV protocol) depend on
control packets (i.e. Hel msg: Hello Packet and RERR: Route Error packet) to start all
preservation processes in the network [Saif and et al., 2022], [Abdullah and et al., 2022], [Pal
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and et al., 2019]. However, AODV’s nodes have to start its route maintenance system in case
of failure link within its routes. Nodes using a control packet called hello packet (Hel_msg)
for maintaining its routes with each other in MANET. Practically, a Hel_msg is propagated
by active nodes during maintenance process periodically. In case of no Hel_msg from a
neighbor node, there is will be a failure link to this neighbored node [Priya, 2014], [Venu and
et al., 2022]. Therefore the current node has to inform the source node using a RERR packet,
along with delete all entire routes based on this failure link. On the other hand, source node
will restart a new route discovery system for transmitting its data packets to the desired
destination in MANET [Bhatia and et al., 2022].

4. Control Packets of AODV Protocol

Fundamentally, AODV protocol consists of four kinds of control packets are used to discover
and maintain its route between source and destination nodes in the network. Basically,
AODV protocol uses three types of control packets in its route discovery procedure (i.e. route
request and route reply packets), whereas the fourth type of control packets AODV protocol
within its route maintenance procedure (i.e. route error packet) [Venu and et al., 2022]
[Bhatia and et al., 2022]. However, these control packets will be described in the following
subsections.

4.1. Control Packets in Route Discovery Scheme of AODV
4.1.1. Routing Request (RRQ) Packet

Once a source node does not have a route to the desired destination node in its routing table, a
RRQ packet is propagated by the source node (or any intermediate node) to all its
neighboured nodes (in case of no routing information about the destination node in its routing
table). Basically, every node preserves two counters, a node sequence and a propagate-id.
Whereas the RRQ packet contains six fields (specifically: source node address, source node
sequence, propagate-id, destination node address, destination node sequence, hop-count
number) [Bhatia and et al., 2022], [Choi and et al., 2014] [Abdullah and et al., 2022]. The
couple source node address and propagate-id, uniquely identifies a RRQ packet, propagate-id
is increased as soon as the source node broadcasts a new RRQ packet. Every neighboured
node either response the RRQ packet by sending a RRP (route reply) packet back to the
source node, or increasing the hop count followed by re-propagating the RRQ packet to its
neighboured nodes. On the other hand, once a middle node (i.e. a node in between the source
and the current node) receives a RRQ packet, it ensures whether it has a suitable route to the
intended destination node. If it has, in this case the node has to create a new RRP packet. The
entry in the node's route table for the desired destination node should have an identical
sequence number specifically at least as great as the specified destination sequence
number within the RRQ packet. In case of a middle node previously received a RRQ packet
with similar propagate-id and source node address, it must cancels the excessive RRQ packet.
However, the sequence number of the desired destination is utilized to discover the recent
(freshest) route, as well to ensure loop freedom in the discovered route [Jain and et al., 2011],
[Pandey and Singh, 2022].
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4.1.2. Routing Reply (RRP) Packet

Basically, once a destination or middle (intermediate) node received a RRQ packet and it has
a route in its routing table to the desired destination node, a new RRP packet is created and
replied backward to the source node. The RRP packet contains five fields (specifically:
Source Node Address, Destination Node Address, Destination Node Sequence, Hop Count,
Live Time). However, RRP packets are employed by a middle or desired destination node to
answer to un-repeated a RRQ packet of route finding in unicast mode. The motivation of
unicast mode of RRP packet reverse is that all middle nodes that forwarding any RRQ packet
caches a route reverse to the main source node [Sedrati and et al., 2011] [Abdullah and et al.,
2022]. In the RRP packet, the field of hop count is adjusting equivalent to the node’s space
from the desired destination node. In case of the desired destination node itself is generated
the RRP packet, the value of the hop count field will be put to 0. After generating the RRP
packet, the destination node and other middle nodes start to unicast it to its next hop toward
the main source node. Accordingly, the reversed route that was inside the RRQ packet will be
used to transmit the RRP packet backward to the main source node. Once middle node
receives the RRP packet, firstly this node will generates a forward route entry for the desired
destination node; since it utilizes the middle node from that it received the RRP packet as the
next hop in the direction of the desired destination node. The packet's hop count corresponds
to the hop count for that particular route, increased by 1 hop. This forward route entry for the
desired destination node will be used if the main source node chooses this route for data
packets broadcasts to the desired destination node [Pendey and Singh, 2022].

4.1.3. Routing Hello (HELLO) Packet

Practically, AODV protocol utilizes its hello (HLO) packets for discovering and observing
route links to neighboured nodes in MANET [Abdullah and et al., 2022]. However, AODV
nodes can recognize their neighboured nodes in the network by utilizing local broadcasts
mode, which depends on periodic HLO packets to guarantee its routing process. Whereas
neighbouring nodes are all the nodes which immediately communicate with each other due to
these periodic control packets processes. In other terms, AODV protocol employs its periodic
HLO packets for notifying the neighboured nodes that the connection is still active. During
AODV route discovery system once a node receives a HLO packet it immediately refreshes
the identical lifetime of the neighbour information of current node in the routing table. On the
other hand, HLO packets can be applied to preserve the local failure link of a node in
MANET. Furthermore, the employ of HLO packets process is not always necessitated. For
instance, AODV’s mobile node monitors for re-sending of data packets to guarantee that the
next hop is inside its coverage range [Vennu and et al., 2022]. In case of failure to hear
resending, the mobile node will utilize any other schemes, containing the response of HLO
packets.

4.2. Control Packets in Route Maintenance Scheme of AODV

Basically, AODV route maintenance has only one type of control packets (that is: Route
Error Packet) [Vennu and et al., 2022]. Practically, AODV protocol utilizes its route error
(ERR) control packets for repairing the effected active routes in MANET. In AODV route
maintenance system, once a route is discovered, it has to be maintained only if it is needed. In
the communication process, all mobile nodes observe their neighboured nodes. Once a node
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in an effective route has a failure link, an error (ERR) packet is created and propagated to
inform the other neighboured nodes on both directions of the affected link in the active route.
However, within the ERR packet will records all of the destination nodes that become
currently inaccessible due to the discovered failure link. Subsequently the ERR packet (an
ERR with an infinite metric) sends through the reverse route towards the main source node of
data packet. When the source itself or any neighboured node receives the notification of ERR
packet, it cancels all the broken routes to that destination node from its route table. Besides
the source node try to maintain the route (if possible), or re-call new route discovery system
for that desired destination node if a route is still required. Particularly, AODV routing
protocol is running route maintenance system to maintain failure link in MANET’s routes,
along with to grantee transmitting data packets between source nodes and their target nodes,
since mobile nodes exchange error control packets (i.e. ERR packets) with each other to
accomplish data transmitting process [Choi and et al., 2014]. On the other hand, AODV
protocol has other significant concerns due to their extreme use of its control packets (i.e.
ERR, RRP and RRQ packets) within the network. For instance, the flooding of ERR control
packets is one of the main causes of control-packets storms problem, whereas it leads to extra
control overhead along with more delay in MANET networks [Dusia and et al., 2019] [Alani
and et al., 2020].

5. Simulation Settings

Fundamentally, MANET simulations are employed using Global Mobile Simulator (also
named: GloMoSim) [Singh and et al., 2022] [Ghildiyal and et al., 2023]. However, mobile
devices in the simulation region proceed consistent with well-known wireless network model
named Random Waypoint Mobility (RWM) model [Vyas and Suthar, 2022]. Practically, the
simulation parameters of MANET are demonstrated in Table 1.

Table 1: Simulation Parameters of MANET

Simulation Parameter Value
Simulation Period 900 sec.
Network Size 40, 45 or 50 nodes
Simulation Dimensions 2200m * 600m
Velocity of Node 10 m/sec.
Routing Protocol AODV
Mobility Model RWP Model
Pause Time 0,300,600 or 900sec.
Number of Source Nodes 5, 8 or 12 nodes
Traffic Model CBR (4 packets/sec.)
Packet Size 512 Byte
Bandwidth 2 Mbps

The simulation scenarios depend on the number of control packets (i.e. the total number of all
RRQ, RRP, and HLO and ERR packets) as a performance metric in order to investigate and
analysis the control packets of standard AODV protocol. For calculating the total of the
control packets ( ) we have used the following equations:
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CtrIMsg = No.HLOs + No.ERRs + No.RRQs + No0.RRPs
Whereas :

n
No.HLOs = z (number _of _Hello__ packets _sent)
i=1
Since : nisthe number of nodesthat sentthe hello _ packets.

No.ERRs =Y (number _of _ERR__ packets _sent)
i=1
Since : nisthe number of nodesthat sent the route error _ packets.

No.RRQs = Z (number _of _ RREQ _ packets _sent)

i=1
Since : nisthe number of nodesthat received the route request _ packets.
No.RRPs = Z (number _of _RRP __ packets _sent)
i=1
Since : nisthenumber of nodesthat sentthe route reply _ packets.

Practically, all the presented performance measures should be founded on the same network
conditions, for example data packets density, bandwidth, measurement of simulated region,
energy resources, etc.

6. Simulation Experiments and Results

This section summarizes the results of simulation experiments of AODV protocol regarding
to its own routing control packets. Practically, we tested two different simulation scenarios
for AODV protocol. The first scenario is concerned with simulating and examining the
Impacts of the varying number of source nodes (traffic load), whereas the second scenario is
concerned with simulating and examining the Impacts of the varying number of node
(network size) on AODV’s control packets. To study and analysis the impact of control
packets (i.e. RRQ, RRP, and HLO and ERR packets) on the performance of standard AODV
protocol, we need to evaluating it under different conditions using more than simulation
scenario. As we mentioned above, two simulation scenarios have been executed regarding to
two different parameters (specifically: number of source nodes and number of nodes in
MANET). In the first simulation scenario, regard to the varying number of source nodes
(offered load), since it is has been changed between 4, 8 and 12 source nodes. Whereas the
second simulation scenario, regard to the varying number of nodes (nodes density) which is
has been changed between 40, 45 and 50 mobile nodes in the simulated MANET network.

For analysing our simulation scenarios results, firstly, we have characterized the curve line
of every scenario to three situations (specifically: High, Moderate and Low rate) for the
intended simulation metric in our simulation scenarios. Secondly, we have characterized the
pause time of nodes (mobility) in our scenarios to three modes (specifically: non-stop mode,
no-movement mode and normal movement mode), the moment the pause time of nodes is 0
second, it means that mobile nodes always are moving non-stop (we called it: non-stop
mode), while if it is 900 second (we called it: no-movement mode); as nodes will be stopped
without movement because the pause time of node (900 second) is equal to the simulation
time of network (also 900 second). While when nodes move after 300 second if the pause
time of nodes is 300 second, as well as they will move after 600 second if the pause time of
nodes is 600 second (we called these two cases: normal movement mode). However, the
simulation experiments scenarios will be clarified in the following sections:
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Scenario (1): Impact of Varying No. of Source Nodes

Practically, this simulation scenario has been tested with respect to the Impacts of number of
source nodes (also called: Offered Load) on the control packets (i.e. RRQ, RRP, and HLO
and ERR packets) in the simulated mobile ad-hoc network. However, scenario (1) intends to
demonstrate the impact of source nodes on the control packets in the MANET. The
simulation experimental scenarios have been prepared and implemented for 4, 8 and 12
mobile source nodes. As result, Table 2 explains the parameters of the simulation experiment
scenario (1) that vary from the typical simulation parameters that given in Table 1.

Table 2: The effected parameters of scenario (1)

Simulation Parameters Value

No. of sources 5, 8 or 12 sources
Simulation time 900 sec

Network Size 50 nodes

Speed of nodes 0-10 m/s

Pause Time of nodes 0, 300, 600 and 900 sec

In the simulation of experimental scenario (1), three simulation environments have been
implemented utilizing varying number of source nodes (5, 8 or 12 sources) as performance
parameter. As result, the simulation outcomes have been collected and demonstrated in Fig.1,
whilst Table 3 shows the total numbers of control packets those successfully propagated
through the number of sources in MANET network.

140000
120000
100000
80000 4
50000 4
40000
20000 -

0 -

No. of Control Packets

0 200 g00 900 Pause Time
| m5 sources W 8 sources 12 sources |

Fig. 1: Control Packets VS. Offered Load (No. of sources)

Refer to scenario (1); the number of source nodes is changed whereas all other simulation
parameters stay constant as explained in Table 2. The first hypothesis that can be derived
from our simulation results is that the number of sources parameter (offered load) has an
important influence on the control packets in AODV routing protocol in MANET networks.

In high offered load network (i.e. 12 source nodes) as shown in Table 3, the number of
control packets is reached to 89381 packets in non-stop mode, which is expected due to the
high number of route discovery systems of sources in this scenario. On the other hand, in
normal movement mode, the ratio of control packets is decreasing from 97982 to 92892
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packets. This because reducing the mobility of nodes means reducing number of route
discovery systems, which lead to decreasing the total of control packets in the network. In no-
movement mode, the ratio of control packets is decreasing to 87632 packets. This because all
nodes are not mobile which means the number of route discovery systems will be more
reduced, since this drive to decreasing the total of control packets in MANET network.

In moderate offered load network (i.e. 8 source nodes) as shown in Table 3, the number of
control packets is reached to 78760 packets in non-stop mode, which is expected due to the
high number of route discovery systems of sources in this scenario. On the other hand, in
normal movement mode, the ratio of control packets is decreasing from 117027 to 115071
packets. This because reducing the mobility of nodes means reducing number of route
discovery systems, which lead to decreasing the total of control packets in the network. In no-
movement mode, the ratio of control packets is decreasing to 115071 packets. This because
when nodes are not mobile which means the number of route discovery systems will be
reduced, since this drive to decreasing the total of control packets in MANET network.

In low offered load network (i.e. 5 source nodes) as shown in Table 3, the number of
control packets is reached to 96584 packets in non-stop mode, which is expected due to the
high number of route discovery systems of sources in this scenario. On the other hand, in
normal movement mode, the ratio of control packets is decreasing from 72537 to 66173
packets. This because reducing the mobility of nodes means reducing number of route
discovery systems, which lead to decreasing the total of control packets in the network. In no-
movement mode, the ratio of control packets is decreasing to 59011 packets. This because
when nodes are not mobile which means the number of route discovery systems will be
reduced, since this drive to decreasing the total of control packets in MANET network.

Table 3: Varying No. of Sources VS. Control Packets

Moverment Mode Pa_luse Number of Control Packets
Time 5sources | 8sources | 12 sources
Non-Stop Movement 0 96584 78760 89381

300 72537 117027 97982
600 66173 115071 92892
No-Movement 900 59011 115071 87632

Normal Movement

From the previous table, it can be observed that the larger the number of source nodes, the
number of control packets that are required will increase which in turn outcomes in larger
routing overhead. In the context of effect of the offered load, it is as well observed that the
number of control packets tends to be overly with every additional source node an increase in
the network. That much is obvious, as the number of source nodes rises, the number of active
routes to destination nodes also rises, which may cause extra collisions and overhead. This is
due to, raise of source nodes boosts to rise of the sending and receiving of control packets and
data packets in the network. However, there is no doubt that this makes nodes consume more
energy. As a result, nodes will be lifeless more quickly, and shortening the MANET's lifetime
as the offered load increases.
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Scenario (2): Impact of Varying the No. of Nodes

Practically, this simulation scenario has been tested with respect to the Impacts of number of
nodes (also called: Nodes Density) on the control packets (i.e. RRQ, RRP, and HLO and
ERR packets) in the simulated mobile ad-hoc network. However, scenario (2) intends to
demonstrate the impact of the number of nodes (also called network size) on the control
packets in the MANET network. The simulation experimental scenarios have been prepared
and implemented for 40, 45 and 50 mobile nodes. As result, Table 4 explains the parameters
of the simulation experiment scenario (2) that vary from the typical simulation parameters
that given in Table 1.

