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Abstract

Abstract:

Seawater is a complex solution containing, either a dissolved or particulate, all of the
elements of the earth's crust. Have been affecting human and living things in the various
fields.

Therefore, much interest and effort have been devoted on the studies for the determination of
these elements. These elements are presented at lower level than the detection limits of
common analytical methods, and their determination is spectroscopically and chemically
interfered with other major constituents. Much effort has been tried to solve difficulties of
such interferences by the development of various techniques. In order to eliminate the
interferences, a solvent extraction has been commonly applied for the separative
concentration of trace elements from the sample matrix. Dithizone and its derivatives and
oxine are used for such extraction.

This technique has advantages of relatively easy experimental procedure and good selectivity
as well as a disadvantage of low concentration efficiency. That is, some auxiliary ligands

have been used together with a main ligand. Such as, KCN and KSCN.

In this research, we measured the trace amounts of lead and cadmium after preconcentration

of the samples from the coast of Benghazi.

The preconcentration of trace amounts of lead and cadmium for using Flame Atomic
Absorption Spectrometer by a solvent extraction Dithizone complex was formed at pH 7-9

for removed interferences.

The maximum extraction time was found to be 30 minutes, the lead-Dithizone complex
shows maximum absorbance at 283.3nm; and the Cadmium-Dithizone complex shows

maximum absorbance at 228.8 nm.



Introduction

1.1. General introduction of Lead:

Lead is a member of subgroup IVA of the periodic table, it is a typical heavy

metal (Lippmann, 2000), with atomic number 82 and mass number 207.21a.m.u (Weiss,
1972, House et al, 2005), ground state electronic configuration is [ Xe] 6524/‘1 54! 06p2 )
It has a relatively high mass number. The chemical symbol Pb is for Plumbum, the
latin word to denote spouts or water conductors, with its modern counterpart in our
word plumber (Weiss, 1972). The elements in group IVA Carbon, Silicon, Germanium,
Tin and Lead-shown a graduation from C, which is non-metallic to Pb, which though its
oxides are amphoteric, is mainly metallic in nature (House et al, 2005). Valence shell of
the lead atom it's outer shell. Lead has no allotropic modification and crystallizes with
face-centered cubic structure (a = 4.9489A°), with nearest neighbor Lead-Lead distance
as 3.49 A° (H. P. Klug, 1946).

Lead, together with Iridium and Thallium, form a group of close-packed metals
isolated from the other close-packed metals, the inter-atom distances in Iridium,
Thallium and Lead are very large compared with those of neighboring elements (A. F.
Wells, 1962).

The element would be expected to show a normal valence +4 in its compound,
the two s electrons of lead are reluctant to ionize and are thus sometimes referred to as
the inert pair, all members of group IVA exhibit an oxidation state of +4, but the +2
oxidation state increases in stability as the group is descended. Lead is considered to
have a stable oxidation state (Pb2+) that furnishes a divalent ion (Lippmann, 2000 ,
House, 2005).

In the earth's crust lead is estimated to be present as 1.6x10™ % by weight and to be in

seawater at a concentration of 4 ppb (Rochow et al,1973).

1.2. lead in the environment:

Lead exist in a large number of minerals, and is associated with other metals,
notable zinc and silver, and to a lesser extent copper and gold, the occurrence of lead in

its native state is rare (Weiss et al, 1972).
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The most important lead ore is galena PbS, which is widely distributed throughout the
world (Rochow et al, 1973, Clark, 2001), it is frequently associated with sphalerite
(ZnS), pyrite FeS, and marc site white iron pyrite, of lesser commercial importance are
cerussite PbCOs, anglesite PbSO4, pyromorphite PbCl,.3Pb3(PO,), (Weiss et al, 1972,
Rochow et al, 1973) and Mimetesite PbCl,.3Pb3(AsO4), (Rochow et al, 1973).

Another lesser minerals are crocoites (or kallochrome, or red-lead ore) (PbCrOy),
wulfenite (or molybdenum lead spar, or yellow lead ore) (PbMoOs) and stolzite
(PbWO4) (Rochow et al, 1973), Lead is also found in Silicates, Vanadates, Arsenates,
and other minerals (Weiss et al, 1972).

On the second hand, the implementation of stricter environmental policies has already
shown that the Mediterranean environment is very sensitive to changes in emissions of
anthropogenic TMs. For example, the implementation of the antipollution policy on
automotive lead in the second half of the 1980s has resulted in the rapid removal of lead
in the North-western Mediterranean atmosphere (Migon et al, 2008).

Briefly, tetra-ethyl Pb was used until the 1990s as an additive in gasoline to increase its

octane rating (Kummer et al., 2009).

1.3. Properties of lead:

Lead (Pb) in its elemental form is silvery-white and turns blue-grey when
exposed to air. The outstanding physical properties of pure lead are its high density,
softness, malleability, flexibility, low melting point, low strength and low elastic limit,
these characteristics together with its high corrosion resistance (Weiss et al, 1972,
House et al, 2005), are the basis of most applications of lead metal, also high expansion
coefficient. Lead is diamagnetic, poor conductor of electricity and exhibits high
damping characteristics for mechanical and acoustical vibration.

A high mass absorption coefficient makes lead very effective in attenuating X-
rays and gamma rays (Weiss et al, 1972). Pure lead is bluish-white in color and has a
bright luster (Weiss et al, 1972, Rochow et al, 1973), with air and water vapor the metal

forms a thin surface film of oxycarbonate which protects the underlying metal.
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physical properties of Lead:

Atomic number-82, Atomic mass-207.2 g.mol™, Electronegativity according to Pauling-
1.8, Density-11.34 g.cm™ at 20°C, Melting point-327 °C, Boiling point-1755 °C,
Vanderwaals radius-0.154 nm, Electronic shell-[ Xe ] 4f'* 5d'° 6s* 6p?, Isotopes-13,
Tonic radius-0.132 nm (2+) ; 0.084 nm (4+), Energy of first ionization-715.4 kJ.mol™,
Energy of second ionization-1450.0 kJ.mol™, Energy of third ionization-3080.7
kI.mol”, Energy of fourth ionization-4082.3 kJ.mol”, Energy of fifth ionization-
6608 kJ.mol ™ and Discovered by-The ancients (Thurmer et al, 2002, UNEP, 2008).

1.4. Industrial and commercial utilization of lead:

The current annual worldwide production of lead is approximately 5.4 million
tons and continues but because lead is easily refined, and does not normally become
contaminated in service, lead and lead-alloy scrap constitutes an important factor in re-
enters the market.

The following list gives an approximate indication of some of the major
consumers of lead; Storage batteries (~35%) (Weiss et al, 1972, Rochow et al, 1973),
tetraethyl lead (~10%), cable covering (~10%) (Weiss et al, 1972, Rochow et al, 1973),
solder (~10%), red lead and litharge (~5%), building lead (~5%) and caulking (~5%)
(Rochow et al, 1973).

Lead is soft metal and has been widely used in the plumbing industry except in
isolated cases, lead is probably not a major problem in drinking water, although the
potential exist cases where old lead pipe is still in use.

Water that has stood in household plumbing for some time may accumulate significant
levels of lead (along with zinc, cadmium and copper) and should be drained for a while
before use. Lead oxide are of great commercial importance, e.g. in the manufacture of
"crystal lead" glass. Read lead Pb;O, is used as a pigment and a corrosion-resistant

coating for steel and iron (House, 2005).
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The use of lead increased during the medieval ages as a roofing material, for war
projections of lead include plumbing material and containers for corrosive liquid such
as sulfuric acid (Weiss et al, 1972).

Since leaded gasoline was introduced in 1923, its combustion and resulting
contamination of the atmosphere. One source of environmental lead, tetraethyl lead,
was to be reduced in the UK from 0.4 to 0.15 g/l in petrol by the end of 1985.

Large quantities are consumed in the manufacture of tetracthyl lead, an
antiknock compound in gasoline (Weiss et al, 1972), although worldwide phase-out of
leaded gasoline is in progress, it is still being used all over the world.

Lead alloys with antimony, tin and other metals are used in making ammunition,
solder, type metal and various antifriction metals (Weiss et al, 1972). Compounds of
lead, such as white lead [2PbCO3.Pb(OH),], sublimed white lead (PbSO,), lead (Pb;0,),
and chrome yellow (PbCrO4) are used in paint.

The principal sources of environmental contamination of foods by lead are exhaust
gases, industrial discharge and its presence in soil, industrial food processing can also
give rise to lead contamination.

Lead is mined throughout the world, with major mining areas, yielding over
100,000 tons a year, in the U.S., Canada, Mexico, Peru, Yugoslavia, Australia, China,
Bulgaria, and Some countries of the former Soviet Union.

In addition, between 800,000 to 1,000,000 tons are recovered from secondary or scrap
sources annually.

In the U.S., over half a million tons of lead are produced from mine production,
and a slightly larger amount from secondary lead (Weiss et al, 1972).

Lead pollution arises mainly from car exhausts but industrial processes, batteries,
minerals and lead arsenate insecticide also contribute to lead in the environment

(Timbrell, 2002).

1.5. Toxicity of lead:

Lead (II) ion interferes with a wide range of biochemical processes, it is

probably the most dangerous ion of all. The general body of literature on lead toxicity
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indicates depending on the dose, lead exposure in children and adults can cause a wide
spectrum of health problems, ranging from convulsions, coma, renal failure and death
at the high end to subtly effects on metabolism and intelligence at the low end of
exposures. Acute lead poisoning usually affects the gastro-intestinal trace or the
nervous system, and occasionally it affects both (UNEP, 2008).

