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Foreword

Journal of Marine Science and Environmental Teabgies (JMSET) is a

scientific refereed periodical international jourgsSN: 2413-5267). It is issued
by Faculty of Marine Resources at Al-Asmarya Iskatdniversity, in accordance
to the resolution of the Council of Al-Asmarya Isle University (253/2015).

JMSET endeavors to provide a notable and discemanfoto publish research
manuscripts of high quality relevant to wider areh marine science and
environmental topics. JMSET is a multidisciplingournal covering wide area
subjects of marine science and environmental tdogres. It promotes insight and
understanding of the state of the art, and trendsnvironment, engineering, and
marine sciences.

This volume 1 and issue 2 (December 2015) confi#teen diversified scientific
contributions (manuscripts) which are blindly peeviewed by members of
JMSET editorial, and reviewers panel to ensurenogtn standards. We hope these
papers will be helpful for imparting advanced kneelde to the researchers,
academics, and technologist who are involved ieaes, teaching and practical
fields. The issue covers a broad range of topicgha field marine science,
engineering and techniques of environmental treatme

We want to express our heartfelt thanks to Authorssubmitting their work and

also to the distinguished members of the editobahard, reviewers and the
publication committee who have put their relentle$®rt to publish the issue
successfully. We believe this issue reflects tipecfocus of IMSET and provides
resources to the research community. We believaaotinors will be continuously
supporting and relying on JMSET to publish qualégearch work.

Dr. Mustafa E. Elsharif

Editor-in-Chief, JMSET
Dean of Faculty of Marine Resources
Al-Asmarya Islamic University
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Preface

Issue 2 of volume 1, includes the contributionsrfithe following categories:

(Wastewater Treatment, Applied Chemistry, Watedu®oh Control and Monitoring,
Application of Geology, Soil treatment, Fossils, cktibiology, Air Pollution,
Environmental Geology, Ground-Water Pollution, 8dlVastes, Climate Changes, and
Pesticide & toxicology).

The fifteen papers in this IMSET Journal (Volumds$ue No. 2) present an in-depth
discussion on latest fields of Environmental & MariSciences.

In first paper is to applications of microbial fuelell on sewage treatment
by using electrogens. The second paper is a stt@dgdsorption of Lead(ll) ions by
sorptive-flotation technique from synthetic solutiosing powdered palm fronds and
oleic acid. Third paper is a study of a 24/24 srstations for pollution monitoring sea
coast or artificial river. The fourth paper analyze seawater intrusion in Tajoura area.
The goal of fifth paper is using of the Al-Faidiy&drmation oligocene-miocene in the
drilling mud fluids (Bentonite) at Umm Ar Razam, tioeast Libya. Sixth paper
focuses on study the effects of biochar on soijbmc gases activities. Seventh paper
investigated the fossilized-brood chambersNommulites vascugrom Libya. The
eighth paper concerned of a physicochemical pregseof selected varieties of Cowpea
seeds and their relation to the infestation paténby the Cowpea bruchid,
Callosobruchus maculatus(F.) (coleoptera: bruchidae). Ninth paper gave a
bacteriological assessment for different water ueses, Ka'am region, Libya. The tenth
paper present an engineering overview on the dusttus of the negative effects
resulting from the transportation facilities useihim the university of Tripoli, Libya.
Eleventh paper focus on fluorosis and groundwategpreliminary environmental and
health geology investigation in the northwestergiae of Libya. The twelfth paper
present an impacts of plastic wastes on envirormhamd human and modern ways to
take advantage and disposal. Thirteenth papesiady of climatic changes impact on
agricultural productivity in Libya during the pedq1980-2010). The fourteen paper
study the effect of some pesticides on nitrogemdxbacteria under Wadi Alshatti
conditions, Libya. The last research work it condddo assess chemical and physical
properties of disposable water in dairy plants.

JMSET Editorial Board
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Abstract

Renewable and clean forms of energy are one ahtijer needs at present. Microbial Fuel Cells (M©Ters

unambiguous advantages over other renewable energsersion methods. Production of energy resouttéey
minimizing the waste is one of the best ways fataimable energy resource management practicesicAfpn

of Microbial Fuel Cells (MFCs) may represent a ctetgly new approach to wastewater treatment V
production of sustainable clean energy. The ineréagnergy demand can be fulfilled by MicrobiakeFCell

(MFC) in future. In recent years, researchers heha@wvn that MFCs can be used to produce electriaiiy

water containing glucose, acetate or lactate. 8sudn electricity generation using organic mattemf the
wastewater as substrate are in progress. Wastwmbis a cheap and relatively abundant sourclecfens for
microbes capable of producing electrical currensiole the cell. Rapidly developing microbial electiemical
technologies, such as microbial fuel cells, aret péra diverse platform of future sustainable epeagd
chemical production technologies. In the presewtstigation to study the two waste water samplesjicipal

waste water from nearby area of Guntur (A.P.) aadhyDwaste from Guntur (A.P.) were used as sulestirat
Microbial Fuel Cells (MFCs) to generate electric®jong with electricity generation the MFCs caraessfully
help in treating same sewage samples. The paratigepH, TS, TSS, TDS, BOD and COD were analyped
all the two samples. The COD removal efficiencyttef MFCs was analyzed using standard reflux metAdd
the MFCs were efficient in COD removal. 50%, 75%d 85% COD removal was observed after 10, 15,
30 days respectively of operation of MFCs with neipal waste as substrate.

Keywords:Microbial fuel cell, COD, Municipal wastes, Dairgdustry, Bioelectricity production
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1. Introduction

The need for energy in world increases every yeathere is continuous step up in the cost of
fuels and also the depletion of fossil fuels to ighlr extent. Microbial Fuel cells are
categorized into two different types: biofoul celsat generate electricity from the surcharge
of artificial electron shuttles (mediators)and rolmial fuel cells that do not require the add-on
of mediator. These fuel cells converts energy fame form to another and will continue to
operate as long as fuel is fed to it. But a fuél dees not store energy like a batteFuel
cells convert chemical energy directly into elexstyl without a transitional conversion into
mechanical power. The benefits of using fuel celtdude: clean, safe, noiseless, high energy
efficiency, low emissions, and ease in operatingfu®l cells use biocatalysts for the
translation of chemical energy to electrical ene(gllen et al., 1993) The fuel cell is a
device which uses traditional electrochemical tedbgy to convert the energy produced
either from a microbial metabolism or enzyme catalyinto electricity. The biological
catalysts, say the microorganisms or redox-enzyanes in the transfer of electrons between
the inorganic or organic fuel-substrate and thé&serof the electrodes, thereby enhancing the
cell current.

Environmental pollution is high risk problem today meet growing population demand
there is industrialization urbanization which isjamacontributor of the pollutionUntreated
industrial waste is hazardous to population at giteisposal whether it is human, animal,
plant or microbial population every one sufferslyidn hazards. It disturbs food web which
leads to imbalance of environment creating pollutgyoblem (Hampannava, 2010). Every
country having its own legal criteria for waste gratreatment and disposal. Industrial waste
treatment before disposal of it is necessary @shazardous to environment. Waste treatment
in the view of industries is economic task withpest to both money and electricity Current
research provides novel microbial solution to fhrigsblem (Maliet al.,2012; Chonde, 2014,

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-2
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and Yifeng, 2012). Recirculation of the waste tmimize pollution hazards along with

electricity generation can be the great resolutibnis the innovative research area for
production of energy source from waste water. Miab fuel cells (MFCs) represent a
completely new long term, affordable, accessibld aco-friendly approach to waste water
treatment with production of sustainable energy.

Microbial Fuel Cell that involves waste recircutati for the purpose of electricity
generation. Microbial fuel cells are devices thaheyate electricity by live microorganism
that is electrogens which utilize organic wastesabstrate. The electricity generation is
achieved by utilization of substrate by anaerolgestion phenomenon during which there is
removal of COD of waste samples with same organisat are involved in electricity
generation (Mathuriya and Sharma, 2009). Thus bgguMFCs reactor two aims that is
electricity generation and waste water treatmemt lse achieved at a time by minimizing
pollution hazards with power generation by ecordiy mean. The MFC usage in waste
water treatment leads to two main benefits. Firstlg contaminants present in the wastewater
serves as an eternal source for carbon. Secor@yglitminution in energy consumption; as
the energy obtained from the removal of contammasduld be used to power up the
wastewater treatment processes. With high prosgeegplication of MFC’s in wastewater
treatment processes, remarkable work have beennptd increase the power output of
MFC’s. MFC’s which has catalyst coated with specffubstances such as platinum (Meobn
al., 2005) Mn(IV) and Fe(lll) (Park and Zeikys2003) are being developed and used for
higher power output. The bacterial strains suchGasbacter sulfurreducenBond and
Lovely, 2003), Shewanella putrefaciengKim et al., 1999), Rhodoferax ferrireducens
(Chaudhuriet al., 2003), have been found to directly transfer elestrtm anode surfaces
without adding artificial mediators.

The microbial cells are inactive electrochemically.this case, they require the aid of
mediators to facilitate electron transfer from rolwal cells to electrode. Therefore any
organic or inorganic or a mixture can serve asea fliven that they are oxidized by the
appropriate organism (Jaegal.,2004). The general reaction can be put forth devi;

CsH1,06 + 6H,O — 6(:(}+24é+24|'[+ (1)

It has been shown that specific metal-reducingdsaGtbelonging primarily to the family
Geobacteracea@and Shewanellaspecies can directly transfer electrons to eleesadsing
electrochemically active red@nzymes, such as cytochromes on their outer membrérese
microbial fuel cells does not need mediator foceten transfer to electrodes and are called as
mediator less MFC’s. Mediator less MFC’'s are comad to have more mercantile
application potential, because mediators usedofubi cells are costly and can be lethal to
the microorganisms. In a MFC, two electrodes (anadd cathode) are placed in two
compartments separated by a salt bridge. Mostesuthve used electrodes of solid graphite
(Bond and Lovely 2003), graphite-felt (Chaudhuet al., 2003), carbon cloth (Liet al.,
2004) and platinum coated graphite cathode eleet{ddnget al., 2004). Microbes in the

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-3
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anode compartment oxidize fuel (electron donor)egating electrons and protons. Electrons
are transferred to the cathode compartment thrabhghexternal circuit, and the protons
through the salt bridge. Electrons and protonscamsumed in the cathode compartment
reducing oxygen to water.

2. Materials and Methods

2.1. Collection of Waste Samples

The Municipal waste and Dairy waste sample fronrimgarea of Guntur city were collected
aseptically and kept into the refrigerator for fgnt research purpose.

2.2. Construction and Operation of MFCs

Double chambered MFCs were constructed with sadigbras mean for proton transfer and
operated using two different waste water as sulestia generate electricity as shown in
Figures (1 and 2), Pethkar al.(2012).

2.2.1. Working

In normal microbial catabolism, a substrate suchaasarbohydrate is initially oxidized
anaerobically, when its electrons are releasedhayreatic reactions as shown in Figure (1a).
The electrons are stored as intermediates (e.gagtiNamide adenine dinucleotideNADH,
quinines) which become reduced and are then uspobtade the living cell with energy. The
ending location for the electrons is molecular axy@r dioxygen at the end of the respiratory
chain. A MFC uses bacteria to catalyze the coneersi organic matter into electricity by
transferring electrons to a developed circuit. Marganism can transfer electrons to the
anode electrode in three ways first using exogenoediators (ones external to the cell) such
as potassium ferricyanide, thionine, or neutralsedondly using mediators produced by the
bacteria and lastly by direct transfer of electrdnsm the respiratory enzymes (i.e.
cytochrome) to the electrodes. These mediatorslzent electrons from the respiratory chain
to outer cell membrane, becoming reduced and tavidg in a reduced state to shuttle the
electron to the electrode (Logan and Regan, 206éng@et al, 2006; and Berk and Canfield,
1964).

2.2.2. Two-Chambered MFC

The simplest type of MFC consists of two chambegasated by material that conducts
protons between the chambers (Figure 1b). Thislwigdged and inexpensive design consists
of two chambered MFC built in a traditional “H” gf& consisting of usually two bottles
connected by a tube containing a separator whialsiglly a cation exchange membrane
(CEM) such as Nafion or Ultrex or a simple saltlgg. The key to this design is the choice of
a membrane that allows protons to pass between b@ran{CEM is also called a proton
exchange membrane, PEM) but optimally not the satestor electron acceptor in cathode
chamber typically oxygen. The electrodes can beemafdany conducting, non-corrosive,

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-4
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depending on the system plain carbon paper, caclwdh, or graphite is used for the anode.
The cathode must contain a catalyst for generatiater from the protons, electrons and
oxygen and typicallyt is used and held on carbon surface using a bifdher electrodes are
connected by copper wire with all surfaces coat&ti & non-conductive epoxy. To avoid
wires inside the chambers the carbon electrodesxemnded outside the chamber and then a
regular wire and clip can be used on electrode.aroele chamber contains the biodegradable
substrate and nutrients (nitrogen, phosphorougj@xynd trace mineral). The oxygen should
not diffuse into the anode chamber and it is fothrat the rate of oxygen diffusion into the
anode without a PEM is 2.7% higher than a doubsentier design using a Nafion membrane
(Logan and Regan, 2006; and Kim and Premier LeE)R0

Electric energy
Biological energy gl lg
dissipation < 3
T o
Substrate ¢ 5
(fuel) \ji Microorganism l[:>
s
H —

Figure 1a.Working of Microbial Fuel Cell

Y
SALT BRIDGE Ih

R hod CATHODE

Figurelb. Double chambered Microbial Fuel Cell
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Figure 2. Diagramatic representation of whole enzymatic gssc

2.3. Physical Analysis of Waste Samples

All the waste samples collected were analyzed ghitgiwith the parameters, pH, TS, TSS,
TDS, BOD (Byunget al.,2006), and COD.

2.3.1. COD Removal of Waste Samples During the Eleity Generation Experiment by
MFCs

Municipal waste samples mentioned above were fechbaise for electricity generation in
two separate MFCs constructed during research viRmkier generation measured in terms of
voltage after every 24rs. All the samples were analyzed for COD removaicefhcy by
standard reflux method. COD measurement were daoig after 15 and 3@days COD
removal efficiency can be calculated using formsyja

ECOD =[CODn- CODowd (2)
4. Results and Discussion

Physical analysis of sewage is carried analyzingpua parameters pH, TS, TSS, TDS, BOD
and COD (Table 1). Minor change in pH of waste whserved during operation of MFCs
with waste. There is slight reduction in pH of Mcipal wastewater while there is increase in
pH of Dairy waste. About TSS there is great redurctn TSS after treatment the appearance
and color also changed during treatment. TDS vatmesobserved to be increased it may be
due to increase in number of microorganism durregtment. BOD values are monitored by
conventional method by samples after 5 days oftiatan in MFCs proving the fact that
MFCs can be good BOD sensor (Kim and Premier, B666). The COD removal efficiency
of the MFCs was analyzed using standard reflux age{ffable 2).
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Table 1.Characterization of water before and after incuratif 15daysin MFC

Waste PH TSS fna/l) TDS (mg/l) TS
S. No water
samples Before After B A B A B A
Dairy
1 8.0 7.2 7,500 3,200 75,000 10,000 95,000 1,045/000
Waste
2 | Municipal 7.8 7.1 12,500, 9,500 1,550,000 30,4000 143,000  822,8
Waste
Table 2.COD removal ability of MFCs for different wastes
Waste COD (%) Removal efficiency Maximum Power
S.No | water generation after
samples 10days 15days 30days 15days
Dairy
1 Waste 60 80 90 750nv
o [Municipal 65% 75% 95% 680mv
Waste

All the MFCs were efficient in COD removal 65%, 75%nd 95%. COD removal was
observed after 10, 15, and 88ysrespectively of operation of MFCs with municipadste as
substrate. Also, about 60%, 80%, and 90% COD reimesa observed after 10, 15, and 30
daysrespectively of operation of MFCs with dairy waatesubstrate. During current research
goal of recirculation of waste to minimize pollutidhazards can be achieved along with
power generation by novel microorganism in MFCguFes (1 and 2) show the MFCs set up
constructed during current research successful @&ibval (Table 2) of all the two waste
samples were observed while operating MFCs forted#ty generation. Maximum 90% COD
removal and maximum electricity generation of 780 (Table 2) were observed during
operation of MFCs as compare to other waste rdaition. Local area waste samples were
applied for isolating electrogenic bacteria and ti@st occurring strains are traced out for
COD removal as well as electricity generation éficies of isolates. During the operation of
double chambered MFCs the current research suat@ssgfeneration of electricity as well as
COD removal similar type goal can be achieved byious researchers using single
chambered MFCs (Pandegt al.,, 2011) Domestic wastewater treatment using single
chambered MFCs were carrying out by the result6&8é to 95% COD removal efficiency.
Current research successfully progressing towardl g achieving good electricity
generation using mediator less MFCs which confitihesfact that the bacteria did not require
soluble mediators, but can donate electrons dyrdayl adhesion to the electrode surface
perform the work operating the MFCs with a proteol&nge membrane. The changes in the
amount of BOD removed and COD removed would giwedata about the concentration and
biodegradability of organic matter fed into the MHCogan and Regan, 2006; and
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Ramnarayaret al., 2004). BOD and COD removal were the function ofedébn time of
waste water in the chambers (Kim and Premier, R8&0). While full-scale, highly effective
MFCs are not yet economically feasible this tecbggl holds considerable promise and
major hurdles will be undoubtedly overcome by st#s and engineers. The going pressure
on our environment and the need for long term reidevenergy sources will further speed
up development of Microbial fuel cells.

5. Conclusion

During the current research one Dairy wastes amduaicipal waste water sample from
nearby area of Guntur district were analyzed fecteicity generation and COD removal
efficiency successfully. 90% maximum COD removakwahieved after 18aysby utilizing
Dairy waste as substrate for MFCs constructed dwurrent research. So it is concluded that
the electrogens isolated from MFCs reactors areesstul mean for waste water treatment
along with generation of electricity.
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Abstract

Heavy metals are the largest class of contamiremtsalso most difficult to treat. Lead Pollutionpacts all the
systems of the human body. Many of the methodieilto remove lead from west water. Therefores shidy
was carried out to examine the potential and effeoess of using powdered palm fronds, which wapared
from palm fronds (a cheap agricultural and nonidewaterial) to remove lead from water. A seriedbehfch —
scale experiments were conducted in the laboratimnging to assess the feasibility of using powdegpatin
fronds (PF) as an effective bio sorbent and oleid 8HOL) as a surfactant. The effects of the procesabbas
such as; initial solution pH, sorbent, surfactand dead concentration and shaking time that intheethe
biosorptive—flotation process were examined. Promgisesults were obtained under the optimum coooij
according to which nearly 100% of lead, at pH 7r@im temperature (~28) was removed. Moreover,
sorption and flotation mechanism is suggested.

Keywords:Lead, Sorptive-Flotation, Powdered palm frondi©hcid.
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1. Introduction

Heavy metal contamination of water is an importanvironmental problem that poses a
threat to human health. Lead is a priority toxidlygant in wastewater discharged from

industries such as metal mining, melting, plantingtteries, pesticides, oil paint, pigments,
and alloys (Sulaymost al, 2013a; and Sulaymaat al, 2013b). At certain exposure levels,

lead is a poisonous substance to human. It damag@sus system and causes blood and
brain disorders. Long-term exposure to lead osalts can cause nephropathy, and colic-like
abdominal pains (Shakat al, 2010).

The environmental significant of these metals istlpaattributed to their presence in
industrial effluent and other sources of waste ((a&d al, 2012). Therefore, the removal of
these metal ions is necessary in order to foreitallmanifestation of their toxic impact
through bioaccumulation and biomagnification aldhg food chain (Stoicat al, 2012).
These techniques may involve: chemical precipitatimon exchange, reverse osmosis,
electrodeposition, adsorption, solvent extractiord dlotation separation processes. So,
adsorption has proved to be an effective technigue,it may suffer from economic palm
frondsowing to difficulties encountered in separatingb®mt from suspension in order for it
to be regenerated (Sulaymon and Mohammed, 201@yeldre, attempts have been made to
develop separation techniques Flotation as a $qliatd or liquid/liquid (or both) separation
process has recently received a considerable stteweing to: simplicity, rapidity, economic,
and good separation yieldB@X95%) for small impurity agent concentrations rahfetween
(10°-10% mol.I'"), a large possibility of application for speciesvimg different nature and
structure, flexibility and friability of equipmermnd processing for recovery purposes (Ghazy
et al, 2001). It is believed that this process will sd@nincorporated as a clean technology to
treat water and wastewater (Liabal., 2010).

For the Aforementioned reasons a combination obrgdi®n and flotation into a unified
operation termed sorptive-flotation could be consdeas a vital process. In recent years
there has been a considerable interest in the al@went of new products which are abundant
in nature, low in cost and have minimal environraénnhpact for restoration or remediation
of natural resources (Yanqirg al, 2012). Palm fronds (PF), which is produced irgdar
guantities in many countries (among them is Libysag low-cost reactive medium that can be
used for retaining heavy metals and the subsequeatup of industrial effluents, leachates
and contaminated ground water (Murugesaral, 2011). Hence, the present work aims to
establish a selective, rapid and simple sorptiggflon procedure using PF (which is
naturally occurring or readily available and altgive to existing commercial adsorbents) as
a sorbent and oleic acid as a surfactant for rengplead ions from aqueous solutions and
natural waters under the recommended conditions.
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2. Materials and Methods

2.1. Sorbent

Palm fronds were provided from Zliten area ndrtipoli City, (Libya). The palm fronds
were first dried to obtain minimum humidity. Thethe dried sample was washed several
times with double distilled water. After collectingufficient quantities, the washed adsorbent
was heated in a furnace an over at temperatur@@fQ for time of two days. The samples
were crushed and pulverized in the laboratory &@sn particle size range was used in the
experiments. The sample contained (Yangehgal, 2012), 92% calciteGaCG;) and 3%
(MgCGQ), the prepared samples were stored in air tigtitdsoand place€aCl desiccators
until use in experiments (Murugesaial.,2011).