Table 4: The effected parameters of scenario (2)

Simulation Parameters Value
No. of nodes 40, 45 and 50 nodes
Simulation time 900 sec.
No. of sources 10 nodes
Speed of nodes 0-10 m/sec.
Pause Time of nodes 0, 300, 600 and 900 sec.

In the simulation of experimental scenario (2), three simulation environments have been
implemented utilizing varying number of nodes (40, 45 or 50 nodes) as performance
parameter. As result, the simulation outputs have been collected and demonstrated in Fig. 2,
whilst Table 5 shows the total numbers of control packets those successfully propagated
through the number of sources in MANET network.

50000

50000 4

40000

30000 4
20000
10000

0 -

900 Pause Time

No. of Control Packets

‘ m50 nodes m 45 nodes 40 nodes

Fig. 2: Control Packets VS. Nodes Density (No. of sources)

Refer to simulation scenario (2), the number of nodes is changed whereas all other simulation
parameters stay constant as explained in Table 4. The first hypothesis that can be derived
from our simulation results is that the number of nodes parameter (nodes density) has an
important influence on the control packets in AODV routing protocol in MANET networks.
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In case of high nodes density of scenario 2 (i.e. 50 nodes) as shown in Table 5, the number
of control packets is reached to 51242 packets in non-stop mode (pause time of nodes=0),
since this is expected due to high nodes density, which means there will be huge number of
neighbored nodes of the source. Therefore, many RRQ, RRP, HLO and ERR control packets
are expected to be broadcasting in the network. However, in normal movement mode (pause
time of nodes=300 or 600 sec.), the number of control packets is decreasing from 41693 to
37513 packets. This is due to reducing the number of nodes in MANET. Therefore, less
RRQ, RRP and ERR packets are predictable in this case. However, there will be decreasing
of the total of control packets in the normal movement mode compared to the non-stop mode.
In no-movement mode (pause time of nodes=900 sec.), the ratio of control packets is
decreasing to 34273 packets, which is the smallest number of control packets compared with
other modes in high nodes density. This because all nodes are not moveable and less
possibility of broken routes in this network mode, which means that the number of route
discovery systems will be reduced, since this drive to decreasing the total of control packets
in the network.

In case of moderate nodes density of scenario 2 (i.e. 45 nodes) as shown in Table 5, the
number of control packets is 34253 packets in non-stop mode. In this case, we have moderate
number of nodes that are always moving within the network. Practically, despite the
moderate number of nodes in the network, the routes are more vulnerable to breaks due to the
continued movement of nodes without stopping, which will cause an increase in the
possibility of broken routes in the network. In addition, these circumstances will also
increasing the implementation of the route discovery system to discover new routes. All this
will cost a large number of control packets so that the source nodes can grantee and maintain
available routes to their destination nodes in the network. However, in normal movement
mode, the number of control packets is decreasing from 31919 to 26278 packets. This is due
to reducing the mobility of nodes where the pause time of nodes changes from 300 to 600
sec. which decreasing the probability of expire time of routes in the network. Therefore, less
control packets are predictable in this case. In no-movement mode, the ratio of control
packets is decreasing to 24517 packets, which is the smallest number of control packets
compared with other modes in high nodes density. This because all nodes are not moveable
and less possibility of broken routes in this network mode, which means that the number of
route discovery systems will be reduced, since this drive to decreasing the total of control
packets in MANET network. However, the non- movement mode generates less control
packets compared to both the normal movement mode and non-stop mode.

In case of low nodes density of scenario 2 (i.e. 40 nodes) as shown in Table 5, the number
of control packets is reached to 30492 packets in non-stop mode, which is expected due to the
high number of route discovery systems of sources despite the small number of nodes in the
network. On the other hand, in normal movement mode, the ratio of control packets is
decreasing from 27117 to 23377 packets. This because reducing the mobility of nodes means
reducing number of route discovery systems, which lead to lead to generate lees number of
control packets compared to non-stop mode. In no-movement mode, the number of control
packets is decreasing to 20681 packets. This because when nodes are not mobile, and call less
number of route discovery systems compared to other modes, as well due to its small nodes
density in the network. Since this drive to decreasing the total of control packets in MANET
network. Consequently, no-movement mode with less nodes density has been presented the
minimum number of control packets in all offered simulation environments.
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From Table (5), it can be observed that the larger the number of nodes, the number of control
packets that are required will increase which in turn outcomes in larger routing overhead. In
the context of Impact of node density, it is as well observed that the number of control
packets tends to be overly with every additional node an increase in the network._Nodes
achieve their routing processes by having the capability to transmit and receive control
packets with each other in the MANET, since every node includes a battery as an energy
supply, in addition to a little memory piece, and a processing unit for executing its routing
processes when needed. Accordingly, raising the amounts of the sending and receiving
energies of nodes with each other, will drain energy, and reduce the lifetime of these nodes
during the routing process, which will lead the MANET network to remain active for a short
period of time. Based on our research work and analysis of simulation results, the Impact of
offered load on control packets is much more than the Impact of nodes density on control
packets in a MANET network that applies AODV routing protocol. The main reason is that
the higher the number of source nodes in the network, the higher the number of invokes to the
route discovery process in the network (and vice versa). However, this leads to a large
increase in the number of control packets, thus generating the control packet storm problem;
in addition causing more issues such as control overhead, collisions and energy consumption
problem, whereas the entire MANET network performance declines.

Table 5. Varying No. of Nodes VS. Control Packets

Moverment Mode Pause No. of Control Packets
Time 50 node | 45 node 40 node
Non-Stop Movement 0 51242 34253 30492
300 41693 31919 27117
Normal Movement
600 37513 26278 23377
Non-Movement 900 34273 24517 20681

7. Conclusion

In this research, a performance analysis of the control packets along with its impacts on the
performance of AODV routing protocol has been achieved. The performance evaluation of
AODV protocol has been carried out on the basis of impact of the offered load and nodes
density on the control packets that propagate in the MANET, with three movement modes
have been taken into account in the simulations (i.e. non-stop mode, no-movement mode and
normal movement mode). This research has been shown that the impact of offered load on
control packets is much more than the impact of nodes density on control packets in a
MANET that applies AODV protocol. It has been analyzed that the higher the number of
source nodes, the higher the number of invokes to the route discovery process in the network,
which in turn floods the network with control packets (and vice versa), whereas the higher the
number of normal nodes (e.g. intermediate nodes) in the network, still the same the number
of invokers of the route discovery process in the network, this because these nodes are not
source nodes. Concluding, the performance of AODV protocol expected to be better if the
offered load and the movement of nodes are reduced, regardless of the nodes density in the
MANET. As an extension of this research in the future, we plan to compare and evaluate the
impacts of control packets on the performance of well-known on-demand routing protocols
(i.e. DSR and AODV) in mobile ad-hoc networks.
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Abstract: Fish is significant protein source and is consumed via all every population in the
world. Fish meat has many beneficial components, which includes polyunsaturated fatty acids
(PUFA),omega-3 and omega-6 fatty acids, essential minerals, lipid soluble vitamins,
antioxidants which can be vital for human health. Fish like any other animal is also afflicted
by parasites .Fish can serve as an intermediate, paratenic (transport host ) or definetive host
for different stages of parasite. Fish parasites are divided into Ectoparasites and
endoparasites.  Parasitic infections, especially ectoparasites from monogenetic flukes (
Diplectanum cazauxi, Diplectanum dunancha, ), protozoa ( Epstylis spp, Trichphyra spp,,
Amyloodinium spp, Cryptocaryon spp, Piscinoodinium spp, Vorticella spp Cryptobia spp,
Ichthyophthirius multifiliis, Chilodonella sp, Trichodina sp, Tetrahymena sp , Myxobolus sp,
Ichthyobodo necator) and Crustacea such as (Gnathia sp, halacarus sp, Paraclanus
paravus) are one of the most hazardous threats to fish health. In addition to that
ectoparasites might damage fin, skin and gills, and thus open portal of entry for secondary
invaders . Some of these parasites may be highly pathogenic and contribute to high fish
mortality and economic loss. Finally, The aim of this review paper is highlight on some
Ectoparasites affecting Culture fish and marine fish and health damage caused by parasites
to fish.

Keywords: Ectoparasites, monogenetic flukes, protozoa, Crustacean.

Introduction

Fish is an important protein source and is consumed by almost every population in the
world (Fao, 2009), Fish meat has many beneficial components, such as polyunsaturated fatty
acids (PUFA), essential minerals, omega-3 and omega-6 fatty acids, antioxidants and lipid
soluble vitamins, which are important for human health (Mahmoud et al., 2018). Fish can
serve as an intermediate, paratenic (transport) or definetive host for various stages of
parasites (Woo 2006).

Parasites are organisms that live on other organisms for food purposes (Kayis et al. 2009).
parasites can also be divided into ecto parasites and endo parasites on the basis of their
location. Ecto parasites are those found on the external surface such as the skin or gills while
endoparasites are those housed within internal organs or cavities of a host (Marcogliese,
2001) .Parasites are common on fishes and can directly affect hosts at individual and
population levels by reducing growth and reproduction (Rohde, 1993) or indirectly by
altering behaviour ( Fenton and Rands 2006).

Parasitic infections, especially ectoparasites from monogenetic flukes  such as
(Diplectanum cazauxi, Diplectanum dunancha (Seifalnaser et al., 2022 ), protozoa such as
Ichthyophthirius multifiliis, Chilodonella sp, Trichodina sp, Tetrahymena sp .(Hamid
etal.,2023; Kassem, 2011) , Amyloodinium spp, Epstylis spp , Trichphyra spp,
Cryptocaryon spp, Piscinoodinium spp, Vorticella spp Cryptobia spp.(Hamid etal.,2023)
Myxobolus sp, Ichthyobodo necator (Kassem, 2011) are the most dangerous groups
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affecting skin and gills that induces slimness of the skin, irritation, destruction of gills,
anorexia, excessive mucus production (Reed et al. 2003).

Parasitic crustaceans are invariably ectoparasitic on fish (Lester and Hayward, 2006).
Certain species cause mass infestation and mortality in fish culture sometimes in nature,
resulting in considerable economic losses( Lopez, 2001).. Physical presence of ectoparasite
might damage fin, skin and thus open portal of entry for secondary invaders (Kabata 1985).

Parasitic diseases, either alone or in conjunction with other environmental stresses, may
influence weight or reproduction of the host, alter its population characteristics, and affect its
economic importance (Rhode, 1993). Finally, The aim of this review paper is highlight on
some Ectoparasites affecting Culture fish and marine fish and health damage caused by
parasites to fish.

Ectoparasitic infection
1. Protozoan parasitic infection

Protozoa are one of the main sectors of fish parasites. That have been extended neglected
because of its essential difficulty in studying comparison to different large parasites (Reda,
2011). Protozoans parasites may be ectoparasites or endoparasites, depending on their
species, and are the most usually parasites encountered in farmed fish (Purivirojkul and
Boonsoong, 2012).

Most fish that live mainly in the wild are likely to be infected with parasites, but in the vast
majority of cases no significant harm can be done or identified to the host; Thus, there are
only a few reports of parasites causing death or serious harm to fish populations, but this may
be largely because these effects go unnoticed (Roberts, 2001).

Several fish disasters, both in fish farms and open water were caused by various
ectoparasites of protozoa, that have direct life cycle and facilitate transmission from host to
other host causing severe damage to the health of the fish. Infection with parasitic parasites
can be observed in all tissues of the body, but they are particularly common on the gills and
skin (Areerat et al., 1981).

The majer groups of protozoa parasites infecting fish are myxozoans, that microsporidians,
ciliates, and flagellates hosts (Wang et al., 2019). I. multifiliis was defined as ectoparasitic
ciliates and it is one of the main protozoa causing diseases (Lom and Dykova ,1991). In
addition, Ich is one of the most severe fish parasites affecting all stages of development, from
larvae to brood fish (Ling et al., 2013). The disease is highly infectious due to its direct life
cycle transmission from one fish to other fish without the need for additional hosts (Wang et
al., 2019).

The tissue morphology of the gills and skin of fish changes very significantly after
infection with 1. multifiliis (Hines and Spira, 1973). Ichthyophthiriasis generally leads to
increased morbidity and mortality rates which results economic losses for the aquaculture
industry (Wei et al., 2013).

Chilodonella is a ciliated parasitic protozoan that can cause infected fish to secrete
excessive mucus (Abdel-Baki et al., 2014). Dangerous cosmopolitan ectoparasites that swim
above the surface of the gills and skin of fish, feeding on bacteria, necrotic skin cells and
other organic matter. It was visible most effectively from time to time on host only on fish
weakened by bacterial diseases (Lom and Dykovéa ,1991).

Trichodina sp is a pathogenic ectoparasite belonging to the ciliated group that usually
attacks marine and freshwater fish (Margolis and Arthur, 1979).

Trichodina spp leads to hypertrophy of gills epithelium, fusion of gill secondary lamellae
and mucus accumulation (Abdelkhalek et al., 2018). Trichodina sp. infection is considered
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highly pathogenic because it may cause high significant mortality in cultured fish (Xu et al.,
2015).

Tetrahymena spp are widely free-living hymenostome ciliates, causing disease in a variety
of fish, crustaceans, and amphibians ( Ponpornpisit et al., 2000). Pathogenic features of
infected fishes by Tetrahymena spp. are similar: the presence of white lesions on the surface
of the body, and the affected organs include the skin, viscera, muscles, spinal cord, and eye
sockets. Numerous ciliates can be observed in an abundant amount of mucus and between the
voids in damaged tissues (Lawhavinit et al., 2002).

Cryptocaryon irritans (Cryptocaryon) is a ciliated,which belong to protozoan parasite that
cause a sickness known as marine "ich" or marine "white spot" disease in farmed marine
fishes and wild fishes at temperatures among 15 and 30°C (59-86°F) (Colorni and Burgess
1997). Cryptocarion irritants are similar in lots of approaches to those detected for the
freshwater parasite Ichthyophthirius multifiliis (Floyd and Reed 2009).

Although more than one hundred and fifty species of parasites infect invertebrates, only
those belonging to Amyloodinium, Pisicinoodinium, and Crepidoodinium infect gills, skin, or
both of freshwater , brackish, marine fish.. (Fensome, 1993). Amyloodiniosis is one of the
most significant diseases that that poses a danger for marine organisms (fishes, bivalves and
crustaceans) in temperate and warm waters (Noga & Levy, 2006).

Infections by sessile peritrichs, such as Vorticella and Ambiphrya, are common in many
cultured fishes (Abdel Baki et al., 2014).The peritrichous ciliates Epistylis sp. and Vorticella
sp. were present in large numbers in skin lesion (Moyses et al., 2015). parasites frequently
cause serious disease outbreaks in farmed fish populations, especially when there are dense
fish populations in unsuitable environmental conditions that allow some parasites to multiply
at a very high rate (Roberts et al., 2009).