There can be a sweetish metallic taste, burning in the mouth, severe thirst,
anorexia, nausea, severe headache and vomiting. Constipation is common, which may
be interrupted by diarrhea due to gastroenteritis. Where all compounds of lead are
toxic, and lead poisoning has been long known and exhaustively studied (Elkins, 1959),
lead poisoning still constitutes one of the most important industrial hazards. Small
quantities of lead are ingested regularly by humans from contaminated food and drink,
but such quantities are easily eliminated by normal body processes.

Causes of harmful accumulations in this way are now very rare. Serious lead
intoxication is now most frequently encountered by inhalation of vapors or dusts of lead
and lead compounds, thus the processes of spraying or sanding lead paints are
extremely hazardous without proper protection. The specified maximum allowable
atmospheric pollution is 0.15mg of lead per cubic meter of air (Rochow, 1973).

Lead is a high toxic and cumulative poison, toxicity manifests as important of
metabolic function, with possible change to the distribution and abundance of
populations (Elder, 1988).
The toxicity of lead compounds depends on their solubility in body fluids, which may
differ markedly from those in water, upon the particle size: when the particle is smaller,
the solubility and toxicity are greater.
Blood lead concentrations provide probably the best index of recent exposure to this
element and have been used for the biological monitoring of populations exposed to
environmental lead in many countries (CED, 1977).
One considers that lead added to petrol is only one of many sources of lead, and
possibly contributed only 20-30% of the total blood lead (Lead and Health,1980,
Isotopic, 1982).

Lead, widely distributed as metallic lead, inorganic compounds and

organometallic compounds, has a number of toxic effects, including inhibition of the
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synthesis of hemoglobin. It also adversely affects the central, peripheral nervous
systems and the kidneys (Canham, 2000).

Lead is absorbed into the blood plasma, where it rapidly equilibrates with
extracellular fluid, more slowly but within minutes, lead is transferred from plasma into
blood cells (Lippmann, 2000), after absorption, lead enters the blood where 97 percent
is taken up by the red blood cell, the half-life of lead in the red blood cell is 2-3 weeks,
some redistribution of the lead to liver and kidney occurs and then excretion into the
bile or deposition in bone takes place (Timbrell, 2002).

About 94-95% of the total body burden of lead is stored in the bones (Keating et
al, 1987). This association with bone is related to the chemicals is similarity to calcium
and the formation of insoluble lead phosphate (Lippmann, 2000).

Plant roots are usually able to take up and accumulate large quantities of Pb*" in soil.

Found deposits of Pb, especially as pyrophosphate in the cell walls of the root
but also similar deposits in stems, leaves and the occurrence of Pb granules may further
explain the low toxicity (Pahlsson, 1989).

Individuals will absorb more lead in their food if their diets are deficient in calcium,
iron or zinc (Mahaffey, 1990). Numerous studies have been conducted to determine the
impact of this Pb burden on fish (Coughlan et al, 1986).

The measurement of trace metal concentration in marine organisms can be
important in a wide range of applications, such as indicators of pollution (Goldberg et
al, 1983, Prosi et al, 1981), studies of biochemical processes (Rainbow, 1985) and
measurement of baseline levels (Fowler,1986, Martin et al, 1973).

Many marine crustaceans have been shown to accumulate metals (Coughlan et
al, 1986), with relatively high concentrations often occurring in the hepatopancreas
(Daoji et al, 2004), compared with other metals, lead in the sea is not particularly toxic
at concentrations up to 0.8 ppm, lead nitrate even enhances the growth of the diatom
phaeodactylum.

Fish contain little lead and the content in commercial species in the North sea

generally ranges from 0.05-0.5 ppm (wet weight).
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1.6. General introduction of Cadmium:

Cadmium is a member of subgroup IIB of the periodic table it is a typical heavy
metal, with atomic number 48 and mass number 112.41a.m.u (Weiss et al, 1972, House
et al, 2005), Ground State electronic configuration is [Kr]5s74d"”.

Cadmium is a chemical element with the symbol Cd , this metal is chemically similar to
the two other stable metals in group IIB, zinc and mercury. Like zinc, it
prefers oxidation state +2 in most of its compounds and like mercury it shows a low
melting point compared to transition metals. The average concentration of cadmium in
the Earth's crust is between 0.1 to 0.5 parts per million (ppm). It was discovered in
(Germany in 1817), its name is derived from the Latin word Cadmia and the Greek

word Kadmeiathat are ancient names for calamine or zinc oxide (S ergio et al, 2007).

Cadmium is a silvery-white, lustrous, but tarnishable metal; it is soft , ductile
and has a relatively high vapour pressure. Cadmium is nearly always divalent;
chemically it closely resembles zinc and occurs by isomorphous replacement in almost

all zinc ores (Cotton et al, 1972).

1.7. Cadmium in the environment:

Cadmium is a relatively rare element. It is uniformly distributed in the Earth's
crust, where it is generally estimated to be present at an average concentration between

0.15 to 0.2 mg/kg (Hiatt et al, 1975, Fleischer et al, 1974).

Cadmium occurs in nature in the form of various inorganic compounds and as
complexes with naturally occurring chelating agents; organo-cadmium compounds are
extremely unstable and have not been detected in the natural environment (Nordberg,
1974).

Naturally a very large amount of cadmium is released into the environment,
about 25,000 tons a year. About half of this cadmium is released into rivers through

weathering of rocks, some cadmium is released into air through forest fires and
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volcanoes. The rest of the cadmium is released through human activities, such as
manufacturing. Although useful applications for cadmium have been recognized only
in comparatively recent times, the metals with which it is commonly associated--

copper, lead and zinc- have been employed for several thousand years (Friberg, 1974).

The solubility of cadmium in water is influenced to a large degree by the acidity
of the medium (Fleischer, 1974). The need to determine cadmium levels in suspended
matter and sediments in order to assess the degree of contamination of a water body has
been pointed out (Friberg, 1974). Absorbed cadmium accumulates mainly in the renal
cortex, liver, the pancreas, thyroid and gall-bladder, testes can also contain relatively
high concentrations (World Health Organization, 1974). Several studies suggest that
accumulation of cadmium in the human body is a function of age (Schroeder et al, 1961,

Piscator et al, 1972).

Cadmium accumulates with age until a maximum level is reached at about age
50; the total body burden of a person of 50 years of age ranges from 5 to 40 mg
(Lauwerys, 1978), about half the body burden is found in the kidneys and liver; the
cadmium concentration of the cortex of the kidneys ranges from 0.005 to 0.1 mg/g
(World Health Organization, 1974), concentrations of cadmium in the renal cortex are

normally 5 to 20 times those in the liver (Fleischer, 1974).

Cadmium also consists in the industries as an inevitable by-product of zinc, lead
and copper extraction. After being applied it enters the environment mainly through the

ground, because it is found in manures and pesticides.

No cadmium ore is mined for the metal, because more than enough is produced
as a by-product of the smelting of zinc from its ore sphelerite (ZnS), the main producing
country is Canada, with the USA, Australia, Mexico, Japan and Peru also being the
major suppliers (Draft, 2008).
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1.8. Properties of cadmium:

Cadmium is a lustrous, silver-white, ductile and very malleable metal. Its
surface has a bluish tinge and the metal is soft enough to be cut with a knife, but it
tarnishes in air. It is soluble in acids but not in alkalis. It is similar in many respects
to zinc but it forms more complex compounds. Cadmium is a soft, malleable, ductile,
bluish-white and divalent metal. Unlike other metals, cadmium is resistant
to corrosion and as a result it is used as a protective layer when deposited on other

metals.

As a bulk metal, cadmium is insoluble in water and is not flammable; however,

in its powdered form it may burn and release toxic fumes.

physical properties of cadmium:

Atomic number-48, Atomic mass-112.4 g.mol™, Electronegativity according to Pauling-
1.7, Density-8.7 g.cm™at 20°C, Melting point-321 °C, Boiling point-767 °C,
Vanderwaals radius-0.154 nm, Ionic radius-0.097 nm (+2), Isotopes-15, Electronic
shell-[ Kr ] 4d' 5s®, Energy of first ionization-866 kJ.mol™, Energy of second
ionization-1622 kJ.mol™, Standard potential-0.402 V and Discovered-Fredrich
Stromeyer in 1817 (Holleman et al, 1985, Draft, 2008).
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1.9. Industrial and commercial utilization of cadmium:

About three-fourths of cadmium is used in Ni-Cd batteries, most of the
remaining one-fourth is used mainly for pigments, coatings, plating and as stabilizers

for plastics (Scoullos et al, 2001, Smith et al, 1999).

Cadmium has been used particularly to electroplate steel where a film of

cadmium only 0.05 mm thick will provide complete protection against corrosion.

Cadmium has the ability to absorb neutrons, so it is used as a barrier to control
nuclear fission. Cadmium is intentionally added to six major classes of products where
it imparts distinct performance advantages and is present as an impurity in five major
classes of products where its presence is regarded as an environmental disadvantage but
which generally does not affect the performance of the product, cadmium alloys and
cadmium electronic compounds such as cadmium telluride (CdTe). The major classes
of products where cadmium is present as an impurity are non-ferrous metals (zinc, lead
and copper), iron, steel, fossil fuels (coal, oil, gas, peat and wood), cement and
phosphate fertilizers (Draft, 2008).

Cadmium emissions in France were reduced by 82% since 1990, explained
mainly by improvements in industrial sectors such as iron and steel industry, non-
ferrous smelters and removal of pollutants from the flue gases generated by household

waste incineration plants (Centre, 2009).