2.1.1. Sorbent Characteristics

Surface carbon-oxygen groups and used to obtaornmi#tion about the nature of possible
interaction between the functional groups presenPBrsurface wittpb®*. The PF sample
was diluted withKBr, compressed into wafer and FT-IR spectrum wasrdecbby (FT-IR-
6100 type A) spectrophotometer. The results obtaisgiven in Figure (1). A variety @&-O
(carbon oxygen) surface functional groups were feskin  the PF sampl®-H stretching
mode of hydroxyl groups and adsorbed water, cadbgnyup, C-O stretching in acids,
alcohols, phenols, ethers, and esters.

2.1.1.1. Fourier Transform- Infrared SpectroscopFT-IR)

FT-IR investigates the surface carbon-oxygen gramgsused to obtain information about the
nature of possible interaction between the funefigmoups present on PF surface whttf*.
The PF sample was diluté&Br, compressed into wafer and FT-IR spectrum wasrdecbby
(FT-IR-6100 type A) spectrophotometer. The resoittiained is given in Figure (1). A variety
of C-O (carbon oxygen) surface functional groups wereeoked in the PF sampl®©-H
stretching mode of hydroxyl groups water, carbogrndup, C-O of phenolic, carbonyl and
carboxylic groups were present in the FT-IR spactaf activated carbon. The presence of
such methylene groups induces hydrophobicity ineoRF sample.

2.1.1.2. Surface Morphology

A scanning electron microscope (SEM) was used tomaxe the surface of PF sample in
Figure (2), and EDX pattern of PF after lead adsongn Figure (3). The SEM image show a
porous morphology of the surface with pores ofettéht sizes and shapes. These pores act as
active sites for lead adsorption

2.1.1.3.Surface Area Determination

The surface area of the sorbent was determined frmmrespective nitrogen adsorption
isotherms by applying the conventional BET equasind found to be 138f.g™.
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Figure 1. FT-IR spectrum of PF sample
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Figure 2. SEM image of PF sample after treatment viAti{I1)
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Figure 3. EDX image of PF sample after treatment vigti(11)
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2.2. Solutions

All the solutions were prepared from certified reaiy grade chemicals. A lead nitrate
Pb(NQ), stock solution (100@ng.I*) was prepared and the working solutions were ngde
diluting the former with doubly distilled water. Asleic acid HOL) stock solution 6.36x19
mol.I*, was prepared from food grade with sp.gr. 0.896\jded by J.T. Baker Chemical
Co.) by dispersing 2@nl of HOL in 11 of kerosene. Aqueous solutions W€l and NaOH
were used for pH adjustments.

2.3. Experimental Set-up

The residuaPb(ll) concentrations in the filtrate was analyzed by Agk@ctrometry at 327.4
nm using a perkin-Elmer Atomic Absorption Spectrommeter with air-acetylene flame.
Also to study the various parameters affectingdbption-flotation process, a 10l aliquot
of a suspension containing 31@.I" of Pb** ions and 100éng.I* of sorbent (PF) of initial pH
7 was introduced into the flotation cell. The cslis shaken for Bin. (optimized time) to
ensure complete adsorptionRi** ions by PF. Then &l of 1x10° mol. I HOL was added.
The cell was again inverted twenty times by hamndl @lowed to stand for in.to complete
flotation.

The residuaPb* ion concentrations in the mother liquor was anedymsing a Perkin-
Elmer atomic absorption and spectrophotometer. réheval percentage &’ ions (%R)
was calculated from the relationship;

R% =(G=G)Cx100 e, (1)

WhereC; and C, denote the initial and residub?* ion concentrations. After complete
flotation, the PF-containing float was filtered dhgh a G5 sintered-glass filter (porosity,
1-1.5x4m) and dried to constant weight in an oven at A25The percentage floatability of PF
(%F), was calculated from;

F % =C{/Cix100 e (2)

whereC; andC; denote the initial and float concentrations of Btesorbent. All experiments
were carried out at room temperature (~°@p

3. Results and Discussion

3.1. Floatability of Powdered Palm Fronds

The removal of fine particles of (PF) sorbent fragqueous solution (particularly those that
passed through a filtration medium) was an obviecsnomic measure for the undertaken
studies.
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3.1.1. Effect of pH

Generally, adsorption and flotation are sensitivevdriations in the pH of the medium and
knowledge of how the pH value affects each systexs & prerequisite to studies employing
these methods. As a preliminary of the experimerats conducted to float 6@g.I* of PF
over a wide range of pH values (1-10) using ITXx@®l.I* of HOL. The obtained results are
depicted in Figure (4), from which it is clear thi&tation percentage increased as pH
increased from 1 to 5 then a maximum flotation (94p@or PF was attained over a wide pH
range 6-9.

/ R

60 -

-/ {

20

F%

o 1 2 3 4 5 6 7 8 9 10 11

Figure 4. Floatability of 60mg.I* of PF using 1x1®mol.I* of HOL
at different pH values.

3.1.2. Effect of Surfactant Concentration

The separation of 6fhg.I* of PF using different concentration of oleld@L) surfactant at
pH 7 is presented in Figure (5). The results pravad oleic acid is an effective surfactant for
a quantitative removal (~100%) of the sorbent ateloconcentration (1~2xT0mol.I"). In
general, it was found that for the undertaken sidhe recommendddOL concentration
was (1x10 mol.I).

3.1.3. Effect of Sorbent Concentration

Two parallel series of experiments were conduatestiudy the influence of powdered Palm
fronds concentration as shown in Figure (6). Anodeies of experiments was carried out to
float different concentration of PF sample using@*mol.I* of HOL at pH 7. Quantitative
separation (~100%) of the sorbent was attained aweide concentration range (up to 100
mg.I") then the flotation percentage decreased aftemi@0". Hence, for all experiments the
recommended concentration of PF isné@.I".
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Figure 5. Flotation of 60mg.I"* of PSG at pH 7 using different concentratiotH@iL.
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Figure 6. Floatability of different concentration of PF ugihx10° mol.1*HOL at pH 7.

3.1.4. Effect of Temperature

In order to find the suitable temperature for flima of 60mg.I* of PF at pH using (1x1D
mol.I") HOL, an extensive series of experiments was carri¢cabdifferent temperatures.
The results recorded in Figure (7). Show that tloatébility of sorbent not affected by
increasing the temperature up to°80
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Figure 7. Effect of temperature on the flotation of 8@.I* of PF using (1x1®mol.I") HOL at pH 7.

From the previous results it is obvious that thecpss is economic and effective (F~ 100%)
since it needs small concentration of surfactantl(fxmol.l*) from HOL to float high
concentration of PF (6fhg.") and acting at a wide range of pH from 6 to 9 terdperature
range between (20-8C).

3.2. Removal of Lead lons
3.2.1. Effect of pH

In order to find the optimal pH value for the bigstive-flotation process, the removal
efficiency of Pb** ions over the pH range (1-10) was studied as ptedein Figure (8)
illustrates the influence of the pH on the combipedcess of sorption and flotation for the
removal of 30mg.I* of Pb?* ions using 60ng.I* of PF and (1x1®mol.I*) of HOL.

It should be noted that the removalRi¥* ions was diminished at (pH< 5.0), which may
be attributed to the fact that at strong acidic im@dat higherH" ions concentration, the
adsorbent surface becomes more positively charlyed teducing the attraction between
adsorbent and metal ions.

When the pH increases, the concentration of hydronion HzO") is very low, biosorbent
surface was more negatively charged, and functioogof biomass were more deprotonated
in a wide range of pH from 5 to 9, thus the siteseasily available for metal ion bonding. So
the proton competition was decreased, and the rahp@rcentage of metal ions is increased.
The decrease in the removal rate at high pH vale®s may be attributed to the fact that
oleate anions ion are not capable of combinatiah tie negative surface of PF. Therefore,
pH 7 was recommended throughout all other experisnen
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Figure 8. The effect of pH on the removal BE".
3.2.2. Effect of Sorbent and Metal lon Concentratio

Two parallel series of experiments were conduatestidy the influence of powdered Palm
fronds concentration (Figure 9) and changing ttael l®n concentration (Figure 10) on the
removal percentage &%’ ions from aqueous solutions at pH 7 using Ixa®l.I* of HOL
without or with shaking for Bnin. As shown in Figure (9), the removal percentag®Iwf
ions increased as the PF dose increased, whikeciedsed as the concentration of the metal
ion increased as presented in Figure (10). Theore&w attaining a maximum removal of
Pb** ions (~100 %) at higher PF dose, after shakingsfonin. may be due to an increase in
the number of binding sites on the sorbent avalabPb?* ions. Hence, 6éng.I* of PF may

be a suitable dose for the removalRif* ions having a concentration ef30 mg.I* after
shaking for Smin.
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Figure 9. Effect of adsorbent dosage on the removalwf .
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3.2.3. Effect of Surfactant Concentration

A series of experiment was conducted at pH 7 iratheence and presenceri.I* PF using
different concentrations diOL. The results obtained are presented in Figure (L@an be
seen that the removal Bb** ions attained a maximum values (~100 %) in thembs of PF.
An enhancement in the flotation efficiency Bb** ions to (~100%) was achieved after
shaking for Smin. These maximal workers (Murugesetnal, 2011) who concluded that poor
flotation at high surfactant concentration was eauBy the formation of air bubbles on the
surface of stable, hydrated envelope of surfaatgnperhaps, by the formation of a hydrated
micelle coating on the solid surface. As a reghk, hydro-phobicity of the resulting surface
was not satisfactory for flotation. Consequenthg toncentration oHOL employed was
fixed at 1x10° mol.I* throughout all other experiments.

100

95 +

Re %

~ ]
o] \ |

T T T T T
[0} 50 100 150 200 250
[Pb*'], mg.I™*

Figure 10. Effect of initial metal ion concentration on tremoval ofPb*.
3.2. 4 Effect of Shaking Time

The effect of manually shaking time (1-tin.) on the floatability of 3ang.I* of Pb?* ions
was investigated at pH 7 using 1%1fol.I' of HOL. The results obtained in Figure (11)
showed the removal d?b** ions almost quantitatively (~100%) after shakingni 5 to 30
min. So, 5min. shaking was recommended for all experiments mithiestigation.

3.2.5. Effect of temperature

Studies of the influence of temperature on the rsejp@ process seemed to be important from
a practical viewpoint, especially in the case dof industrial effluents. For such studies, one
solution containing 30mg.I* of pb** ions and 60mg.I* of PF and a second solution
containing 1x18 mol.I* of HOL were either heated or cooled to the same temperaging

a water bath. The surfactant solution was quicldurpd onto thePb?* solution contained
within a flotation cell jacketed withcin thick fiber glass insulation. The obtained resuits
Figure (12) indicated that the removal percentdgebd” ions may proceed through chemical

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-19



JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
Yol. 1, Issue No. 2 (December-2015)

El-Nakeib , 2015 o
ISSN: 2413-5267

bond formation and the creation of new active siteshe surface of PF available feb’*
ions adsorption (Yanginet al, 2012).
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Figure 11.Effect of contact time on the removalRi?*.
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Figure 12.Effect of temperature on the removalRif".

3.3. Application

To investigate the applicability of the recommengedcedure, a series of experiments was
performed to recover 1éng.I" of Pb** ions added to aqueous and some natural water
samples. The sorpetive-flotation experiments wexeied out using 50nl clear, filtered,
uncontaminated sample solutions after adjusting fté values to 7.0. The results shown in
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Table (1) show that the recovery was satisfactowy @uantitative (~100 %). Moreover, the
data indicated that the method could be succegsfpiplied for the separation &b** ions
from natural water samples containing large amoohtsalt matrix under the recommended
conditions.

Table 1.Recovery oPb* ions added to some water samples usinmg@ of PF at pH 7

Serial No. Sample Location Added Pb21 lons R %
(mg.l
1 Distilled Water 10 99.5
2 Tap Water 10 98.2
3 Industrial Exchange (Zliten City) 10 96.7
4 Ground Water (Zliten City) 10 99.2
5 Sea Water (Zliten City) 10 95.1
6 Wadi Ka'am (Zliten City) 10 97.3
7 Factory of Cement (Zliten City) 10 99.3

3.3.1. Adsorption and Flotation Mechanism

Before discussing the possible sorptive-flotatioechanism involved, the following points
need to be taken into consideration:

1. Most metal cations are removed byadsorption on solid phases via coprecipitation
of their insoluble hydroxidesj) flocculation by adsorption of hydrolytic products
iii) ion exchange oiv) complexation with specific surface sites, proddéat the
appropriate conditions prevail (Liaa al, 2010).

2. As a function of solution pH, lead species may teais solublePb**and hydroxo-
species Pb(OH)" andPb(OH)T in addition to the insoluble lead hydroxiB&(OH).

3. The powdered Palm fronds (PF) consists mainly tditea(CaC(Qs). When calcite (as
sparingly soluble salt type mineral) is suspendétl water,HCO;, Ca**, CaHCQ;'
andCaHO' are formed as surface-charged species and thesiemce is a function of
solution pH.

Moreover,OH’, H andHCOs are considered as potential determining ions ditiaah

to Ca* andCaCQs. The dissociation of these groups leads to an @cidialkaline
surface (positive or negative surface charge). @hasdings were confirmed by
stirring the PF sorbent with distilled water forhg after which the suspension pH
increases. This may be attributed to adsorptiod oibns from solution or desorption
of OH' ions from the sorbent surface which will agreehite literature data that most
natural surfaces are negatively charged (Gaptd, 2010).

4. Oleic acid HOL) surfactant begins to dissociate at’pH.2 (Yanginget al, 2012).
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Therefore, the proposed mechanism may occur asmellAt pH < 4, the removal of the
Pb** ions may be attributed to a possible ion- adsonpthay take place through precipitation
of lead. The adsorbent-adsorbate system is madeopiyobic by combination with un-
dissociated oleic acid exchange mechanism bet®&&hions and calcium containing PF in
similar manner to that reported (Murugesainal, 2011). Adsorbed lead ions generally
occupy calcium sites within the calcite lattices@| molecules, such combination may occur
through hydrogen bonding of the hydroxide groupi@fL as confirmed by the appearance of
an absorption band at 282&1 during IR spectral analysis of FOL system. In the pH
range 4-10, where the maximal removalRif* ions occurred, adsorption may take place
betweenPb(OHY), the predominant species in this pH range, andstinkace of Palm fronds
via hydrogen bonding. The aggregates of - being made hydrophobic by combination
with un-dissociated oleic acid through hydrogen dng and/or chemically with oleate
anions. These hydrophobic aggregates are floatesblittion surface with the aid of air
bubbles. At pH > 10, the removal Bb** ions decreases, which may be attributed to the
incapability of adsorption of the negative specils(OH) and Pb(OH)* and/or negative
oleate ions on the negative surface of PF sorbentcanfirmed by zeta potential
measurements.

4. Conclusion

This investigation presented powdered Palm frasdmorganic sorbent which is abundant in
nature, low in cost and have minimal environmenmntglact for restoration or remediation of
natural resources. It is effective in removiPlf* ions from aqueous solutions, tap water and
natural water samples. The experimental resultsaled that this simple sorptive-flotation
procedure, using PF as a sorbent and oleic acdsasfactant, succeeded in removing nearly
99% of Pb** ions from aqueous solutions at pH 7 after shalfarg5 min. and at room
temperature(~25C). The sorption of lead ions onto PF may proceedodtion exchange,
precipitation of lead hydroxide and/or lead carliena

The adsorbent-adsorbate system is made hydropbgltombination with un-dissociated
oleic acid molecules perhaps through hydrogen mndMoreover, the lead ions were
essentially held by PF sorbent and would not leadhoy acids owing to the solubility of the
sorbent. Therefore, the metal-loaded solid wastddcbe solidified to an environmentally
safe form thereby serving the double-fold aim ofexéreatment and solid waste disposal.

Flotation technique which has advantages (competidd other separation methods) of
being simple, inexpensive, less time consuming expkcted to be soon incorporated as a
clean technology to treat water and wastewater bpgiied in this investigation. Moreover,
the removal oPb?* ions attained ( ~100%) in the presence of oleid as a cheap surfactant.
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Abstract

This is a new applied engineering study for thesjimlity to monitor huge distances of sea coastantificial
river collecting water nodes against pollution imter quality by measuring network with biologicarly
warning system, it is continuous and automatedwsdel quality monitoring and thus makes an impdrt
contribution to the early detection of disasterscxidents as well as to the evaluation of hazatdntials. This
system used for efficient control of automatedwat#r quality, and continuous sea/water quality itooimg for
twenty four hours analysis using smart stationseated over wireless computer network instead ehoéthod
of sample collection then lab. Analysis. The fuoatlity of the 100% web-based multi-tier-system poses
workflows for automatic sampling and quality asswe the administration and control of equipmentha
measuring stations, numerous options for data atiahy illustration and export as well as a naotifion system.

Keywords Smart sensor, Pollution, Data network.
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1. Introduction

Water pollution is one of the major threats for green globalization, to overcome the water
pollution, first is to detect the pollutant eitharriver water or sea coast. The classic way to
detect the water pollution is by using laboratoegtt and by using this laboratory system
(Karl and Willig, 2007). The samples should be gite testing equipment operator, then

technical report are generated for that sample anly for that period of time of sample

collection.
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The new technique of testing, is to place probesdata acquisition channel in the river
water or sea to detect pollution remotely by udiifferent wireless sensors connected to
server on site to monitor physical or environmemahditions, such as temperature, pH,
conductivity, and heavy metal$his new technology system is an efficient as texirand
practical point of view, since it works with alatmresholds signal generation, it allows the
early identification of critical water input datand continuous automated water quality
monitoring over twenty four hours daily of ten mies idle time of sample collection and
result generation

2. Materials and Methods

The designed system are a mix of different highnetogy equipment's, it works together as
one unit or as standalone unit to monitor watelvdiets either as drinkable water resources or
sea water resource. The type of sensors of couffeeedt in both cases, and each type of
sensor and attached station is dedicated to cdesaknor tasks of monitoring. The system is
composed of sensors dedicated for water monitggamgmeters such as pH, Oxygen level,
temperature, Daphnia and Algae toximeter, dataisitiqun channel for data handling and
process, computer system with specific technicakciigations, wireless data network for
connecting slave station to the host, and mairstleer which connects all remote stations by
Local Area Network (LAN), or Wide Area Network (WANThe complexity of the system is
mainly dependent on number of parameters to betoredi during twenty four hours daily,
and number of stations used to monitor, for examapteast. The benefits of this system that
no laboratory operator is required to collect a gamthen analyze it in special laboratory
located a way from sample picking place. All thegarss done automatically by auto sampler,
where analysis and result are generated on thelsie transmitted to the next server towards
the main sever to give an alarm either by Mobild &hort Message (SMS) to supervisor of
the system, or technical report showing threshaldes limits reached.

2.1. Materials

The materials used in the design of this systenaaet of detectors (bio monitors), dedicated
computer with touch screen, servers, data acquisithannels, local and wide area network
either wire or wireless connection.

Various sensor combined in dense sensor networknomitor pH, Oxygen level,
temperature, Daphnia and Algae toximeters, andiéisimeter.

2.1.1. Daphnia Toximeter

These daphnia or fish toximeters are sensitiveddtect toxic substances in water via
computer assisted digital image analysis. The systieserves daphnia commonly known as
"water fleas" in drinkable water, or fish in saltster (like sea water) under the influence of
constantly running sample water, and to detect rdazs compounds in water from rivers
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(source-water protection) or sea (Martinetzal, 2004). Plants, distribution systems and
production drains to preserve human health andaiwitor water as shown in Figure (1).

Figure 1. Daphnia Toximeter station

2.1.2. Algae Toximeter

It is online Biomonitoring using Green Algae, & fast and sensitive detection of toxic
substances in water. The Algae Toximeter continyom®nitors water for the presence of
toxic substances. Standardized algae are mixed thélsample water and the instrument
detects the photosynthetic activity of the algaaitezet al, 2004). Damage to the algae,
caused e.g. by herbicides, causes a reductiorgae alctivity and activates an alarm above a
pre-defined threshold, as shown in Figure (2). ieasurement procedure requires the water
samples be almost continually pumped into the Alg@aemeter, in which the concentration
and the activity of the naturally occurring algae determined. A precisely defined amount
of algae from the fermenter is then added to thasmeng chamber by way of a loop. The
activity of the added algae remains constant ag &sno toxic substances are present. If any
toxic substance is present, its interaction witn photosynthesis center leads to an inhibition
of algal activity. The dimensions of the inhibiti@an be estimated by comparing the algal
activity with and without water sample (Mainwariegal, 2002).

2.1.3. Servers and Local Computers

It consists of three major components: System Siystem server, and System Client. The
first one located at the site of measurement, wiiésecond is to collect data in database
from sensor resources, and the last is the wayets glata and result of different locations in

one monitor. All the hardware technical specifiocasi of these system is showed in Table (1).
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Table 1.Recommended system Computer Hardware specification

Type Hardware requirement (minimum) Software requirement
System e e.g. Intel Xeon Dual core processor *  Windows Server
Server + 8GBRAM 64/128bit
e« >3GBHDD + 80GB for S/IW e OracledB
* 1xGBitNIC * NET Framework
« 1xUSB 2.0

System e e.g. Intel Core 2 Duo processor e  Windows based

Site + 2GBRAM *  NET Framework

« >80GBHDD * OPC server
e 1x100Mbit NIC (for internet access)
+ 1xUSB 2.0

« Interfaces for device connections (e|g.
RS232, Ethernet, RS485)

System * e.g.x86 processor 2 GHz *  Windows based
Client « >512MB RAM * NET Framework
+ >300GBHDD
*  1x100Mbit NIC

2.1.4. Local and Wide Network

The local network that connects system site toesdrvshort distance by 10@bpsspeed of
connection, and by using modem or wireless conmedtithe biosensor is a way from system
site. The web based protocol is cloud that connattthe system, also the possibility to use
Global System for Mobile (GSM) to connect remotishs to main server to send alarms or
short status report.
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2.2 Methods

The design of the system are divided to three rcategories, the first one is system site
which includes the Biosesnsors with data acquisitbannel, and computer system which
continuously collects data, status messages, aod r@porter from the installed measuring
systems in the measuring stations. The data re@mduffered on the computers and are
then transmitted via the Internet to system serasrshown in Figure (3). The system server
receives data and status messages from all megsuaitions, then collected, and stored in an
Oracle database. The system server automaticadliyi@es incoming data if the alarm index
points to a suspicious water condition, then tispoasible users are informed automatically
by SMS and email. The system client displays tranechdata, evaluates and validate, then
transmitted via the modem, and with little effdnetclient can be configured in such a that
user can obtain the measured value of all measwtenacessary for an assessment of water
quality within shortest possible period of timedagenerating graphical representation report
as shown in Figure (4).