Ichthyobodo necator is a important and common flagellate parasite that infests the gills
and skin of several marine and freshwater fish (Klinger and Francis Floyda ,2009).
Ichthyobodo spp .are connected to the host cell with an attachment disc by a cytostome canal
supported with microtubules enter to the host cell cytoplasm. Via this canal, cellular contents
are moved into the feeding parasite (Lom and Dykova, 1992). Heavy Ichthyobodo spp.
infections on skin or gills cause disease (ichthyobodosis) and mortalities and have
represented a common problem in fish farms (Urawa, 1996).

Myxobolus spp. are the most common Myxozoan fish parasites having a wide geographical
distribution and comprising a great number of species infecting both marine and freshwater
(Eiras et al., 2005). Parasites of the genus Myxobolus infect a wide range of organs, such as
the gills, liver, musculature, skin and nervous system (Gilbert & Granath, 2001). These
parasites are responsible for myxosporidiosis, a disease that causes high mortality rates and
which is found worldwide (Lom & Dykov4, 2013).

(Hamid et al., 2023) surveyed the ectoparasites on Trachurus mediterraneus (Sawrow) in
the coastal area of Zliten, Libya that located in the Mediterranean Sea. Record diverse types
of ciliated ectoparasites which include Ichthyophthyrus spp. Chilodenella spp , Vorticella
spp, Trichodina spp. Epstylis spp. And Trichophyra spp and different types that belong to
flagella group which include Amyloodinium spp. Piscinoodinium spp. Cryptobia spp and
Cryptokary . in addition to (Kassem, 2011) examined Mugil Cephalus (Linnaeus, 1758)
and Tilapia Zili (Gervais, 1852) Record Ichthyophthirius multifiliis, Chilodonella sp,
Trichodina sp, Tetrahymena sp ,Myxobolus sp, Ichthyobodo necator From Lake Ain Ziana,
Benghazi, Libya .
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2. Metazoan parasitic infection
2.1.Monogeneans

Metazoan parasites consist a polyphyletic group of 6 parasitic taxa: roundworms
(nematodes), flatworms (Platyhelminthes), tapeworms (cestodes), acanthocephalans, and
crustaceans (Rohde, 2002). Among fish parasites, monogenic organisms constitute a group
that play an important role as pathogens of severe diseases. This is because it affects those
organs and tissues that can be essential for normal functions such as skin, gills and
respiratory organs (Prakash, 2020). Monogenea is a class of flatworm parasites
Platyhelminthes trematodes found commonly on the external surfaces and gills of marine
and freshwater fish (Whittington et al., 2004).

Contributing members Gyrodactylidae, Ancyrocephalidae and Dactylogyridae are the most
common parasites of wild and farmed fish. Its life cycle involves only one host and often
transmission through way of egg releasing and free-swimming infective larvae (Cable et al.,
2002). Among monogenea, nine species were observed, Tetrancistrum mugilis n. sp. Showed
the highest average infestation rate (15-22%), Eichlidogyrus arthracanthus (9.68%),
Lamellodiscus sp (7.72%), Diplectanum aequans (3.0%), D. Laubieri (2.3%), AL -
lencotylaimami n. sp (1.01%), Microcotyle Chrysophrii (48%), Chorycotyle hysteroncha
(0.33%), then Tareenia Suez Canali n. sp. (0.27%) (Ezz El-Dien, 1994). From the western
coast of Libya (Seifalnaser et al., 2022) examined alien barracudas, Sphyraena chrysotaenia
and Sphyraena flavicauda. A total of 7 parasites were identified. The rates of infection in S.
Chrysotaenia and S. Flavicauda was 32%, and 46% respectively. The lowest prevalence of
Diplectanum dunanchae was 30%. D. dunanchae and D. cazauxi are monogenetic parasites
belonging to the family Diplectanidae.

Heavy infection from monogeneans on the outer surface or gills can cause severe damage
and death. Secondary infection with microorganisms and water mold are common on tissues
affected by monogeneans (Reed et al., 2012). Diseases caused by monogeneans are among
the most important for fish farming, and massive mortalities have been observed in  farmed
fish due to high rates of infestation by these parasites (Portz et al., 2013).

2.2. Crustaceans

Parasitic crustaceans are increasingly dangerous to farmed fish and can infect wild fish
populations. Parasitic freshwater crustaceans that live in fresh water can seen with naked
eyes as they connect to the fins, body and gills of the host (Chandra, 2006)

There are majar groups of parasitic crustaceans that affect species of economic
importance to aquaculture, mostly ectoparasites are Branchiura, copepods, and isopods
(Heckmann, 2003). Addition to the Lernaeidae (Copepoda) is the only family comprising
mesoparasites on fish worldwide (Smit et al., 2019). Unlike the large-sized Branchiura and
Isopoda, copepods are small to microscopic-sized crustacean parasites that live freely through
early life stages, and then adults become, in extreme cases, pathogens of fish diseases and
cause high mortality rates in fish farms (Mansoor and Al-Shaikh, 2011) . In addition ,
Gnathiid isopods are unique protelian parasites of fish with only the juvenile life stages being
parasitic, feeding on fish host blood, limph or mucus, while the adults are free-living, non
feeding, benthic organisms (Smit and Davies, 2004)

(Saifalnasir et al., 2022) examined exotic barracuda, Sphyraena flavicauda and Sphyraena
chrysotaenia from the western coast of Libya. Different types of parasites mentioned in the
his study were recorded as well as that Gnathiid were recorded in all the fish examined. It is
likely that these parasites invaded the exotic barracuda after entering the Mediterranean Sea.
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External parasitic crustaceans assault fish , gills, integuments, nostrils and/or oral cavity,
while parasitic crustaceans remain in the bloodstream or assault internal organs such as
branchial and heart tissue (Tavares-Dias et al., 2015).

They usually cause little harm to their hosts while in small numbers. But in severe infection,

severe damage can occur to gill tissues , muscles, and skin followed by secondary infections.

(Jithendran et al., 2008). Certain species cause mass infestation and mortality in fish culture

sometimes in nature, resulting in considerable economic losses ( Lopez, 2001).

Conclusion

Fish is an important source of protein and is consumed by the world's population. Fish can
act as intermediate (transfer) hosts or definitive hosts for different stages of parasites. Fish
parasites are divided into ectoparasites and endoparasites. External parasites are those found
on the outer surface such as the skin or gills while internal parasites are those found inside the
internal organs or cavities of the host. Parasitic infections, especially ectoparasites of the
monogenetic flukes of crustacean protozoa, are one of the most serious threats to fish health.

Parasites are common in fish and can directly affect hosts at the individual and population
level by reducing growth and reproduction or indirectly by changing behavior. The
interaction of fish with parasites of different species is often harmful and leads to different
types of fish diseases, which can be very harmful to the fish as host. Some species cause mass
invasions and mortality in fish farming sometimes in nature, resulting in significant economic
losses.
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Abstract :Lead occurs primarily in the inorganic form in the environment. Human exposure is
mainly via food and water, with some via air, dust and soil. In average adult consumers, lead
dietary exposure ranges from 0.36 to 1.24, up to 2.43 pg/kg body weight (b.w.) per day in high
consumers in Europe. Exposure of infants ranges from 0.21 to 0.94 pg/kg b.w. per day and in
children from 0.80 to 3.10 (average consumers), up to 5.51 (high consumers) pg/kg b.w. per day.
Cereal products contribute most to dietary lead exposure, while dust and soil can be important
non-dietary sources in children. Lead is absorbed more in children than in adults and
accumulates in soft tissues and, over time, in bones. Half-lives of lead in blood and bone are
approximately 30 days and 10-30 years, respectively, and excretion is primarily in urine and
faeces. The Panel on Contaminants in the Food Chain (CONTAM Panel) identified
developmental neurotoxicity in young children and cardiovascular effects and nephrotoxicity in
adults as the critical effects for the risk assessment. The respective BMDLs derived from blood
lead levels in pg/L (corresponding dietary intake values in pg/kg b.w. per day) were:
developmental neurotoxicity BMDLO1, 12 (0.50); effects on systolic blood pressure BMDLOL,
36 (1.50); effects on prevalence of chronic kidney disease BMDL10, 15 (0.63). The CONTAM
Panel concluded that the current PTWI of 25 pg/kg b.w. is no longer appropriate as there is no
evidence for a threshold for critical lead-induced effects.
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1. Introduction

Lead is a toxic heavy metal that occurs in the environment both naturally, and to a greater extent

from anthropogenic sources, because of its widespread industrial uses. The toxic effects of lead
in food have been reviewed several times by the Joint FAO/WHO Expert Committee on Food
Additives (JECFA). Lead exposure is associated with neurodevelopmental effects, mortality
(mainly due to cardiovascular diseases), impaired renal function, hypertension, impaired fertility,
and adverse pregnancy outcomes. Because of neurodevelopmental effects, fetuses, infants, and
children are the most sensitive to lead exposures. At its 73rd session (June 2010), JECFA
concluded that in populations with prolonged dietary exposures to higher levels of lead,
measures should be taken to identify major contributing sources, and if appropriate, to identify
methods for reducing dietary exposure that are commensurate with the level of risk reduction.

Lead exposure can occur through food and water, and through use of cosmetics, dietary
supplements, traditional medicines, and materials used in religious practices. Lead exposure also
occurs in the workplace, through hobbies, from lead paint, in toys for children, and generally
through exposure to lead-contaminated soil and air. Lead contamination of food arises from
numerous sources, including air and soil. Atmospheric lead from industrial pollution or leaded
gasoline can contaminate food through deposition on agricultural crops. Agricultural crops can
also take up lead from contaminated soil or contaminated soil may be deposited on plant
surfaces. Lead contamination in soil may result from industrial pollution (e.g. mining); past use
or inappropriate application of pesticides, fertilizers (including sewage sludge and biosolids);
improperly disposed waste (e.g. batteries, construction materials); and lead-containing ordnance
stored on former munitions sites and from ammunition used in rifle or military firing.
Contaminated plants and soil are, in turn, a source of contamination of livestock.

Water is also a source of lead contamination of food. Surface water sources can be contaminated
through runoff (drainage), atmospheric deposition, and, on a local level, by leaching of lead from
game shot or fishing sinkers. Contaminated surface waters are a potential source of
contamination of aquatic food-producing animals. For drinking water and water for food
preparation, corrosion of lead pipes or lead containing fittings in water distribution systems and
building plumbing systems is a primary source of lead contamination. Lead contamination of
food can also arise from food processing, food handling, and food packaging. Sources of lead in
food processing areas include lead paint and lead-containing equipment, such as piping and lead-
soldered machinery. In the packaging area, lead-soldered cans have been identified as an
important source of lead contamination of food.

There have been worldwide efforts to reduce lead exposure from food. Such efforts have focused
on implementing standards for maximum or allowable lead levels in food, food additives, and
food contact materials; ending the use of lead soldered cans; controlling lead levels in drinking
water; reducing leaching from lead-containing vessels or restricting their use for decorative
purposes; and identifying and reacting to additional sources of lead contamination in foods or
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dietary supplements. Although not targeted specifically at food, efforts to reduce environmental
sources of lead, including restrictions on industrial emissions and restricted use of leaded
gasoline, have also contributed to declining lead levels in food. Despite efforts to reduce lead
exposure, lead contamination of foods may still result from lingering environmental
contamination (e.g. from leaded gasoline), continued use of lead-containing products (e.g. lead-
glazed ceramic vessels erroneously used for food), and consumption of products remaining on
the market (like older vintage wines).

The Codex Alimentarius Commission and national authorities (General Standard for
Contaminants and Toxins in Food and Feed, CXS 193-1995)1 have established or recommended
standards for maximum levels of lead in various foods. Low levels of lead in foods may be
unavoidable, because of the ubiquitous presence of lead in the modern industrial world.
However, following good agricultural and manufacturing practices can minimize lead
contamination of foods. Because many useful interventions for reducing lead rely on actions by
consumers, including educating consumers about certain foods known to contain elevated levels
of lead, a section with suggestions on consumer practices has also been included in this code.

2. Risk assessments

2.1. Non-cancer endpoints

In 2008, the United Nations Environment Programme (UNEP, 2008) published an interim review
of scientific information on lead, focusing especially on long range environmental transport, in
order to inform future discussions of the UNEP Governing Council on the need for global action
in relation to lead. Among data gaps, the Committee recognized that “The mechanism of lead
toxicity is not well understood. There is a controversy on whether the endogenous exposure from
bone-lead is a particular risk because it affects B-Pb, which in turn hits the target organs.
Exposure-response relationship is incomplete for many effects.

2.2. Cancer endpoints

The International Agency for Research on Cancer (IARC) classified lead compounds as probably
carcinogenic to humans (Group 2A) on the basis of limited evidence of carcinogenicity in
humans and sufficient evidence in animals (IARC, 2006). Organic lead compounds were
considered not to be classifiable as to their carcinogenicity to humans (Group 3) because there
was inadequate evidence for carcinogenicity in humans and animals (IARC, 2006).

3. Chemistry

Lead is a naturally occurring element that belongs to Group 4A of the periodic table and has an
atomic number of 82 and atomic mass of 207.2 g/mol. It is a silver-bluish white metal that is
found in small amounts in the earth‘s crust although it is rarely found naturally as a metal.
Usually it is found combined with two or more other elements to form lead compounds. It is
highly malleable, ductile and a relatively poor conductor of electricity. Lead is very resistant to
corrosion but tarnishes upon exposure to air (Korn et al., 2006). The main oxidation states of
lead are +2 and +4, although in the environment +2 is the prevalent form. Inorganic lead
compounds, such as lead phosphate and lead carbonate, usually contain lead in its divalent state
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(+2). The solubility of lead compounds in water is a function of pKa, hardness, salinity and the
presence of humic material (U.S. ATSDR, 2007).

Industrially synthesised organic lead compounds, such as alkyl-lead compounds, have been used
mainly as fuel additives as anti-knock agents in combustion engines. Tetraethyl lead
(Pb(C2H5)4) and tetramethyl lead (Pb(CH3)4) are the most commonly used alkyl-lead
compounds. They are both highly volatile, lipid soluble liquids. Human exposure to these
compounds is mainly through inhalation of leaded petrol vapours, dermal exposure to leaded
petrol and ingestion of lead-contaminated soil, food or water (U.S. EPA, 2000). Once absorbed
into the body, these compounds may be dealkylated to divalent lead ions by cytochrome P450
mono-oxygenase activity and this must be considered in total exposure assessment (WHO/IPCS,
1995). Alkyl-lead compounds were included on the EPA‘s Persistent Bioaccumulative and Toxic
(PBT) chemicals programme, aiming at reducing their use and developing safer alternatives.

4. Legislation

In order to protect public health, Article 2 of Council Regulation (EEC) No 315/93 of 8 February
1993 laying down Community procedures for contaminants in foodll stipulates that, where
necessary, maximum tolerances for specific contaminants shall be established. The current
maximum levels (ML) for lead are laid down in the Annex, Section 3 of Commission Regulation
(EC) No 1881/2006 setting maximum levels for certain contaminants in foodstuffs12. The MLs
established for lead reflect the results of a dietary exposure assessment carried out in the
SCOOP-task 3.2.116 and the outcome of the EC SCF opinion5. Maximum levels are generally
set for the edible part of the foodstuffs concerned, unless otherwise specified in Section 3 of the
Annex of Regulation (EC) No 1881/2006. For dried, diluted, processed and compound
foodstuffs, changes of concentration of the contaminants caused by drying, dilution or processing
are taken into account. For compound foodstuffs, the relative proportions of the ingredients in
the product are taken into account. As regards the exact definition of the respective foodstuff to
which the maximum levels apply, the reader is referred to the footnotes of the Annex of
Regulation (EC) No 1881/2006.