1.10. Toxicity of cadmium:

Human uptake of cadmium takes place mainly through food. Foodstuffs that are
rich in cadmium can greatly increase the cadmium concentration in human bodies.
Examples are liver, mushrooms, shellfish, mussels, cocoa powder and dried seaweed.
Other high exposures can occur with people who live near hazardous waste sites or
factories that release cadmium into the air and people that work in the metal refinery

industry.

10
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When people breathe in cadmium it can severely damage the lungs, this may
even cause death (Draft, 2008). An exposure to significantly higher cadmium levels
occurs when people smoke, tobacco smoke transports cadmium into the Iungs blood
will transport it through the rest of the body where it can increase effects by potentiating
cadmium that is already present from cadmium-rich food. The acute oral lethal dose of
cadmium for man has not been established; it has been estimated to be several hundred
milligrams. Doses as low as 15 to 30 mg (Gleason et al, 1969) from acidic foodstuffs
stored in cadmium-lined containers have resulted in acute gastroenteritis (Mckee et
al, 1963, Fairhall, 1957). Consumption by humans of fluids containing 13 to 15 mg of
cadmium per litre has caused vomiting and gastrointestinal cramps (Fulkerson et

al,1973).

Acute cadmium poisoning has occurred following exposure to fumes during the
melting or pouring of cadmium metal (World Health Organization, 1974), fatalities
have resulted from a 5-hour exposure to 8 mg/m’, although some individuals have

recovered after exposure to 11 mg/m’ for 2 hours (Friberg et al, 1975).

Acute pneumonitis resulted from inhalation of concentrations between 0.5 and
2.5 mgm’ for 3 days (Hygienic, 1962), symptoms of acute poisoning include
pulmonary oedema, headaches, nausea, vomiting, chills, weakness, and diarrhoea

(Spolyar et al, 1944).

The dose of cadmium required to cause symptoms has not been determined.
Symptoms of the disease, which occurred most often among elderly women who had
many children, are the same as those of osteomalacia (softening of the bone); the
syndrome is characterized by lumbar pain, myalgia and spontaneous fractures with
skeletal deformation. It is accompanied by the classical renal effects of industrial
cadmium poisoning: proteinuria, often glucosuria and aminoaciduria (Friberg et al,
1974). 1t has been suggested that there is a relationship between chronic ingestion of
cadmium and hypertension (Schroeder, 1965); however, data available at the present

time are inconclusive (National Institute, 1977), the results of several studies suggest

11
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that persons with hypertension have more cadmium and a higher cadmium to zinc ratio

in their kidneys than those without hypertension.

In contrast to these findings, no relationship between cardiovascular disease and
cadmium levels in the kidney was found in a study of 80 individuals at postmortem

(Morgan, 1969).

In addition, no relationship between hypertension and urinary cadmium
excretion has been observed (Szadkowski et al, 1969), oral administration of cadmium
has produced hypertension in animals. Cadmium is first transported to the liver through
the blood, there, it is bond to proteins to form complexes that are transported to the
kidneys, cadmium accumulates in kidneys, where it damages filtering mechanisms, this
causes the excretion of essential proteins and sugars from the body and further kidney
damage, it takes a very long time before cadmium that has accumulated in kidneys is

excreted from a human body. Other health effects that can be caused by cadmium are:

- Diarrhoea, stomach pains and severe vomiting.

- Bone fracture.

- Reproductive failure and possibly even infertility.
- Damage to the central nervous system.

- Damage to the immune system.

- Psychological disorders.

- Possibly DNA damage or cancer development.

12
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1.11. Diphenylthiocarbazone:

Diphenylthiocarbazone, H,D; was called (Dithizone) was discovered by Emil
fisher, (Fischer, 1878, Fischer, 1882), Dithizone long been used as a reagent for the
colorimetric analysis of trace metals (G. Iwantscheff, 1958, E. B. Sandell, 1959).
Twenty-four metal complexes of Dithizone have been prepared, characterized and
examined for their photochemical and photochromic under steady illumination with
visible light, example of its: Pd(HDz),, Pt(HDz),, Ag(HDz),, Zn(HDy),, Cd(HDz), ,
Hg(HDg),, Pb(HD),, Bi(HD), and Bi(HD,),C1.2HCI.

Twenty four metals are capable of reacting with Dithizone to produce colored
coordination compounds. Under the proper conditions or upon the removal of all
interferences, the reaction can be made selective for a desired substance (Taras et al,
1976).

It is still one of the most important chelating agents used in extraction (Dnnelly
et al, 1989). However, it is only recently that evidence has begun to accumulate on the
properties and structures of the complexes thus formed (H. Irving et al, 1961, R. F.
Bryan et al, 1961). Dithizone is known to an excellent ligand to form complexes even

in basic solution (Sang Kim, 2000).

1.11.1. Dithizone properties:

Dithizone is a violet black solid which is insoluble in water below pH 7 ( Harris
et al, 1999), but is soluble in dilute ammonia solution (Volgel et al, 1975). Dithizone
gives green compound when is soluble in non polar organic solvents (Harris et al,
1999), such as chloroform, carbon tetra chloride (Volgel et al, 1975), hexane and
benzene (A. Skoog et al, 1976) and it forms red, hydrophobic complexes with most di-
and trivalent metal ions (Harris et al, 1999).

Dithizone undergoes oxidation in aqueous solution, whereby concentration of its
solution changes. In order to prevent this, hydroxylamine was added and the solutions

were kept at less than 10 °C (Singh et al, 1989).

13
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Dithizone is widely used for analytical extraction, colorimetric determination of
metal ions after analytical extraction and removing traces of metals from aqueous buffer
(Harris et al, 1999).

Dithizone in water has the equilibrium:
H,Dz H,0 H'+HDz

The neutral molecule H;Dz is highly soluble in an organic solvent. The
distribution ratio for this molecule between chloroform and water is 2x10° (Kenner et
al, 1979).

It's known as a reagent for separation of lead and it's photometric determination,
but also valuable for Zn, Cd, Hg, Cu and Ag. The great sensitivity of Dithizone
reaction arises from high absorptive of Dithizone complexes in the region of 500 to 550
nm (Meriwether et al, 1965).

It must be emphasized that Dithizone is an applicable to quantities of metals in
the order. Only the purest Dithizone (e.g. A.R. A analytical Reagent), may be used,
since the reagent tends to oxidize to diphenylthiocarbadiazone, S=C(N=NC¢Hg),.

The latter does not react with metals, and its insoluble in ammonia solution and
dissolves in organic solvents to give yellow or brown solution. Reagents for use in
Dithizone method of analysis must be highly pure (e.g., S.R. Spectroscopic Reagent)
(Vogel et al, 1975).

1.11.2. Structure of Dithizone:

Dithizone contains two active hydrogen atoms, each of which can be replaced by
an equivalent of metal, when hydrogen of the Dithizone molecule is replaced, a primary
Dithizone is formed: when both are replaced, a secondary Dithizone is formed (Dnnelly

et al, 1989).

14
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Figure (1.1) Dithizone behaves in solution at autometric mixture of (I) and (II)
(Volgel et al, 1975). Function as a monobasic acid (pKa=4.7) up to a pH of about 12:
the acid proton is that of the thiol group in (II), Primary metal Dithizonate are formed

according to the reaction:
M" +nH,D, < M(HD,), + nH"

Some metals, such as copper, silver, gold, mercury, bismuth and palladium,
form a second complex (which we may term "secondary " Dithizonate, which are less
stable and less soluble in organic solvent (Volgel et al, 1975).

Dithizone is an excellent reagent for the determination of small (microgram)
quantities of many metals and can be made selective for certain metals by resorting to
one or more of the following devices:

I- Adjust pH of the solution to be extracted, thus from dilute acid solution (0.1-
0.5 N). Silver, mercury, copper, and palladium can be separated from other
metals: bismuth can be extracted from a weakly acidic medium; lead and
zinc from a neutral or faintly alkaline medium; cadmium form a strongly
basic solution containing citrate or tartrate (Volgel et al, 1975).

II- Adding a complex-forming agent or masking agent; the masking agent is
reagent that chemically binding an interference and prevents it from causing
errors in analysis, e.g. cyanide, thiocyanate, thiosulphate and EDTA (Volgel
et al, 1975).
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1.12.  Separation:

The analyte in most instances is associate with other elements that interfere with

its determination (Weiss et al, 1972).
All separation processes have in common the distribution of the components in a
mixture between two phases (Skoog et al, 1997), and in the separation of the element in
a mixture it is often necessary to;

I- Increase the analyte concentration (Mentasti et al, 1989).

II- Eliminate of the matrix interferences during the analysis of the samples.
The most important separation techniques are; extraction, precipitation, ion-exchange,

and chromatography (Weiss et al, 1972, Skoog et al, 1997, Mentasti et al, 1989).

1.12.1. Solvent Extraction:

Trace of metals are effectively isolated and concentrated by solvent extraction
procedures. The important systems involve are chelation system and ion association
system. In chelation system extraction reagent are chosen in order to give colored
complexes which can then be used colorimetric determination of the metal ion.

The Dithizone was proved to be the most efficient method for extraction of
metals. Other methods which are frequently used are Dithiocarbamate and iodide
extraction (Weiss et al, 1972, S’ergio et al, 2007).

The liquid-liquid extraction is a technique in which a solution (usually aqueous)
is brought in contact with another solvent (usually organic), essentially immiscible
system is product first, in order to transfer one or more solution to the second solvent.
The separations are usually simple, clean and rapid. In the chelate extraction system,
the metal ion react with a complexing to from a neutral chelate compound.