Disaster scenario

Figure 3. Overall system diagram of System site, Server aitd Client site with data flow direction

Sample water (0.5 - IZh) continuously runs through the measuring chambetaining the
daphnia or fish. The live images obtained usingGbD&amera are evaluated online with an
integrated PC to analyze changes in the behaviothefdaphnia/fish. If the change is
statistically significant, an alarm is triggerecheTmethod of image analysis enables a series
of measurement methods and plausibility tests sesssthe daphnia’s/fish behavior using
different criteria (Akyildizet al, 2005).
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Figure 4. Sample of online graphical representation of Tibxindex value fluctuation

Toxicity index is major concept of evaluation efr@in measures, such as speed or height,
and changes in these measurements. Only when 2 ae raf the measurements
simultaneously show unusual results within a fixediod of time, Daphnia/fish Toxic data
trigger an alarm. Toxicity detection due to videwalysis of daphnia/fish behavior, and
measurement is by using video image analysis, antple volume of 20W/hr, while the
sensitivity to toxin is shown in Table (2), withgeed to the following: average swim speed,
speed distribution, swim height, average distafraetal dimension of paths, curviness, turns,
number of daphnia/fish, distribution in chamberd aize of daphnia/fish.

Table 2. Sensitivity to toxins in Daphnia & Fish toximetgation

Sensitivity to toxins
Substance EC50 in (ug/l) Daphnia Toximeter alarm at (ug/l)

Aldrin 28 27
Carbaryl 19 22
Chlorpyrifos 344 15
Cyclosarin (GF) 60 10
Cypermethrin 1.2 1
Dichlorvos 170 0.5
Dimethoat 1900 2100
Endosulfan 200 - 900 100
Lindane 800 — 6500 30
Malathion 54 10
Parathionethyl 8.5 10
Sarin 10 6.4
Tabun 30 36
Terbuthylazin 3400 250
Trichlorfon 80 2
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2.2.1. Flow of Work Processing
The flow of work processing of designed systensigodiow:

1. Toxic substance is emitted into river or sea ct@sexample after disaster at tanker,
chemical factory, or something else.

2. The system site reads the value and transmits tteeraystem IT (Information

Technology), then alarm index "warning" or "anncement stage" is created.

Values and alarm index are transmitted via intetmatystem server.

4. System server evaluates alarm index as signifidare. administrator user is notified
by SMS and email. Automatic sampling in the meagustation stores the suspected
sample.

5. The user analyse the values and alarm index vieersyslient to ensure that with
utmost probability a non-natural event has occu(hd et al, 2008). The user then
obtains the samples from measuring station anidtes an analysis in the laboratory.

6. The laboratory delivers an analysis of the samples.

7. The user immediately informs the authority resplolesfor the warning and alarm
plan.

w

The Laboratory Information Management System (LJMS shown in Figure (5k the
backbone of networking, data management and proces#t is a high-performance,
immediately ready to operate laboratory informatis@nagement system, and able to process
the entire range of daily laboratory tasks effideand reliably from different resources and
converting it to graphical presentation.

The networking of system clients works on TCP/IPa(iEmission Control Block-Internet
Packet) protocol, and connected to system servitr atiached Oracle data base server, and
the system protected by firewall for security reasowards system clients. The system site
always located a way from the system server and itonnected over internet as data
backbone, as shown in Figure (6).

3. Result

Actually this is study is a plane for a new monitgrmethod of pollution using smart sensors
engineering design and still not applied in Libyamvironment, but as engineering point of
view works perfectly.

This system design is practical and novel, and cdé applied also to monitor water
resources for other interested parameters alsahés@ the main advantages of using it:

- Twenty four hours parameters monitoring.
- Multi-level of warning starting from administratty user.
- No sample collecting and shipping to the laboratory
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- No contamination of collected sample.

- Fast warning if one parameter or more exceed tlestiold value.

- Good archiving of data over all sites, and forrgltime using LIMS.
- Huge data base storage of sensors reading forggoce

- Fast report delivery time from site to server, #meh to client.
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- Graphical evaluation of sensors data output.
- No consumables.

A technical comparison is done to compare the diffesmart sensor platform with respect
of accuracy, measurement technique, orgasm use@asurement, and application as shown
in Table (3).

Table 3. Toximeter Comparison of different Toxisensors used

Daphnia Toximeter Fish Toximeter ToxProtect64 Algae Toximeter
Organisms
Type of .
organisms daphnia fish fish algae
algae solution from
Number of 10 up to 10 up to 20 the internal

organisms fermenter

Measurements

video/image
analysis

video/image

analysis fluorescence

Principle 78 light barriers

1 or 2 chamber

Versions version

10 behaviour . .

b 10 behaviour 3 behaviour photosynthetic

: measurands: measurands: activity:

- speed 5o

- . . : - speed - activity Genty parameter

B zi\;nemmlng height _ swimming height _ fish at the surface ve

- size - i
Measurands _ mumber of - escape reaction
daphnids number of fish

Groups of
especially
high
sensitivites

Application

- speed class index
- hight class index

- width class index
- distance

- speed variation

pesticides,
neurotoxins,
respiratory toxins

- drinking water
- process water
- raw water

- speed class index
- hight class index
- width class index
- distance

- speed variation

pesticides,
neurotoxins,
respiratory toxins

- drinking water
- process water
- raw water

4. Discussion and Conclusion

pesticides,
neurotoxins,
respiratory toxins

- drinking water

herbicides,
AOX,
PAH

- drinking water
- process water
-raw w;te_r,

This system design is practical and novel, and ccdé applied also to monitor water
resources for other interested parameters alsméyeaffect the environment.

The conclusion is that this system is hybrid sysb&oause it is combination of different
high technologies like Computer, data communicatl@aboratory Information Management

System (LMS), Biology, Digital image processingcwgty and alarming. The system is very
effective and practical as long as there are gaid dommunication backbone. The system
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could be upgraded to monitor air, and to monitotew# there are nuclear pollution, or any
other interested parameter as shown in Figure (7).
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Figure 7. Smart sensors stations distribution for pollutioonitoring on coast,
and main tanks of artificial river

The packets of data sent from system site to seaver limited, and all graphical
presentation done at server or client systemwhidet the system speedy and effective.
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Abstract

The aim of this study is to know the extent of sea water intrusion into ground water. Geo-electrical method was
used to measure resistivity of subsurface layers. Field measurements were conducted using resistivity device
with Schlumberger array. Variable electrodes were spread with maximum distance of 400 m. Readings of 18
Vertical Electrical Soundings were taken in the area of study which has several wells that were formerly studied
using chemical analysis method of well samples. Electrical data were analyzed and interpreted and horizontal
and vertical sections of apparent resistivity were drawn, also contour maps of iso-resistivity lines were
constructed . It has been clearly shown that sea water intruded into ground water in the study area.

Keywords: Intrusion, Seawater, Geo-electrical, Resistivity.
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1. Introduction

Geo-Electrical method is one of the important methods in geophysical prospecting. It deals
with the electrical condition of earth and it investigates samples, electrical properties of rocks
and minerals under different geological circumstances. It employs principles of the Earth‘s
electricity to construct geological maps of subsurface structures, also, to investigate and
explore bodies, mineral veins and oil. This method helps in solving problems related to
geological engineering and ground water. There are several kinds of Geo—Electrical methods,
but the most important one is electrical resistivity (Dobrin and Savit, 1976). This method uses
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direct or alternating current with very low frequency; these currents are induced into the
ground by a pair of electrodes spread at certain distances. The difference in potential between
a pair of electrodes and that one for a current unit is measured and the resistivity is considered
as a function of the geometry of electrodes and electrical parameters Wenner array and
Schlumberger array (Telford er al., 1990). There are two methods to measure the Field
Electrical Resistivity:

— Electrical Profiling Survey
— Vertical Electrical Sounding Survey

1.1. The Aim of This Study

Determining the separating limit between fresh and salt water - affected water and comparing
this to previous studies. Previous seawater studies demonstrated intrusion front by chemical
analyzing well samples in 2005 as shown in Figure (1), (General Authority of water, 2005).
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Figure 1. ( — ) Intrusion front (2005) in the study area, T60 Well NO.

Expanded study of seawater intrusion that used remote sensing and samples from
wellsT500, T501, T502, T503, T504, T505, T506, T507, T508, T509 in addition to T60, T61
and T62 and doing chemical analysis and conductivity as shown in Figure (2), (Goboda,
2008).
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Figure 2. Conductivity micro Siemen/Centimeter, T500: Well NO,
distance from seashore (i)

Also, the soluble salts group TD5 as shown in Figure (3), (Goboda, 2008)
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Figure 3. Total Dissolved Salts (P. P .M), T502: Well NO,
distance from seashore (i)

Also, the degree of salinity as in Figure (4), (Goboda, 2008).
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Figure 4. Salinity percentage %, T503 Well NO.,
distance from seashore (m)

In 2008, intrusion front was as shown in Figure (5), (Goboda, 2008).
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Figure 5. (] —~—]Intrusion front, T509: Well NO, (Goboda, 2008)

1.2. Phenomenon of Sea Water Intrusion

Salt water intrusion occurs in coastal freshwater aquifers when the different densities of both
the saltwater and freshwater allow the sea water to intrude into the freshwater aquifer. These
areas are usually supporting large populations where the demanding groundwater withdrawals
from these aquifers are exceeding the recharge rate. Figure (6) gives a rough illustration of
what an overdrawn aquifer may look like. This can cause lateral and vertical intrusion of the
surrounding saltwater, (USGS, 2007). Also, when groundwater levels in aquifers are depleted
faster than they can recharge. This is directly related to the position of the interface and
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determines the amount of saltwater that can intrude into the freshwater aquifer system. Since
saltwater intrusion is directly related to the recharge rate of the groundwater, this allows for
other factors that may contribute to the encroachment of seawater into the freshwater aquifers.
Climatic variables, such as precipitation, surface runoff, and temperature can play a big role in
affecting saltwater intrusion. With lower precipitation amounts and warmer temperatures, the
recharge rate will be much less due to lack of groundwater present and increased evaporation
(Ranjan, 2007). Along with this, other factors may influence the groundwater recharge rate
indirectly. An example of this would be the rising carbon dioxide emissions in the
atmosphere. Increasing carbon dioxide levels can lead directly to an increase in average
surface temperatures, indirectly increasing the evaporation rate and affecting the recharge of
freshwater into the coastal aquifers.

Figure 6. Salt water intrusion

1.3. Location of the Study Area

Area of study is located in Tajoura, 15 km east of Tripoli, south of the coastal highway in the
Factories Zone. Latitude (36333000 - 3637000), Longitude (346000- 352000). Figure (7),
shows the study area.

1.4 Geology and Hydrology of Study Area

Geological formations of the study area is the latest geological formations belonging to the
fourth geologic time which is Pleistocene residues based on the rock component of marine
Miocene rocks basis and represented by Gergarish formation and sediments of Aljafara
formation, in addition to the sandy beach dunes. The most important geologic reservoirs
which considered the main carrier of groundwater and already exploited is the Surface aquifer
and the Quarterly aquifer that belong to the fourth and third time rocks Pliocene and upper
Miocene, which consists of limestone with a bit of sandstone and clay and its thickness is in
the limits of 200 m and water saturated thickness ranging between 5-160 m.
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2. Materials and Methods

According to previously acquired data from old wells, as displayed Figure (7), which were
studied using chemical analysis of well samples, electrical surveying points have been
configured almost as grid in the vicinity of these wells and taking into consideration some
obstructions confronted in the area such as buildin gs and others obstacles that hinder electrical
surveying should be bypassed.

The Mediterranean Sea

Figure 7. Location of the study area, (12): VES NO, (T60): Well NO.

2.1. Field Work and Measurements

The work was done using Vertical Electrical Sounding survey method with electrodes
configuration as Schlumberger Array as illustrated in Figure (8), and the apparent resistivity
measurements were taken using SARIS Resistivity Meter as shown in Figure (9). The field
work and measurements were carried out by a team belonging to the Department of
Prospecting. Eighteen Vertical Electrical Soundings were measured and the maximum
distance between variable electrodes for each sounding was 400 m.
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Figure 8. (p,): Apparent Resistivity, (1): 3.14, (S): Distance between point (VES) and current
electrode, (4V): potential Difference, (i): Current, (4B): Distance between Current Electrodes,
(MN) = (a): Distance between potential Electrodes.

Figure 9. SARIS Resistivity Meter

3. Electrical Data Analysis and Interpretation

All 18 Vertical Electrical Soundings were manually drawn on dual logarithmic paper (62.5),
where X-axis represents, 4B is the distance between current electrodes while Y-axis is the
apparent resistivity (p,).

Variations in apparent resistivity were observed for each sounding and a relationship was
practically derived that depth is almost between 4B/4 and AB/3.

Using (IpI2Win+ip) software data were entered that include readings of variable distances
between current electrodes 4B and variable distances between potential electrodes MN for
each sounding.
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The Mediterranean Sea

Table 1. Profiles and Electrical Verticals Soundings

o
Imagery Date:

Profile No Vertical Electrical Soundings
VES 14 Profile — 1 VES 7 VES 13 VES 14
Profile -2 VES 1 VES 2 VES 12 VES 6
Profile —3 VES 3 VES 9 VES 10 VES 16
Profile —4 VES 3 VES 17 VES 11 VES 10 VES 16
Profile — 5 VES 4 VES 18 VES 16
Profile — 6 VES 5 VES 8 VES 15

Profiles have been taken in the direction perpendicular to the intrusion front, which were
previously studied in order to know the extent of seawater intrusion as shown in Figure (10),
and with the help of software (Ip [2wint+ Ip), profiles have been interpreted separately.

Each profile as shown in Table (1), can be interpreted separately by reference to the Table
(2), which displays the relation between formation resistivity and groundwater quality.
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Table 2. Relation between formation resistivity and groundwater quality

Ground water quality Total Dissolved Salt TDS Formation resistivity
group (mg/l) p (ohm meter), 11 °C
Very fresh (VF) < 200 >200
Fresh (F) 200 - 400 200 —100
Moderately Fresh (MF) 400 - 800 100 -50
Weakly Fresh (WF) 800 — 1,600 50-25
Moderately Brackish (MB) 1,600 -3,200 25-12.5
Brackish (B) 3,200 — 6,400 12.5-6.25
Very Brackish (VB) 6,400 -12,800 6.25-3.12
Moderately Salt (MS) 12,800 —25,600 3.12-1.56
Salt (S) > 25,600 1.56<

4. Results and Discussion

4.1. Results Gained by Ip I2wint+Ip Software

Depending on profiles have been drawn in Figure (11), the upcoming results has been
approached:

The lowest resistivity obtained in Profile (1) is shown in Figure (11). At VES 7. The
resistivity value was (10-25 Ohm meter) at depth around (6-180 m). Depending on Table (2)
and gained resistivity value, the TDS of water at this VES is ~(1,600-3,200 mg/l); which
means it is slightly effected by Sea Water.

A0.m Pasndo cross-sacioe
7 3

Figure 11. Profile (1), VES (7, 13, 14) , AO: depth (m)

The lowest resistivity obtained in Profile (2) is shown in Figure (12). At VES 1, the
resistivity value was (0-10 Ohm meter) at depth around (60-180 m). Depending on Table (2)
and gained resistivity value, the TDS of water at this VES is ~ (3,200 — 6,400 mg/l), which
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means it is highly affected by sea water. It is clear from the figure that the area between VES1
and VES2 has a high salinity, while the blank area after VES 2 was difficult to measure under
(120 m) depth due to some obstacles.
i
18
1y

= 76

A0.m Psendo cross-secion A0.m

Figure 12. Profile (2), VES (1, 2, 12, and 6), AO: depth (m)

The lowest resistivity obtained in Profile (3) is shown in Figure (13). At VES 3, VES9 and
VESI16, the resistivity value was (10-25 Ohm meter) at depth around (80-180 m). Depending
on Table (2) and gained resistivity values, the TDS of water at this VES is ~ (1,600-3,200
mg/l), which means it is highly affected by sea water. At VES10, the resistivity value was (0-
10 Ohm meter) at depth around (100-180 m). Depending on Table (2) and gained resistivity
values, the TDS of water at this VES is (3,200-6,400 mg/l), which means it is highly affected
by sea water.

A0m Peeado cosssecion AOm

Figure 13. Profile (3), VES (3, 9, 10, and 16), AO: depth (m)

Profile (4) is shown in Figure (14), due to some obstacles, the area between VES17 and
VESI10 could just be measured till about (120 m) depth. It is clear from the figure that VES17
and VES11 are not affected by sea water.
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Figure 14. Profile (4), VES (3, 17, 11, 10, and 16), AO: depth (m)

As shown in Figure (15), Profile (5) could just be measured till about (160 m) due to some
obstacles. The lowest resistivity obtained at the profile was VES 4. The resistivity value was
(0-10 Ohm meter) at depth around (60-180 m). Depending on Table (2) and gained resistivity
value, the TDS of water at this VES is ~(3,200—6,400 mg/[), which means it is highly affected
by Sea Water.
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Figure 15. Profile (5), VES (4, 18, and 16), AO: depth (m)

The lowest resistivity obtained in Profile (6) is shown in Figure (16). At VES 5, the
resistivity value was (0-25 Ohm meter) at depth around (160-180 m). Depending on Table (2)
and gained resistivity value, the TDS of water at this VES is ~(1,600-6,400 mg/l), which
means it is highly affected by sea.
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Figure 16. Profile (6), VES (5, 8, and 15), AO: depth (m)
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By interpreting previous profiles, very low resistivity was obtained for VES's (10-5-4-3-1-7)
with values less than (10 Ohm meter) which means they are affected by highly sea water.

Iso-resistivity maps were drawn for different distances between current electrodes which
equals (100, 240, 300, and 400 m) in the whole study area. These maps show differences in
resistivity at fixed depths as shown in Table (3). Also, can be interpreted by reference to the
Table (2), which displays the Relation between form ation resistivity and groundwater quality.

Table 3. Apparent resistivity values ((2m) at AB =(100, 240, 300, and 400) m, (x,y): UTM

pa at pa at paat pa at
V.E.S X y AB=100m, | AB=240m, | AB=300m, | AB=400m,
Qm Qm Qm Qm
1 350544.64 | 3637082.68 19.44 3.03 6.05 13.22
2 350968.07 | 3635989.77 66.71 25.96 19.13 10.12
3 349131.8 | 3636961.84 33.48 9.61 10.07 9.28
4 347777.68 | 3636722.92 14.25 9.01 9.34 12.28
5 346659.87 | 3635916.75 121.70 26.38 21.00 10.25
6 350727.73 | 363310845 70.96 77.91 73.89 75.90
7 351650.03 | 3636902.44 14.95 1.05 17.20 32.90
8 346766.88 | 3634650.8 143.30 137.20 93.40 75.70
9 349074.77 | 3636172.54 37.63 13.01 10.78 12.58
10 347959.74 | 363444477 53.60 8.70 7.80 6.30
11 347954.73 | 3635386.9 144.00 65.69 42.95 54.32
12 35033035 | 363417725 50.71 85.02 17.53 248.70
13 351674.18 | 3635324.53 63.30 23.49 22.32 28.11
14 35212552 | 3633945.69 68.81 35.34 157.80 61.07
15 346747.12 | 3633711.51 97.37 92.56 85.88 82.54
16 347562.84 | 3633649.62 70.26 18.19 19.55 15.34
17 348246.11 | 3635835.89 404.60 346.00 395.90 301.20
18 34749546 | 3634845.93 163.40 101.80 93.13 93.15

Figure (17), shows iso-resistivity lines where distance between current electrodes equals
(AB=100 m) and depth was practically between (AB/3, AB/4), and that is between (25- 33 m).
Resistivity in the region is low in the direction of north and ranging between (0-40 Ohm.
meter), it is defined in light blue.
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Figure 17. Iso —Resistivity contours map, (AB=100 m), Contour NO 15 Qm , (15) : VES NO

Figure (18) shows lines of iso-apparent resistivity of the area where distance between
electrodes was (AB=240 m), which range in depth (60-80 m). It has been found that the
resistivity grades from north (0-10 Ohm meter) which means that ground water is affected by
seawater at soundings (4-3-2-7), and it is defined in dark blue.

T T T il i
345000 346500 347000 347500 348000 348500 348000 349500 350000 3350200 351000 351300 352000

Woo
Figure 18. Iso-resistivity contours map (AB=300 ), («~ '*=~) contour NO.: 10 Qm , (12): VES NO

In Figure (19), it has been found that lines of iso-resistivity in the north of the study area is
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less than (0-10 Ohm meter), which located at soundings VES (1-2-3-4), and shown in dark
blue and at depths around (75-100 m).
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Figure 19. Iso- Resistivity contours map, (AB =300 m), ( —30 ), contour NO. 80 Qm, (6): VES NO

In Figure (20), it has been observed lines of iso-resistivity where distance between
electrodes (AB=400 m), and at depths ranging between (100-133 m), it is observed resistivity
is less at north and in ranges (0-20 Ohm meter). It is defined in dark blue and located at (VES
1-2-3-4) and also at VES's (10-16) It needs further study.
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Figure 20. Iso- Resistivity contours map (AB= 400 m), (= 2*™>) contour NO 80 Qm (14): VES NO
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5. Conclusion

By comparing profiles and iso-apparent resistivity maps, seawater intrusion can be
determined in places where resistivity less than (10 Ohm meter), and also intrusion front can
be known in the study area. By comparing the latest studies available to this study, it can be
concluded that the intrusion front has slightly increased in the direction from north to south
and was located between VES's (7 and 13) and also VES's (3 and 9) and pass through VES
4 and also at VES 5 as shown in blue in Figure (21).