All MLs for lead are expressed as mg/kg wet weight (Table 1). While the lowest MLs of 0.02
mg/kg are set for infant formula, follow-on formula, as well as raw milk, heat-treated milk and
milk for the manufacture of milk-based products, the highest ML of 3.0 mg/kg applies to food
supplements. Moreover, performance characteristics for the analytical determination of lead are
set in Regulation (EC) No 333/200713. Harmonised levels for lead in drinking water are set by
Council Directive 98/83/EC on the quality of water intended for human consumptionl4. The
Directive stipulates that Member States shall set limit values of 10 pg/L for lead in water
intended for human consumption. This limit will enter into force on 1st December 2013. Until
then a limit value of 25 pg/L applies. Commission Directive 2003/40/EC of 16 May 2003,
establishing the list, concentration limits and labelling requirements for the constituents of
natural mineral waters and the conditions for using ozone-enriched air for the treatment of
natural mineral waters and spring waters, also sets a maximum limit for lead in natural mineral
water of 10 pg/L. Moreover, performance characteristics for the analytical determination of lead
are set both in Council Directive 98/83/EC and in Commission Directive 2003/40/EC.
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Codex Alimentarius has also set a number of standards for lead, such as maximum permissible
concentrations for edible fats and oils (0.1 mg/kg), food grade salt (2 mg/kg), corned beef (1
mg/kg) and others. Lead and cadmium in ceramics are regulated by Council Directive
84/500/EEC15. This Directive sets migration limits for the metals, which might be released from
decoration or glazing. In addition, it prescribes an analytical method for the determination of the
migration of these two elements. Directive 2009/48/EC of the European Parliament and of the
Council of 18 June 2009 on the safety of toys16 sets migration limits, from toys or components
of toys that shall not be exceeded. For lead the migration limits range from 3.4 mg/kg in liquid or
sticky toy material to 160 mg/kg in scraped-off toy material. Directive 2002/32/EC of the
European Parliament and of the Council of 7 May 2002 on undesirable substances in animal
feed, sets maximum contents for lead in a number of feed commodities (see Table 2). All levels
are based on a product with a moisture content of 12 %. The maximum levels refer to an
analytical determination of lead, in which digestion is performed with nitric acid (5 %) for 30
minutes at boiling temperature. Equivalent procedures can be applied when it can be
demonstrated that the recovery efficiency is at least as good as that of the recommended
procedure.

5. Agricultural

Leaded gasoline is a major contributor to atmospheric lead. National or local authorities should
reduce or eliminate the use of leaded gasoline in agricultural areas. Agricultural lands near
industrial facilities, roadways, and ordnance depots, outdoor shooting ranges and military firing
ranges may have higher lead levels in soils than more isolated lands. Sources of lead on
agricultural lands should be removed, including vehicle batteries; damaged or unused electric
fencing batteries; and old, discarded vehicles and machinery. Use of lead solder and other lead
materials for repairing farming equipment should be avoided. Land near buildings with
weathered exterior paint also may have high lead levels, and there is a particular concern when
such buildings are situated near livestock or small gardens.

Where possible, farmers should test lead levels in soils, particularly for farms that are near lead
sources or that are suspected of having elevated lead levels to determine if lead levels exceed
recommended maximums for planting by national or local authorities. If lead soil levels exceed
these recommended maximums, farmers should avoid farming food crops without prior
consultation with the national or local authorities. Livestock should be prevented from grazing in
areas with lead sources, including peeling paint, bonfire ash, metal roofing material, and
contaminated surface waters. In addition, livestock soil consumption should be minimized,
through a balanced feed diet (including mineral mixes).

In general, where there are potential sources of lead exposure to livestock, secure fencing and
housing for livestock is a good practice to help minimize lead contamination. Animal feed
should meet lead standards established by national or local authorities, where available, as
contaminants in feed can be transferred to food of animal origin and can be relevant for public
health. Dairy cows and other dairy animals found to have elevated lead levels should not be used
as a source of milk until lead decreases to levels deemed appropriate by national authorities.

http://tarbawej.elmergib.edu.ly 105



‘//\ S92l dlxa e
, \ e . | 5U Jolao
l , Journal of Educational 2.03 ‘éﬂ S0 Jo

24 doa)l
ISSN: 2011- 421X

Farmers should avoid using lands that have been treated with lead arsenate pesticide, such as
former orchards, to grow crops that may accumulate lead internally (e.g. root crops) or on their
surface (e.g. leafy vegetables).

Fertilizers (including sewage sludge and biosolids) should adhere to standards set by national or
local authorities, and farmers should avoid growing crops on lands that have been treated with
fertilizers that do not adhere to maximum allowable lead levels set by national or local
authorities. Leafy vegetables are more vulnerable than non-leafy vegetables or root vegetables to
deposition from airborne lead. Cereal grains also have been reported to absorb lead from the air
at a significant rate. In areas where atmospheric lead levels are high, farmers should choose
crops that are less vulnerable to airborne deposition. In areas known to have higher lead levels in
soil, consider planting certain types of garden plants and trees that may be less susceptible to
lead contamination from soil including fruiting vegetables, vegetables that grow on vines, and
fruit trees. It may be helpful to decrease the planting of leafy and root vegetables, or to relocate
these crops to fields with lower lead levels.

Water for irrigation, livestock farming, and aquaculture should be protected from sources of lead
contamination and, where possible, monitored for lead levels to prevent or reduce lead
contamination of crops, livestock, and aquaculture products. For example, well water used for
irrigation and livestock farming should be properly protected to prevent contamination and the
water should be routinely monitored. Crops should be protected from lead contamination (e.g.
exposure to atmospheric lead, soil, dust). During transport to processing facilities.

6. Sampling and methods of analysis

6.1 Sampling of foodstuffs: Sampling, sample preparation and analytical procedures play an
important role in the reliable determination of contaminants in foodstuffs. Harmonised general
criteria for heavy metals were first set in the European Union (EU) in 2001 by Commission
Directive 2001/22/EC, which laid down the sampling methods and the methods of analysis for
the official control of the levels of lead, cadmium, mercury and monochloropropane-1,2-diol (3-
MCPD) in foodstuffs. This Directive has been replaced by Commission Regulation (EC) No
333/2007 laying down the methods of sampling and analysis for the official control of the levels
of lead, cadmium, mercury, inorganic tin, 3-MCPD and benzo[a]pyrene in different foodstuffs.
No requirements exist for the number of samples that have to be analysed.

The requirements for sampling methods differ, especially depending on type and weight of lot, in
order to obtain samples that are representative for the lot. Each lot to be examined should be
sampled separately. Large lots should be sub-divided into defined sub-lots that have to be
sampled separately. In as far as it is possible, incremental samples should be taken from various
places throughout the lot or sublot. By combining the incremental samples, an aggregate sample
is formed, which after homogenisation represents the base material for enforcement, defence and
referee purposes (as stated in Commission Regulation (EC) No 333/2007).

The analyst must ensure that samples do not become contaminated during sample preparation.
Wherever possible, apparatus and equipment that comes into contact with the sample should not
contain those metals to be determined and should be made of inert materials e.g. plastics such as
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polypropylene, polytetrafluoroethylene (PTFE). These should be acid cleaned to minimise the
risk of contamination. High quality stainless steel may be used for cutting edges. There are many
satisfactory specific sample preparation procedures that can be used for the products under
consideration. Those described in the European Committee for Standardisation (CEN) Standard
_Foodstuffs - Determination of trace elements - Performance criteria, general considerations and
sample preparation‘17 have been found to be satisfactory, but others may be equally valid.

6.2 Methods of analysis

Commission Regulation (EC) No 333/2007 also contains strict requirements with which the
methods of analysis have to comply in order to ensure that control laboratories use procedures
with comparable levels of performance. The Regulation follows the —c riteria approachl. This
means that no prescribed fixed official methods have to be followed, but laboratories can use any
method of analysis, provided it can be demonstrated in a traceable manner that it strictly fulfils
the analytical requirements laid down in the respective legislation. As an exception, for the
analysis of lead in wine, Commission Regulation (EEC) No 2676/9018 lays down the method to
be used in chapter 35 of its Annex.

As a general requirement, methods for lead analysis used for food control purposes must comply
with the provisions of points 1 and 2 of Annex Ill (characterisation of methods of analysis) to
Regulation (EC) No 882/2004 of the European Parliament and of the Council on official controls
performed to ensure the verification of compliance with feed and food law, animal health and
animal welfare rules19. While Regulation (EC) No 882/2004 contains the general provisions, the
specific requirements for the official control of lead in foodstuffs are laid down in Commission
Regulation (EC) No 333/2007. Annex, Table 5 of the latter sets performance criteria for
applicability, limits of detection (LOD) and quantification (LOQ), precision, recovery and
specificity. The methods used for the determination should be applicable to those foodstuffs
specified in Regulation (EC) No 1881/2006. Requirements for LOD are given as less than one
tenth of the maximum level in Regulation (EC) No 1881/2006, unless the maximum level for
lead is less than 100 pg/kg. For the latter, less than one fifth of the maximum level applies. The
requirements for LOQ are given as less than one fifth of the maximum level in Regulation (EC)
No 1881/2006, unless the maximum level for lead is less than 100 pg/kg. For the latter, less than
two fifths of the maximum level is required as LOQ. It should be noted that LOD and LOQ will
vary with the analytical technique, the sample weight, the laboratory and the food matrix.

Normally, as no extraction step is used in the analysis of heavy metals, the result may be
reported for recovery without correction if evidence is provided, ideally by making use of
suitable certified reference material to show that the certified concentration, allowing for
measurement uncertainty, is achieved (i.e. high accuracy of the measurement). Where the result
is reported without correction for recovery, this should be mentioned. Concerning precision, it is
required that the HORRATr 20 and HORRATR 21 values are less than 2. The requirement for
specificity is given as free from matrix or spectral interferencesl.

Finally, Commission Regulation (EC) No 333/2007 sets requirements for reporting results and
for the assessment of compliance of the lot or sub lots. For this, the analytical result corrected for
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recovery, if necessary, should be used for checking compliance. The analytical result must be
reported as x = U, where x is the analytical result and U is the expanded measurement
uncertainty, using a coverage factor of 2, which gives a level of confidence of approximately 95
%. The lot or sublot is accepted if the analytical result of the laboratory sample does not exceed
the respective maximum level as laid down in Regulation (EC) No 1881/2006 taking into
account the expanded measurement uncertainty and correction of the result for recovery, if
necessary.

The primary techniques for analysing lead in food samples are based on atomic absorption
spectrometry (AAS), atomic emission spectrometry (AES) and mass spectrometry (MS). When
very high concentrations occur, X-ray fluorescence spectroscopy (XRFS) is also applicable.
Except for XRFS, samples containing organic material must be digested with concentrated acids.
This process is enhanced by high temperatures and the use of digestion autoclaves or Parr bombs
is highly recommended. This must be followed by dilution and therefore, compared to the
analysis solution, LOD will be increased by a factor of ten to hundred, depending on the dilution
factor. Flame AAS (FAAS) and graphite furnace AAS (GFAAS) are the two atomic absorption
spectrometry techniques used for measuring trace elements in foodstuffs. Empirical limits of
detection for lead in analysis solution are in the range of 0.5 and 0.1 pg/L for FAAS and
GFAAS, respectively. Specific analytical efforts may result in lower LODs by a factor of up to
10. In principle, these are single element techniques, although with the compromise of lower
sensitivity, multielement methods are also available. The linear range of the AAS technique is
quite low (10 to 100) and might require dilution adjustment. The specificity is very high,
particularly when state-of -the-art background correction is applied. The capital costs and the
operating costs are relatively low. FAAS provides the highest throughput, of about 0.5 minutes
per sample (GFAAS ca. 4 min/sample), but FAAS sensitivity is quite low and GFAAS must be
used in most cases.

Inductively coupled plasma atomic emission spectrometry mass spectrometry (ICP-AES) and
inductively coupled plasma mass spectrometry (ICP-MS) are multielement techniques (up to 75
elements). LODs for lead in analysis solution are in the range of 0.5 and 0.05 pg/L and lower for
ICP-AES and ICP-MS, respectively. ICP-AES is based on atomic emission after high atomic
excitation using an argon-plasma at about 7000K. The interferences between the emission lines
are minimised by use of high-resolution dispersion optics and deconvolution software.
Nevertheless, the specificity is less than for the AAS techniques. ICP-MS makes use of high
temperature argon-plasma induced ions, which are separated by mass filters such as quadrupole
or magnetic sector field. Plasma generated molecules might interfere with the mass of the
analyte, but for lead analysis this is of minor importance. Both techniques provide a very high
linear range of about 105 to 106 and a throughput of about three minutes per sample. Due to the
high argon gas consumption, the operating costs are high.

In contrast to the methods mentioned above, XRFS does not need digestion and the samples can
be measured directly after homogenisation. This technique makes use of the characteristic
fluorescence X-rays of the sample material emitted after ionisation by the radiation of an X-ray-
tube. Due to the relatively low yield of fluorescence X-rays, XRFS (compared to the other above
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mentioned methods) is less sensitive with a LOD of around 10 mg/kg. Thus, it is not feasible to
apply XRFS to check for compliance of food samples with maximum levels, although this can be
used as a fast screening tool for several feed materials, such as premixtures and additives
belonging to the Functional Group of Compounds of Trace Elements which have much higher
maximum levels for lead. The XRFS is a multielement technique and hence fluorescence lines of
lead might interfere with lines of other elements of the sample material or characteristic lines of
the X-ray-tube material, but for organic material, this is a minor problem. The throughput is
about five minutes per sample. The operating costs are very low.

Table 1. Analytical methods for the determination of lead in food.