A chelate compound is a metal-organic compound in which the metal is
incorporated into a ring structure with the organic compound. Although a metal-organic
chelate can be charged or uncharged, only the uncharged chelate will extract into the

organic liquid (Kenner et al, 1979).
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Most organic solvents (diethyl ether, ethyl acetate, toluene and methylene
chloride) are much less polar than water, polar compounds are more soluble in polar
solvents than in non polar solvents. Chloroform is used to extract the colored complex
for spectrophotometric measurements (S. Dadfarnia et al, 2002).

Chemical separation techniques have been used both to improve detection limits
and to remove interferents (Jiménez et al, 1987). This technique has advantages of
relatively easy experimental procedure and good selectivity as well as a disadvantage of
low concentration efficiency, thus a preconcentration system has been sometime utilized
to enhance the concentration efficiency and to increase the extraction velocity.

Chelating agents used in colorimetry are typically characterized into general
groups such as O, O-donating, O, N-donating, N, N-donating and chelating reagent with
sulfur functions (K. L. Cheng et al, 1982), they form neutral organic-like complexes that
can be extracted into organic solvents (N. Lacy et al, 1999).

After extraction into the organic layer, it is often necessary to return the
extracted material to water for the analytical procedure to be used in the determination,
this back extraction is known as stripping. For those systems that are pH sensitive, the
organic solution is agitated with an aqueous solution that has been adjusted to a pH
below the pH range in which the metal is extracted into the organic phase. Sometimes,
the organic liquid containing the solute can be agitated with an aqueous solution
containing a complexing agent which forms complexes with the metal that are more

soluble in water than in the organic liquid used in the extraction (Kenner et al,1979).

1.12.2. pH effect on lead and cadmium extraction:

A large number of interferences may be involved in the extraction of metal
chelates from water solution (Kenner et al, 1979), to achieve selective use of masking
agent and proper adjustment of pH prior to solvent extraction of the metal complex,
many major interferences can be eliminated.

The order of stability of complexes for a limited number of divalent metals has

been shown (Christian, 1994).
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Pd, Cu, Ni, Pb, Co, Zn, Cd, Fe, Mn, Mg

<
<

Increasing of stability

If a solute is an acid or base, its charge changes as the pH is changed.

Usually, a neutral species is more soluble in an organic solvent and a charged species is
more soluble in aqueous solution ( Harris, 1999). Diphenylthiocarbazone, or Dithizone,
is a useful reagent separating small quantities of a dozen or more metal ions, its reaction
with a divalent cation, such as Pb*".

The distribution ratio (Cpp)org /( Cpb)ag depends heavily on the concentration of
the reactants and also on pH. At low pH values the proportion of metal present as the
neutral complex is small and the distribution ratio is correspondingly low. Metal
becomes more easily extracted as the pH rises at pH say 3-12 (Sang Kim et al, 2000),
appreciable amounts of Dithizone will be present in both phases in the organic phase as
neutral H,Dz and in the aqueous phase primarily as the HDz ion (Kenner et al, 1979).

When an uncharged complex forms between a metal ion and an organic
chelating reagent, changes in pH can have profound effects on the distribution ratio.
For example, Dithizone (H,Dz) behaves below pH 12 as a monobasic acid with an
ionization constant of about 3x107.

Both Dithizone H,D, and its metal chelates MD, are essentially insoluble in
water but dissolve readily in solvent such as chloroform. Solutions of the reagent are
deep green, whereas solutions of the metal chelates are intensely red, violet, orange or
yellow depending on the metal chelate and provide a sensitive means for the

spectrometric determination of the separated ions.

1.12.3. Mechanism of the formation of Dithizone complex:

In neutral and basic solutions, metal reacts with a solution of Dithizone in
presence of chloroform or carbon tetrachloride to form a red colored metal Dithizone.
Dithizone chelate are more soluble in chloroform, permitting the extraction of greater
amounts of metal (Weiss et al, 1972).

Its well that Dithizone can form stable complexes with many kinds of metal ions

(Sang Kim et al, 2000).
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The molecular solubility of Dithizone in water is small (pH = 0 to 7) (2x107M),
but Dithizone dissolves in alkaline aqueous solutions at pH > 12 because of its acidic

character (Kolthoff et al, 1969).

Figure (1.2): Reaction of Dithizone with metal ion to from complex (Harris, 1999).

The usual practice is to add the chelate agent to the organic phase. The
extraction process can be thought to consist of four equilibrium steps, each with specific
equilibrium constant.

First, the complexing (Dithizone) distributes between the aqueous and organic
phases:

( H:Dz) org > (HZDZ)aq Kp(H2Dz) = ( HZDZ)org /(HZDZ)aq
Kp is distribution coefficient of the Dithizone.
Second, the Dithizone in the aqueous phase ionizes:

(HyD2)yy < H'yy + (HDZ)y Ka = [H+],[HDz ]o¢/(H,Dz)

Ka is ionization constant of the Dithizone.
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Third, the metal ion chelates with the reagent anion to from an uncharged molecule:

2HDz + M* & M(HDz), K¢=[M(HDz),]/ [M*'][HDz]?

Ky is formation constant of the chelate.

Finally, the chelate distributes between the organic and aqueous phase:

[M(HDz)lag <> [M(HDz)2]ory ~ Kp[M(HDz):] = [M(HDz)lag/ [M(HDZ)2]or,

Kp is distribution coefficient of the chelate.
The chelated portion of the metal distributes largely into the organic phase, the
metal ion dose not hydrolyzes in the aqueous phase, and the chelate is essentially un

dissociated in the non polar organic solvent, the distribution ratio is gives by:

D = [MRn]ore/ [M" g
D = M[(HDz);]ore/ [M*"] = Kex[HaDz]*/ [H;0"

Kex is product of Kp [HyDz], K,, K¢, and Kp [M(HDz),].

1.13. Effect of shaking time:

If two phases of extraction system are vigorously agitated, the rate of solvent
extraction is usually very high, and in most cases the distribution equilibrium is
estimated within 30min, when the extraction is slow, either prolonged two-phases
agitation or change in the experimental conditions to achieve the quantitative extraction.
Zinc (II), Cobalt (II), Nickel (II), Cadmium (II) and Lead (II) cannot be separated by
extraction with dithizone without use of masking agents. However, since the rates of
extraction of these metal ions are very different, by shaking the two phases for interval
that is necessary to achieve the extraction equilibrium of these metal ions (T. Sekine et

al, 1970).
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1.14. Preconcentration:

Preconcentration means concentrating a dilute analyte to a level high enough to
be analyzed (Harris, 1999). In many cases the available analytical instrumentation does
not show enough for the realization of the analysis in these natural samples. As such, a
previous step of preconcentration is necessary, for this reason many enrichment
procedure have been proposed (Ferreira et al, 1998).

Several analytical techniques. Such as, flame atomic absorption spectrometry
(FAAS) (Melo et al, 2000, Anthemidis et al, 2004), inductively coupled plasma atomic
emission spectrometry (ICP-AES) (Boevski et al, 2000) and inductively coupled plasma
mass spectrometry (ICP-MS) (Alvarez et al, 2001) are available for the determination of
trace metals with enough sensitivity for the most applications. Many elements in a
seawater even though trace levels are presented at lower level than the detection limits.

Common analytical methods and their determination is spectroscopically and
chemically interfered with other major constituents such as NaCl. Much effort has been
tried to solve difficulties of such interferences by the development of various techniques
(Sturgeon et al, 1980, Boniforti et al, 1984). In order prevent of the interferences, a
solvent extraction has been commonly applied for separation of trace elements from the
sample matrix (Sang Kim et al, 2000).

Preliminary extraction is still needed for the removal of seawater salts, although
direct determination employing matrix modification and Zeeman-effect background

correction techniques is now showing promise in some instances ( Ediger et al, 1975).

1.15. Sample decomposition methods:

The two types of decomposition method commonly employed for the determination of
trace elements in biological and environmental material are:

I- Wet digestion.

II- Dry ashing.
With dry ashing (Muys, 1984, Thornburg, 1982) there is the risk of loss of metal by

volatilization of its halides and the temperature has to be kept below 500°C.
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In routine analysis an important consideration is the time taken for the
determination and hence a wet digestion procedure was the method of choice (Watson,
1984).

In wet digestion, (Pagenkopf et al,1972, Koirtyohann et al, 1982) concentrated HNOs is
the most widely used reagent (Bernhard, 1976, May et al,1982).

Although the latter is well accepted, the wet digestion method is more commonly
employed with most analytical techniques (Adeloju, 1989).

The preference for this type of decomposition method is based on the reduced danger of
losses at the lower operating temperature.

On the other hand, the dry ashing method requires the use of ashing acid and/or careful
manipulation of the ashing temperatures to minimize or prevent the loss of analyte
(Adeloju et al, 1984, Gorsuch, 1970).

The use of relatively larger amounts of reagents in the wet digestion method represents
an even greater source for contamination.

The suitability of wet digestion method is frequently investigated for various analytical
techniques. Such as, atomic absorption spectrometry, neutron activation analysis
fluorimetry and spectrophotometry (Ward et al, 1974).

Several acids and acid mixtures have been used for the digestion of soil samples prior to
the analysis of metal, including nitric acid, perchloric acid (1:1)(Agrawal et al, 1980)
are claimed to yield high metal recoveries.

Some workers have also used high-pressure digestion in a decomposition vessel or
bomb (Halls et al, 1987).