Tajoura
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Figure 21. (=~ ) Intrusion front (2015), (6): VES NO, (T509): Well NO
(="~ ) Intrusion front (2008), and ( =" ) Intrusion front (2005)

6. Recommendations

It is advisable to construct Iso-resistivity contour maps for near sea areas utilizing Geo-
Electrical method and taking well samples and chemically analyzing them and continuously
monitoring these samples to get a clear picture of positions of fresh water and salt affected
water, also raising awareness among people about this phenomenon via multimedia and
urging farmers not to use water unwisely and if possible irrigating their lands at night to
decrease the percentage of evaporation.
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Abstract

The lower member (Faidia Clay) of the Oligocenaéd&ine Al Faidiyah Formation at Umm Ar Razam Qua
northeast Libya has been investigated for its g@kas a chemical additive (bentonite) in drilliogy wells. The
thickness in outcrop of the examined clay unit is variablat information from the subsurface indicates
maximum thickness of about 2B Normally, these clay deposits have a dark grexor chat becomes brow
when weathered. When wet, the clay forms a vergtiglasticky mass with soap like textures. A numbér
mineralogical, chemical and physico-chemical labmma analyses using X-ray diffraction (XRD), scammi
electron microscopy (SEM-SE & SEM-BSE), X-ray flascence (XRF), ion exchange capacity (CEC)

surface area have been made in order to charactiwzgrade and quality of the examined clays. dverall

results, shows that a montmorillonite representhiighest percentage (46 %), minor kaolinite (36a&¥Jl trace)

chlorite (4%). Other minerals of heterogeneous mixtures ofelay minerals such as fine quartz grains, calgi

dolomite, gypsum, K-feldspar, ilmenite, anatase amematite are also recognized. The presence
heterogeneous mixture of non-clay minerals redbeerheological and physical properties as well eisadt
from the commercial performance of the Faidia clelye unprocessed clay and clay after treatmentadtition

of up to 6 % ofNaCOs, did not achieve a swelling volume comparable giidndard bentonite. The Faidi

Limestone Member (the upper part of the Al Faidiyarmation) is characterized by very high purityAh
Fatayah Quarry. It is extensively used for concraggregates, road tiles, blocks, paints, carpetmeat
industry, papers, pharmaceuticals, water treatnagmtculture and plastics. The equivalent membddrimm Ar
Razam Quarry has lower grade due to the presenc¢hef carbonate (dolomite) and non-carbonates asg
quartz, clay and glauconite minerals. Fossil castamd lithological nature indicate that this isypical shelf
environment.
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1. Introduction

Clay and limestone raw materials of the Al Faidiyadrmation are economic interest. These
raw materials were studied to gain a better undedstg of other much larger and purer
deposits, which are of economic importance. A sevieearlier studies have been carried out
from many workers on the Faidia Clay Member fromtinem Ar Razam area because of its
economic potential (El Ebaidi, 1999; Lat and Zarkgr4992; Waston and Arhuma, 1992; El
Ebaidi and Bakar, 1991; Sassi, 1991; Alami and r8al&981; and PRC, 1987). The
descriptions, identification and analyses of claperals in this paper are based on the work
of many authors (Moore and Renolds, 1997; Veld®219ucker, 1991 &1988; Deet al,
1992; Berner, 1971; Carrol, 1970; and Grim, 1988 suitability of the clay raw material as
a component in oil drilling mud fluid was also irstigated. Evaluation of the clay need
included laboratory tests of mineralogical, geocivain physical and petrographical rock
types for oil industry potential end use. The stadda is poor in mineral resources, due to the
absence of magmatic rocks. The Al Faidiyah Formmationtains mainly limestone and clay
deposits, no ore mineralization was found during study. Iron ore (hematite) is rarely
occurred in the Faidia Clay Member of the Al FaaliyFormation. Faidia Limestone Member
is extensively used for various applications suslaggregates in construction with specified
size ranges, depending in the end use, road blesks, paints, carpets, lime production,
cement industry, paper, pharmaceutical, water rtreat, agriculture and plastics. Suitable
limestone and clay deposits in Al Faidiyah Fornratere available in sufficient quality,
thickness and accessibility and also close to goaasportation and to the market (clay in
Umm Ar Razam and limestone in Al Fatayah Cementr@@s). A number of mineralogical,
geochemical and physical laboratory assessmentsheare used to identified the grade and
quality of the Al Faidiyah Formation in Umm Ar Ramaand Al Fatayah quarries and to
compare these clays with other commercial clayss faper focusses on Faidia Clay
Member from point of view of its application asleemical additive (bentonite) in drilling oll
wells for deep hole drilling, where high pressunel &emperature occur. Smectite clays used
for mud drilling fluids must meet the American P&um Institute (A.P.l.), or the OiIl
Companies Materials Association (O.C.M.A.) standar@nly certain naturaNa and Na-
exchangedCa smectites have the potential for meeting the A.Rnd/or O.C.M.A.
specifications.

1.1. Stratigraphy of Al Faidiyah Formation
1.1.1. Al Faidiyah Formation (Upper Oligocene-Low@iocene)

The Al Faidiyah Formation is the youngest unit ine tUmm Ar Razam area and
stratigraphically ranges from the Upper Oligoceméawer Miocene. The formation consists
of limestone, whitish to yellowish, thick beddedrt@ssive. It contains fossiliferous layers
with dominant coralline algae. Pietersz (1968)adtrced the name Faidia Formation, derived
from the Qaryat (Qaryat in Arabic this means vidagAl Faidiyah. It comprises of two
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members; the lower, Faidia Clay Member and an upjétia Limestone Member. The Al
Faidiyah Formation have been studied at two diffelecalities:

1.1.1.1. Al Faidiyah Formation (Al Fatayah Cementu@rry)

The Al Faidiyah Formation in this location consistginly of limestone (Faidia Limestone
Member), with green clay at the surface in the lopart of the formation. The limestone is
mostly white, highly brightness (> 95 %) and acaogdo Harries, 1979 is classified as a very
high purity limestone (> 98.5 %), medium to finaiged, medium hard and contains corals of
two gener&Cyphastreaand Aleveopora(Figure 1), with abundant burrowing bivalves. [k
contains encrusting red algae, echinoderm fragmeiits syntaxial overgrowth, molluscan
shell fragments, large benthonic foraminifedsinmulites spandDiscocyclinid$, bryozoans,
gypsum crystals. It is dolomitized (1.7%) espewgiall the lower part, with micron sized
euhedral dolomite replacing matrix.

Figure 1. A) Typical coral reefs o€yphastreasp.;B) Under the microscope showing mouldic
porosity of the same colony (AD) Aleveoporasp. with abundant boring of bivalves (Bu).
Field of view= 6mm (XPL), in Al Fatayah Cement Quarry (Khamei$sl, 2016).

1.1.1.2. Al Faidyah Formation (Umm Ar Razam Quarry)

This section of this quarry is located of aboukr8 northeast Umm Ar Razam village, of
about 45km from Darnah City and 35@m from Benghazi City (Figure 2). The lower
boundary of the Faidia Clay Member is sharp andonfarmable with the underlying Al

Abraq Formation (Middle to Upper Oligocene). A ghaontact between the two members
was observed (Figures 3 & 4). The Faidia Clay Memibepredominantly composed of
montmorillonite, with major or minor kaolinite arathlorite. It contains a variable proportion
of non-clay minerals including fine quartz, calcitenenite, dolomite, gypsum, K-feldspar,
anatase and hematite. It varies in thickness hilindrof twenty boreholes have proved a
maximum thickness of 28 (El Ebaidi and Bakar, 1991). The Faidia Limesttember is 2
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m thick, highly fractured and low grade where it ssts of yellowish, medium hard
limestone, with a packstone texture that contalasiapnitic grains, benthonic foraminifers
(Lepidocycling, echinoderm fragments and common bryozoans.sligatly dolomitized (up
to 2% of the rock volume), some of the echinoichepiare replaced totally by micron sized
clear dolomite crystals.

* LEGEND ¥ \Umm Ar Razam Village
Al Fatayah Cement Quarry * Study Area

Figure 2. Location map of the studied areas at Al Fatayameé®e Quarry and
Umm Ar Razam village, NE Darnah City.

Figure 3. The sharp contact between the Faidia Clay andd-hichestone
Members of Al Faidyah Formation in Umm Ar Razameare
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Figure 4. Log of the Al Faidiyah Formation, in Umm Ar Raz&uarry

2. Laboratory Evaluations of the Faidia Clay Member (Grade and Quality)

2.1. Fluid loss
The Umm Ar Razam clay has very high filtrate valoempared to other standards (Table 1).
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Table 1 A comparison Table illustrate the readings offthigl losses of the Libyan Clay and other
international clay standards.

Libyan
Type O.C.M.A. Wyoming Bulgarian Algerian
Umm Ar Razam clay
Filtrate ml/ 30mm 15 max. 11.75 12.31 15 >50

The successive fluid loss of Umm Ar Razam clay \g#nerate problem in oil drilling
wells such as increasing the filter cake thicknkessling to potentially stuck pipes, poor
performance of electric logs, an unstable well hoke with possibility of caving, and total or
partial loss of drilling mud fluids with chemicalgto formations.

2.2. Mineralogical and Chemical Evaluations

A number of mineralogical identifications and cheahi analyses have been done to
characterize the Faidia Member using XRD, SEM,agptinicroscopy and XRF techniques.

2.2.1. X-ray Diffraction of Faidia Clay Minerals

Oriented mounts were produced on glass slides Wfilgpn's method (Wilson, 1987), clay
fractions of < 2.qumto > 0.5pumand < 0.5umwere clay separation method been used. Clay
samples were scanned from 2 - @3 @fter untreated air drying, after glycol solvatiand
after heating to 350 and 53C for one hour (Figure 5). The presence of theseauritips in
crude sample leads to poor rheological and bindnogerties of the Faidia clay.

2.2.2. Scanning Electron Microscopy

Scanning electron microscopy (SEM) has been usgdoade additional useful information
about the textural relationships between the steeend associated minerals. Chemical
analyses of clay minerals from the Faidia Clay Memlvere determined using SEM-EDX
technique. The study of SEM also revealed otheomant petrographic features not apparent
from the optical microscope, for example the idasdtion of non-clay minerals (impurities)
such as ilmenite, calcite, dolomite, anatase andoolase, quartz, gypsum and hematite
(Figures 6, 7, and 8) and Table (2).
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Figure 5. XRD pattern of the Faidia Clay Membex. €rude,b: 2um - > 0.5um andc: < 0.5um) at
Umm Ar Razam quarry showing Smectite (S) and KateliK), Chlorite (Ch)
Quartz (Q), Calcite (C) and Dolomite (D) minerals.
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Figure 6. SEM-BSE shows calcite cement (C), filling porecgzs Sample no. LF1 of the Faidia Clay
Member of the Al Faidiyah Formation, in Al Fatay@aament Quarry.
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Figure 7.a) Hematite filling fractures (sample no. US), Fielidview = 6mm (XPL);
b) SEM-BSE view of hematite filling pore spacesSEM-EDX spectrum for hematite.
Faidia Clay Member in Umm Ar Razam Quatrry.
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Figure 8.a & b) SEM-BSE hematite (H) filling pore spaces (samquieUS);
c, d, e& f) SEM-BSE showing Orthoclase (O), Quartz (Q), ReddgF), Anatase commonly
distributed by parallel bands (A) and limenite (1)l were embedded in montmorillonite clay (M),
in Al Fatayah and Umm Ar Razam Quarries.
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Table 2. SEM-BSE analyses of nonclay minerals found inRaelia Clay Member (Crude)

Oxides Anatase
Quartz Calcite Hematite IImenite Orthoclase Anatase
wt. % *Standard
FeO - - 63.20 35.29 - 1.57 5.0
MnO - - 0.31 1.11 - - -
MgO 0.15 - 1.03 0.19 - 0.17 -
CaO - 55.58 0.22 - - 0.37 -
Sio 100.1 - 4.82 0.36 63.31 3.67 0.6
Al,Oq 0.26 - 0.85 - 17.63 1.76 21
KO - 0.31 - - 15.83 - -
Na,O 0.21 - 0.88 0.32 0.40 0.27 -
SG; - - 0.37 - - - -
TiO, - - - 55.93 - 83.88 88.6
Total 100.72 55.89 71.68 93.20 97.17 91.69 96.30

*Anand and Gilkes (1984)

2.2.3. X - Ray Fluorescence (XRF)

A summary of geochemical analysis from X - ray feacence of the Faidia Clay Member in
Umm Ar Razam quarry of the Faidiyah Formation isvgh in Table (3).

Table 3. Average XRF datant. %) of five samples of the Faidia Clay Member

Oxides
Faidiaclay| 4438 1853 7.02 555 438 283 135381 1.29 | 005| 0.02 86.78
wyoming | o) o3| 1671 359| 1.36 218 | 083 - . 1 { 78.95
Bentonite

2.2.4. Differential Scanning Calorimetry (DSC)

Samples of the Faidia Clay Member and other staisdaere run using DSC technique. The
samples were heated continuously at regular rate 25C to 1200C at 10C/min Curves
for the various clay minerals obtained by DSC (Feg9) are typically as expected for
montmorillonite.
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Figure 9. DSC curves of Umm Ar Razam clay showing differ@eihydroxylation behaviour
compared with Wyoming bentonite and Calcium monthemite (Standard).
Note the well-defined shoulder < 200 on the low temperature endothermic peak.

2.2.5. Estimation of organic matter + #D content by loss on ignition (LOI)

A standard method with ignition at 10@Mwas used (Gale and Hoare, 1991), the result of
LOI (%) experiments of five samples are shown ibl&g4). XRD was also run to examine
the sample patterns after heating to @Meat treatment of the Faidia Clay Member at this
temperature caused collapsed and most of the tieflscof the clay minerals were destroyed
(Figure 10).

Table 4.LOI (%) of various clays from Libya and USA astarglard heated at 100D

Al Fatayah
USA
Type Cement Umm Ar Razam Quarry .
Bentonite
Quarry
Loss at LF1 us UL UM uu Wyoming
1000°C (%) 20.1 171 19.9 19.7 192 17.64
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Figure 10. XRD patterns of clay samples (Crude) of the Faldiay Member beforaj and after (i)
heated to 100@

2.2.6. 2-Ethoxyethanol Ethylene Glycol Monoethytiter (EGME), Surface Area Test

Total surface area is fundamental property of lsjrates and has been used as a criterion
for identification. This has been used to deterntine total surface area of Faidia clay
samples, to determine the retention of EGME thegutare followed Carteet al, (1965).
Pure smectites have surface area of 80@, other clay minerals such as Kaolin < 4&/gn
and non-clay mineral (including quartz) < &g (Moorlock and Highly, 1991; and
Inglethorpeet al, 1993). The surface area values of the Faidia ®lasnber compared other
clay standards are illustrated in Table (5).
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Table 5.EGME surface area values for Faidia Clay Membeéramtrol montmorillonite clay sample
(Standard) using 2-ethoxyethanol method

Surface area Surface area Smectite Smectite
Sample no. (Crude) (2 um->0.5pum) (%) (%)
m?g m?g (Crude) (<2 pm -> 0.5 pm)

uu 333 490 42 61

UM 389 490 49 61

UL 389 559 49 70

us 428 559 54 70

LF1 420 524 53 66
Control Sample 661 - 83 -

2.2.7. Swelling test

Swelling efficiency of the clay raw material usédgk tChristidis and Scott (1993) procedure.
Natural smectite clay s range from strongly swgllitm non-swelling depending on the
smectite clay species and on the ratio of exchaigemlcium ions. It is usual in industry to
convert the non-swelling to swelling clay by treatvh with soda ash (sodium carbonate,
Morgan, 1994). An amount of sodium carbonate betwle® 6 % by weight were mixed with
Faidia clay samples (< 13bmfraction size). A moderately swelling bentonitdlwwell to a
volume of 15 - 20ml., and a good bentonite to of aboutr@b An excellent grade will swell

to 30 ml. or more (Inglethorpeet al,1993). The Faidia clay showed unchanged swelling
power. Table 6 shows the results for the Faidig iclacomparison with other clay standards.

Table 6. Swelling test values for the Faidia Clay Membeydiing and Mexico clays with
addition 1 to 6 % sodium carbonate (Soda ash)

Type Before 24 hrs. After 24 hrs. Swelling volunmal()
Umm Ar Razam Quarry (Clay) 4.60 4.60 Nil
Al Fatayah Cement Quarry (Clay) 2.50 2.50 Nil
Wyoming (USA) 2.50 4.00 15
Chihuahua (Mexico) 1.80 2.30 5

2.2.8. Cation Exchange Capacity (CEC)

CEC can be measured by a variety of methods argbriwe extent the result obtained is
dependent on the method used. The cation exchapgeity of relatively pure smectite clays
between 70 to 13thed100y (Odom, 1984). Thé&aCkL/MgSQ, method; British Geological
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Survey for measurement of CEC was used. Table @®sgthe results for Faidia clay
compared with Wyoming bentonite.

Table 7. CEC values of Faidia Clay Member of the Al Faidliyeormation and Wyoming bentonite

Sample no. LF1 U UL UM uu Wyoming

CEC valuesned100y 50 55 563 52 60 70

Note: pH value of 8.1 was obtained

3. Discussion and Conclusion

The source of Hematite and Anatase in the Faidag ®lember;

Chemically, the main result of the alteration aghénite mineral is an increase in
(formation of co-existing different phaseB,, Fe,0O; and a decrease FeO. When
the ilmenite is oxidized at a certain temperature structure breaks down into
rutile/anatase and hematite. With increasing degodalteration ilmenite disappears
and the ratio ofTiO,:Fe,O3 increases until the altered grain becomes rutidése
(Temple, 1966). Hematite in Faidia Clay Member vi@asd filling pore spaces and
fractures. A porous anatase mineral was observéu pares filled entirely by clay
minerals. The alteration of ilmenite is responsifae the formation of the hematite
and anatase minerals in the Faidia Clay Member.ekipéanation is based on Flinter
(1959); Temple (1966); Cambell (1973); Grey anddR@i975); Anand and Gilkes
(1984); Deeret al, (1992) and Babet al, (1994). The alteration of ilmenite in the
Faidia clay took place in two stage processes]lijom oxidized and diffused from
ilmenite leaving pseudo-rutile in which closely pad oxygen layers remain intact
and 2) the alteration pseudo-rutile dissolves. llomemoved by solution and both
rutile/anatase TiO,) and hematiteFe,O; precipitate, according to the following
reaction: There is a perched aquifer in the Faaléey quarry, which may aid the
alteration of ilmenite mineral. The area of Umm Razan is highly fractured effects
by faulted and jointed area, which may hydrate idoming hydrothermal alteration
and removed it as a mobile hydroxide.

The nearest volcanic source is at least 500 to ldOGway to the southwest and
southeast. Therefore, it is likely that the Faidimy is of secondary origin. The
primary volcanic ash is altered to montmorillonégad then redeposited in marine
environment. Alternatively some of the montmoriitermay be authigenic (formed in
situ), it may derived during the eruption of thes#canoes at that time, it varies in
thickness at some parts (lenses like) and providessuitable high grade
montmorillonite. Whilst the majority of the othemns are not suitable for mud
drilling fluids (bentonite).
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The Faidia clay samples appear similar in mostspantd in commercial terms are
relatively low grade (46% montmorillonite), with Icaum as the dominant
exchangeable cation.

The Faidia clay in fraction size <jfmnmay be suitable for use as mud drilling fluids
and water drilling wells at certain depth where lpn@ssure and temperature.

The Faidia clay may use if mixed as a raw matexi#h bentonite (Standard) and
treated using chemical additive like sodium carbbeif8oda ash).

The presence of non-clays (impurities) affectsrtieological and physical properties
and detracts from the commercial performance ofRaelia clay. The Faidia Clay
Member has relatively high amountsk#,0; andCaO, whereas th&i0,, AlL,O; and
N&O are low compared with other commercial bentonifdse Faidia clay is non-
swelling clay and did not achieve the necessaryciBpations compared with
standard. Possible future uses are in foundary éimoyksand, floor decorations, water
and waste water treatment, agriculture, bleachimdy @nimal feed industries. Huge
reserves are available for more suitable types nmfustries, where bentonite
enrichment is not critical parameter (use in loweaapplications).

The Faidia Limestone Member in Al Fatayah Cementar@u (25 m thick) is
characterized by very high puri@aCG;. The equivalent Member in Umm Ar Razam
Quarry has lower grade (Impure) Figure (11).

SiO2
Clay \
£ A >
£ as 3\
/ / \ Al Faidiyah Fm.
" A8 ‘ 4 Deryanah - Al Abyar road-cut
L -~ e Al Faidiyah Fm.
_—" Glavconitic limestone - Impure Al Fatavah Cement Quarey
Lime / iy ) N\ + Al Faidiyah Fm.
v Ax 7 very high purity 3 Umm Ar Razam (lower part)
7 7 '\J‘ - limestone « Al Faidiyah Fm.
\O— E ; p Umm Ar Razam (vpper part)
CaO ALOs

Figure 11.Si0,-CaO-ALO; Ternary diagram (XRF analyses) of the Al Faidij@nimation (t. %), at

Deryanah-Al Abyar road cut near Benghazi City, Atdyah Cement Quarry and
Umm Ar Razam Quarry.
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Abstract

The effect of biochar amendment (2% and 10% orwdright basis) and the biochar-soil contact perindhe
denitrification activity and methane oxidation iifferent type of soils was investigated. The reshbw
different soil responses to biochar amendmentswiha attributed to the differences in soil projsrtTheN,O
production was lower without supplement treatmeats] patterns were different from those observeith Wi
supplement treatments. Biochar does not seem te hastrong and consistent impact on denitrification
methane oxidation. Increased soil salinity or ppllmay have negatively affected microorganismsaimly soil.
Furthermore, the results show that the influencevofsoil-biochar contact periods on denitrificatior methang
oxidation activities was not significant.