Commodity n Country (year)  Sample preparation Technique  LOD n<LOD Mean concentration  Reference
(EF) (range)
Seaweed 4 France, Japan, Microwave-assisted ICP-MS 1.74 nglg 0 (312-848 ng/g) Rocha et al. (2009)
Porphyra, Republic of digestion (HNO, +
Laminaria Korea, Spain ~ H.0:)
(2004)
Rice, bean, gy, 18 Brazil Microwave-assisted ICP-MS 4ng/q 2 (ND-104.4 ng'g) Nardi et al. (2009)
meat, fish, bread, digestion (HNO; +
sugar, vegetables, H:0:)
cheese, milk
powder, butter,
wheat, pear, Brazil
nut, coffee,
chocolate, biscuil,
pasta
Milk and infant 8 ltaly Microwave-assisted DRC-ICP-MS 0.5 nglg 0 (3.1-19.2 ng'g) D'LYio et al. (2008)
formula digestion (HNOy +
H:0s)
Semolina 3 - Microwave-assisted ICP-MS 16 ng! 0 (1.9-12.8 nglo) Cubadda & Raggi
digestion (HNOy + (2005)
H0:)
Milk 42 Brazil (2004)  Acld digestion ETAAS 0.41 ng/ml 4 230 ng/ml (62-476  Soares et al
(HNO, + HC)) (LOQ) ng/mi) (2010)
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Commodity n Country (year) Sample preparation  Technique LOD n<LOD Mean concentration Reference
(EF) (range)
Non-fat milk 2 — lonic liquid-based ETAAS 0.017 ng/mi —_—— Manzoori, Amjadi &
powder {CRM), single drop Abdulhassani
water (CRM) microextraction (76) (2009)
Tomato, pepper, 9 Mediterranean Microwave-assisted ETAAS 0.81 ng/g 0 (12.2-70.6 ng/g) Bakkali et al. (2009)
onion countries digestion (HNO; +
H;o:)
Anchovy, spinach, 23 Turkey Coprecipitation with  ETAAS 1.38 ng/g 0 (0.58-73.8 ng/q) Oymak et al. (2009)
cabbage, onion, MBT
dill, parsiey,
lettuce, tea, rice,
salami, chicken
Vegetables (100 416 China Acid digestion (HNO, ETAAS 1ng/g ~— 46 ng/g (<1-655 ng/ Song et al. (2009)
varieties) + HCIO. + H.S04) Q)
Milk 97 Islamic Republic of  Protein precipitation + ETAAS — — 7.9ng/ml (1-46 ng/ Tajkarimia et al.
Iran (2004) acid digestion (HNOs) mi) (2008)
Konjac flour 7 China Enzymatic hydrolysis ETAAS 278 ng/g 0 (96.76-859.91 ng/g) Chen et al. (2008)
and slurry preparation
Milk 54 Turkey (2003-2004) Filtration + ETAAS 0.62 ng/ml| 0 31.4ng/g(2.5-313 Sarica & Turker

centrifugation +
microwave-assisted
digestion (HNO; +
H‘o.‘)

ng/q)

(2007)

filtration of the
PAN-Pb complex)
(20)

Commodity n Country (year) Sample Technigue LOD n<LOD Mean concentration Reference
preparation (EF) (range)

Raisins 46 Turkey (2005) Acid digestion ETAAS 6.2ng/g — 0.056 pg/g (0.012- Calisir & Akamn
(HNOs + HCIO« + 0.359 pg/g) (2007)
H.S04)

Cabbage, wheat, 14 Slovenia Microwave- ETAAS 0.2 mgkg 13 <LOD Milacic & Kralj

potato, egg, baby assisted digestion (2003)

food formula, (HNO; + HF)

baby food, instant

milk, gilthead

bream, anchovy,

golden grey

mullet, trout

Mussels 0.85 mg/kg

Spinach, paimito, 7 Brazil Cryogenic ETAAS 75 nglg 2 (228-574 ng/g) Santos et al.

crab, shrimps, grinding + slurry (2002)

mussel, sardine, preparation

squid

Infant formula 152 (38 — Dry ashing ETAAS 6.4ng/g 0 (25.7-45.5 ng/g) Moreno-Rojas et

powders brands) al. (2002)

Wheat flour, corn 3 Turkey Wet digestion FAAS 3.5 pg/ (blank 0 (4.1-54.7 pg/g) Soylak et al.

flour (HNOs + H.0; and sample) (2010)
membrane
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Commodity n Country (year) Sample preparation Technique LOD n<LOD Mean concentration Reference
(EF) (range)
Tomato, apple, 2 Islamic Republic Wet digestion (HNO, + FAAS 1.6-2.8 pgh 0 (0.054-11.6 ng/mg) Ghaedi etal.
mustard of lran H:0:; HCIO) and SPE (blank sample) (2009)
on sodium dodecyl
sulfate-coated
alumina (63)
Coffee, fish, black 4 — Coprecipitation with FAAS 2.5 ng/ml 4 — Citak, Tuzen &
tea, green lea Zirconium(IV) Soylak (2009)
hydroxide (25)
Black tea, black 4 India Waet digestion (HNOs + FAAS 1 ng/mi 0 (12.85-49.3 ng/mg) Karve & Rajgor
pepper, plant, HCIO,) (2007)
cocoa powder SPE-C18 membrane

disc impregnated with
Cyanex 302 (400)

Food supplement — Brazil Microwave-assisted TS-FF-AAS & ng/ml - Da-Col, Domene
digestion (HNO; + & Pereira-Filho
H:0:) (2009)
Seafood (CRM) —_— — Solid sampling SS-ZAAS 0.008ng —_—— Detcheva &
Grobecker (2006)
Guarand, cabbage 2 Brazil Acid digestion + SPE ICP-OES  0.54 ng/ml 0 (2.7-3.3 ng/mg) Bezerra el al.
(minicolumn of (2007)
Amberlite XAD-4
modified with DHB)
(53)
Commodity n Country (year) Sample Technique LOD n<LOD Mean concentration Reference
preparation (EF) (range)
Whole meal, § — Wet digestion SWASV 0.15-0.103 0 (0.349-3.71 pg/g)  Melucci, Torsi &
maize meal, (HCI + HNOs + Ho'g Locatelli (2007)
cereal plant H2S04)
meals, cereal
plants
Infant formula 1 Islamic Acid digestion DPASV 5ng/g 0 0.384 mg/kg Jannat et al.
Republic of (HNOy) + dry (2009)
Iran ashing

CRM, certified reference material; DHB, dihydroxybenzoic acid; DPASV, differential pulse anodic stripping voltammetry; EF, enrichment factor; n,
number of samples analysed; MBT, 2-mercaptobenzothiazole; ND, not detected; PAN, 1-(2-pyridylazo)-2-naphthol; SPE, solid-phase extraction; SS-
ZAAS, solid sampling Zeeman atomic spectrometry; SWASYV, square wave anodic stripping voltammaetry

11 Standard EN 13804:2002, _Foodstuffs — Determination of trace elements — Performance
criteria, general considerations and sample preparation‘, CEN, Rue de Stassart 36, B-1050
Brussels.

14 HORRATT: The observed relative standard deviation calculated from results generated under
repeatability conditions (RSDr) divided by the RSDr value estimated from the Horwitz equation
(using the assumption that the repeatability r= 0.66R) (reproducibility). The Horwitz equation is
a generalised precision equation which has been found to be independent of analyte and matrix
but solely dependent on concentration for most routine methods of analysis.
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15 HORRATR: The observed relative standard deviation calculated from results generated under
reproducibility conditions (RSDR) divided by the RSDR value calculated from the Horwitz
equation. (16 WHO FOOD ADDITIVES SERIES: 64)

7. Occurrence in food

Table 2: Statistical description of concentrations of lead for food category —0

Food category N <LOD i ) Median Mean P9s Max SAF

Cereal-based mixed 70 67.1 % LB 0.0000 0.0000 0.0045 0.0179 0.0640 30

dishes = " |UB 0.0052 0.0200 0.0283 0.1000 0.3000 kel
>

Bean and germ 502 64.0 % LB 0.0000 0.0000 0.0263 0.1400 0.8004 504

UB 0.0050 00370 0.0505 0.1400 0.8004

0.0000 0.0000 0.0360 0.1100 7.120
: = , ; ° 27 0,
Cereal grains exceptrice 2,336 54.1 % UB 00050 00270 00510 0.1200 7120 22 %

0.0000 00000 00221 00870 0.8800
2> 9 o
Cexeal prostucts 1.464 33.2% ;g 00060 00250 00395 01038 08soo |*°°

, 0.0000 00000 00196 0.1040 05700
= L) o
Rice 612 69.6% |;g 00050 00250 00508 02000 05700 |° °

P
w

=
W

™
w

Cereals/products excl. LB 0.0000 00000 0.0290 0.1041 7.120 =
o 7 4704 67.1 % 77 %
mixed dishes UB 0.0060 00270 0.0473 0.1250 7.120
Total cereal and cereal o, |EB 0.0000 0.0000 0.0286 0.1033 7.120 S
6 % 2¢
products ATE 66 % UB 0.0060 00267 0.0471 0.1250 7.120 100.%

N: number of samples; LOD: linut of detection: P5: Se percentile; P95: o5 percentile: Max: maximum level: SAF: sampling
adjustment factor.

Lead levels in more than 50 % of samples in all sub-classes and sub-categories were below the
LOD. The sub-classes bran and germ‘, cereal grains except rice‘ and rice* showed equally high
mean upper bound lead levels. The highest lead level was recorded for a maize sample at 7.12
mg/kg. The sugar and sugar products category comprises two sub-categories covering a
total of 1,794 analytical results (Table 2).

Table 3: Statistical description of concentrations of lead for food category —02. Sugar and sugar
product in mg/kg

Food category N <LOD P5 Median Mean P95 Max | SAF
Chocolate and chocolate 315 251° LB 0.0000 00530 0.0681 0.1730 1.240 339,
products =7 |UB 00110 00640  0.0828 02270 1.240 °
Other sugar and sugar 4 4,29 71 g9, LB 0.0000 0.0000 00266 0.1400 4.100 67 %
products ) ) UB 0.0000 0.0270 0.0554 0.2000 4.100
Total Sugar and sugar LB 00000 0.0000 00339 01503 4.100

7 6% %
products _1' oA UB_0.0000 0.0370 0.0602 0.2000 4.100 102 2
N: number of samples; LOD: limit of detection: P35 5o percentile; P95: o5 percentile; Max: maxinum level; SAF: sampling

adjustment factor.

Only 25 % of the chocolate and chocolate product® results, but more than 70 % of other sugar
and sugar product® results, had lead levels below the LOD. The highest result at 4.10 mg/kg was
recorded for a banana-flavoured candy sample. One sample was excluded with a concentration of
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54.1 mg/kg for a honey-flavoured liquorice sample because the value was more than ten times
that of the next highest sample. The fats category comprises three sub-categories covering a total
of 518 analytical results. Butter was separated from other animal fats and oils only to make clear
that this sub-category should be reported under fats and not under dairy products, as requested
for the Concise Database (Table 3)

Table 4: Statistical description of concentrations of lead for food category —04. Vegetables,
nuts and pulse in mg/kg.

Food category N <LOD P5 Median Mean P95 Max SAF
Vegetable soups 13 69.2 % t.g : ggggg gg ; ;g : ggggg 1%
Brassica vegetables 1,084 583 % [L_;g ggggg gg?gg gg;§§ 8(1)(5)83 8;;88 13 %
Dried vegetables 37 27.0% t.l; - g ijgg g;;gz B gjgg 2%

LB 00000 00300 0.1150 03700 8500
2 2 19 LY
Fiteh heto 461 32.1% ;g 00020 00380 01249 03700  8.500 k%

LB 00000 00200 02703 12000 1620
5 ° 2 9
- 1648 419% l:p 00040 00440 03016 12000 1620 =t

" |LB 00000 00100 00486 01150 1130

r 1 2 ) 21 94
Lealywegstablos 2303 444% ;g 50050 00200 00631 01860 11.30 i
LB 00000 00000 00330 01624 09390
J 2 L) 0/
T e 721% B 00001 00400 00686 02000 09390 | °°

LB 0.0000 0.0000 0.0410 0.1645 0.5200

; > o 'Y
Oisccds 276 S13% s 50060 00500 00619 01915 05200 |1 °°
»J
Other 2070 615 [LB 00000 00000 00237 00700 4060 |,
T, UB 00020 00120 00358 01000 4.060
2 bl
Pulses (legumesy 774 G030 [LB 00000 00000 00162 00701 06200 | ..

UB 0.0054 0.0200 0.0422 0.2000 0.6200
LB 00000 00100 0.0463 0.0670 10.10

. 4 o/ 0/
Root vegetables 1111 41.1% UB  0.0040 0.0200 0.0572 0.1000 10.10 16 %

LB 0.0000 0.0000 0.0425 00910 4250

- L) A 9

Stemvegetables 483 60.9% l;p 0050  0.0200 0.0703 03000 4250 |*°
7 )

Vegetable nutsand || o~ |LB 00000 00000 00734 01800 1620 |o .-
pulses UB 0.0030  0.0200  0.0923 03000  16.20
O IB 00000 00000 00733 0.1800 16.20

. 2.3 % o
nuts and pulses 11.011 52.3% 11:5 50030 00200 00922 03000 1620 |'°°%°

N: number of samples; LOD: Limit of detection: P5: 5* percentile: P95: 95 percentile: Max: maximum level; SAF: sampling
adjustment factor.

Very few results were reported for the vegetable soup category and for dried vegetables. The
results for dried vegetables are expressed on a dry weight basis in Table 8, but were converted to
a fresh weight basis by assuming a dilution factor of 9 before calculating exposure. The number
of results reported with lead levels below the LOD varied considerably between the food
sub-classes, from dried vegetables at 27 % to nuts at 72 %. Apart from dried vegetables that will
be diluted before consumption, the fungus sub-class reported the highest mean upper bound
lead level results. The highest lead levels were recorded for carrot at 10.1 mg/kg, unspecified
wild mushroom at 16.2 mg/kg, two porcini samples at 11.2 mg/kg, a Lamb°s lettuce sample at
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11.3 mg/kg and one oregano sample at 8.5 mg/kg. The lead content in two samples exceeded any
other sample in the respective sub-category by more than tenfold and they were excluded; an
oilseed sample at 19.7 mg/kg and a pistachio nut sample at 11.7 mg/kg.

Although there are three sub-categories for the starchy roots and potatoes category, of
the 1,059 analytical results, only 15 covered peeled potatoes and other starchy roots (Table 4).
Separate reporting of peeled potatoes was requested because they are covered by a legislated
maximum level.

Table 5: Statistical description of concentrations of lead for food category —06. Fr uitsl in mg/k.
Again the dried samples showed the highest mean upper bound lead levels. However, the highest
concentration of 3.7 mg/kg was recorded for a strawberry sample in the berries and small fruit*

Food category N <LOD P5  Median Mean P95 Max SAF
Berries and small 1435 562 % LB 0.0000 00000 00160 0.0500 3.700 26 %
fruits ' ~ " |UB 0.0030 00110 00262 0.0860 3.700 I

7
Dried fruits 364 423% LB 0.0000 00110 00350 0.1700 0.3900 4%

UB 0.0000 00280 0.0451 0.1700 0.3900

. LB 00000 00000 00084 00460 04680
9 " 0 0
Other fiuits 2116 682% lp 00010 00100 00215 00800 04680 | °°°

IB 00000 00000 00137 00580 3.700
- 4% ”
T 3915 614% lp 00010 00110 00254 00902 3700 |07

N: number of samples; LOD: limit of detection; P3: 5 percentile; P95: 95° percentile; Max: maximum level; SAF: sampling
adjustment factor.

sub-class. There were a total of 3,565 samples analysed in the four sub-categories of the juices,
soft drinks and bottled water category (Table 5).

Table 6: Statistical description of concentrations of lead for food category —07. J uices, soft
drink and bottled waterl in mg/kg.

Food category N =LOD Ps Median Mean Pos Max SAF
S ——— Tl S AT
veempen ___ wn_wmaw [ 0500 pow omes sono e |,
T
sor ariots s w52 [[B 08000 00000 oouie 003 01100 |5
—— o s [ DS Smi —Sme s Sl I,
T SR E 3 565 ap7w [ 00100 00000 ooseT 00 6sshn iog,e
N: nmumber of samples: LOD: hnut of detection: P5 = percentile; P95 i percentile: Max: maximum level: SAF: sampling
adjustment factor.