Although many of these procedures are reliable and reproducible, a large proportion of
the analysis time is spent at the sample preparation stage (Hsu et al, 1983),
Hydrochloric acid (Chow, 1970), perchloric acid (Motto et al, 1970), nitric acid-
hydrofluoric acid (1:1) (Ward et al, 1974, Ward et al, 1975) and aqua regia (Berrow et
al, 1983), soil usually contains high levels of silicates, in the crystal lattices of which
trace amounts of metal salts could be trapped (Connell et al, 1984).

The loss of metal salts due to the evaporation to dryness steps was also studied.

Water, hydrochloric acid, nitric acid, perchloric acid and aqua regia were among the

digestion media tested (Connell et al, 1984).
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1.16. Marine pollution:

Marine pollution is the introduction by human, directly or indirectly, of marine
activities, including fishing; of the quality for the use of seawater, and reduction of
amenities (Clark, 2001).

As a cumulative of all kinds of human activity which causes obvious and/or
hidden disturbance in the natural structure and functions of water biotic communities,
anomalies in their habitats, changes in the hydrology and geomorphology of water
bodies, diminishing their fisheries and recreational value, other negative effects of
ecological, economic or nature.

High concentration of a toxic compound may kill most or all of the organisms
within a particular area where the concentration is sufficiently high (Timbrell, 2002).

The focus is therefore on human, rather than natural inputs to the sea, and on the
damaging effects of wastes (Clark, 2001).

These physic-chemical changes affect the degree to which the added substances
are available to marine organisms and the effects they have on them (Clark, 2001).

Many substances change their nature when added to seawater; compounds may
dissociate or become ionized; metals may change their valence or form complexes with
organic molecules; substances may dissolve in seawater, or become adsorbed on to
particulate matter and carried to the seabed (Clark, 2001).

Metals have many sources from which they can flow into the seawater body, the
most obvious inputs of material to the sea are through pipes discharging directly into it
(Clark, 2001), these sources are:

I- Natural sources: metals are found throughout the earth, in rocks, soil and
introduce into the water body through natural processes, weathering and
erosion.

II- Industrial sources: metals contamination can enter the environment in excess
of natural amounts from industrial and mining effluents, from the

combustion of fossil fuels (Trefry, 1987).
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Metallic compounds which are widely used in other industries as pigments in paint
and dye manufacture; in the manufacture of leather, rubber, textiles, paint, paper and
chromium factories which are built close to water for shipping.

Inorganic metal arising from a number of industrial and mining sources occurs in water
in the +2 oxidation state (Manahan, 2005). New industry, with demands for large
volumes of water (for example, for cooling water and waste disposal), have tended to be
sited on the coast (Clark, 2001). The concentrations present vary widely according to
the geographic location, the type and quantity of industrial influent and the efficiency of
removal by treatment plant processes (Yeoman et al, 1989).
Industrial waste comprises a variety of chemicals manufactured and used in industrial
processes, and includes pesticides, petroleum product and solvents. Although less than
in the past, many such wastes are still discharged into the coastal zone through effluent
pipes that disgorge wastes directly into the ocean (Merritts et al, 1998).
III-  Domestic wastewater: domestic wastewater contains substantial quantities of
metals (Trefry et al,1987). Heavy metals enter wastewater from a variety of
domestic and industrial sources (Yeoman et al,1989). Wastewater is a
complex mixture of natural inorganic and organic material mixed with man-
made substances (Gray, 1999).
Heavy metals released from sewage sludge are distributed throughout the
soil system, while remaining in the soil solution as ions and inorganic or
organic complexes are mobile for uptake by plants (Nouri et al, 2001).
Heavy metals are considered to be one of the main sources of pollution for
the environment, since they have an important effect on its ecological quality
(Sastre et al, 2002). The human activity increases the contamination levels
in the environmental (Di Nezio et al, 2005).

IV-  Agricultural sources: residual discharge of agriculture nutrients become
polluted also substances on the land. Such as, pesticides and fertilizers
applied to crops and washed by rain into rivers and lakes and eventually into
the sea (Timbrell, 2002). pathways for metal input to the marine
environment include transport via rivers and streams, direct discharge and

atmospheric fallout (Trefry et al, 1987).
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Atmospheric pollution: an important route by which some metals enter the
sea is by way of the atmosphere (Clark, 2001). Acid rains containing trace
metals input to the water body will cause the pollution of water with metals.
In recent years, the amount of air pollution caused by metal has increased
considerably due to industrial and car emission (Puchades et al, 1989).
Metal is found in the air as find particles that pollute waters and vegetation
by settling on them, thus having deleterious effects on humans, most notably
children, consuming these items (Boeeckx, 1986, Muys, 1984).

River input: most rivers make a major contribution of metals to the sea, the
nature of the input depending on the occurrence of metal and ore-bearing
deposits in the catchment area (Clark, 2001). Where a river passes through
urban areas, the metal burden is augmented by human wastes and discharges
(Clark, 2001). Intense sedimentation in estuaries traps large quantities of
metals which become adsorbed on to sediment particles and carried to the
bottom (Clark, 2001). An estuary provides a particularly varied chemical
environment (Burton et al, 1976, Elderfield, 1978). The annual river water
discharge to the ocean system is estimated to be about 3.74x10" m’
(Baumgartner et al, 1975), which is 2.7x10 of the total volume of seawater
in the world ocean. This river water flow carries approximately 1.5%10' g

of particulate matter and 4x 1015g dissolved salts per year (Martin et al,1979).

1.17. Physical properties of seawater:

With the advent of portable instruments and test kits capable of providing

accurate measurements of seawater quality parameters, the most important advantage of

these field techniques is ease of use (Kegley et al,1998).
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1.17.1. Dissolved oxygen (DO):

The determination of dissolved oxygen (DO) plays a key role in water pollution
control activities and waste treatment process control. In natural and waste waters, DO
levels depend on the physical, chemical and biological activities (Pal et al, 1991).

The amount of oxygen dissolved in the water has a profound effect on the plants
and animals living in it (Clark, 2001). Plants and animals are all vital to the cleanliness
of rivers, all aquatic organisms require oxygen (Gray, 1999).

Organic wastes discharged into water courses and estuaries, the sea are subject
to bacterial degradation, which results in the oxidation of organic molecules to stable
inorganic compounds. In this process oxygen is consumed and the bacterial population
increases (Clark, 2001).

Low levels of dissolved oxygen frequently indicate a high concentration of
decaying organic matter in the water. As bacterial digest organic matter, they use up
oxygen, leaving little for the other aquatic creatures (Kegley et al, 1998).

There are three factors that affect the inherent solubility of oxygen in water:

I- Temperature as temperature increases, the amount of oxygen (or any gas)
dissolved in water decreases (Gray, 1999, Kegley et al, 1998).

II- Partial pressure of oxygen in contact with water the concentration of oxygen
in water is directly related to the partial pressure of oxygen in the air that is
in contact with the water. The partial pressure of a gas is the fraction of one
component (e.g., oxygen) present in a gas mixture (e.g., the atmosphere).
Although this is a relatively constant value at sea level, a change to a higher
elevation can significantly decrease the amount of available dissolved
oxygen (Kegley et al, 1998). An increase in the concentration of dissolved
salts lessens the saturation concentration of oxygen which is why seawater
has lower saturation levels than freshwater at the same temperature and
pressure. A decrease in atmospheric pressure causes a decrease in oxygen
(Gray, 1999).

III-  Salinity of the water the concentration of salts in water, or salinity, affects

how much gas dissolves in water. Typically, the solubility of gases (O, and
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CO,) decreases with increasing salinity. This phenomenon plays a major
role in regulating how much O, and CO, are taken up the oceans (Kegley et
al, 1998). Salinity is an important measurement in the analysis of certain

industrial wastes and seawater (Franson et al, 1981).

1.17.2. Total dissolved solids (TDS):

The total amount of dissolved chemical species is called total dissolved solids,
abbreviated TDS, and is a good general measure of the concentration of ionic
substances in water (Kegley et al, 1998).

In general, fresh water has less than 1,500 mg/l of TDS, brackish water between 1,500
and 5,000 mg/1 TDS, and saline water above 5000 mg/l, seawater has a TDS content of
30,000-40,000 mg/1.

For seawater, where the concentrations of ions are very high, the amount of
dissolved solids in solution was expressed as salinity, or milligrams of solids per gram

of solution strength (Kegley et al, 1998).
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Table (1.1): saturation values of dissolved oxygen as a function of temperature

(Kegley et al, 1998).

Temp. DO Temp. DO Temp. DO
) (mg/l) ) (mg/1) O (mg/1)
0 14.62 16 9.87 32 7.31

1 14.22 17 9.67 33 7.18

2 13.83 18 9.47 34 7.07

3 13.46 19 9.28 35 6.95

4 13.11 20 9.09 36 6.84

5 12.77 21 8.92 37 6.73

6 12.45 22 8.74 38 6.62

7 12.14 23 8.58 39 6.52

8 11.84 24 8.42 40 6.41

9 11.56 25 8.26 41 6.31
10 11.29 26 8.11 42 6.21
11 11.03 27 7.97 43 6.12
12 10.78 28 7.83 44 6.02
13 10.54 29 7.69 45 5.93
14 10.31 30 7.56 46 5.84
15 10.08 31 7.43 47 5.74

1.17.3. Conductivity:

The conductance of a solution is (simply the reciprocal of the resistance), is a
measure of waters ability to conduct an electric current. This is linked to concentration
of mineral salts in solution (Franson et al, 1981).

Conductivity is controlled by the degree to which these salts dissociate into

ions. The conductance unit is Siemens S/cm (Gray, 1999, Kegley et al, 1998).
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Unpolluted surface water vary in conductivity depending on the underlying
geology of the area. The effluent from a wastewater treatment plant may have a high
conductivity (300-1000 pS/cm), because of the ionic substances found in treated

wastewater CI,, Na’, K*, PO,”, NO;™ and SO4~ (Kegley et al, 1998).