Keywords:Biochar, Soil, Biogenic, Denitrification, .
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1. Introduction

Carbonaceous geosorbents such as biochar are widely as soil additive material for
increase nutrients efficiency in agriculture soisitrients source, improve soil properties,
enhancement of contaminated soil with organic pelss or petroleum hydrocarbons,
reducing nutrients leaching from soil and mitigatadrglobal warming by decreasing carbon
dioxide, nitrous oxides and methane emission from addition of biochar is greatly alter
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biological activities, the composition of commuesiand ratio of bacteria to fungi and the
predominant microorganism, due to the changesarctiemical and physical properties of the
soil (Thies and Rillig, 2009). Moreover, The porastsucture of biochar could provide a
suitable habitat for soil microorganisms, incretisar population, protect them from natural
predators (Saito and Marumoto, 2002; and Warreicd, 2007), increasing in the interaction
between microorganisms, nutrients and organic satiestvhen these sorb on the surface area
of biochar (Ortega-Calvo and Saiz-Jimenez, 1998)e Of the positive indirect effects of
adding biochar are reduction some of the effect®xit compounds (Lehmaret al, 2003;

and Steineet al, 2007), and the increase in the pH of acidic shils to the alkaline nature of
biochar.

Over the last few years, the denitrification pr@ecaad methane oxidation have received
much attention due to their roles in global warmifhg mitigate greenhouse gases emissions,
the addition of biochar to soil has been suggeated geoengineering approach (Lehmann,
2007; Karhuet al, 2011; Taghizadeh-Toosit al, 2011; and Zhangt al, 2012a). Varied
differences in the flux rates @O,, N,O and CH, from biochar-amended soils have been
reported in the literature. Some researchers f@euretuction in emissions and others showed
no effects or increasdd,O and CH; emissions. Cumulative fluxes @fH, from rice paddy
soil were significantly decreased from 3@§ CH,-C h' in un amended soil to 160 34§
CH4C H' in biochar amended soil (Ferg al, 2012). In pasture soil amended with corn
stalk biochar and bovine urindl,O flux decreased by 70% in comparison with urineyonl
amended soil (Taghizadeh-Toost al, 2011). Cumulative fluxes oN,O in urine only
amended soil were 140kg NNO—-N H'. This value was increased to 21&@ NO-N h'in
biochar and urine-amended soil, this increasesattebuted to poor ability of biochar to sorb
nitrate and nitrite (Clouglet al,.2010). Some studies in the literature showed areased
emission rate for one of the greenhouse gaseseurdated emissions for other gases. Zhang
et al. (2012a) reported that the cumulative fluxetNgD was decreased from 1.8§ NNO-N
h™to 0.98 in Chinese paddy soil amended with bio¢4ar h™), while CH, emissions were
increased from 69.3 to 104k CH-C h*, and no significant difference was found in soil
respiration between soil amended with biochar &edcontrol. The reduction in cumulative
fluxes of N;O are agreement with previous result of Yaatial. (2007) and Zhangt al.
(2012c). Karhwet al.(2011) found that the cumulative GHux from boreal agricultural soil
amended with biochar at a rate of Ba™ decreased by 96%, whil,O cumulative fluxes
which were decreased from 3&G NO-N H' in the control to 38kg NbO—-N K'in birch
biochar amended soil. The effect biochar onXa® cumulative fluxes differences was not
statistically significant (Karhet al.,2011).

Microbial methane oxidation in soil is the main @ees contributing to a reduction of
methane emissions to the atmosphere. The methadatiox rate in semiarid soil was X§
CH,-C h™. This rate was decreased to OktfICH,-C h' in the same soil amended with wheat
straw biochar (4@ h') (Zhanget al.,2012a). Spokas and Reicosky (2009) reported that T

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-69



JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
Vol. 1, Issue No. 2 (December-2015)

2)) 27
NS

acass)

Bushnaf, 2015
ISSIN: 2413-5267

methane oxidation rate was increased fromk@.LTH:-C h* in Minnesota agriculture soil to
4.1kg CH,-C h'*after amended soil with biochar (10#w). Many factors affect the activity
of methanotrophic microorganisms, such as soil Hhtgchet al, 1994), the availability of
nitrate and ammonium ions (Casteb al, 1994; and Hitsclet al, 1994), and soil texture
(Hutschet al, 1994). Methanotrophic microbial communities aasstive to the acidification
condition. However, methane oxidation was obseraesbil at a soil pH of about 3.2.

It is reported that there is an inverse relatiopdietween the availability of nitrogen and
methane oxidation (Steudleset al, 1989). Nitrogen fertilization reduces the methane
oxidation of soil (Castreet al, 1994). Castrcet al. (1994) found a reduction in methane
oxidation rate of 5-20 times in fertilized soilsh& extent of nitrogen effects on methane
consumption depend on the chemical form of theogén (Mochizukiet al, 2012). Low
concentrations of nitrate can suppress methane toxidan forest soil to a great degree
(Mochizuki et al, 2012). The influence of ammonium on methane diadais attributed to
competition between methane and ammonium at thehanetmonooxygenase enzyme
(Nesbit and Breitenbeck, 1992; and Castral, 1994) and or a transfer of tkiH, oxidizing
activity towards nitrification (Nesbit and Breitegitk, 1992; and Castet al, 1994)

It appears that factors such as biochar propersed, type, fertilization and water
management regime influence greenhouse gases flVreZwietenet al, 2009). One of the
explanations for the mitigation dfi,O emissions from soil amended with biochar is the
reduced availability of ammonium and nitrate ioms sorption (Karhwet al, 2011). Biochar
increases nitrogen utilization efficiency (Kartett al, 2011) and facilitates liming, all of
which can reduce the activity of denitrifying comnties and/ or reduce rewetting of the sail
to 73% of water-filled pore space (Yanei al, 2007). However, Clougket al. (2010)
attributed no effects of biochar O emission to the poor ability of this particulanthar
to sorb ammonium and nitrate ions, and this bioch@mot reduce the available nitrogen to
denitrifying microorganisms. The reductionsGhl, emissions were attributed to the sorption
of dissolved organic carbon by biochar surfacesgd’and Rillig, 2009), or to improving the
soil porosity and soil aeration by biochar whichuldbfacilitate CH, oxidation in soil (Van
Zwieten et al, 2009) or to variable soil and biochar propertadecting NoO and CH,
emissions (Spokas and Reicosky, 2009). The airhisfwork is to investigate the influences
of biochar orN,O emissions or methane oxidation by microorganisndifferent soils.

2. Materials and Methods

2.1. Materials

The sandy soil was obtained from the Newcastle Sathool building construction site on the
Newcastle University campus in the U.K. The claj@am soil, loamy soil and sandy loam
soil was obtained from the Cockle Park farm (Newea$niversity farm) in Morpeth,
Northumberland. Soil was stored atC3in the cold room until usagélhe biochar was
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produced by Environmental Power International BRIltShire, UK), from wood chips by
fast pyrolysis at high temperature. The biochatigar size was < 162m, and the total
surface area of the biochar was 9885, and the total organic carbon content was 83.9%. A
bitumen activated carbon (Chemviron Carbon Ltd, dashire, UK) was also used in this
study. It had a measured surface area of 104%™, The bitumen activated carbon was
ground to a particle size < 1an., and the total organic carbon content was 723P40.
chemical properties of soils, nutrients contendsd Longmuir sorption constants were
published in Bushnaf (2015).

2.2. Methods
2.2.1. Nitrous Oxide Production Experiments

Nitrous oxide production from denitrification wasxagined by monitoring N.O
concentrations in 10nl crimp-top vials (Hx@= 46x23), closed with grey yutubber
stoppers, and capped with aluminium crimp capsni&igAldrich, Dorset, UK) containing@
(as dry weight) of sandy soil with and without dhar (2%, 10% as dry weight of soil),
clayey loam soil with and without biochar (2%, 1@& dry weight of soil), loamy soil with
and without biochar (2%, and 10% as dry weightaat) ®r sandy loam soil with and without
biochar (2%, and 10% as dry weight of soil). To dveubstrate limitation the following
procedures described by Smith and Tiedje (1979ewmsed: Soils were saturated with a
solution containing<NO; (200 ug NO5-N ¢* dry soil, VWR, Leicestershire, UK), glucose
(0.5mg C ¢ dry soil, VWR, Dorset, UK) and glutamic acid (0vfy C ¢ dry soil, Sigma-
Aldrich, Gillingham, UK). To simulate a more natusatuation, a second set of crimp-top
vials were set up in which soils were saturatedhw#ionised water, and no substrates were
added. The vial's gas phase was exchanged by figshkith nitrogen gas (BOC, Guildford,
UK), which was then replaced with a 1% acetylenaifrogen blend (CK gases, Hampshire,
UK) to inhibit N,O reductase activity. The experiments were carriat for 14 days in
duplicate. Head space gas samples (§Owere taken every day using a 1@DHamilton
gastight syringe to inject samples into the GC-MA&N;O quantification. To study the effects
of the biochar-soil contact period ®&»O production, another set of experiments was set up
using soils incubated 3faysat room temperature prior to the measurementshitifiecation
enzyme activitfDEA) (ug N,O h* g* dry soil) was then determined from the slope &f th
linear regression of plots d4,0 production ig NO ¢* dry soil) against sampling times.
DEA was calculated by usirtgree linear time points (Smith and Tiedje, 1979).

2.2.2. Methane Oxidation Experiments

Batch microcosm experiments were set up by injaabibl ml of 10% methane standard gas
(Scientific and Technical Gases, Staffordshire, i§)get an initial concentration of 10,000
p.p.mv. in the headspace) in &l crimp-top vials (Hx@= 46x23), closed with grey ylut
rubber stoppers, and capped with aluminium crimpscéSigma—Aldrich, Dorset, UK)
containing 2y (as dry weight) of sandy soil with and withoutdhar (2%, 10% as dry weight
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of soil), clayey loam soil with and without bioch&%, 10% as dry weight of soil), loamy
soil with and without biochar (2%, and 10% as dsjgit of soil) or sandy loam soil with and
without biochar (2%, and 10% as dry weight of sdihe experiments were carried out for 10
days in triplicate. The head space of the vials sempled every day with a 10 Hamilton
gastight syringe to inject 60! into a GC forCH,4, CO, andO, quantification. To study the
effects of the biochar-soil contact period ©H, oxidation, another set of experiment was set
up using soils incubated 3fysat room temperatur€H, oxidation ratesig CH, h™* g* dry
soil) were then determined from the slope of theedr regression of plots dfH,
concentration (g CH. g dry soil) against sampling time€H, oxidation rates were
calculated by usinthree linear time points.

2.2.3. Methane Quantification

GC-FID analysis was performed on a Carlo Erba HRGIGO mega series Gas
Chromatography. The sample (g0 of headspace gas was injected with a @DBlamilton
gastight syringe. The separation was performed capdlary HP-Plot-Q phase column (80

x 0.320mmi.d) coated with 2Qm film thickness (Agilent Technologies, Palo AltoSH).
The injection port used a split ratio of 10 and vesated to 20. The GC was held
isothermally at 38C with hydrogen as the carrier gas (flow rate of D min®, initial
pressure 5%Pag). Instrumental quantification was calibrated usstgndard methane gas
(Scientific and Technical Gases, Staffordshire, )a five point calibration.

2.2.4.C0O,, O, N,O and SFs Quantification

GC-MS analysis ofC0O,, O,, NbO and Sk was performed on a Fisons 8060 Gas
Chromatograph linked to a Fisons MD800 MS (electroltage 70eV, filament current 4A,
source current 80QuUA, source temperature 2W) multiplier voltage 500, interface
temperature 15@C). The sample (6@il) was injected in split mode with a 100 pl Hamilton
gastight syringe. The separation was performed biP&LOT-Q capillary column (36 x
0.32mmi.d.) packed with 2um Q phase (Agilent Technologies, Palo Alto, USAheTGC
was held isothermally at 36 with helium as the carrier gas (flow rate of ®0mir, initial
pressure 6%Pa, split at 100ml mir?). The instrument was calibrated using standz@d, O,
NoO (Scientific and Technical Gases, Staffordshire,) dkd SF; (Sigma —Aldrich, Dorset,
UK) gases for a five point calibration.

2.3. Statistical Analysis

The data were statistically analysed using Minitab Windows (Version 16). Significant
effects of biochar amendment rate, contact timethen denitrification rate and methane
oxidation rate were evaluated through the use ofOXN using the Fisher's multiple-
comparisons test for meanB<( 0.05). Correlation between denitrification enzyawdivity
rates or methane oxidation rates and soil progewiere analysed using SPSS for Windows
(Version 19).
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3. Results and Discussion
3.1. Effects of Biochar on Nitrous Oxide ProductionVithout Nutrient Supplements

The effect of biochar on nitrous oxide productionder anaerobic conditions without
substrate supplements is shown in Figure (1), dodg soil and clayey loam soil and Figure
(2), for loamy and silty loam soil. High variabylitvas observed in thd,O emitted from soils
treated with different amounts of biochar. Withyoohe day prior contact in the case of soil
amendment with biochalN,0 production in sandy soil (Figure 1a) started sjowithout and
with biochar addition (2%, and 10%) then rose geadiguo reach a peak of 2.3+0.3, 4.5+0.4
and 9.2+0.3ug NO g* dry soil, respectively on the fourth day. TNgO production was
below the detection limit in the sandy soil with without biochar after a 3days prior
contact period, which may be attributed to the eased available concentration of nitrate and
phosphate in 3@ayscontact period treatments. The effect of soil bayccontact time and
biochar amended rate on tiNeO production was statistically significant for sandgil
P<0.02 and?<0.000, respectively (ANOVA-Fisher’s test).

The N,O productions in clayey loam soil without and wittodhar (2%, and 10%) rose
sharply within two days and continued graduallygaah a peak on the sixth day, andh@
productions in clayey loam soil were higher in camgon with sandy soil for both contact
periods (Figure 1b). For example, the 1 day indobatreatment produced nearly double the
production ofN,O in sandy soil. The difference between these twis sould be attributed to
difference in availability of nitrate and phosphated soil pH. For example, concentrations of
available nitrate were 666+138g NO;g’, 632+16ug NO;g’ and 392+13ug NO;g* in
clayey loam soil without and with biochar (2%, ad@%) respectively, while these
concentration were 33+2g NO3g ™, 28+2 ug NO; ¢ and 24+1ug NO5g ™ in sandy soil
without and with biochar (2%, and 10%) respectivéipreover, soil pH value in sandy soll
without and with biochar (2%, and 10%) were 7.4340.0.83+0.03 and 7.99%0.02
respectively. The sandy soil pH was higher in camnspa with the optimum soil pH for
denitrification which is between 5.5 - 6.0 (Dagdlal, 2003), while in clayey loam soil with
and without biochar (2%, and 10%) pH values rangdd/éen 5.70+0. 02 to 6.62+0.05.

The influence of biochar on ti&O production in loamy and sandy loam soil is illaséd
in Figure (2a) and Figure (2b). From these figuresan be seen that the concentration of
NoO increased gradually. However, the effect of sadcbar contact time on th&l,O
production was not statistically significant forngg loam soilP<0.28 (ANOVA-Fisher’s
test). This result may be attributed to the diffexes in availability of nitrate between the two
incubation periods also not being significant imda loam soil. TheN,O production
increased in loamy soil with biochar (2%, and 10npared to loamy soil without biochar
(Figure 2a). This may be attributed to the increasesoil pH. However, the increase in
contact time resulted in decreases inNh® productionP<0.011 (ANOVA-Fisher’s test).
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Figure 1. Influence of biochar amendment and contact timeittous oxide production in soil

(== - #-), s0il & 2% biochar ™ - #- ) and soil & 10% bioch{™™ ", *+**), for one day
contact (lines) and 3@ayscontact (broken lines), comparirg) candy soil andb) clayey loam soil.
Error bars: + 1 standard deviation (SD, n=3).
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Figure 2. Influence of biochar amendment and contact timeittous oxide production in soil

(== - #), s0il & 2% biochar ™ - #- ), and soil & 10% bioch ™,

), for one day

contact (lines) and 3flayscontact (broken lines), comparirg),(loamy soil andkf) sandy loam soil.

Error bars: + 1 standard deviation (SB3).
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3.2. Effects of Biochar on Nitrous Oxide ProductiorWith Nutrient Supplements

The influence of biochar amendments and contagbgemn nitrous oxide production when
substrate is provided is illustrated in Figure (), sandy soil and clayey loam soil, and
Figure (4), for loamy soil and sandy loam soil. T production in soils supplied with
nitrate, glucose and glutamic acid was ten timeghdri in comparison with those without
substrate supplements. For example Ny@ concentration in clayey loam soil provided with
supplements reached a peak at 23035NO ¢, while the peak for a clayey loam soil
without substrate supplements was 17.31g5NO g dry soil. The higheN,O production

in substrate supplements treatments is due to$oovof soluble organic carbon (glucose and
glutamic acid) and nitrate which are the main fetaffecting denitrification in soil (Daladt
al., 2003). The batches with substrate supplementsftire measure potential denitrification
enzyme activity when substrates are abundantlylablai Adding 2% or 10% biochar to
sandy soil had slight reducing effects on M© production in comparison with sandy soil
without biochar (Figure 3a). However, after @@yscontact period, th&l,O production only
increased in sandy soil without or with 2% biochBine difference in thé&,O production
from sandy soil with 10% biochar between two confaeriods was not significant (Figure
3.a). The one day contact period results (FigujesBbw that, thé&,O produced in the clayey
loam soil without biochar was higher in comparisorclayey loam soil with 2% biochar and
the N,O production was the lowest in clayey loam soil witf% biochar. Increasing
incubation period from one day to 8@yscontact period enhanced thO production in
clayey loam soil with biochar (2%, and 10%), whilee N,O production was reduced in
clayey loam soil without biochar. These increasetheN,O production may be attributed to
alkalinity effects of biochar which enhanced pHciayey loam soil. From Figures (4a and
4b), it can be clearly seen that the differenceth@N,O emitted from loamy soil without or
with 2% biochar and sandy loam soil without or wibo biochar were not significant,
whereas addition of 10% biochar significantly regtiicheN,O production from loamy soil
and sandy loam soil. Increasing the soil biochartaxt period from one day to thirty days
resulted in increasiniy,O production in sandy loam soil without or with binae (2%, 10%)
P<0.000 (ANOVA-Fisher’'s test), while the effects tlko contact period on th&l,O
production in loamy soil was not significaPt0.502 (ANOVA-Fisher’s test).

Denitrification rates in soils with or without biear (2%, and 10%) and with or without
supplements are presented in Table (1). Denittiboarates should correspond to the
denitrification enzyme activity rates for the tma@hts with substrate supplementation
solution. For example, these rates were 1.3+0.@82a2+0.04pg NoO h* g dry soil for 1
and 30daysprior contact time in sandy soil respectively, tihe rates were 0.01+0.003 and
0.00+0.00ug NO H* g*dry soil in the same soil without supplements.
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Figure 3. Influence of biochar amendment and contact timaittous oxide production in nutrients
supplemented soi="®= -4+ ), soil & 2% bioch/ ™~ - #- ), asdil & 10% biochar

( = ), for one day contact (lines) and @@yscontact (broken lines), comparirg) §andy soil
and b) clayey loam soil. Error bars: + 1 standard deera{SD, n=3).
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Table 1. Denitrification ratesi{g NO h* g* dry soil). The error range is the standard dewiatif
duplicated bottles.

Without supplement solution With supplement solutim
Soil 1 day 30 days 1 day 30 days
incubation incubation | incubation incubation
Sandy soil 0.01 +0.003 0.00+0.00 1.3+0.03 2.2+0.04
Sandy soil & 2% Biochar 0.04+0.004 0.00+0.00 1.250. 1.5+0.02
Sandy soil & 10% Biochar 0.11+0.02 0.00+£0.00 0.860 0.9+0.15
Clayey loam soil 0.10£0.01 0.05£0.02 2.410.p D2+
Clayey loam soil & 2% Biochar 0.17+0.01 0.08+@®00 1.6+0.05 2.4+0.02
Clayey loam soil &10 % Biochar 0.14+0.01 0.05+£0.0p 1.2+0.07 1.7+0.12
Sandy loam saoll 0.08+0.02 0.03+0.06 1.8+0.7
Sandy loam soil & 2% Biochar 0.07+0.04 0.07+£0.006 .740.2 2.7£0.2
Sandy loam soil & 10% Biochar 0.09+0.01 0.07+£0.01 .740.00 1.5+0.2
Loamy soil 0.05+0.003 0.05+0.004 1.8+0.0D 1.5+0.2
Loamy soil & 2% Biochar 0.11+0.04 0.08+0.00p 1.3 1.4+0.01
Loamy soil & 10% Biochar 0.11+0.003 0.06+0.002 A 1.2+0.1

The denitrification enzyme activity rates in samnghyl provided with supplement solution
decreased with increasing biochar application Rat@.001 (ANOVA-Fisher’s test), but the
difference between 0% and 2% was not statistictwpificant. That could be related to soil
pH which increased from 7.48+0.4 in sandy soil 8%0.02 in sandy soil with biochar
(10%). Although the denitrification rates in sanidam soil and loamy soil with biochar
(10%) were lower in comparison with these soilshaitt or with a lower amount of biochar
(2%), the differences were not statistically sigraiht P<0.12, and”<0.36 (ANOVA-Fisher’s
test) for sandy loam soil and loamy soil respetyivét would seem that in supplement
solution experiments, increased biochar applicatealuced availability of nitrate and soluble
organic carbon. However, the available nitrate aotlble organic carbon in these soils were
still sufficient to reach highN,O production.The reducedN,O production observed for the
DEA with supplements solution for the highest b@rclklosage was not observed without
supplement solution. This indicates that it miglket & “method artifact”, because biochar
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adsorbs supplements, as discussed here, but tlulsanieffect may not be so relevant in real
soils.