Only about 30 % or less of the sample results in any of the sub-classes exceeded the LOD. The
lead content of 9.25 mg/kg in one apple and peach juice sample exceeded any other sample in the
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sub-category by more than ten times and was excluded. The coffee, tea and cocoa category is
split into three sub-categories comprising a total of 655 samples (Table 12). The results are
expressed on a dry weight basis in Table 12, but converted to liquid when presented in Table 20,
by assuming dilution factors of 10 (20 g of cocoa powder in 180 ml of liquid), 18 (7 g of coffee
powder in 120 ml of liquid) and 60 (2 g of tea leaves in 120 ml of liquid) for cocoa, coffee and
tea, respectively. The dilutions for tea and coffee were used in a previous EFSA opinion (EFSA,
2008), while the cocoa dilution is estimated from manufacturers’ recommendations. The
dilutions give only an indication of average consumption, and because of large individual
and country-to-country variations in consumption habits, the contribution of lead from the
different types of diluting liquids used for this food category was not included here (Table 6).

Table 7: Statistical description of concentrations of lead for food category —13. Milk and dairy
based product in mg/kg
Overall, only 20 % of results in this category exceeded the LOD. The lead content in four

Food category N <LOD PS Median Mean Pos Max SAF
; LB 0.0000 0.0000 00050 00120 4550
. - - -~ > 7 o o
Bk sl duicy duinlx;  2.130° ST ey 0.0010 00100 00117 0.0200 4.550 60 %
] LB = 0.0040 0.0040 - 0.00S0
- - > o o
Saysedlk = 208% lun - 0.0075 00075 - o.00so [|%1%
Milk and dairy-based 5 105 e oo |LB 0.0000 0.0000 0.0050 00120 4.550 T
drinks St = 7° lus 0.0010 00100 00117 00200 4.550 °
LB 0.0000 0.0000 00168 00909 0.7000
o - > 7 9 )
Balry beaed product I SN 2 % o 00030 00200 00323 01000 07000 |°°%°
LB 0.0000 0.0000 00176 00992 0.5700
o 0/
D e cl a2t e 0.0060 00400 00436 01000 05700 |}3%°
Toral milk and dairy- LB 0.0000 0.0000 0.0089 00314 4.550
: 2 6 % =
based products 3210 806X ve 0.0010 00100 00202 00690 4.550 100

N: number of samples: LOD: himit of detection: P5 5% percentile; P95: o5®

adjustment factor.

percentile: Max: maximum level: SAF: sampling

samples exceeded the content in any other sample, except for the remaining highest milk sample
of 4.55 mg/kg, which exceeded the level by more than tenfold and were excluded. They
were two condensed milk concentrates (8 and 9 % water content, respectively) at about 14.6
mg/kg and two cream samples at about 12.6 mg/kg.

The miscellaneous food category comprises two sub-categories, each with five sub-classes, with
a total of 4,923 results submitted. The infant and follow-on formula and the other infant food
categories are used only to calculate the exposure of children and are not included in the overall
summary for the category. All products to be further prepared were transformed into ready-to-
consume products by using a dilution factor of one part of dry powder to nine parts of water,
including the lead content in both the powder and the water. Since the water category in the
special children‘s exposure scenarios comprised a mix of tap water and bottled water, a
proportion of 70 % tap water and 30 % bottled water consumption was assumed, although this
varied from country to country (the average concentration of lead in water in these
proportions, using UB estimates, would be 0.00523 mg/L; compared with 0.00327 mg/L with a
30 % tap water: 70 % bottled water combination). However, there is a maximum level for lead in
tap water of 25 pg/L, and 111 of the 4,087 sample results exceeded this level. Assuming
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that families with such water would use bottled water in place of tap water for their children,
samples exceeding the maximum limit were excluded (Table 7).

Table 8: Lower and upper bound original and adjusted lead mean concentration.

EFSA C i Food C w Mean (mg/lkg) Adjusted Mean (mg'kg)
e B ie B
01. All cereals and cereal products 0.0286 00471 ©.0210 0. 0407
01. A Cereal-based mixed dishes 0.0045 0.0283 ©0.0045 0.0283
01. B Cereals and cereal products 0. 0290 00473 00259 0. 0444
02_. Sugar and sugar products including chocolate 00339 0.0602 0. 04203 o 0644
03. Fats (vegetable and animal) 0.0387 0.0635 0.0292 0.0550
04. All vegetables, nuts and pulses 0.0733 0.0922 00377 00536
04. A Vegetable soups 0.0118 0.0388 0.0118 0.0388
04. B Vegetables. nuts and pulses 0.0734 0.0923 0.0380 0.0538
05. Starchy roots or potatoes 00223 00345 00241 00364
06. Fruits 0.0137 0.0254 0.0102 0.0220
07. Juices. soft drinks and borttled water 0.0047 0.0102 0.0030 0.0110
07. A Fruir and vegetable juices 00133 0.0240 00139 00245
07. B Soft drinks 0. 0040 0.0403 ©0.0040 00403
07. C Bottled water 00004 00018 000043 00018
08. Coffee, tea, cocoa (dry and liquid respectively. see legend) 0.2220 0.2372 0.0033 0.0045
09. Alcoholic beverages 0.0216 0.0319 0.0155 0.0323
09. A Beer and substitutes 0.0132 0.0321 0.0132 0.0321
09. B Wine and substitutes 00249 0.0340 0. 0249 0.0340
09. C Other alcoholic beverages 0.0093 0.0137 0.0093 0.0137
10. All meat and meat products and offal 02534 0.2734 0.0207 0.0412
10. A Meat and meat products 0.3757 0.3941 00176 00373
10. B Edible offal and offal products 0.1125 0.1344 0.0600 00881
10. C Mear based preparations 0.0159 0 0467 00159 0. 0467
11. All fish and seafood 0. 0543 0.1042 00156 0. 0493
11. A Seafood and seafood products 0.1173 0.1954 0.0382 0.1081
11. B Fish and fish products 00146 0. 0469 00146 0. 0469
11. C Fish-based preparations 0.0222 00431 00222 00431
12. Egges 0.0052 0.0252 0.0052 0.0252
13. Milk and dairy based products 0.0089 0.0202 0.0102 0.0220
13. A Milk and dairy-based drinks 0.0050 00117 00050 00117
13. B Dauy-based products 0.0168 0.0323 0.0168 0.0323
13. C Cheese 0.0176 0.0436 0.0176 0.0436
14. Miscellansous/special dietary products 0.3652 0.3885 0 4568 0. 4678
14. A Miscellaneous products 0.3186 0.3479 0.3238 0.3495
14. B Food for special dietary uses 0.3898 0.4100 0.4903 0.497S
(Infant and follow-on formula - see Table 18 0 0042 00143 0. 0020 0.0047)
(Other infant food — see Table 18 0.0370 0.0701 0.0082 0.0203)
15. Tap wwatex 0.0052 0.0067 0.0052 0.0067
LB lower bound. UB: upper bound

The impact of the adjustment was particularly noticeable for the meat and meat products
category where sampling bias favoured testing of game, although this category is only a small
component of the average diet. The infant and follow-on formula adjusted mean was calculated
by assuming that 90 % consisted of home-prepared ready-to-eat formula with lower and
upper bound mean lead content, respectively of 0.0019 and 0.0046 pg/L, and 10 % purchased
as liquid product with a mean lead content of 0.0029 and 0.0064 pg/L, respectively (Table 8).

8. Different exposure pathways

Dietary exposure is clearly the dominating source of overall lead exposure for adults as well as
children although high soil intake can be a factor for children, particularly in contaminated areas.
Inhalation from air or smoking contributes at most 10 % of overall lead exposure in adults.
However, in a worst-case scenario, ETS could contribute up to 20 % of overall lead exposure in
infants and soil ingestion 42 to 50 % to overall lead exposure in children depending on the age
group. These estimates are based on maximum estimates for the exposure of concern (air, soil,
etc) and minimum estimates for the other sources of exposure.
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Table 9: Overview of estimated dietary lead exposure in average and high consumers for
different parts of the population and of non-dietary exposure estimates. Note that due to data
availability, the population areas covered are not the same for all of the calculated scenarios.

Range of calculated or reported exposures

S Path 3

ouree — ug/kg b.w. per day

AvVerage consumers High consumers

Dietary exposure
Adults™ Oral 0.36-1.24 0.73-2.43
Infants 3 months breast nulk Oral 0.21 0.32
Infants 3 months infant formmula Oral 0.27-063 0.40-0.94
Children 1-3 vears Oral 1.10-3.10 1.71-5.51
Children 4-7 years Oral 0.80-2.61 1.30-483
Specific diets (game meat) Oral 1.98-2 44
WVegetarians Oral 046-1.25 0.80-224
Women 20-40 years Oral 0.38-1.28 0.68-2.60
Potential non-Dietary Exposure
Soil and dust (children 2 years)™ Oral 0.18-0.80
Outdoor air™’ Inhalation 0.001-0.003
Smoking (20 cigarettes)® Inhalation 0.003-0.018
Environmental Tobacce Smoke™ Inhalation 0:009-0.037 (adults)

0.012-0.052 (children)

b.w.: body weight

(a) Age at which adulthood is assumed varies with country between 15 and 25 years in the different suaxveys. Details can be
found at hup:/www. efsa europa. ew'en’datex/datexfooddb. hum: (b) Exposure based on a mean and hlzh lead content of
23 mgkg and 100 mgkg soil and dust, respectively, and ingestion of 100 mg soil a.nd dust per day by a 1" 5 kg child:

(c) Exposure based on a mean and high lead content of 0. 003 pg/m’® and 0 010 ug/m®, respectively, and 17 m’ resp:red air
and 60 kg b.w.; (d) Exposure basad on 0.2 " to 1.1 ug lead per person per dav: (&) E\.posure based on 0.03 to 0.13 ug m’ and
17 m® air xespu‘ed by a 60 kg adult or 5 m” air respued by a 12.5 kg child

Exposure is determined by estimating the concentration of lead in the environmental
media with which the child is in contact, multiplied by a term to describe the amount of contact
the child has with the medium (usually in g per day, m3 per day, or litre per day), and the term
for the duration of that contact (usually days). The media addressed by the IEUBK model include
soil, house dust, drinking water, air and food. In this Opinion, lead exposure in children and
infants was converted into B-Pb using IEUBKwin version version 1.125.

9. Hazard identification and characterization
9.1 Toxicokinetics

Absorption of lead from the gastrointestinal tract depends on host characteristics and on the
physicochemical properties of the ingested material. Lead containing metallo-proteins and
peptides are then transferred to soft tissues and bones, where lead accumulates with age. Lead is
excreted primarily in urine and faeces, half-lives for lead in blood and bone are approximately 30
days and 10 to 30 years, respectively (Rabinowitz, 1991).

9.2 Absorption

- Oral Exposure

Gastrointestinal absorption of ingested lead is influenced by physiological factors (e.g., age,
fasting, nutritional calcium and iron status, pregnancy) and physicochemical characteristics of
particles (size, solubility and lead species). Details of the mechanism of absorption remain to be
determined. In radiotracer experiments in fasting subjects, the absorbed fraction was 37 to 70 %
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(average approximately 60 %) depending on the study (James et al., 1985; Rabinowitz et al.,
1980). Fromstudies of the uptakes of stable isotopes of lead in adults, an average absorption of
15 to 20 % may be estimated (Skerfving and Bergdahl, 2007).

- Inhalation Exposure

Deposition and absorption of inhaled lead containing particles are influenced by their size and
solubility. As compared to particles with lower density, lead fumes and lead-containing dusts
tend to have a slightly different deposition, with a respirable fraction characterised by lower
aerodynamic diameter. Particles larger than five micron are deposited on the lining fluid of
trachea and bronchi, and from there they are transferred by the mucociliary transport into the
pharynx and then swallowed, with possible absorption of lead from the gastrointestinal tract.
Smaller particles can be deposited in the distal parts of the respiratory tract, from where they can
be absorbed after extracellular dissolution or ingestion by alveolar macrophages.

- Dermal Exposure

Dermal absorption of lead compounds is generally considered to be much less than absorption
by inhalation or oral routes of exposure. Dermal absorption has been estimated to be 0.06 %
during normal use of lead-containing preparations (Moore et al., 1980), although few studies
have provided quantitative estimates of dermal absorption of lead in humans.

9.3 Distribution

- Half-lives for lead in blood and bone are approximately 30 days and 10 to 30 years,
respectively, and excretion primarily is in urine and faeces.

- The CONTAM Panel identified the following potential adverse effects of lead, the
developmental neurotoxicity in young children, cardiovascular effects and nephrotoxicity in
adults as the basis for the risk assessment.

- A decrease in Full Scale 1Q score was considered to reflect a change in cognitive function in
children at ages 4 and higher as it is the most consistently used end-point of cognitive ability
assessed in such studies and was used as the critical endpoint for neurodevelopmental effects. An
increase in SBP and an increase in the prevalence of CKD as assessed by a decrease in
glomerular filtration rate were used as endpoints for adults.

- The computed BMDL were as follows:

Developmental neurotoxicity: BMDLO1 = 12 pg/L (B-Pb)

Effects on SBP in adults: BMDLO1 = 36 pg/L (B-Pb); 8.1 ug/g (TB-Pb)

Effects on kidney in adults: BMDL10 = 15 ug/L (B-Pb)
- Using the equation of Carlisle and Wade (1992), dietary lead intake values in adults, in whom
there is negligible exposure from air and from soil and dust

Effects on SBP— B-Pb 36 pg/L ~ 90.0 pg/60kg = 1.50 pg/kg per day

Effects on kidney — B-Pb 15 pg/L ~ 37.5 pg/60kg = 0.63 pg/kg b.w. per day.
- Using the IEUBK model, a B-Pb level of 12 pg/L, the BMDLO1 dietary intake value for
developmental neurotoxicity in 6 year old children, corresponds to a dietary lead intake value of
0.50 pg/kg b.w. per day.
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- The CONTAM Panel concluded that the present PTWI of 25 ug/kg b.w. is no longer
appropriate and noted that there was no evidence for a threshold for a number of critical
endpoints including developmental neurotoxicity and renal effects in adults. Therefore, a margin
of exposure approach was applied to risk characterization.

Exposure by

Ingestion Inhalation

Brain=0.1%
Lung
G.1.
Tract
T‘.:‘ e _ Skir
T RBC =0.4%
< Plasma=0.02%
‘.Aj;—" & &
g Kdney \£\7 Compact =70%
l ~7T |/ |Trabecular =20%
Soft tissues =8%
-
Urine
Chelatable =2%

FigurelO: Schematic presentation of lead distribution in humans

Conclusions
General

- Lead is a metal that occurs naturally but whose presence in the environment has greatly
increased as a result of anthropogenic activities such as mining and smelting and battery
manufacturing. Although lead occurs in organic and inorganic forms, it is the inorganic forms
that predominate in the environment.

- Control measures taken to regulate lead in paint, petrol, food cans and pipes in Europe since the
1970s have led to a substantial decrease in exposure.

Methods of analysis

- The primary techniques for analysing lead in food samples are based on atomic absorption
spectrometry, atomic emission spectrometry and mass spectrometry after digestion of organic
material with concentrated acids.

Occurrence and exposure

- Following a call for data, 14 Member States and Norway submitted approximately 140,000
results of lead concentrations in various food commodities and tap water.