1.17.4. Effects of pH:

A decrease in pH much below the neutral value of 7.0 can result in a variety of

effects on lakes, rivers, streams and their inhabitants (Kegley et al, 1998).
The solubility of many minerals is increase at lower pH. In areas where there are
naturally high concentrations of metal ores, the results is a release of toxic metal ions
(e.g., AP’", Pb®", etc.) into the environment. Soils are typically composed of
aluminosilicates (a variety of compounds containing aluminum, silicon and oxygen).

Which dissolve under acid conditions to release Al ions. Aluminum has toxic
effects on many plant, animal species and including humans (Kegley et al, 1998).

I- A low pH dissolves the calcium from the shells of crustaceans and mollusks,
weakening them and making the animals more susceptible to physical damage as
well as to predators and disease (Kegley et al,1998).

2- Acid disturbs the balance in ion uptake by fish. Fish require a balance of
sodium, potassium, calcium and chloride ions in their blood. In acidic water,
sodium ions are lost through the gills and cannot be replaced quickly enough to
maintain the desired level in the blood. When the balance of ions is disturbed

beyond a certain point, the fish dia (Kegley et al, 1998).
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1.18.  Aim of the study:

I- Estimate levels of Cadmium and Lead alongthe seawater coast of the city
in Benghazi.
II- To compare the results of Lead levels in sea water with the study conducted in

2007.
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Experimental:

A step-by-step approach has been taken, through sampling, laboratory
cleanliness, per-treatment, extraction, instrumental of measurement, finally, analytical

quality control and proper reporting of results.

2.1.  Sample collection, preservation and storage:

We collected the samples from different nine positions along extent Benghazi
city coast in September-2012. The distance between each point from sampling places
about 8 km, each position was taken two water samples and marine soil, show in figure
(2.1): Each position was taken five seawater samples and five marine soil samples, then
we measured the physical properties of the seawater samples, including (pH, TDS, DO,
Salinity and EC), the samples were transported to the laboratory acidification for the
seawater samples, then saved in a cold dark place.

Studies have been published on sorption of the sample contents from the
container surface (Massee et al, 1981), sample storage (Michnowsky et al, 1982), bottle
cleaning methods (Laxen et al, 1981) and filtering the sample, for example, is widely
advocated (Batley et al, 1977, Mart, 1979), but this is not the best approach for all
studies, as sometimes suspended material should be included in the determination
process (Ashton et al, 1987).

In general, the shorter the time that elapses between collection of a sample and
its analysis, the more reliable analytical results. For certain constituents and physical
values, immediate analysis in the field is required in order to obtain dependable results,
because the composition of the sample may change before it arrives at the laboratory
(Taras et al, 1976).

It is impossible to state unequivocally how much time may be allowed to elapse
between collection of a sample and its analysis: this depends upon the character of the
sample, the particular analyses to be made, the conditions of storage. Changes caused
by the growth of organisms may be greatly retarded by keeping the sample in the dark

and at a low temperature until it can be analyzed.
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The following maximum limits are suggested as reasonable for samples for
physical and chemical analysis:
Unpolluted waters —  72hr
Slightly polluted waters —  48hr

Polluted waters — 12hr

Some determinations are more likely to be affected than others by storage of
samples prior to analysis. Certain cations are subject to loss by adsorption on or ion
exchange with the walls of glass containers.

Such cations include aluminum, cadmium, chromium, copper, iron, lead,
manganese, silver and zinc (Taras et al, 1976), which are best collected in a separate
clean bottle and acidified with concentrated hydrochloric or nitric acid to a pH of
approximately 3.5 in order to minimize precipitation and adsorption on the walls of the
container.

Samples are best analyzed within a few hours of collection, as in this way
instability problems are circumvented. If long-term storage is unavoidable then both the
method and duration of storage should be evaluated before results on any of these
samples are deemed reliable (Massee et al, 1981).

As metals exist in seawater in many more forms other than the simple ionic
state, Batley and Gardner's criticisms of the common practice of using samples spiked
with solutions of simple metal ions (Batley et al, 1977), would appear to be well
justified (US Environmental, 1986). Temperature can change very quickly; pH may
change significantly in a matter of minutes; dissolved gases may be lost (oxygen,

carbon dioxide, hydrogen sulfide and chlorine) or gained (oxygen and carbon dioxide).
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Figure (2.1): Illustration different places of the samples collection on the Benghazi-city.
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The different places of the seawater samples collection on the Benghazi-city
map, that including the following symbols: P, R, M, G, S, A, N, K and I, see table (2.1).
Where:
P: Beside North Benghazi Power Station.
R: Ras-Almaingar Coast.
M: Seaport in front of Higher Court.
G: Giliana Beside Fish Market.
S: Eshbilia (Militarily Resort).
A: In front of Rear Gate of Benghazi University (Alahli Club Beach).
N: Nairoaz Beach.
K: Abou Fakhra Beach.
I: Gamines Beach.
The positions of the marine soil samples in different places on Benghazi city

coasts extend give different codes, see table (2.2).

Table (2.1): The positions and codes of the sea water samples in different places for

Benghazi city coast:

Position Code
Beside North Benghazi Power Station. Py, Py, P3, Py, Ps
Ras-Almaingar Coast. Ri, Ry, R3, Ry, Rs
Seaport in front of Higher Court. M, My, M3, My, M5
Giliana Beside Fish Market. G1, Gy, G3, G4,Gs
Eshbilia (Militarily Resort). S1,S,, S35, S4, Ss

In front of Rear Gate of Benghazi

. . . Ala AZ’ A3’ A4, A5
University (Alahli Club Beach).

Nairoaz Beach. Ni, N2, N3, Ny, N;s
Abou Fakhra Beach. K, Ky, K3, Ky, Ks
Gamines Beach. I, I, I3, I, Is
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Table (2.2): The positions and codes of the marine soil samples for Benghazi city coast:

Position Code
Beside North Benghazi Power Station. P ,P 5P 3P 4P 5
Ras-Almaingar Coast. R LR ,,R 3R 4R 5
Seaport in front of Higher Court. M .M M 3 ;M 4 M ;
Giliana Beside Fish Market. G LG 2,,G 3,G 4G 5
Eshbilia (Militarily Resort). S LS 2,S 35,S 4 S 5

In front of Rear Gate of Benghazi
University (Alahli Club Beach).

A 1,A ZaA 3’A 4’A 5

Nairoaz Beach. N LN 2,N 3N 4N 5
Abou Fakhra Beach. K ,K ,,K ;K 4K ;5
Gamines Beach. I ,1 2,1 35,1 41 5
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2.2. Materials and Reagents:

The following is list of chemicals used throughout this project, the name of the

supplier is also given in table (2.3).

Table (2.3): The Chemicals were used in this project:

Chemicals Company

HCI BDH

Methyl orange indicator RIEDEL-DE HA N AG
NH,OH.HCI BDH

Thymol blue indicator RIEDEL-DE HA N AG
KCN MERCK

Dithizone RIEDEL-DE HA N AG
CHCl; Riedel-deHa n

NH,OH PRS

H;C¢Hs507.H,0 RIEDEL-DE HA N AG
HNO; FARMITALIA CARLOERBA
Standard solution of lead FISONS

Standard solution of cadmium FISONS

NH; RPS

NaOH MERCK

2.3.  Preparation of reagents:

All reagents used in this thesis were analytical-reagent grade, and high-purity
deionzed water was used for the preparation of all reagent and metal solutions.
Working solution of lead and cadmium were prepared from standard stock

solutions wherever required.
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10-

Deionzed water: the conductivity was about 0.05us/cm.

Standard lead solution (1000 ppm).

Intermediate lead solution: it was prepared by diluting 10.00 ml of the stock
solution up to 100 ml using deionzed water (100 ppm).

Standard lead solution: it was prepared by diluting 1.00 ml of the intermediate
lead solution up to 100 ml using deionzed water (1ppm).

Standard cadmium solution (1000 ppm).

Intermediate cadmium solution: it was prepared by diluting 10.00 ml of the
stock solution up to 100 ml using deionzed water (100 ppm).

Standard lead solution: it was prepared by diluting 0.10 ml of the intermediate
lead solution up to 100 ml using deionzed water (0.1ppm).

Hydroxylamine hydrochloride reagent: it was prepared by dissolving 20.00 g
NH,OH.HCI then diluted up to 100 ml using deionzed water.

Thymol blue indicator solution: it was prepared by dissolved 100 mg
thymolsulfonephthalein sodium salt then diluted up to 100 ml using deionzed
water.

Potassium cyanide solution: it was prepared by dissolving 5.00 g KCN then

diluted up to 50.00 ml using deionzed water.

CAUTION: Potassium cyanide is extremely poisonous and more than customary

precautions should be observed in its handing. Never use mouth pipettes to deliver

volumes of cyanide solutions.

11-

12-

13-

Dithizone solution: it was prepared by dissolving 0.0050 mg
Diphenylthiocarbazone then diluted up to 100 ml using chloroform and the
solution should be prepared immediately before use.

Ammoniacal cyanide-citrate reagent: it was prepared by dissolving 10.00 g KCN
with 500 ml conc. NH4OH. Then added 10.00 g citric acid H;C¢HsO7.H,O and
diluted up to 1000 ml using deionzed water.