3.3. Effects of Biochar on Methane Oxidation

Result for the methane oxidation from sandy sdéyey loam soil, silty loam soil and loamy
soil without or with biochar (2%, and 10%) are show Figures (5 & &Jigure 6., and the
methane oxidation rates and lag phase period asepted in Table (2). The methane
concentration decreased sharply after the lag ppesed. For example, in clayey loam soill,
the methane concentrations were stable in thelf#8hrs of lag phase for clayey loamy soil
without biochar and 120rs of lag phase for clayey loamy soil with biocha¥y(2and 10%) in

a lday prior contact period experiment. In the experimedotiowing a 1day contact period,
the methane oxidation rates were 0.01+0.003, 0.0®40and 0.15+0.008g CH; h™* g™ dry
soil in clayey loam soil without and with bioch&%, and 10%) respectively, whereas these
rates were 0.03620.01, 0.12+0.004 and 0.12+009ZH, h™* g* dry soil in clayey loam soil
without and with biochar (2%, and 10%) following3@ days contact period. Moreover,
although the difference in th@H, oxidation rates, between the two contact periodsewot
statistically significantRP< 0.397, ANOVA-Fisher’s test), the lag phase pemnas increased
in clayey loamy soil without biochar (Table 2) whilhese lag phase periods decreased in
clayey loamy soil with biochar (2%, and 10%). Thiéedences in lag phase period could be
attributed to competition between methane and ammormat the methane-monooxygenase
(Nesbit and Breitenbeck, 1992; Cas#toal, 1994; and Sitaulat al, 1995) and a transfer of
the CH, oxidising activity towards nitrification (Nesbind Breitenbeck, 1992; Castet al,
1994; and Sitaulat al, 1995), because, although the ammonium conceontraticlayey soil
was decreased after a 8@ys contact period, this concentrations were probaiily high
enough to inhibit methane oxidation in clayey loasoyl without biochar, while in clayey
loamy soil without biochar could be regulated th&@onium.

The influence of biochar amendments on methaneativid may also depend on sall
properties. For example, the methane oxidationsratesandy loam soil were 0.02+0.006,
0.025+0.008 and 0.015+0.0Q&) CH, h* g* dry soil in sandy loam without or with biochar
(2%, and 10%) respectively and there was no sttt significant difference <0.842
ANOVA-Fisher’s test). 10% biochar added to sandy aod sandy loam soil did not affect
the methane oxidation rate (Figures 5a, and 6bjveder, the methane oxidation rate in
sandy soil and loamy soil with biochar (10%) wasdo in comparison with soil without and
with biochar (2%). Adding biochar (2%) to loamy Isadiid have effects on th&€H,
concentration. The lag phase period before metlaigation was decreased in loamy soil
without or with biochar (2%) with increased contpetiod from lday to 3@ays Moreover,
the lag phase period was increased in loamy sdi Wiochar (10%) from 19@rs to 300
when contact period increased from a 1day to 30 day

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-80



JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
Yol. 1, Issue No. 2 (December-2015)

Effect of Biochar on Soil Biogenic Gases Activities

ISSIN: 2413-5267

N
o

[any
(2}

10

Hg CH, g’dry soil

0 50 100 150 200 250 300
Time (hr)

30

25

20

15

10

ug CH, g'dry soil

T a_\
0 50 100 150 200 250 300
Time (hrs)

Figure 5. Influence of biochar amendment and contact timenethane oxidation in soil
(== - #), s0il & 2% biochar ™ - #- ) and soil & 10% bioch{™™ ", *+**), for one day

contact (lines), and 30 days contact (broken liremnparing &) sandy soil andh) clayey loam soil.
Error bars: + 1 standard deviation (SD, n=3).
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Figure 6. Influence of biochar amendment and contact timenethane oxidation in soil
(== - #--), s0il & 2% biochar ™ - #- ) and soil & 10% biock{ ™, *4"), for one day

contact (lines), and 30 days contact (broken linemnhparing4) loamy soil andl{) sandy loam soil.
Error bars: + 1 standard deviation (SD, n=3).
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Table 2. The methane oxidation ratgsg(CH, h'g™ dry soil) and the lag phase periods before
methane oxidation. The error range is the standewéhtion of duplicated bottles

So The met?g::soxidation The lag phase period [rs)
1 day 30 days 1 day 30 days
Sandy Saoll 0.11+0.005 0.15+0.01 120 95
Sandy Soil & 2% Biochar 0.12+0.004 0.15+0.008 120 95
Sandy Soil & 10% Biochar 0.02+0.004 0.018+0.01 300 300
Clayey loam soil 0.010+003 0.0360.01 190 300
Clayey loam soil & 2% Biochar 0.15+0.001 0.12+0.004 120 95
Clayey loam soil &10 % Biochar | 0.15+0.003 0.12+0.002 120 95
Loamy soil 0.11+0.004 0.12+0.01 170 90
Loamy soil & 2% Biochar 0.15+0.003 0.11+0.00¢ 170 70
Loamy soil & 10% Biochar 0.02+0.004 0.041+0.01 190 300
Sandy loam soil 0.02+0.006 0.09+0.03 190 300
Sandy loam soil & 2% Biochar 0.025+0.0Q 0.08+0.0 190 300
Sandy loam soil & 10% Biochar 0.015+0.00 0.00940.0 300 300

Correlations between the denitrification enzymevagtrate or the methane oxidation rate
and soil pH, electrical conductivity, availabiligf nitrate, ammonium and phosphate are
illustrated in Table (3). Without regards to typesoil, all soil properties have significant
effects on the denitrification enzyme activity. Téneailability of phosphate and soil electrical
conductivity have moderate negative effects on iiethane oxidation rate. Correlation
coefficients between soil properties and denitificn enzyme activity rate or the methane
oxidation rate were different in different soil 8§ In sandy soil, correlation coefficients
between available ammonium and soil electrical cotidity were significantly positive on
denitrification enzyme activity rate, whereas imydy soil and loamy soil only available
ammonium has significant positive correlation ciméghts, and in sandy loam soil the soil pH
and soil electrical conductivity have significanbsftive effects on denitrification enzyme
activity rate (Table 3). From Table 3, it can skattthe significant negative correlation
coefficient indicate that the methane oxidatiore ratas sensitive to increase in the soil pH
and soil electrical conductivity in sandy soil, dgriloam soil and loamy soil. However, the
soil pH and soil electrical conductivity in clayepil seemingly facilitated the methane
oxidation, although this may actually be due totdyetsoil aeration following biochar
amendment, while available nitrate and phosphatéited the methane oxidation. These
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results show that variable soil properties may le hain effects on the biogenic gases
activities and biochar amendment effects must te¥preted in the context of biochar impacts
on these variable soil properties.

This study has shown that biogenic gases activiiggended on soil properties and biochar
application rate. Some of study findings are cdesiswith those of (Fengt al, 2012;
Taghizadeh-Tooset al., 2011; Zhanget al., 2012a; and Karheet al., 2011) who found
reduction in biogenic gases activities or the rédacis not significant. However, the other
study findings do not support the previous reseakbthich could explain the different
responses to biochar. However, high biochar applicaate (10%) reduced biogenic gases
activities except in clayey loam soil amended wvitbchar (10%) where methane oxidation
was increased. Biochar properties, soil propertessization and water management regime
influence greenhouse gases fluxes (VanZwietesl, 2009). The reduction iNO emissions
from soil amended with biochar could be explaingddduction of availability of ammonium
and nitrate ions via sorption (Karlat al, 2011), and increases nitrogen utilization efficig
(Karhuet al, 2011; and Zhangt al, 2012b) and liming. The reductions@H, emissions in
biochar amended soil (10%) were attributed to trpton of dissolved organic carbon by
biochar surfaces (Thies and Rillig, 2009; and Kaabhet al, 2011)

4. Conclusion

This work investigated the impact of biochar (29hdal0% on dry weight basis) on
denitrification activity and methane oxidation iifferent types of soils. Soil properties have
the most significant influence on thd,O production and methane oxidation and the
differences in soil properties could explain diffiet soil responses to biochar amendments
(Spokas and Reicosky, 2009; and VanZwieteal, 2009). Furthermore, tHé,O production
was lower without supplement treatments, and paterere different from those observed
with supplement treatments. However, contrary teeoteports (Spokas and Reicosky, 2009;
Taghizadeh-Tooset al, 2011; and Zhangt al, 2012a), biochar does not seem to have a
strong and consistent impact on denitrificatiorcréased soil salinity or soil pH may have
negatively affected microorganisms in sandy soilirtkermore, since there were no
differences between two soil-biochar contact pevidbe results show that this variable did
not influence methane oxidation rates.
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Abstract

Spherical calcite chamber-like objects of almogniital size have been found in a few testdNammulites
vascus. These Nummulites constitute the dominant benthic foraminifera adsgmamong the reporte
foraminiferal assemblage of the Abraq FormationtéL®ligocene) at the Daryanah- Al Abyar Roadcut
Northeast Libya. These structures are identifiedbra®d chambers or cysts formed during reproducéind
retained within the mother test, where the embryas hosted during life. The possibility of a diagn origin
to these cysts is excluded due to the hollow-natdirthese objects which supports a biotic origithea than
diagenesis. Similarly, a symbiotic relationshiphahicroalga is also excluded due to the lack of eelular
microstructure. The existence of calcitic broodrobars inNummulitesis hitherto unknown. Importantly thi
sample appears to be the first example of a cattifirood pouch fossil or ‘cyst’ iNummulites(23— 28 Ma)
research.

Keywords:Nummulites vascus, Late Oligocene, Abraq formaftiortheast Libya.
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1. Introduction

The outcrop from which the samples were collectethfis located in the northeastern part of
Libya, in an area known as Al Jabal Al Akhdar. Thextion is exposed on both sides of a
road-cut located about K east of Benghazi city leading from the Daryanahn@olukh
check point) to Al Abyar village (Figure 1). Theaacut exposes the following rock units the
Algal Limestone of Al Bayda Formation, the Al Abr&grmation, the Al Faidiyah Formation
and the Benghazi Formation with disconformity scefa separating them from each other
(Figure 2); and a more stratigraphy is noted by d&alli et al, 2000; and El-Hawat and
Abdulsamad, 2004)Nummulites vascusccurs in the lower part of the Upper Oligocene
sequence in a bioclastic, marly limestone bed (€ig8). ThreeNummulitestests are
documented in this study, quoted (NG1, NG2 and N&R) are deposited at University of
Benghazi, Faculty of Science, Department of Eadier®es, Benghazi- Libya.

- - -
21 22
ﬁ Mediterranean Sea el g
V - > Darnah

studied section

Tukrah ¢

Quaternary

3 Middle - Upper

Miocene

Daryanah Lower Miocene

D Oligocene

: AR Eocene
‘Beninah /'x Al Abyar

Cretaceous

7

Figure 1. Location map of the studied section (modified railverfalli et al, 2000)

2. Foraminiferal Content

The section can be subdivided into three foramiaif@assemblages (I-11l) from oldest to
youngest:

2.1. Assemblage | (Bioclastic marly limestone bed)

Is dominated by nummulitids, includingummulites vascuand N. fichtelli in addition to
subsidaryBrizalinasp, Nonionsp. and undifferentiated textulariids (Figure 3).
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Figure 2. The Daryanah - Al Abyar roadcut section, showimg stratigraphical position of

the Al Abrag Formation.
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Figure 3. Distribution chart of the foraminifers in the dieid locality.

(*indicates the horizon with in which tidummuliteswvith brood chambers are recorded)

2.2. Assemblage Il (Bioturbated marly bed)

It is dominated by nummulitids, includimlgummulites vascus, N. fichtednd Operculina
complanatain addition to few-commorCibicides lobatulus, Noniorsp., Lenticulina sp.,
Hanzawaia boeanum, Sphaerogypssm andRectuvigerinasp.. This assemblage relates to
the Globigerina ciperoensisiperoensisZone of Bolli and Saunders (1985). Sparse planktic
foraminifers includingGlobigerina ciperoensis ciperoensand Cassigerinella chipolensis
(Figure 3).

2.3. Assemblage Il (Nummulitid bed)

Is dominated by nummulitids, includingummulites vascus, N. fichtekind Operculina
complanata(Figure 3). The Dominance of the primary zonal reatlummulites fichtelliin
association withN. vascusis strongly indicative of the Oligocene and isigised to the
Nummulites fichtellzone of Racey (1995). This zone is well knownha Al Jabal al akhdar
area in Oligocene deposits including the Algal Btome of AL Bayda Formation and Al
Abrag Formation. It is important to note that thhevascushas been reported in Oman with a
range from Late Eocene-Early Oligocene (Racey, L396wever, the absence Wf fabianii
and the presence of the planktBlobigerina ciperoensigiperoensisand Cassigerinella
chipolensisrestrict the age dfl. vascusat this section to Late Oligocene and @lebigerina
ciperoensigiperoensis Zone of Bolli and Saunders (1985).
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3. Discussions and Results

Brood chambers with crowded embryos occur in chalatseof living Sorites orbiculusare
illustrated by (Kloos, 1984; and Reiss and Hottmd®84) from Gulf of Agaba (Figure 4a-b).
Whereas Hottinger (2006) illustrated few examplesast chamber filled with hatchlings in
Neorotaliasp. from Spanish Pyrenees, Early Eocene. In addi@doitolitessp. exhibits the
discrepancy between embryo size and brood chambearlemes in material from earliest
Eocene, Farafrah Oasis, Egypt. The present stuolysthree specimerdummulites vascus
size ‘brood chambers’ for housing the offspringdsefhatching. Figure (4c) shows ten brood
chambers of somewhat identical size; the shapati@ms being the result of preservation.
The last chamber is free and collapsed. They ametiichl in size (radius 0.2%m), elliptical

in shape (with longest axis within the range of084® mm). By comparison with recent
examples seen in the illustrated chamberlets of litheg Sorites orbiculus(Reiss and
Hottinger, 1984) from Gulf of Agaba (Figures 4a, lb)is clearly representative of brood
chambers of the agamont generation. During they @xdmination of this phenomenon, the
structures were considered to be of diagenetidgrohgt closer examination and consultation
with colleagues via the ResearchGate website; dmfuDr. George Stanley University of
Montana in Montana State-USA, Dr. Katalin Baldi froE6tvos Lorand University in
Budapest-Hungary and Dr. André Klicpera from Le#b@ienter for Tropical Marine Ecology
in Bremen-Germany; who are much appreciated far tedp in confirming the identification
and the valuable discussions via the SEM Imagearhere

In Conclusion, the Al Abrag Formation (Late Oligoe¢ in the Tansolukh-Al Abyar
section has been logged and samples analyzed; wRlubit a wealth of foraminifera from
the lower “Bioclastic marly limestone” (Figures Bda3). A Late Oligocene age has been
assigned to this marly rock sequence now correlaigid the Nummulites fichtellZone of
Racey, (1995) and the equival&ibbigerina ciperoensiZone of Bolli and Saunders (1985).
Hitherto noNummulites vascuspecimens with brood chambers have been documéoted
the Oligocene sediments of Libya. This phenomeromalso considered unique in fossil
Nummulites although previous comparative studies only foduse living foraminifers and
some fossil foraminifergHottinger, 2006). The shelf faunal mixing of th&anktic and
shallow benthic nummulitids in the recorded sectisrmost likely manifested by bottom
current and/or the lateral transport of empty tests
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Figure 4. 'Parent’ material with brood chambers in agamaftSorites orbiculugrom the Gulf
of Agaba, Recent (Kloos, 1984-b); and in gamont dlummulites vascusom Al Jabal al Akhdar-
Libya, Late Oligocenecj.
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Abstract

Cowpea, Vigna unguiculata(L.) Walp is the most popular legume cultivated tiopical and sub-tropical
countries because of its high nutritional valuee Physicochemical properties of four local varietid cowpea
seeds (Cream 7, Kaha 1, Dokki 331 and Kafr EI-Shdikin Egypt were studied. Length, major and minor
diameter of seeds were in the range of 6.70-11803.33-5.58mm and 3.18-4.6Bnmwhile the grain weigh
of the seeds varied between 8.40 to 349The results showed that Cowpea seeds containviaigle of crude
protein in the range of 25.79 to 29.25%. Moistug, matter, fat, ash and crude fiber values wethénrange of
8.57 to 10.07%, 89.93 to 91.44%, 0.79 to 3.18%2 20/3.73% and 1.92 to 3.37% respectively. Carbodted
content varied between 53.56 to 57.36%. Wgatlosobruchus maculatushe most destructive pest of stored
leguminous seeds, was provided with these variefiedwpea, the percentage of adults emergingréiffevith
variety,

Keywords:Cowpea seeds, Physicochemical properties, Callasttus maculatus, Infestation potential.
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1. Introduction

Cowpea Yigna unguiculataL. Walp.), an annual legume, is also commonlyrrefit to as
southern pea, blackeye pea, crowder pea, lubidgenieoupe or frijole. The Cowpea
originated from Africa and is widely grown in Afag¢Latin America, and Southeast Asia. It is
chiefly used as a grain crop for animal fodder.asra vegetable. In the developed world,
cowpea is technologically processed into flour ars@d in various preparations such as
protein concentrate and isolates for the formutatibanimal feed. As a food crop it has many
advantages including rapid and early growth, widwirenmental adaptability, drought
resistance, widespread acceptability, a broad raoigegenetic diversity, and ease of
hybridization.

Cowpea seed ranges in size from very small wil@$ypp to nearly 1#h. Seed shape is a
major characteristic correlated with seed develaginie the pod. Seeds develop a kidney
shape if not restricted within the pod. When seenvth is restricted by the pod the seed
becomes progressively more globular. The seedaarabe either smooth or wrinkled and of
various colors including white, cream, green, btéfj, brown, and black. Seeds may also be
speckled. mottled or blotchy. Many are also retétie as ‘eyed’ (blackeye, pinkeye purple
hull, etc.) where the white colored hilum is sumdad by another color (Giga and Smith,
1981).

A specific knowledge of the cowpea seed physicalperties such as color, shape,
porosity, volume, density, coefficient of staticfion etc. and the chemical properties of fruit
such as moisture, ash, crude fiber, protein, fdt@rbohydrate contents is necessary for the
selection of cowpea varieties that resist adveteseage conditions and abiotic and biotic
stresses.

Insect pests are major constraint to cultivatiod #me family Bruchidae includes major
pests of legume seeds. The cowpea wedvd|losobruchus maculatug. (Coleoptera:
Bruchidae) is one of the most destructive peststaried leguminous seeds. Infestations often
begin in the field but the serious damage is donthé store where the insects spread from
seed to seed until eventually up to half are ha@ad considerable losses of quality and
market value are caused (Caswell, 1975). Becausdifficult to find suitable cheap methods
of control, emphasis is being placed on develomngeptable new varieties that have a
natural resistance to bruchids as well as a higlalyi

Laboratory tests designed to compare the suscktytitn insects of stored seeds should
give consistent results wherever and whenever uséd. numbers of insects and the
guantities of food used in these tests in ordedisariminate between the susceptibility of
varieties are crucial (Giga and Smith, 1981).

The objective of this study is to evaluate the lewsk cowpea infestation by cowpea
bruchids, C. maculatusin proportion to the properties of cowpea variethe rate of
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emergence of adult insects is also studied fordifierent cowpea varieties. This study
therefore sought to answer these questions: (1)tMéhehe outcome of larval penetration
differed between seed varieties?, and (2) Whetmermphysicochemical properties of a seed
correlated with the seed varietal resistance?

2. Materials and Methods

2.1. Source of Seeds

Four local varieties of cowpea seedgyna unguiculatgL.) namely: Cream 7, Kaha 1, Dokki
331, and Kafr ElI-Sheikh 1 were purchased from thedFLegume Research Section, Plant
Protection Institute, Agriculture Research Cenbakki, Giza, Egypt. Extraneous matter such
as unhealthy seed, insect infested seed sand affdiadre removed from the samples before
processing. Cowpea seeds were separately millddanmitattrition mill (Model no ED-5) and
sieved to a patrticle size ofrim Flour samples were packaged in low density pbigehe
bags and stored using covered plastic containadreezer at -1°&.

2.2. Determination of Physical Properties
2.2.1. Seed Color and Texture

The color of seeds was determined according tontbinod of Gomeet al (1997). The color
was effectively observed by placing 20 grain sasipbe a sheet of white paper. The
difference in color of the outer coat of the graias recorded. The external surface of the
seed was examined whether it is smooth, roughriokied as described by Khare and Johari
(1984).

2.2.2. Major and Minor Diameter

The major diameter of seeds was determined by thasore of cowpea in its greatest
dimension, and the minor diameter was measureldeadldrsal side as described by Dela and
Khush (2000). The parameters were measured witldipec (micrometer of high accuracy).
The results obtained were recorded as averagesvafifeare determinations in millimeter.

2.2.3. Seed Weight

The seed weight was determined by weighing 100 aiatyl selected raw seeds of each
variety (AOAC, 2000). Measurements replicated Sesrfor each seed variety.

2.3. Determination of Chemical Properties

Local cowpea varieties were analyzed for moistwash, crude fiber, protein, fat and
carbohydrates. All determinations were carriedusing standard procedures (AOAC, 2000).
Data were presented as means +SD from triplicaermeations.
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2.3.1. Tannins

Tannins were determined by using vanillin-hydrociclacid method (V-HCI) as described by
Price et al (1978). About 2g of fine ground sample was mixed with B0 methanol
containing 1%HCI, shacked well, left for 24rs at room temperature, filtered and then
completed to 50nl of vanillin reagent (mixture of equal volumes @b 4anillin solution and
8% HCI) and kept for 20min. The intensity of the color produced was measwad
Spctronic-20 spectrophotometer at 500 A standard curve was established from catechin
concentrations in methanol and then measured atnB®0The total tannins content was
expressed ang100g seeds.