- A total of 94,126 results covered the period from 2003 to 2009 and were suitable for calculating
lead concentrations in the various food categories. The lead level in approximately two thirds of
the samples was below the limit of detection or limit of quantification.
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- Mean lead dietary exposure estimates for adults across European countries ranged from 0.36 to
1.24 ug/kg b.w. per day and from 0.73 to 2.43 pg/kg b.w. per day for high consumers, based on
lower bound and upper bound assumptions for the level of reporting, respectively.

- Overall, cereals, vegetables and tap water were the most important contributors to lead
exposure in the general European population. More specifically, the following food groups were
identified as the major contributors to lead exposure: cereal products, followed by potatoes,
cereal grains (except rice), cereal-based mixed dishes and leafy vegetables and tap water.
Considerable variation between and within countries in the contribution of different food
categories/groups exists.

- The available evidence for women of child-bearing age and vegetarians does not indicate a
dietary exposure that is different from that of the general adult population.

- Based on limited data, exposure of breast-fed infants was estimated to be 0.21 ug/kg b.w. per
day on average or 0.32 pg/kg b.w. per day for high consumers. For infants fed ready-to consume
infant formula, the average exposure estimates range from 0.27 to 0.63 pg/kg b.w. per day, based
on lower bound and upper bound assumptions, respectively; for high consumers, lead exposure
estimates range from 0.40 to 0.94 pg/kg b.w. per day, respectively.

- For children aged 1 to 3 years mean lead dietary exposure estimates range from 1.10 to 3.10
pa/kg b.w. per day based on lower bound and upper bound assumptions, respectively; for high
consumers, lead exposure estimates range from 1.71 to 5.51 pg/kg b.w. per day, respectively.

- For children aged 4 to 7 years mean lead dietary exposure estimates range from 0.80 to 2.61
pa/kg b.w. per day based on lower bound and upper bound assumptions, respectively; for high
consumers, lead exposure estimates range from 1.30 to 4.83 pg/kg b.w. per day. For adults, non-
dietary exposure to lead is likely to be of minor importance for the general population in the EU.
House dust and soil can be an important source of exposure to lead for children.

- Lead in blood is considered to be the biomarker of choice for the concentration of lead in soft
tissues, and hence recent exposure, although in part it also reflects long term exposure. Bone lead
in vivo reflects the long-term uptake and body burden.

Hazard identification and characterization

- Absorption of lead appears to be highly variable and tends to be higher in children than in
adults. It is lower in the presence of food. Absorbed lead is transferred to soft tissues, including
liver and kidneys, and to bone tissue, where it accumulates with age.

- Half-lives for lead in blood and bone are approximately 30 days and 10 to 30 years,
respectively, and excretion primarily is in urine and faeces.

- The CONTAM Panel identified the following potential adverse effects of lead, the
developmental neurotoxicity in young children, cardiovascular effects and nephrotoxicity in
adults as the basis for the risk assessment.
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- A decrease in Full Scale 1Q score was considered to reflect a change in cognitive function in
children at ages 4 and higher as it is the most consistently used end-point of cognitive ability
assessed in such studies and was used as the critical endpoint for neurodevelopmental effects. An
increase in SBP and an increase in the prevalence of CKD as assessed by a decrease in
glomerular filtration rate were used as endpoints for adults.

- The computed BMDL were as follows:

Developmental neurotoxicity: BMDLO1 = 12 ug/L (B-Pb)

Effects on SBP in adults: BMDLO1 = 36 ug/L (B-Pb); 8.1 ug/g (TB-Pb)

Effects on kidney in adults: BMDL10 = 15 pg/L (B-Pb)
- Using the equation of Carlisle and Wade (1992), dietary lead intake values in adults, in whom
there is negligible exposure from air and from soil and dust.
- Using the IEUBK model, a B-Pb level of 12 ug/L, the BMDLO1 dietary intake value for
developmental neurotoxicity in 6 year old children, corresponds to a dietary lead intake value of
0.50 pg/kg b.w. per day.
- The CONTAM Panel concluded that the present PTWI of 25 pg/kg b.w. is no longer
appropriate and noted that there was no evidence for a threshold for a number of critical
endpoints including developmental neurotoxicity and renal effects in adults. Therefore, a margin
of exposure approach was applied to risk characterisation.

Risk characterization

- Dietary exposures to lead based on LB and UB assumptions for average adult consumers in
Europe are lower than the BMDL intake value for effects on SBP (1.50 pg/kg b.w. per day), but
vary from above to below the BMDL intake value for effects on the prevalence of CKD, (0.63
po/kg b.w. per day). The respective MOEs range from 1.2 to 4.2 and from 0.51 to 1.8,
respectively. Hence, if exposure were closer to the upper bound estimates, the possibility of
effects in some consumers cannot be excluded.

- The limited available evidence does not indicate a different average dietary exposure or risk
for vegetarians from the adult population. Consumer groups with higher lead exposure levels
include high consumers of game meat (1.98 to 2.44 ng/kg b.w. per day) and high consumers of
game offal (0.81 to 1.27 pg/kg b.w. per day). The estimated dietary exposures of these groups are
also within, or at the higher end of the range of the respective BMDL intake values.

- Estimated exposure in children up to age seven exceeds the BMDLO1 intake level of 0.50
pa/kg b.w. per day for neurodevelopmental effects. The MOE in average 1 to 3 year old child
consumers ranged from 0.16 to 0.45, and was only slightly higher in 4 to 7 year old children.
Therefore, the possibility of effects in some children cannot be excluded. It was not possible to
estimate the potential numbers of children who might be affected, as even in average consumers
the MOE was <1.

- Breast-fed 3-month old infants are predicted to have a lead exposure that is below the BMDLO01
intake value of 0.50 pg/kg b.w. per day. Lead exposure based on lower bound assumptions in
both average and high 3-month old infant consumers of infant formula is below the BMDLO01
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intake value, but may exceed this level, based on upper bound estimates. Therefore, the
possibility of an effect in some infants cannot be excluded.

- Women of 20 to 40 years of age were used as a surrogate for pregnant women to calculate the
risk of lead exposure in utero on neurodevelopment in the offspring. Estimates of exposure were
at or above the BMDL for neurodevelopmental effects, and the CONTAM Panel concluded that
it was not possible to exclude a risk to the developing fetus through exposure of some pregnant
female consumers.

Recommendations

1. Further efforts should be made to increase the understanding of the lead dose-response
relationship.

2. At the same time, work should continue to reduce exposure to lead, from both dietary
and non-dietary sources.

3. When results are reported as below LOD, LOQ or as non-detected, the respective
numerical values should be reported.

4. An additional recommendation is that the EFSA food category database should be
expanded and refined.
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Orientalism and the Politics of Power: Analyzing the Role of Orientalist Discourses in
Shaping Western Foreign Policy Towards the Middle East

Abubaker Mukhtar Bariuon
Department of English - Faculty of Arts - Gharyan University
abariuon@gamil.com

Abstract :The complex interactions between Western foreign policy and Orientalist
ideologies in the context of the Middle East are explored in this study. The word
"Orientalism" refers to a broad range of historical images, attitudes, and preconceptions that
Western civilizations have created regarding the East, especially the Middle East. The
creation and implementation of Western foreign policy in the area have been greatly
influenced by these beliefs. This research intends to objectively assess how Orientalist
discourses have affected and continues to influence Western foreign policy actions and
choices towards the Middle East using an interdisciplinary method that incorporates ideas
from postcolonial research, political theory, and cultural assessment. The paper examines the
development of orientalism from its inception to the present, underlining its significance in
the justification and explanation of colonial endeavors, interventionist approaches, and power
dynamics. It draws on a substantial body of academic research and historical analysis. This
research highlights the complex relationships between creation of knowledge, narratives of
culture, and geopolitical tactics by exploring the historical origins of Orientalist thinking and
examining its long-lasting influence on Western policymaking. Finally, by illuminating the
persistence of asymmetrical power dynamics and arguing in favour of more well-informed as
well as culturally sensitive methods to international interactions, this study makes a valuable
contribution to an in-depth comprehension of the intricate connection between Orientalist
discourses and Western foreign policy. Policymakers, academics, and the general public may
gain understanding of the ways that historical myths continue to impact modern geopolitical
relations and strive towards a fairer and more cooperative global environment by critically
examining the role of Orientalism.
Keywords: Western Foreign Policy, Orientalist Discourses, Politics of Power, Middle East,
Critical Discourse Analysis
1. Introduction

A crucial foundation for understanding the complex forces that have molded Western
perceptions of the Middle East is Edward Said's idea of Orientalism. The word "Orientalism,"
which emerged from Said's landmark work "Orientalism” in 1978, is more than just
a generalization academic phrase; it acts as an instrument through which one can take back
the layers of history, culture, and geopolitics that support the Western perspective of the East,
particularly the Middle East [1]. At its foundation, orientalism emphasizes how prevalent
Western representations, images, and narratives are in creating an individual and frequently
prejudiced view of the area. "Orientalism™ by Edward Said sheds light on the complex nature
of this idea. It depicts a network of concepts, viewpoints, and presumptions that Western
academics, artists, authors, and policymakers have been cultivating over centuries, going
beyond just a scholarly endeavor [2]. These ideas portrayed the East, and hence the Middle
East, as a mysterious and exotic "Other." The practice of Western civilizations projecting their
own preconceived conceptions onto the East and using it as a blank canvas for their
imaginations, anxieties, and ambitions is known as "Orientalism" and is encompassed by the

http://tarbawej.elmergib.edu.ly 135




| ,/\‘ ‘Syﬂ| al-,.a‘ "
' ‘ o . I 01 Jolae
l , Journal of Educational 2.03 gl Ul Jo

24 diall
ISSN: 2011- 421X

word. This idea became crucial in promoting and legitimizing Western domination, whether it
was achieved by colonization, commerce, or diplomacy [3].

Knowledge creation, cultural creativity, and power dynamics are the three main
components of Orientalism and are inseparably connected. The study of the East in the West
was not a purely academic endeavor; rather, it was intricately linked to the larger colonial and
imperial goals of the West. The Middle East was frequently portrayed in Orientalist literature,
academia, and art as a country of antiquity, mysticism, and backwardness, in sharp contrast to
the Western world's assumed reason and progress [4]. These depictions not only affirmed
Western supremacy but also gave the West the right to impose Western systems, values, and
government on the East. In simple terms, academic research, cultural innovation, and
geopolitical concerns come together wunder the broad heading of orientalism.
It emphasizes how knowledge formation, power relations, and cultural representations
interact and how this has resulted in a distorted and redefined view of the Middle East in
Western culture. Scholars and observers acquire understanding of the processes that have
sustained prejudices, false information, and power asymmetries between the West and the
Middle East by exploring the numerous layers of Orientalism [5].

A critical period characterized by European colonial expansions and imperial
aspirations occurred at the same time as Orientalism's development. In their ambition for
world supremacy, Western nations came into contact with a variety of cultures, communities,
and civilizations in far-off places, including the Middle East. This experience with the "East"
generated a complicated fusion of interest, fascination, and a need to be in charge. In this
setting, Orientalism developed as a theoretical framework that made it easier to analyze,
classify, and eventually subjugate the East via the prism of Western vision [6]. The Orientalist
viewpoints that developed during this time were not limited to academic inquiry; they had a
profound impact on how the West viewed and connected with the Middle East. Orientalism
promoted the concept of "excluding” rather than attempting to comprehend the cultures and
history of the East in a balanced way. The Middle East was included in this procedure, which
involves presenting it as inherently unique and exotic and in establishing contradiction to
Western standards and ideals. Orientalist portrayals emphasized a feeling of mystery and
otherness by highlighting the alleged cultural and socioeconomic differences, thereby
establishing the East as a place distinct from the Western world [7].

The creation of a Western feeling of inherent superiority was essential to Orientalism's
role in justifying Western domination. Orientalism offered justification for Western
intervention, domination, and even colonization by portraying the Orient as a region of
inequalities, irrationality, and inferiority. This perspective was founded on the idea that
people needed Western direction and enlightenment [8]. Thus, Orientalism acted as
a legitimizing factor for imperial goals, enabling Western powers to defend their operations in
the East as charitable initiatives meant to elevate and civilize nations perceived as being less
evolved. Essentially, the formation of Orientalism throughout the period of European colonial
expansion may be interpreted as an expression of the power dynamics and cultural
dominance associated with imperial undertakings [9]. Aspirations, concerns, and ambitions of
Western cultures were transferred onto the East, notably the Middle East, as an outline.
Orientalism played a role in the development of a distorting lenses through which the West
interacted with the Middle East, sustaining disparities in power and affecting the course of
intercultural relations for future generations by reducing the East to the field of exoticism and
inferiority.
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The fundamental idea of the "Oriental Other"—a duality that placed the East,
especially the Middle East, in contrast to the values and characteristics attributed to Western
civilization—Ilays at the foundation of Orientalism. This contradiction created an explanation
in which the East was presented as the West's opposite—a dissimilar and frequently subpar
equivalent. This description helped to reinforce the idea that the East was essentially unique
from and far from the normative norms of the Western world, promoting a sense of isolation
and difference. The idea of the "Oriental Other" was fundamentally based on the stereotype
of the East as inert, unreasonable, and immobile [10]. Orientalist portrayals of the Middle
East usually portrayed it as a region trapped in the past, resistant to transformation,
and characterized by immutable traditions and practices. The Western civilizations were
maintained as the ideal of reason, advancement, and modernization by this stationary
representation, which was in sharp contradiction to the dynamic and vibrant image of the
West [11]. The idea that the East was unchangeable and irrational not only strengthened
Western notions of superiority, but it also served to support the idea that the West needed to
intervene and provide guidance in order to elevate and civilize the area. The creation of
disparities between the East and West under the Orientalism framework extended above
merely logical ones; it had real and significant consequences [12]. By establishing Western
supremacy and control, these binaries decisively shaped colonial policies and foreign
operations. Western nations used the image of the East as being backward and illogical as an
excuse for getting involved in the affairs of Middle Eastern civilizations, frequently in the
name of advancing progress, modernization, and enlightenment. Thus, Orientalism operated
as a means of power exercise in the realms of both knowledge creation and the formulation
and implementation of public policy [13].

Orientalism is significant from a historical perspective, but its effects also have
implications in the present, influencing how the West views and interacts with the Middle
East. Foreign policy is one of the most significant areas where Orientalist ideas are
pervasively present. Policymaking, diplomatic discussions, and even military actions can be
influenced by assumptions derived from Orientalist narratives [14]. The persistent idea that
the Middle East is an area packed with unrest, extremism, and instability can result in policy
choices that are biased and may not adequately represent the intricacies and subtleties of the
real conditions on the ground. Furthermore, Orientalist conventions continue to have a strong
impact on how the Middle East is portrayed in the media, which can further discrimination
public opinion [15]. The violence, crisis, and cultural diversity that frequently dominate news
coverage reinforces a limited and unfavorable perspective of the area. These representations
have an effect on public discourse and policy discussions in addition to shaping public
opinion. These representations have a wider audience now because to the modern media
environment, which includes digital platforms and social media, and they may now affect
attitudes and views throughout the world. The residual impacts of Orientalism have also had
an impact on societal perceptions of the Middle East [16]. It can lead to misinterpretations,
discrimination, and cultural insensitivity because of common misunderstandings that portray
the area as strange, dangerous, or intrinsically backward. These views can have an impact on
a range of elements of cross-border contacts, including economic and commercial
relationships as well as educational and cultural interactions. Effective dialogue and
collaboration between the West and the Middle East can be inhibited by the persistence of
Orientalist  narratives in  public attitudes, which feeds a vicious cycle
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where biased perceptions are repeatedly reinforced by encounters that are compromised by
these prejudices [17].