Ammonium citric solution: it was prepared by dissolving 22.00 g of citric acid
and 4.0 g of hydroxylamine hydrochloride in about 200 ml of deionzed water,
and then diluted with ammonium hydroxide in up to 500 ml to bring the pH to
8.5.
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2.4. Drying of marine soil samples:

Samples often contain water, either as chemically combined hydrates or as
occluded or surface-adsorbed moisture. Most solid materials adsorb atmospheric water
on their exposed surface. The amount adsorbed varies with the chemical nature of the
solid (Harris et al, 1981), and within wide limits (Fritz et al, 1979).

This water should be removed before the samples are weighed (Harris et al,
1981), and prior to analysis (Harris et al, 1999).

The goal of drying is either to make the sample anhydrous, or to remove
adsorbed moisture but retain chemically combined water (Fritz et al, 1979).

Ordinarily, samples are dried in an oven at 105°C -110°C or one or two hours
(Harris et al, 1999, Harris et al, 1981, Fritz et al, 1979), To constant weight and without

sample decomposition (Harris et al, 1981).

2.5. Procedure:

Trace amounts of metals in samples received by the laboratory therefore are not
in a form immediately determinable. The purpose of the pre-treatment step is to convert

the categories of interest to a measurable form (Ferreira et al, 1998).

2.5.1. Seawater samples treatment:

The method adopted from Berrow and Ure (Bereow et al, 1981) and Paveley and Davies
(Paveley et al,1988) for analysis of heavy metal concentrations in soil samples involved
aqua regia digestion. Aqua regia (1 part concentrated HNO; to 3 part HCI).
(Aksoy et al, 2000).

100 ml of seawater sample was taken, and acidified with excess conc. HNO;
using methyl orange, and then the volume was reduced to 10.0 ml volume a steam bath

10.0 ml was transferred to a separator funnel, added 10.0 ml ammonium citrate reagent,
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2.0 ml hydroxylamine hydrochloride reagent and 5 drops Thymol blue indicator
solution.
Conc. NH4OH Was added to make it alkaline. 4.0 ml KCN solution was carefully
added and the pH adjusted to 8-9 with 1% HNO:s.
Then shaken vigorously for 30 min. with 5.0 ml portions Dithizone solution until the
color in the last portion remains unchanged.

While in case of FAAS, the CHCI; extract was transferred into another separator
funnel, and 10 ml 1% HNO; was added. The mixture was shaking for 30 min. and
allowed to the layers for separate, and then lead content in the aqueous phase was

measured using FAAS.

2.5.2. Digestion of marine soil samples:

10 g of sample was placed into 250 ml beaker, then 2.5 ml of (36%) conc.
hydrochloric acid was added and the mixture was evaporated to dryness by heating on a
hot-plate. This procedure was repeated with two additions of 2.5 ml conc. HCI, cooling
the beaker for about 2min. between each addition. Then added 2.5 ml conc. Nitric acid
(65%) and heated on a hot plate at approximately 290°C until nitrogen oxide fumes are
just given off cool the beaker again for about 2 min. after evaporated to dryness.

After cooling, the residue was heated to 40-50°C with 75.0 ml of 1M HCI and
the mixture was filtered through (Whatman 52) filter paper into 100 ml volumetric
flask. The filter paper was rinsed with a small volume of 1M HCI and the volume was
made up to 100 ml by adding redistilled water into the flask. 10.0 ml from this solution
was transferred to a separator funnel, added 10.0 ml ammonium citrate reagent, 2.0 ml
hydroxylamine hydrochloride reagent, and 5 drops Thymol blue indicator solution.
Conc. NH,OH Was added to make it alkaline. 4.0 ml KCN solution was carefully
added and the pH adjusted to 8-9 with 1% HNO:s.

Then shaken vigorously for 30 min. with 5.0 ml portions Dithizone solution
until the color in the last portion remains unchanged.

While in case of FAAS, the CHCI; extract was transferred into another separator

funnel, and 10 ml 1% HNO; was added. The mixture was shaking for 30 min. and
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allowed to the layers for separate, and then metals content in the aqueous phase was

measured using FAAS.
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2.6. Instruments:

Lead and cadmium concentrations were determined by flame atomic absorption
spectrometer model nov AA300. All absorbance measurements were made, Pb at 283.3
nm wavelength using a lead hollow cathode lamp with 3.0 mA current, but Cd at 228.8
nm wavelength using a cadmium hollow cathode lamp with 4.0 mA current.

Digital pH meter (JENWAY mode 3150) was used to measure the pH of the
solutions. Dissolved oxygen meter (CORNING).

Conductivity meter and Total Dissolved Solids meter (CORNING).

| ll ‘l
| ‘ : »
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Figure (2.2): (I) Photograph of the pH meter and (II) Conductivity meter.

2.6.1. Single beam atomic absorption spectrometer:

Atomic spectroscopy is used for the qualitative and quantitative determination of
perhaps 70 elements. Sensitivities of atomic methods lie typically in the parts-per-
million (Skoog et al,1997) to parts-per-billion range (Harris et al, 1999, Skoog et
al,1997). Atomic absorption spectrophotometer (AAS) is an extremely versatile
analytical tool. The technique of AAS is used to determine the concentration of trace
quantities of metals in a sample (Kegley et al, 1998), as free cations or as cations that
are closely associated with specific anions (Kegley et al, 1998). Flame atomic

absorption spectrometry (FAAS) is a mature analytical method, which is present in
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almost any analytical laboratory as a working horse for elemental determinations of
elemental metals (Nabil et al, 2012). Since its development in the late 1950 s. Atomic
absorption spectroscopy has been one of the fastest growing analytical tools (Weiss et
al,1972). Speed, convenience, unusually high selectivity (Harris et al, 1999, Skoog et
al,1997) and moderate instrument costs (Skoog et al,1997). Spectroscopic
determinations of atomic species can only be performed on a gaseous medium of the
elements (Skoog et al,1997). Samples are vaporized at 2000-6000 K and atomic
concentrations are determined by measuring absorption or emission at characteristic
wavelengths (Harris et al,1999). Lead has been determined by atomic absorption in
many different materials. Three absorption lines can be used, the most sensitive being
at 217.0 nm. The monochromator does not extend to the end of the UV range; the 283.3
nm line should be used, which is somewhat less sensitive, for higher concentrations of
lead, and cadmium at 228.8 nm (Weiss et al,1972). Most atomic absorption
measurements are made with instruments equipped with an ultraviolet/visible grating

monochromator (Skoog et al,1997).

L e -
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Figure (2.3): Photograph of the nov AA 300 atomic absorption spectrometers assembled
in the laboratory of chemistry department.
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The flame is located between a radiation source of optimum wavelength and a
detector in a manner analogous to a spectrophotometric cell.

The sample solution is first drawn into the burner-nebulizer by a stream of air or
other oxidant such as nitrous oxide, and then mixed with fuel. Most of the sample
solution passes into the nebulizer chamber as relatively large droplets that settle and
then pass down the drain tube (Kenner et al, 1979).

The remaining solution is carried by the air-fuel mixture as a mist to the burner
head, where the solvent evaporates and the solute is dissociated into atoms by the heat
of the flame.

The number of atoms reaching this point in the operation constitutes only a

small fraction of the total. For high sensitivity, as many as possible of these atoms
present in the flame should absorb radiation from the source (Kenner et al, 1979).
The ideal source for this purpose should be of high intensity at the wavelength needed
for the element being determined, and of low intensity at all other wavelength. The
nearest approach to this ideal is a lamp whose cathode contains the element being
determined.

On being heated, atoms of this element emit energy at the wavelength most

likely to be absorbed by that same element in the flame (Kenner et al, 1979).

2.6.1.1. Hollow cathode lamp:

The most common and useful radiation source for atomic absorption
measurements is the hollow cathode lamp (HCL) (Skoog et al,1997).

Monochromator cannot isolate lines narrower than 10> to 10 nm. To product
narrow lines of the correct frequency, we use a hollow-cathode lamp containing a vapor
of the same element as that being analyzed (Harris et al, 1999). A hollow-cathode lamp,
such as that shown in figure (2.5), is filled with Ne or Ar at a pressure of ~ 130-700 Pa
(1-5 torr) (Harris et al, 1999). lonization of the inert gas occur when a potential on the
order of 300V is applied across the electrodes, which generates a current of about 5 to

15 mA as ions and electrons migrate to the electrodes (Skoog et al, 1998).
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When a high voltage is applied between the anode and cathode, when the filler
gas is ionized and positive ions are accelerated toward the cathode. They strike the
cathode with enough to "sputter" metal atoms from the cathode into the gas phase.

The free atoms are excited by collisions with high-energy electrons and then
emit photons to return to the ground state. This atomic radiation has the same
frequency as that absorbed by analyte atoms in the flame or furnace (Harris et al, 1999).

Hollow-cathode lamps for about 40 elements are available for commercial
sources. Some are with a cathode containing more than one element; such lamps
provide spectral lines for the determination of several species.

The development of the hollow-cathode lamp is widely regarded as the single most

important event in the evolution of atomic absorption spectroscopy (Skoog et al,1997).

fad PN

Figure (2.4): Photograph of Hollow Cathode lamp of lead metal.
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o

Figure (2.5): Photograph of Hollow Cathode lamp of cadmium metal.



Experimental

2.6.1.2. Background correction:

Unlike ordinary spectrophotometers, those used in atomic spectroscopy must
incorporate background correction to distinguish analyte signal from absorption,
emission (Harris et al, 1999). For atomic absorption, beam chopping or electrical
modulation of the hollow-cathode lamp (pulsing it on and off) are used to distinguish
the signal of the flame from the desired atomic line at the same wavelength. For
deuterium lamp alternation with that from the hollow-cathode. The monochromator
bandwidth is so wide that a negligible fraction of D, radiation is absorbed by the analyte
atomic absorption line. Light from the hollow-cathode lamp is absorbed by analyte,
absorbed and scattered by background. Light from the D, lamp is absorbed and
scattered only by background.