2.3.2. Total Phenols

Total phenols were determined according to methiedsribed by Gutfinger (1981). About 2
g of fine ground sample was mixed in 80% methandl laft for 24hrs at room temperature
and then filtered. The filtrated solution was coetetl to a constant volume with methanol.
About 0.5ml of the solution was mixed with OrBl of Folin-Ciocalteau reagent, left for 3 min
and then added torhl of 10% freshly prepared sodium carbonate soluto®). The mixture
was completed to 1l with distilled water and then measured at A2@on Spectronic-20
spectrophotometer. A standard curve was establisi@d pyrogallol concentrations in
methanol and then measured at @ The total phenols content was expresseangs
pyrogallol/100g seeds.

2.4. Insect Culture

A stock culture ofCallosobruchus maculatugF.) was collected from infested cowpea seeds
obtained from local grain shops and reared on cavge®ds at room temperature (2830
and 65-75%RH) for several generations. Insects for use in erpErts were established on
different cowpea seed varieties.

2.5. Infestation of Seeds

Groups of 5g seeds of the different varieties were distributedmall glass tubes. Bruchid
females were allowed to lay eggs on seeds. Mo#teobbservations were made using single
seed. At least five replicates were prepared foheariety. Uninfected seeds were used as
controls. Larval density was manipulated experirainafter first allowing one male and one
female to mate and oviposit for two dayBeas and emerged adults were weighed
individually.

2.6. Infestation Potential and Seed Varietal Resiahce

Groups of 59 seeds of the different varieties were distribudaed kept in glass vials covered
with muslin cloth and a single pair of newly ematgalults ofC. maculatusvas introduced

into each of five vials for oviposition. Vials wereaintained at rearing conditions (28°G0
and 65-75%RH). After 2 days (the oviposition period) the insects were discdrdéhe
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numbers of eggs laid on the seeds of each varietg wounted and observed for hatchability
5 days after removal of adult insects. Each vial was exaoh daily and when an adult
emerged, its weight and developmental period waterchined and recorded to evaluate
developmental performance . maculatuson cowpea seeds. When emergence was
complete, the weight of each damaged cowpea gragpdetermined and percentage loss of
dry weight was calculated.

2.7. Statistical Analysis

Percentage emergence and weight loss were analyzezhalysis of variance, using the
angular transformation on the emergence data. AN©OWAd protected least significant
difference (LSD) tests were used in each of theegrpents. All analyses were performed
using Super ANOVA, V 16.0 (Abacus Concepts, In@rikgley, CA).

3. Results

3.1. Physical Characteristics

The results of the physical characteristics of ogavseeds are presented in Table (1).
Significant differences (5%) were observed amoreydbwpea varieties for all the physical
properties. Colors of seeds include cream (Creamfiije (Kaha 1), brown (Dokki 331), and
brown (Kafr EI-Sheikh 1). Cream 7 and Kaha 1 weneath seeded. Dokki 331 and Kafr El-
Sheikh 1 varieties had a rough seed coat. Graighweanged between 0.130 and 0.33F
Length of cowpea seeds varied from 6uig (Kafr EI-Sheikh 1) to 12.94nm (Dokki 331).
Major diameter of seeds ranged from 3.33 to SrBBand minor diameter of cowpea seeds
varied from 3.18 to 4.65nhm The four varieties have calculated significanttabéckness.
Test a thickness of seeds ranged from 0.080 tciOrith

3.2. Chemical characteristics

The four varieties of cowpea seeds have approxlynatmilar chemical properties of their
cotyledon components, except the percentages dediber, crude protein and contents of
tannins (Table 2). They have insignificant diffezenn their moisture content, percentages of
ash and total phenols. Brown seeded varieties hayleer contents of crude fiber, crude
proteins and carbohydrates than white seeded Wiete seeded varieties have higher tannin
contents. There was significant differenée< 0.05) in fiber content between Kaha 1 and
other varieties.

Kaha 1 variety had the highest fat content of (Bl&nd Cream 7 had the lowest of
(0.75%). There was significant differende € 0.05) between Dokki 331 and Cream 7 when
compared to the other varieties. There was nofgignt difference R > 0.05) in fat content
between Kaha 1 and Dokki 331. However, there wsigrficant differenceR < 0.05) when
Kafr EI-Sheikh 1 variety was compared to the otlzngles.

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-98



JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
Yol. 1, Issue No. 2 (December-2015)

Physicochemical Properties of Selected Varieties of Cowpea

Taasx

%
%
V¥

ISSIN: 2413-5267

Table 1.Some physical characteristics of cowpéaynguiculataseed varieties

Seed Seed . . Testa
Seed Seed Seed Major Minor Helix
) weight length diameter diameter thickness
Variety color texture (mm) (mm) color
(9) (mm) (mm)
0.130 8.41 4.03 3.33 _ 0.080
Cream 7 Cream Smooth White
+0.004 +0.36% +0.10% +0.09 +0.002
_ 0.270 9.81 4.34 3.48 0.123
Kaha 1 White Smooth Black
+0.032 +0.422 +0.18 +0.178 +0.002
Dokki B R h 0.337 12.94 5.58 4.65 Black 0.134
rown ou ac
331 g +0.03% | 0.37 +0.24 +0.17 +0.003
Kafr El- . 0.226 6.75 3.33 3.18 . 0.154
. Brown Wrinkled White
Sheikh 1 +0.018 | +0.32% | 0.16 +0.10* +0.004

The data reported are the mean + SD, N = 5.

Means within a column followed by a same letteaf®) not significantly different from each otheb8ét level of significance.

Table 2. Some chemical characteristics of cotyledons ofpaagV. unguiculateseed varieties.

Moisture Crude Crude ]
Seed Ash CHO Fat Tannins* Total
] Content %) fiber Protein %) %) Bhenolst
varlety (0] (] (] enols
(%) (%) (%)
9.39 3.46 2.33 25.08 53.53 0.75 21.72 17.15
Cream 7
+0.88 +1.01 +0.32 +3.49 +2.73% +0.20 +4.28 + 2.64
8.74 3.67 1.27 25.95 53.60 3.18 19.86 16.80
Kaha 1
+0.9P +1.14 +0.09 +2.0P +3.92 +0.37 +2.1% +1.16
8.80 3.33 3.44 28.88 57.79 3.11 10.71 18.13
Dokki 331 b
+1.32 +0.52 +027 | £1.95 +2.84b +0.79 +4.28 +2.00°
Kafr El- 8.41 3.17 3.59 28.66 53.65 2.43 10.61 18.85
Sheikh 1 + 091 +1.14 | +030% | +3.09 | +213 +0.99 +2.04 +2.32

The data reported are the mean + SD from triplidaterminations.

Means within a column followed by a same letteaf®) not significantly different from each otheb&t level of significance.
* (mg catechin/10Q seeds).
**(mg pyrogallol/100g seeds).

3.3. Infestation Potential ofC. maculatusand Seed Varietal Resistance

Mean percentage emergence and mean developmenbftiemeergent adults . maculatus
for each cowpea variety and the analysis of vadamicthe transformed data are given in
Table (3). The statistical treatment of data@f maculatusoviposition on four cowpea
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varieties revealed significant differences on tbilteggs production (fecundity). Cream 7
received the highest numbers of eggs. Mean nunfleggs laid ranged from 49.5 in Kafr El-
Sheikh 1 to 78.8 in Cream 7. Taking the larval pextien (%) and development .
maculatusinto consideration, the obtained results indicatiedt there were insignificant
differences among the tested varieties. Adult eerarg (%) ofC. maculatusrom different
cowpea varieties ranged from 51.57% to 92.39%. iftcegnt differences were detected
between the four varieties in terms of susceptybiidex. Kafr EI-Sheikh 1 gave the lowest
susceptibility index with C maculatusand was considered moderately resistant (MR),
compared to cream 7, which was susceptible (S).

Table 3.Susceptibility of cowped/. unguiculatesseed varieties t€. maculatusnfestation

o Loss in
Larval Develop Adult Susceptibility
Seed ) ) ) ) Seed
) Fecundity | penetration mental time | emergence index )
variety ) (days ) s weight
0 ay 0
(%)
27.34
7.4 89.41 25 80.00 7.61
Cream 7 +2.8
+1.95 +0.03 +2.80° +16.0° (S)
(HS)
23.29
69.2 89.61 29.0 92.39 6.78
Kaha 1 +6.98
+7.12 +0.08 +0.7 +4.0° (MS)
(MS)
15.90
55.8 89.60 314 78.94 6.04
Dokki 331 +7.7%
+5.3F +0.04 +0.9 +9.0¢7 (MS)
(LS)
10.10
) 49.0 88.55 344 51.57 4.98
Kafr EI-Sheikh 1 + 550
+2.97 +0.06 +3.04 +12.0 (MR)
(LS)
F-value 4.89 NS 3.92 5.08 - 3.86
LSD- 5% 4.64 - 0.43 1.27 - 4,78

The data reported are the mean + SD, N = 5.
Means within a column followed by a same letteaf®) not significantly different from each otheb8&t level of significance

NS = nun significant, HS = highly susceptible, M&wederately susceptible, LS = least susceptible.

Considering the total weight los%o) by the pesC. maculatusthere were significant
differences among the tested varieties in the tefssisceptibility index and weight loss (%).
There was a marked low reduction in the percentdgeeight loss of Kafr EI-Sheikh 1
variety and was considered least susceptible (I@hpared to Cream 7 variety which
considered highly susceptible (HS).
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4. Discussion

Results of the present investigation indicated tihete were significant differences among the
tested cowpea varieties for both physical and cbanproperties and some of them may play
a role as tolerance factors. These differencegz@and grain weight among cowpea varieties
may be attributed to difference in genetic tralwever, the variations in the chemical
compositions recorded in the varieties evaluatey b attributed to soil type, cultural
practices, environmental condition and geneticofiact

The variation in cowpea color agrees with the figdi of Bergmanret al (1994), who
reported variability in cowpea colors among différearieties. The color differences also
have implication in the characteristics of the pdoroduced from cowpea. Difference in
color also might have quality implication where dises a composite flour.

Our results indicated that the brown colored s€&d$r EI-Sheikh 1 and Dokki 331 were
less preferred fo€. maculatusOsuji (1976) have demonstrated that seed cadstatcolor,
and texture did not seem to exert an overridindguarfce on pest susceptibility but may
influence the oviposition behavior 6. maculatusemales and other factors of the seed may
determine the pre-adult development and the ulenmatmber of the progenyn contrast,
Khattacket al (1987) stated that small-sized seeds of munglkeaaties were significantly
less susceptible to bruchid infestation in termprofjeny production of. maculatughan the
large-sized seeds. Chavanhal (1997) mentioned that smooth texture and dar&redl seeds
were preferred bg. chinensiandC. maculatugor oviposition than rough surface and white
colored seeds. They added that mean developmesriadp(MDP) is increased by 10 times
between the most and the least preferred cowpes. lin

The four varieties of cowpea have calculated sigmiit coat thickness. Seed coat
thickness may have a role in larval penetratiomvalasurvival during penetration of the seed
coat is also affected by surface texture and stractand larval development within seeds
depends on quality and compactness of seed assvile amount of food available (Nwanze
and Horber, 1976). The amount of food available geveloping larva is not the only
explanation for increased susceptibility. In oupesment, numbers of eggs per seed were
adjusted to ensure that each larva had the regusibunt of food yet there were still highly
significant differences of mortality between vaest

Plant breeders have increased yields by seleatintpfger seeds, but large seeds are also
preferred by bruchid pests for oviposition (Avidetval, 1965), particularly if smooth-coated
and well-filled (El-Sawaf 1956; Srivastava and Bhat959; Booker 1967; Nwanze and
Horber 1976; Giga and Smith, 1981; and Chirahal, 2008).

The present investigation, regarding physical prioge of different cowpea varieties and
their relation toC. maculatusinfestation has clearly demonstrated that Dokki 331he
biggest tested variety in length of seeds when @vatpto other tested varieties. Although the
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other varieties have approximately similar sizeyttvere unlikely in their susceptibilities and
hence seed size cannot be the main factor inflagrtbie performance of the pest.

Regarding the chemical properties and their cdiogldo seed varietal resistance, Mueke
(1986) found that the resistant cowpea seed vesidtave more fiber content. Singhal
(1995) found that the legume varieties that rdsigthids infestation were characterized by
high protein contents. Similar results were obtdife the present investigation. Thus the
resistance of pea varieties may correlate to higtecfiber and protein contents.

Tannins may affect the growth of insects in threemways: they have an astringent taste
which affects palatability and decreases feed aopsion, they form complexes with proteins
of reduced digestibility and they act as enzymetimators (Swain, 1977). The high levels of
tannins in Cream 7 and Kaha 1 (white-seeded vesieti cowpea) were not effective barriers
against C. maculatus Moreover, a correlation was found between tanrdostent and
oviposition and adult emergence. However, it cobkl inferred that no single tested
phenotypic or chemical characters favored or iltbihe rate of oviposition and subsequent
development to be determining the susceptibilitg@pea varieties t6. maculatugpest.

The weight loss means given in the present invastig having a statistically significant
effect. Hence the inherent resistance of the cowaeities is expressed in the percentage
emergence and consequently in the rate of buildupnanfestation rather than in damage
caused by a given infestatioQur results in this respect are in accordance thighresults of
Mensah (1986) which indicated significant differeadetween the legume varieties in terms
of weight loss percentages and susceptibility indExe reduction in the percentages of
weight loss may be attributed principally to in@ea larval mortality observed particularly
with the least preferred cowpea varieties.

Clearly the differences between varieties were iB@@mt biologically as well as
statistically and according to the classification Kifare and Johari (1984), and Mensah
(1986). The varieties Kafr EI-Shekh 1 and Dokki 38dre notably the least susceptible to
infestation byC. maculatughan the fairly susceptible varieties Cream 7 ldaba 1.
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Abstract

Objectives:The principal sources of drinking water at theestaf Libya are the desalinated and undergro
well water. This study was carried out to deternthme bacteriological quality of drinking and culition water
obtained from the stream surface and wells watethefKa'am valley in Al-Khoms and the susceptiypilitf
isolated bacteria to antimicrobial agents.

Methods: Water samples taken from 80 different sources vesmined for coliformEscherichia coli and
also, Isolated bacteria were tested for their t&sc® to antibiotics by the BD Phoenix Automateaddbiology.

Results:Of the water samples examined, 3 (3.75%) werdipedor Escherichia coli46 (53.49%) for Coliform
spp., and 37 (43.02%) for other gram negative dvict100% of the bacteria examined were resistaat least
one used antibiotic.

Keywords:Groundwater, Contamination, Total Coliform (TCkdal Coliform (FC).
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1. Introduction

Water is a major component of the environment dredefore, is the most indispensable
natural resource which is essential for life andhlie on earth. The World Health
Organization (WHO) attributed 4.0% of all deathsl &17% of the global disease burden to
water-related illnesses, which stemmed from podemnguality, hygiene and sanitation (Pruss
et al, 2002). Groundwater is the major source of waidhe Libyan people includes Ka'am
region used for different purposes. Majority of tapulation in the residential area depend
on wells as their source of water supply. Ther@asinformation available regarding the
population’s water quality before.

However, Libyan countries is arid and semi-aridiorg have depended heavily on the
groundwater. Water derived from the traditionalrees (wells), showed increases in most of
the investigated bacteriological parameters, foldvay surface water as compared to bottled
or desalinated water. The wells and surface wateaarisk of contamination as indicated by
the higher levels of most bacteriological paranset&onetheless, groundwater is still and
will continue to be the main safe source, reliabienking water, and matter of serious
concern today especially in countryside areas aankKeegion.

Contaminants can find their way into drinkimgiter sources through microorganisms
from human or animal excreta, surface runoff, |gekaf microbial landfills septic reservoir
effluents and indiscriminate dumping of wastestneamns or directs to the wells (Gasata
al.,, 2002; and Al-Khatibet al, 2003). Coliform bacteria are used for monitoritige
bacteriological safety of water supplies on theidas$ the realization that the presence of
coliform bacteria or fecal bacteria in water is amdicator of possible human fecal
contamination, and therefore the likely presenceepferic pathogens. The presence of
coliform bacteria in drinking water indicates tlodiher disease-causing organisms (pathogens)
may be present in the water source or its distobusystem. However enteric pathogens
include members of the genera Escherichia, EntetehaCitrobacter, and Klebsiella among
other bacteria. WhereveE. coli is primarily associated with human feces, it is seful
pointer of human fecal contamination of water amel &ppropriate focus of monitoring for
indicators of potential enteric pathogens in eitgesund or surface waters (Tallat al,
2005; and Odonkor and Ampofo, 2013).

Drinking water contaminated witt coliis known to cause stomach and intestinal illness
including diarrhea, jaundice, typhoid, nausea, athér problems. (Gwimbi, 2011).The public
health implications of drug-resistant and high pmpns of antibiotic resistance in bacteria
that cause common infections, and emergence aét@acesistant to antibiotics is common
in areas where antibiotics are used. Bacteria kaveloped different mechanisms to render
ineffective the antibiotics used against them, eheantibiotic-resistant bacteria are
increasingly occur in contaminated areas, suchl@&nsive animal husbandry which causes
resistant bacteria to enter the environment diydodim liquid manure and muck (Aarestrap
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al.,1996). The other polluted factors could transpdot the water (Ashbolt, 2004; Prasdi
al., 2004.; and Clark and Pagel, 1977).

The present study was carried out to moniterstiitability of ground and surface water for
safe drinking purposes and to investigate the stafuhese sites for bacterial contamination
throughout the study period. This study was un#tertao accomplish two goals; the first, to
determine the bacteriological quality of drinkingdacultivation water obtained from the
stream surface water of the Ka'am valley (Alainyl avater wells, the second goal was to
provide detailed descriptive information about #tibiotic resistances of gram-negative
bacteria isolated from different water sources.

2. Material and Methods

2.1. Study Area

The study was conducted in Ka'am region in AlKhaetg, it has a population of 28,000
inhabitants. Majority of the people of housing co&s use ground water for domestic
purpose. The town located within the North Westpart of the Libya, the town lies between
latitude of N 32.29' — 32.34' and longitude of1&,21' — 14.28’, temperature ranges from
0-15°C in Winter night to 15-2% at day, where in Summer day between 30<(45and
15-25C at night (MFF, 2015). Figure (1) present a loaatizap of the studied area.

Figure 1. Location map of the studied area.

2.2. Collection of Water Samples

Water samples from eighty sources were randomliectgld for bacteriological analysis,
during four seasons in 2014, each season 20 samplescollected included 5 samples from
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Alain surface directly. Samples were collected #salty in sterile glass containers (1at)
containing 0.Iml sodium thiosulphate (1.8%/V) to neutralize the bacterial effect of chlorine
or chloramines in the water. The bottle cap waptassdly removed and the weighted bottle
lowered into the to a depth of about 15@@ the bottle was brought up to a surface and
covered with a screw cap, no air bubbles were sesde, 500m were pointed as a space
from each sample. Wells depth ranges from 18r3%ll collected samples from wells were
allow to raining 5min. before collected. Samples were transported tdatih@atory in a cool
container within two hours (Nogueied al, 2003).

2.3. Bacterial Isolation and ldentification

Standard bacteriological techniques were used tectil total coliforms (TC) and faecal
coliforms (FC). In other words the five tube mosblmble number techniqgue (MPN) was
employed for the total bacteria (FC, and TC) irtudan and Winter time (Sleigh and Duguid,
1989), whereas in Spring and Summer, the dry platent agar was applied in time
(Reasoner and Geldeich, 1985). For isolation afarohs andfaecal coliformsa loopful from
each tube positive fdg. coli and coliform sppwas plated onto MacConkey agar plate and
incubated at 3T overnight. Isolated bacteria were identified bgnslard bacteriological
techniques (APHA, 1998). Undefined isolates werenidied by other method by using
Phoenix Automated Microbiology System (Biosciencgparks, MD, USA) (CLSI, 2008).
Furthermore antibiotic sensitivity testing methaslsre done to isolated bacteria (Senior,
1989).