The relevance of orientalism goes beyond its function in forming perceptions; it also
draws attention to issues with agency, representation, and the power dynamics involved in the
creation of knowledge. One is obligated to ask: Who has the power to establish and portray
the East while studying Orientalism? The idea inspires a critical examination of the processes
involved in knowledge creation and dissemination, exposing the frequently hidden
hierarchies that determine whose viewpoints are marginalized and whose voices are heard
[18]. The methods by which dominant Western ideas have traditionally dominated the
discourse on the Middle East, influencing both academic study and popular awareness, may
be understood by critically examining Orientalist narratives. Deconstructing and challenging
the idea of an identical, monolithic "Orient" is possible when one engages with orientalism. A
critical analysis of Orientalism offers a more complex knowledge of the Middle East's many
cultures, history, and complexity rather than seeing the region through a single lens. It
requires academics, decision-makers, and the general public to acknowledge that the Middle
East is an intricate fabric made up of a variety of identities, experiences, and narratives rather
than a monolithic and homogenous entity. An approach to cross-cultural relations that
recognizes the diversity of voices and viewpoints that make up the Middle East can develop
through removing the essentializing tendencies of Orientalist ideas [19].

The importance of orientalism is still evident in the context of the modern, globalized
world. International politics are still shaped by geopolitical conflicts, economic contacts, and
interactions of culture between the West and the Middle East. Forging a more beneficial and
balanced relationship between these areas, it is crucial to confront and address the legacy of
Orientalism. Scholars and decision-makers are better able to question stereotypes, deconstruct
preconceptions, and promote understanding when they are aware of the historical roots and
present expressions of Orientalist discourses. In doing so, they overcome the constraints of a
historical legacy and endeavor to create a more inclusive and equitable global society, paving
the way for a conversation that is more equal and respectful between Western cultures and the
Middle East [20]. The paper seeks to critically examine the pervasive impact of Orientalist
discourses on Western approaches to the Middle East foreign policy. The research aims to
understand how Orientalist concepts have influenced policy goals, decision-making
procedures, and geopolitical dynamics by looking at historical trends, conceptual
frameworks, and present expressions. The study explores into important case studies and uses
an interdisciplinary approach that drives from postcolonial studies, political science, and
cultural analysis to examine how Orientalism has affected diplomatic tactics, military
operations, and media depictions. In the conclusion, the study aims to illuminate the
persistent effects of Orientalism on intercultural connections and to promote more educated
and culturally aware methods of approaching international contacts.

2. Orientalism and its Early Development

A complex framework incorporating Western ideas, representations, and attitudes
towards the East, particularly the Middle East, is referred to as "orientalism," a word notably
used by Edward Said in his landmarks work of the same name, released in 1978. It explores
the complex processes by which Western society have built and essentialized the Orient as a
strange, inferior "Other." Said's critique of Orientalism goes beyond a simple evaluation of
academic fields; it exposes a way of analyzing and representing the East through which the
West has exercised dominance, control, and cultural supremacy. Said's investigation of
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orientalism has a long history in the past colonial expansion and ambitions for imperialism of
Europe. Eventually places the emergence of Orientalism in the eighteenth and nineteenth
centuries, when Western nations, motivated by colonial ambitions, acquired control over far-
off areas, including sections of Asia and the Middle East. The East became a subject of
interest and examination throughout this time, inspiring Western academics, artists, and
decision-makers to develop information about these areas. Said argues that this knowledge
was not objective because it was developed within a framework that denigrated the East as
mysterious, exotic, and inferior in order to support Western domination.

The term "Orientalist discourse,” which refers to many images, stories, and
stereotypes that came from this knowledge creation, is central to Said's approach. Orientalist
literature and thought saw the Orient as unchanging, irrational, and in need of Western
direction and intervention. It promoted a duality between the irrational, backwards East and
the logical, forward-moving West. Orientalism saw the Orient as an object to be studied,
classified, and controlled, placing the West in the role of the active, informed authority and
the East in that of a passive, pliable being. Said's ideas are influenced by the works of
influential theorists who came before him, like Michel Foucault and Antonio Gramsci, who
investigated the relationships between knowledge, power, and cultural dominance. Gramsci's
ideas on cultural hegemony illuminate how prevailing beliefs are sustained, while Foucault's
concept of "discourse” explains how knowledge influences and governs society norms. Said
incorporates these concepts into his research and demonstrates how Orientalism serves as a
discourse that justifies Western dominance by creating a skewed perception of the East.

3. Critical Discourse Analysis

Orientalism and the Politics of Power serves as the foundation for this essay's
theoretical framework. The book Orientalism and the Politics of Power acknowledges that
our understanding of the world is both historically and culturally dependent. Exploring the
connections between knowledge and practices is a goal shared by Orientalism and the Politics
of Power approaches. Discourse analysis seems like a natural method of interaction given the
global and globalizing setting of Orientalism and the Politics of Power. Critical discourse
analysis (CDA), a manifestation of Orientalism and the Politics of Power, is the method used
to examine how Western foreign policy towards the Middle East is shaping. CDA may be
traced back to Habermas and the Frankfurt School's “critical theory" initiative. Numerous
academics have used this strategy in respect to certain areas of politics of power. CDA is
interested in how discourse and power interact. In its conversation and writings, dominant
groups or institutions attempt to legitimise, replicate, and exercise their power. CDA aims to
explain these processes. Language is viewed from a CDA viewpoint as both a location of
conflict and having a stake in it. The focus of CDA is on discourse's contribution to the
creation and dissemination of social reality. The examination of power and dominance
associated with particular social domains, their professional elites, and institutions, as well as
the customs and practises that serve as the foundation for the daily discursive reproduction of
power in such domains and institutions, is the focus of CDA. The Middle East, organisations,
and their decision-makers who are concerned with propagating Orientalism and the Politics
of Power are the victims or targets of such power-knowledge in the current research.

The functions of politics of power in the framework of CDA are social acts, i.e.,
attempts to rebuild nations and other communities by varyingly supporting re-imagining,
rebirth, renaissance, promotion and caution, and patriotism. Politics and political
representations of the Middle East develop and confirm certain features of natural and human
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resources as "discursive objects” or "narratives” that might then be translated into "reality"
for new policies in the Middle East countries. In this study, the use of a critical discourse
analytic technique aims to link the microstructures of the ‘text' to more general socio-
economic and socio-political systems where the discourse is enacted. In the context of this
study, discourse analysis should be viewed as an interpretive and subjective research strategy
rather than a methodology.

3.1 Relationship Between Knowledge Production, Power Dynamics, and Foreign Policy

A complex interplay between knowledge creation, power relations, and foreign policy
affects how countries interact with one another on a global scale. Knowledge creation, which
includes scholarly inquiry, media narratives, and cultural representations, is crucial in guiding
foreign policy choices and influencing attitudes towards other countries. This process is not
autonomous; rather, it is intricately entwined with the dynamics of power because people
who control and spread information have a considerable impact on how policies are made and
how nations interact with one another. The creation and diffusion of knowledge are
significantly influenced by power relations, both within and between states. Powerful nations
frequently have the means and venues necessary for distorting narratives and advance
particular points of view in the world of international affairs. The dominance of certain
narratives due to an uneven allocation of power can lead to the development of prejudices,
biases, and preconceived conceptions about other countries. As a result, the dominant
narratives, which reflect the interests and objectives of the key players, may have an impact
on choices about foreign policy.

In consequence, foreign policy turns into a channel for the exercise and projection of
power dynamics on the global arena. A nation's perceived interests and objectives influence
decisions concerning alliances, economic deals, military operations, and diplomatic
engagements. These impressions, however, are not formed in an empty space; the knowledge
and information at hand influences them. Policymakers' perspectives and approaches towards
other countries are influenced by the narratives created through knowledge creation, which
has an impact on the tactics and activities they decide to pursue. In addition, knowledge
creation may help legitimize foreign policy measures to both local and foreign audiences. To
justify their acts, states frequently turn to narratives based on historical, cultural, and political
knowledge. These narratives may portray a certain foreign policy choice as essential for
global stability, national security, or self-defense. This interaction between knowledge and
foreign policy demonstrates how the creation and sharing of information may be used to
influence and manipulate others on a global scale. Soft power is also included in the link
between knowledge creation, power relations, and foreign policy. Resources in the areas of
culture, education, and information can be used by nations to shape the opinions and attitudes
of other nations. Powerful nations may boost their diplomatic efforts and promote
collaboration by spreading information about their culture, beliefs, and policies. A more
diversified and fair global discourse would result from weaker countries using knowledge
creation to oppose prevailing theories and promote their own interests.

3.2 Analysis of cultural context and postcolonial theory

Cultural analysis and postcolonial theory are essential tools for understanding the
complex details and consequences of Orientalist discourses. These theoretical frameworks
reveal the power dynamics, colonial legacies, and cultural representations
that characterize Orientalism as lenses for observing the relationships between dominant
and marginalized cultures. The capacity to analyze the historical, social, and political factors
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that have influenced the creation and maintenance of the East-West distinction makes
postcolonial theory and cultural analysis relevant to the study of Orientalist discourses.

Orientalist discourses are the outcome of Western colonialism, and postcolonial
theory, which is grounded in the consequences of colonial control and resistance, offers an
alternative perspective to explore this. This concept explains how the dominance of the West
over the East resulted in knowledge development that not only reinforced power disparities
but also maintained cultural stereotypes and hierarchies. The marginalization and elimination
of indigenous cultures as a result of colonial domination are highlighted by postcolonial
theorists, a process that is represented in Orientalist depictions of the East as the "Other."
Postcolonial theory illuminates the systematic character of Orientalism as a tool of control
and dominance by examining how these discourses developed in the context of colonial
encounters.

Contrarily, cultural analysis provides a perspective through which one can examine
the symbolism, images, and stories that make up Orientalist discourses. Cultural analysis
explores how preconceptions and power relations are shaped and reinforced by cultural
objects, literature, art, and media. It demonstrates how myths about the Middle East being
strange, dangerous or backward are maintained through written and visual media. Cultural
analysis emphasizes the impact of cultural production on influencing public views, political
choices, and cross-cultural relationships by closely examining how Orientalist ideas appear in
cultural goods.

Cultural analysis and postcolonial theory both offer a framework for contesting
Orientalism’s essentialized and unified image of the East. These conceptual frameworks
suggest researchers to investigate the agency and resistance of underrepresented voices in the
East, highlighting stories that challenge Orientalist assumptions. Postcolonial theory and
cultural analysis present a counter-narrative that disrupts the homogenizing tendencies of
Orientalism and promotes a more inclusive view of the area by emphasizing on the
intricacies, hybridities, and multiplicities of Middle Eastern cultures. Furthermore, these
frameworks give academics the tools they need to analyze how Orientalist discourses survive
and change in modern situations. An examination of how Orientalism functions in the digital
age is made possible by postcolonial theory and cultural analysis as the globalized world
continues to struggle with questions of representation, identity, and power. Understanding
how international information flows and cultural interchange affect the dynamics of power
and representation entails analyzing how media, social media, and popular culture support or
contradict Orientalist concepts.

3.3 Evaluation of Orientalist Discourses

From colonial encounters to its contemporary forms, Orientalism's historical
evolution follows a trajectory that reflects the complex interactions of power, knowledge, and
cultural representations. The colonial expansion of Europe in the 18th and 19th centuries,
when Western nations took control of far-off areas including sections of Asia and the Middle
East, is where Orientalism has its roots. Colonial interactions sparked an interest in the East
that resulted in the creation of knowledge that portrayed the area as exotic, mysterious, and
inferior. The groundwork for the creation of binary divisions between the West and the East
was built during this early stage of Orientalism. Orientalist discourses were closely linked to
imperial goals throughout the colonial era and served to legitimize Western domination by
depicting the East as unchanging, irrational, and in need of Western direction. As a result of
the "Oriental Other" concept, colonial powers were able to maintain a sense of cultural

http://tarbawej.elmergib.edu.ly 141



| ,/\‘ ‘Syﬂ| al-,.a‘ "
' ‘ o . I 01 Jolae
l , Journal of Educational 2.03 gl Ul Jo

24 diall
ISSN: 2011- 421X

superiority, establish control over the East, and justify their actions. The height of colonial
control in the late 19th and early 20th centuries cemented Orientalism as a tool for the
exercise of power and the creation of knowledge.

Scholars like Edward Said, who critically analyzed the construction of the "Oriental
Other" and its consequences, helped to bring about a change in the conversation around
Orientalism in the middle of the 20th century. The power dynamics and Eurocentric
prejudices present in Orientalist narratives were exposed by Said's key essay "Orientalism™
(1978). He demonstrated how the creation of Western knowledge about the East was not an
objective scholarly endeavor but was instead strongly connected to colonial and imperial
ambitions. Said's critique led to a reconsideration of Orientalism and discussions about
cultural imperialism, representation, and the need for dispelling long-held preconceptions.
Orientalism evolved as the globe moved into the era of globalization and connectivity, taking
on new forms in the media, popular culture, and digital communication. Stereotypes are
frequently reinforced in contemporary Orientalism through sensationalized news coverage,
media depictions, and internet platforms. Amplification of Orientalist narratives in the
backdrop of continuous crises and geopolitical tensions in the Middle East has altered public
perceptions and influenced governmental choices in the 21st century. Additionally, academics
and activists continue to challenge Orientalist discourses in an effort to debunk myths,
advance cultural sensitivity, and build a better understanding of the complexity of the Middle
East.

3.4 Role of Orientalism in Justifying Colonialism, Cultural Imperialism, and Hegemonic
Control

By creating a narrative that depicted the East as inferior, strange, and in need of
Western intervention and direction, orientalism played a crucial part in justifying colonialism,
cultural imperialism, and hegemonic dominance. Along with the rise of European
colonialism, the Orientalist perspective supplied the intellectual and cultural justification for
the exploitation of non-Western nations. Colonialism was supported by Orientalist discourses
that portrayed Western nations as the enlightened carriers of progress and culture.
Colonialism was motivated by imperial goals. The West was portrayed as possessing the
qualities that the East, particularly the Middle East, was perceived to lack. By portraying their
actions as part of acivilizing mission and claiming to be imparting enlightenment and
modernism to otherwise backward civilizations, colonial powers were able to defend their
operations. Orientalism concealed the exploitative nature of colonial practices and offered a
moral justification for imperial dominance by portraying colonial control as a
charitable endeavor.

Colonized cultures were forced to adopt Western cultural norms, values, and
institutions as part of cultural imperialism, which was a continuation of colonialism. This
approach was aided by orientalist discourses that disregarded and denigrated indigenous
cultures and practices. It was argued that substituting Western ideals for native practices was
justified because of the West's superior culture. This continued a cycle in which native
cultural manifestations were marginalized and erased in favor of Western cultural goods and
viewpoints, which were seen as the logical outgrowth of the West's inherent superiority.
Orientalism’'s image of the East as instinctively subordinate and dependent on Western
intervention encouraged hegemonic domination, which was motivated by geopolitical and
economic goals. Orientalist narratives portrayed the East as lacking the ability to govern itself
and advance, which served to legitimize Western interventions in the form of military
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occupation, economic exploitation, and political scheming. This portrayal strengthened the
assumption that Western nations were the proper administrators of the East's randomness,
encouragin