3. Results

The our study, showed that 18 bacterial species wetated from 80 different water samples
collected during the four seasons. These batwsgeries included 86 bacterial isolates. TC
and FC counts ranged between 0->1.6xfhDand 2-7.8hl respectively. Of the total samples
examinedE. coliwas detected in three samples ( 3.75%&xsinia pseudotuberculosis 12
samples (15%) anHlebsiella pneumon&in 12 samples (15%), wherddafnia alveiand
Citrobacter freundilin five sample (6.25%) for both and Coliform spgp. 9 samples
(11.25%).The difference in the isolation rates Bf coli during the four seasons was not
statistically significant®>0.05). Wherea¥ersinia pseudotuberculosigas significantly more
identified from water samples in Autumn (37.1% @23) than from water samples in Winter
(P<0.006) and more than Spring and Sumnis0(003).Coliform spp. were significantly
detected in Autumn compared with Coliform spplased in Winter and SummeiP€0.002),
whereas in SpringR<0.009).Klebsiella pneumon&found in high number in Autumn than
in Spring and SummerPg0.004). Frequency of bacterial agents isolatednfi80 water
samples and their relation to seasonal variatiomduhe studyare shown in Table (1).
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Table 1.Frequency of bacterial agents isolated from 8&nsamples and
their relation to seasonal variation during thelgtu

Isolation N(%)

Bacteria spp. Summer Springeasor:/?/inter Autumn

N=20 N=20 N=20 N=p0 | TOt@IN=80
One spp. 9(45) 10(50) 6(30) 6(30) 31(38.75)
More than to one spp. 0(0.0) 0(0.0) 10(50) 11(55) 21(26.25)
Yersinia pseudotuberculosis 0(0.0) 0(0.0) 2 (10) 10(50) 12(15)
Klebsiella pneumoniae 0(0.0) 0(0.0) 5(25) 7(35Y 12(15)
Klebsiella rhinoscleromatis 2(10) 7(35f 2(10) 0(0.0) 11(13.75)
Coliform spp. 0(0.0) 1(5) 0(0.0) 8(40y 9(11.25)
Citrobacter freundii 2(10) 0(0.0) 3(15) 0(0.0) 5(6.25)
Hafnia alvei 0(0.0) 0(0.0) 3(15) 2(10) 5(6.25)
Yersinia spp. 0(0.0) 0(0.0) 5(25f 0(0.0) 5(6.25)
Salmonella spp. 1(5) 0(0.0) 1(5) 2(10) 4(5)
Edwardsiella tarda 0(0.0) 0(0.0) 3(15) 1(5) 4(5)
Shewanella putrefaciens 4(20y 0(0.0) 0(0.0) 0(0.0) 4(5)
Escherichia coli 0(0.0) 1(5) 0(0.0) 2(10) 3(3.75)
Proteus mirabilis 0(0.0) 0(0.0) 0(0.0) 3(15) 3(3.75)
Citrobacter eintermedius biotype 0(0.0) 0(0.0) 2(10) 1(5) 3(3.75)
Enterobacter aeragenes 0(0.0) 1(5) 0(0.0) 1(5) 2(2.5)
Serratia marcescens 0(0.0) 0(0.0) 0(0.0) 1(5) 1(1.25)
Enterobacter cloacae 0(0.0) 0(0.0) 1(5%) 0(0.0) 1(1.25)
Shigella sonnei 0(0.0) 0(0.0) 1(5) 0(0.0) 1(1.25)
Yersinia enterocolitica 0(0.0) 0(0.0) 1(5) 0(0.0) 1(1.25)

1) Yersinia pseudotuberculosigas significantly isolated in Autumn than compavéth Winter and SummeP&0.006 and
P<0.003 respectivelyR) Klebsiella pneumoniavas isolated in Autumn and not regnized in eitBpring or Summer with
(P<0.004).3) Klebsiella pneumoniavas more isolated in Winter than Spring and Sum(R&0.02). 4) Klebsiella
rhinoscleromatifound hgiher in Spring than in Winter and Sumneasen P<0.005) (OR=4.85), even higher than Autumn
(P<0.004).5) Coliform spp. were found to be higher in Autumiarihin Winter and SummeP€0.002), where also higer
than Speing seasoR<0.009).6) Yersinia spp. was found higher in Winter compangith the other season®<0.002). 7)
Shewanella putrefaciengas isolated in Summer on(<0.004).

According to type of water sources Table (2), maddbacterial species were not found to
be significantly more isolation from any seasomthanother P>0.05). Salmonella spp. was
found to be significantly more common in Alain thanwells which isolated from 3 (15%)

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-109



JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
Vol. 1, Issue No. 2 (December-2015) %
Msxt)
Ali et al., 2015

ISSIN: 2413-5267

and one (1.66%) sample from Alain and wells respelgt (P<0.02). Of 77 isolated
gramnegative pathogenic bacteriag3coli, 40 coliform spp. and 34 anothgram negative
spp.) 89.61% were resistant to Erthromycin, 88.3t%Rifampicin, 85.71% to Ampicillin,
81.82% to Amoxicillin.E. coli isolates were susceptible to Amoxicillin, Chlororepfcol,
Nitrofurantion, Cephalothin and Colistin. Antimidrial resistance profiles of bacterial strains
isolated from water shown in Table (3).

4. Discussion

WHO estimates that 80 % of all sickness in the @vardn be attributable to inadequate
potable water supplies and poor sanitation (Par@4R0rhis is the first study as far as we
know in the region, to assess the quality of wegepurces and prevalence of the resistance
isolated bacteria on the Ka'am region.

Escherichia colivas one of the most isolated important fecal indicsa where isolated
from (3.75%) during the study, this result is irregment with Algobaar (2008), who found
thatE. coli isolated from Aryad drinking wells (4.93%), al&b-Jakee (2009) found th&t
coli 7.7% among water samples collected from drinkindemground, other study have been
reported higher percentage than this findiagcoli was isolated from different water samples
(37.3% and 51.51%), respectively (Aboagallah, 2@t Aliet al, 2014). Detection OE.
coli indicates direct or indirect contamination of walgr animal or human feces, which in
turn means the possible presence of serious emnatitogens that include among others
klebsiella spp., diarrheagertc coli, and enteric viruses in such water sources.

Other microorganismShewanellaspp was isolated from the same sources 4(5%) in
which; one sample from Alain 1/20 (5%) and 3/6038%) from the wells, whereas
Shewanellaspp is a marine organism, other investigators reporggatively similar findings,
Kozifiska and Pekala (2004), who isolated the biacfesm fish in fresh wateKlebsiella
pneumonia Yersinia pseudotuberculasiisolated at 15% from water samples followed by
Klebsiella rhinoscleromasi and coliform ssp.11(13.75); 9(11.25) receptivéhese results
confirmed that animals or human feces are a maiarce of contamination (Chies al,
1993; and Podschuat al, 2001), especially if we take into our considi@rathat this area is
used as cattle market, grazing of livestock and péns for the cattle's, where manure is used
as a common soil fertilizer.
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Table 2. Distribution of bacterial isolated according te tbource of water

and the space near the sewage sources.

Isolation N(%)

Water source

Near the wells from sewage

Alain Well P.V Yeas NO P.V
Bacterial spp. N=20 N=60 N= 52 N=8

4(20) 8(13.33) NS 8(15.38) 0(0.0) NS

2(10) 10(16.66) NS 10(19.23) | (0.0)0 NS

2(10) 9(15) NS 9(17.30) (0.0)0 NS

Yersinia pseudotuberculosis 2(10) 7(11.66) NS 7(13.46) (0.0)0 NS
Klebsiella pneumoniae 3(15) 2(3.33) NS 2(3.84) (0.0)0 NS
Klebsiella rhinoscleromatis 2(10) 3(5) NS 3(5.76) (0.0)0 NS
Coliform spp. 2(10) 3(5) NS 3(5.76) (0.0)0 NS
Citrobacter freundii 3(15) 1(1.66) 0.02 (0.0)0 1(12.5) 0.02
Hafnia alvei 1(5) 3(5) NS 3(5.76) (0.0)0 NS
Yersinia spp. 1(5) 3(5) NS 2(3.84) (0.0)0 NS
Salmonella spp. 2(10) 1(1.66) NS (0.0)0 1(12.5) 0.02
Edwardsiella tarda 2(10) 1(1.66) NS 1(1.92) (0.0)0 NS
Shewanella putrefaciens 1(5) 3(3.33) NS 2(3.84) (0.0)0 NS
Escherichia coli 1(5) 1(1.66) NS 1(1.92) (0.0)0 NS
Proteus mirabilis 1(5) 0(0.0) NS 0(0.0) (0.0)0 NS
Citrobacter eintermedius biotype 0(0.0) 1(1.66) NS 1(1.92) (0.0)0 NS
Enterobacter aeragenes 1(5) 0(0.0) NS (0.0)0 (0.0)0 NS
Serratia marcescens (0.0 1(1.66) NS 1(1.92) (0.0)0 NS
Enterobacter cloacae 4(20) 8(13.33) NS 8(15.38) 0(0.0) NS
Shigella sonnei 2(10) 10(16.66) NS 10(19.23) | (0.0)0 NS
Yersinia enterocolitica 2(10) 9(15) NS 9(17.30) (0.0)0 NS
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Table 3. Antimicrobial resistance of bacterial strainslased from 80 waters samples

No (%) Resistance
- . : . Total
Antibiotics Eschel\rlli:;na coli Cohfli)lr:rzospp)1 Gram n,\(laij:zve Spp. N=(77%)
Chloramphenicol(C) 0(0.0) 19(47.5) 15(44.12) 34(44.16)
Gentamicin(CN) 1(33.3) 8(20) 8(23.52) 17(22.10)
Meropenem(MEM) 1(33.3) 11(27.5) 5(14.71) 16(20.78)
Amikacin(AK) 0(0.0) 8(20) 6(17.65) 14(18.18)
Ampicillin (AMP) 1(33.3) 7(92.5) 29(85.29) 66(85.71)
Erythromycin(E) 1(33.3) 8(95) 31(91.18) 69(89.61)
Ceftazidime(CAZ) 1(33.3) 10(25) 2(5.88) 12(15.58)
Rifampicin(RD) 2(66.6) 37(92.5) 31(91.18) 68(88.31)
Nitrofurantion(F) 0(0.0) 25(62.5) 15(44.12) 40(51.94)
Cephalothin(KF ) 0(0.0) 34(85) 22(64.71) 56(72.73)
Aztreonam(ATM) 2(66.6) 18(45) 6(17.65) 24(31.16)
Amoxicillin(AML) 0(0.0) 36(90) 27(79.41) 63(81.82)
Cefuroxime(CXM) 2(66.6) 27(67.5) 23(67.65) 50(64.93)
Colistin(CT) 0(0.0) 9(22.5) 10(29.41) 19(24.68)

*77 isolates were tested of total isolated bact@isolates)

Coliform spp. includgsKlebsiella pneumonia; Klebsiella rhinoscleromat&Gtrobacter intermedius biotype; Citrobacr
freundii; Enterobacter clocaandHafnia alve).
Gram negative includes all the other species examform spp.

Another influence to be considered in the surviadés are the seasonal variation, it well
known that fecal survival bacterial rates can aoyn a few minutes to many days depending
upon the environmental conditions (Hughes, 2008).this study seasonal variations of
bacterial populations and their occupancy were eyggt in the water sources, and studies
have shown that the numbers of bacteria increasham densities (Drasaet al, 1981;
Tripathi and Sharma, 2011; Javedal, 2014; Nogueirat al, 2003; Maipeet al, 2001; and
Van Donselet al,1967). In a study nearby the area have repohadthe coliform bacteria
were highly isolated in Autumn and Winter (AlmhgooB005). Furthermore, a high
percentage (26.25%) of multiple agents were moggglent in Autumn and Winter, while the
same bacteria not cultured in Spring and Summewenter, this study reported that there is
no clear differences found between number of iedldacteria from either wells closed or
faraway from sewage well&. coli was not isolate from 52 wells closed to sewagdsweh
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the other handt. coliwas isolated from a well faraway from sewage sesitaut close to the
livestock and birds cages. On the basis of tliwealliscussion, it may be concluded that the
underground drinking water at almost all the sae&a'am was highly polluted as indicated
by either animal waste or human activity.

Presence of pathogenic bacteria that resistafetalitug potentially may play a role in the
spread of multidrug-resistant bacteria in the comityuand pose a serious health risk to
society (Schwartzet al, 2003). Many studies have been demonstrate thsigmificant
increases of multiple-antibiotic resistant bactegaur in various drinking water systems (e.g.
Calomiriset al, 1984; and Aliet al, 2014), however this study have spotted that 80%l
examined bacterial strains were resistant to Aripici Amoxicillin and Rifampicin.
Therefore, effort should be made by relevant aitiberto conduct quality assessment of
properly use of antibiotics, and monitoring weateurces from time to time in order to ensure
that safe drinking water.

5. Conclusion

The detection of total coliforms arkfl coliin some of the water samples from different water
sources in Ka'am and even resistances bacteriaesngblat the contaminated drinking water
may be due to exposure wells and surface wateri¢oobiological contamination either by
human activities or the presence of animals.

Finally we hope that this study may encourage otheestigators from this or other
regions to carry out more studies on the bactagiotd quality of water used for drinking and
other purposes provided by houses, farms and publites of different regions, which in
turn may provide a better idea on the quality aiswater.
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industrial disposables and solids are produced from milk fluid, cheese, butter and raw materials that added to
milk products may be out of their standards, also liquid disposables of clean water that contains Sodium
hydroxide (NaOH), Nitric acid (HNO;), diluted sugar, protein, fat materials, added substances and metallic salts,
for that suspended materials, nitrogen and phosphor are famous in liquid disposables in dairy plants, so I
recommend that all dairy plants in Libya must include liquids and solids disposable treating units and apply all
recommendations issued from ecological organizations to protect surrounded ecology of that plants.

Keywords: Disposal, Dairy plants, Chemical properties, Physical properties, Assessment.
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Abstract

Disposables in dairy plants are easy to biological decomposition, in dairy plants there are Carbohydrates, Casein,
and Lactose all these constituents are easy decompose in surrounded temperature that cause fast spoilage of
dairy plant disposables producing bad odors especially liquid disposables for dairy plants that also causing
loosing of diluted oxygen by received water sources for those disposables , if drained directly to municipality
drains, it decreases water treating level. So the dairy plants disposable causes noise and ecological pollution if
drained to water sources without any treating. In this study all ways of assessment used with disposable waters in
3 dairy plants in Misrata city (Misrata plant, Al-Naseem plant, and Al-Rawy plant). The results show that, the
TDS were 7,500, 8,000, and 9,000 mg/l in 3 dairy plants respectively, BOD were 3.5, 4.5, and 5.5 mg/l
respectively, the COD were 1,250, 1,300, and 1,600 mg/l respectively, pH were 7, 8, and 7.9 respectively,
Nitrates were 1.4, 1.9, and 1.4 mg/l respectively, Sulphates 160, 140, and 121 mg/I respectively. The liquid
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Effect of Some Pesticides on Nitrogen Fixing Bacteria
under Wadi Alshatti Conditions, Libya
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Abstract

This research was conducted to throw light on the effect of some locally handled pesticides application on
nitrogen fixing bacteria in the rhizosphere, the results revealed that Rhizobium bacteria that isolated from
fenugreek , i.e., R. melolit was the most affected and sensitive species. Data also showed that the pesticide
concentration, the type of pesticide and bacterial species were affecting the rate of effect. Not all the rates of
pesticides application were effective, but in short time no harmful effect were observed. Degradation of
pesticides produce new products that may induce or inhibit bacterial growth, Bioaccumulation, in long time may
lead to chronic toxicity.

Keywords: Pollution, Pesticides, Legumes, Nitrogen, Alshatti, Libya.
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Null Hypothesis: F-Statistic Prob.

RAIN does not Granger Cause BARLEY 0.424 0.658
BARLEY does not Granger Cause RAIN 0.609 0.551
TEMP does not Granger Cause BARLEY 1.245 0.305
BARLEY does not Granger Cause TEMP 1.375 0.271
RAIN does not Granger Cause ONION 1.938 0.165
ONION does not Granger Cause RAIN 2.570 0.097
TEMP does not Granger Cause ONION 0.662 0.524
ONION does not Granger Cause TEMP 7.127 0.003
RAIN does not Granger Cause ORANG 2.419 0.110
ORANG does not Granger Cause RAIN 1.100 0.349
TEMP does not Granger Cause ORANG 0.467 0.631
ORANG does not Granger Cause TEMP 6.966 0.004
RAIN does not Granger Cause POTATO 4.495 0.022
POTATO does not Granger Cause RAIN 2.042 0.151
TEMP does not Granger Cause POTATO 2.779 0.082
POTATO does not Granger Cause TEMP 2.751 0.083
RAIN does not Granger Cause TOMATO 0.714 0.499
TOMATO does not Granger Cause RAIN 2.849 0.077
TEMP does not Granger Cause TOMATO 2.049 0.150
TOMATO does not Granger Cause TEMP 2.254 0.126
RAIN does not Granger Cause MELON 6.896 0.004
MELON does not Granger Cause RAIN 3.895 0.034
TEMP does not Granger Cause MELON 3.813 0.036
MELON does not Granger Cause TEMP 1.917 0.168
RAIN does not Granger Cause WHEAT 3.281 0.055
WHEAT does not Granger Cause RAIN 1.310 0.288
TEMP does not Granger Cause WHEAT 3.263 0.055
WHEAT does not Granger Cause TEMP 0.969 0.393
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The Impact of Climatic Changes on Agricultural Productivity in
Libya during the Period (1980-2010)
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Abstract

Climate change has a strong effect on agricultural production, and consequently on food supply and security. We
applied pairwise Granger causality to time-series data to examine the causal relationship between climatic
conditions and annual production of important crops in Libya between 1980 and 2010. The climatic variables
were rainfall and temperature, and the crops were wheat, barley, onion, watermelons, tomatoes and potatoes.
There was bidirectional causality between temperature trend and potato production and unidirectional causality
between temperature and watermelon and wheat production. There was no causality between temperature on the
one hand and production of barley, onion and tomatoes on the other hand. The results also show a unidirectional
causality running from rainfall to potatoes and wheat, and a bidirectional relationship between rainfall and
watermelon. There was no directional causation from rainfall to barley or tomatoes. Based on these findings,
Libyan authorities should pay more attention to the planting of crop varieties that are resistant to drought and
heat and focus on the development of such varieties.

Keywords: Climate changes, Agriculture, Libya, Granger causality.
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methodology relies on the historical data pertaining to this phenomenon as well as world cases of similar
conditions to the study area. In addition, a questionnaire survey was conducted in the study area to support data
analysis and information synthesis, accompanied by a descriptive approach to cast all information into one pool
that serves the interpretation process. The analysis results showed that two types of influences have prominently
contributed to the development of fluorosis in the study area. The first one is related to natural factors, such as
local geology, prevailing arid climatic conditions, naturally fluoridated groundwater, flat landscape topography,
and aquifer's proximity to seawater (i.e., coastal basin). The second type is related to human factors, such as
unsustainable exploitation of natural resources, deteriorative actions on the environment, unsound societal habits
towards water resources, and overall poor health education. The study suggests the importance of determining
the actual background values of fluoride in the study area as a priority information for environmental risk
assessment and public health studies.

Keywords: Fluoride, Fluorosis, Groundwater, Health Geology, Environmental Epidemics.
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Fluorosis and Groundwater: A Preliminary Environmental and
Health Geology Investigation in the Northwestern Region of Libya
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Department of Drilling and Water Resources, Higher Institute of Water Affairs, Ajailat City, Libya.

LN

Bl Aol e VA ol dygls ST e dngU ded oLl Bl e il 2331 Jlcid) g3 dsl L s
T ) ALzl LU Lty cold) oda oo Ol g tms M1 B3N sblis 0o (3 ()hdl) placi¥I 20 iy (Wpile 1.5)
Al s alloned . 21N BTG s e Bngdl Bl lam | Bl HULT o (25 3 Bpen ) Bdgl a8 e Blaozt doxas gl
S wlras (3 il plassi VI (20 e325y plall puainy ddpbl ol Dol ) ool 2 By lally Julsall ¢ o g pslane oo
ol e Ul et 5 ety s ¢ U atdl f oy gty AN n e plal e ol Amgin s L e Bl L))
ey ¢kl Bhes o5 o)W1 e 5T 535 0LtV B s el gl Syl Bt an Lgdg b alis Alle Gblis Lesylang
el il g sl 0ds LLIYI ld Al iy Wil (o gl 5F aomge B es A8 gadtl UL iy Jted ¢ ooyl
o cmalal) Jalsall 5T ey il anndsy 24 s 055 35l 43 Wb Lt L 1 Bty 25 Bimh Julss e gest a0
Jolsll Ll mdl e ST oSl S o ally bl (2,31 egyliay ¢ pslally Lone 2usal) oLl 25y (U Ly il Lomglp ok
Canally A 89,801 ol Ab U Boelans VI SUSyLudly ¢ el jpaadld i My domnlall sfgel) Bl ppecdl 2o as¥l e deis dya
AL AT e U WL il ll Bl ol Al (3 skl aad) SSTAN e lald sl Buhlll i . el Gl LLiaks pla)

bl deally 8)sbdl o lals 3

e DUy s Longlser g oLl 55kl pleni¥I il iV ST
Abstract

Libya is one of the North African countries situated in a high-groundwater fluoride province where fluoride
concentrations in water exceed the permissible limit (1.5 m//[). Consuming such type of water has been linked to
the development of fluorosis in the country. The northwestern region of Libya is a typical example. The local
community in this region depend heavily on groundwater, extracted from sedimentary aquifers of the Jefarah
Plain Basin, as the main water supply for all applications. Placed on geoenvironmental-health perspective, the
present study explores the factors and conditions that play a key role in increasing fluoride concentrations in
groundwater and, hence, the development of fluorosis in this part of Libyan geography. In doing so, the designed
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Hokoma R., and Bindra S. (2004a). Challenges & Opportunities of Automobile Pollution Control in
Developing Countries. Proceedings of the International Conference on Industrial and
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Abstract

This paper investigates the negative issues that come out from different types of transportation facilities being
used by the students within University of Tripoli in the Libyan capital. This situation can be clearly highlighted in
the result of the huge amount of the wasted time during the students’ life within the university campus. The paper
also investigates the large amount of pollutants in the form of toxic and harmful gases to human beings and to the
environment where this topic can be considered as a continuation of a previous research being published during
the second environmental conference took place last December.

This study is mainly based on surveying a random sample of the university students, using a questionnaire
specifically designed for this purpose, taking in consideration determining the quality and the type of the
transportation facilities being used by the university students along with their model and age. That to help
knowing and determining the amount of emissions in the form of exhaust and toxic gases released from these
transportation facilities.

The analysis of the gathered data pointed out to indicators that can be considered as a significant degree of
importance, clearly pointed out to a very serious matter, including the amount of pollutants that resulting from the
exhaust of the transportation facilities that used by the students of the University of Tripoli, and it can be
considered as a significant level of pollutants issued by the Libyan land.

Depending on the results obtained by this research, other alternatives can be suggested including some other
transportation facilities which are not being used in the Libyan capital. These suggested transportation facilities
could be provided and used to contribute significantly to find effective solutions to the problem of air pollution in
the Libyan State, working to reduce the levels of emission of toxic gases. These suggested alternatives could be
considered to a certain extent as crucial and to be taken very seriously.

Keywords: Pollution, Transportation Facilities, Survey, University of Tripoli, Libya.
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Effects Resulting From The Transportation Facilities Used Within
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