The difference between absorbance measured with the hollow-cathode and

absorbance measured with the D, lamp is the absorbance due to analyte.

2.6.1.3. Interferences:

Interferences is any effect that change the signal while analyte concentration
remains unchanged. In atomic spectroscopy, interference is widespread. It may be
corrected by counteracting the source of interference or by preparing standard that

exhibit the same interference (Harris et al, 1999).

I- Spectral interferences:

Refers to the overlap of analyte signal with signals due to other elements or
molecules in the sample or with signals due to the flame or furnace (Harris et al, 1999).
Interference due to overlapping lines is rare because the emission lines of hollow-

cathode sources are so very narrow.
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Such interference can occur if the separation between two lines is on the order of
0.01 nm (Skoog et al, 1997). Interference from the flame can be subtracted by using D,
background correction.

The best means of dealing with overlap between lines of different elements in
the sample is to choose another wavelength for analysis (Harris et al, 1999).
Elements that form very stable diatomic oxides are incompletely atomized at the
temperature of the flame or furnace.

The spectrum of a molecule is much broader and more complex than that of an

atom, because vibrational and rotational transitions are combined with electronic

transitions (Harris et al, 1999).

II- Chemical interferences:

Chemical interferences in AAS are caused by reactions between the analyte and the
interferents that decrease the analyte concentration in the flame (Skoog et al, 1997).

Which caused by any component of the sample that decrease the extent of
atomization of analyte (Harris et al, 1999). For example SO4>" and PO4” prevent the
atomization of Ca®’, perhaps by forming nonvolatile salts. Releasing agents are
chemicals that can be added to a sample to decrease chemical interference. EDTA and
8-hydroxyquinoline protect Ca®* from the interfering effects of SO4> and PO4>".

La®" can also be used as a releasing agent, apparently because is preferentially reacts
with PO4” and frees the Ca*". A fuel-rich flame is recommended to reduce certain
oxidized analyte species that would otherwise prevent atomization. Higher flame

temperatures eliminate many kinds of chemical interference (Harris et al, 1999).

III- Ionization interferences:

The ionization of atoms and molecules which is usually inconsequential in
combustion mixtures that involve air as the oxidant (Skoog et al, 1997). Can be a
problem in the analysis of alkali metals at relatively low flame temperature and in the

analyses of other elements at higher temperature (Harris et al, 1999).
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Because the alkali metals have the lowest ionization potentials, they are most
extensively ionized in a flame.

So ionization of the analyte ions leads to low results (Skoog et al, 1997). At 2450K
and a pressure of 0.1Pa, sodium is 5% ionized. With its lower ionization potential,
potassium is 33% ionized under the same conditions.

Because ionized atoms have energy levels different from those of neutral atoms, the
desired signal is desreased (Harris et al, 1999). The errors caused by analyte ionization
can frequently by eliminated by addition of an ionization suppressor, which provides a
relatively high concentration of electrons to the flame: suppression of analyte ionization
results. Potassium salts are frequently used as ionization suppressors because of the low

ionization energy of the element (Skoog et al, 1997).

IV- Physical interferences:

Most parameters that affect the rate of sample uptake in the burner and the
atomization efficiency can be considered physical interferences.
This includes such things as variations in the gas flow rates, variation in sample
viscosity due to temperature, solvent variation, high solids content and changes in the

flame temperature (Christian et al, 1994).
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2.7. The calibration curve for lead using FAAS:

Standard solutions of concentration 0.00, 1.00, 2.00, 3.00, 4.00, 5.00 ppm, were
prepared from the 100 ppm stock solution and diluted with deionzed water in 100 ml

volumetric flask.

Table (2.4): Calibration curve of standard lead solutions (0.00, 1.00, 2.00, 3.00, 4.00,
and 5.00 mg/1) at 25°C (n=4) using flame atomic absorption spectroscopy.

0.02
0.01

Concentration (mg/1) Absorption +SEM
0.00 0.00005 0.000077
1.00 0.01273 0.000087
2.00 0.02476 0.000252
3.00 0.03717 0.000135
4.00 0.04888 0.000068
5.00 0.06014 0.000420

Pb
0.07
0.06
& 005
| 004
S 003
K]
<

Concentration mg/I

Figure (2.6): The Calibration Curve for Lead using FAAS.




Experimental

Table (2.5): Calibration Function of lead.

Slope 0.01205 A.L/'mg R*-adjusted 0.999319504

Detection limit 0.04227 mg/1 -- -

A typical Beer’s law plots, calibration curve, are shown in figure (2.6).
Even when there is full confidence that Beer’s law can be applied, there are of course,
random errors in absorbance measurement could be considered. Random instrumental
errors arise primarily from electronic and hence, vary somewhat with instrument design

(Kegley et al, 1998).

Table (2.6): Data of adjust spectrometer of Lead:

Wavelength line 283.3 nm Slit width 1.2 nm
Lamp current 3.0 mA Peak smoothing 20/25
Integr. time 3.0 sec. Analytical mode Single beam

Table (2.7): Data of adjust the flame of Lead:

Flame C,Hy/air Burner type 50 mm

burner 9mm Nebulizer rate 5.0 ml/min
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2.8. The calibration curve for Cadmium using FAAS:

Table (2.8): Calibration curve of standard Cadmium solutions (0.00, 0.100,
0.200, 0.300, 0.400, and 0.500 mg/1) at 25°C (n=4) using flame atomic absorption

spectroscopy:
Concentration (mg/1) Absorption +SEM
0.000 0.000460 0.000066
0.100 0.01695 0.000165
0.200 0.03291 0.000359
0.300 0.04824 0.000237
0.400 0.06309 0.000164
0.500 0.07810 0.000764
Cd

0.09 -

0.08

0.07

S 006

2 005

S 004

S 003

0.02

0.01

0
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Figure (2.7): The calibration curve for Cadmium using FAAS.
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Table (2.9): Calibration Function of Cadmium:

Slope 0.16576 A.L/'mg R*-adjusted 0.999944493
Detection limit 0.00114 - --
Table (2.10): Data of adjust spectrometer of Cadmium:
Wavelength line 228.8 nm Slit width 0.5 nm
Lamp current 4.0 mA Peak smoothing 20/25
Integr. time 3.0 sec. Analytical mode Single beam

Table (2.11): Data of adjust the flame of Cadmium:

Flame

Csz/ air

Burner type

50 mm

burner

9mm

Nebulizer rate

5.0 ml/min
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Results and discussion:

The parameters that influence the efficient extraction of small quantities of lead
and cadmium metals in seawater and marine soil samples were discussed in this chapter
which included (pH, shaking time, stability and preconcentration). The results obtained

were presented in a tables and figures.

3.1. Physical properties of seawater samples:

All living organisms require a wide variety of inorganic compounds for growth,
repair, maintenance and reproduction. Water is one of most important, as well as one of
the most abundant, of these compounds, it is particularly vital to microorganisms.

It is possible to obtain a field measurement of the total concentration of just the ionic
components in solution by taking advantage of the fact that ions are charged species.

A solution containing charged species will act as a conductor and permit the flow of
electricity through the solution. The amount of current that flows is proportional to the
concentration and types of dissolved ions in solution.

Conductivity is the quantity that is usually recorded as a measure of total
dissolved solids. The total amount of dissolved chemical species in water is called total
dissolved solids, abbreviated TDS, is a good general measure of the concentration of
ionic substances in water.

In general, seawater has a TDS content of 30-40 g/l. Where, from the results
obtained found that ranging between (25.1-29.8 mg/l) in different of places of
Benghazi-city coast.

The oxygen is only slightly soluble in water. When an aquatic solution is
saturated with air at 1 atmosphere and 25°C, the amount of oxygen present in the
solution is only 8.32 mg/l. The amount of dissolved oxygen in a body of water must be
above a certain level to sustain life, with most fish requiring at least 5-6 mg/l of DO for
survival (Kegley et al, 1998). The utilization of organic matter in water by
microorganisms requires oxygen for the biochemical metabolic processes that occur and
when the concentration of organic matter is high, the dissolved oxygen in the water is

used up by rapidly growing microorganisms, leaving little oxygen for use by the fish
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and other aquatic organisms such as the zooplankton. So the algae die and the bacteria
that degrade the algae use up all available oxygen. There are also processes that can
increase the level of DO above the saturation concentration for a particular temperature.
The most important of these is photosynthesis by algae.

During periods of rapid algae growth, oxygen is produced so quickly that it
cannot be dissipated fast enough to maintain saturation levels of oxygen in the water.

The result is a body of water that is supersaturated with oxygen, that is, the
concentration of dissolved oxygen is above the equilibrium value. Water in which an
algal bloom is in full swing will often appear to "fizz" as dissolved oxygen escapes from
the water on a sunny day.

Plant and animals are all vital to the cleanliness of rivers, and all aquatic
organisms require oxygen. The solubility of oxygen depends on three factors, the

pressure, temperature and the concentration of dissolved minerals in the water.
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Table (3.1): Physical properties of Benghazi city coast seawater samples beside North

Benghazi Power Station.

code ke bS bo pH T °C | Salinity
mS/cm g/l mg/l
Py 52.5 26.5 8.08 7.69 25.6 352
P, 52.6 26.5 8.08 7.70 25.6 353
P; 52.7 26.6 8.07 7.69 25.6 353
P, 52.8 26.6 8.07 7.60 25.5 353
Ps 52.8 26.7 8.07 7.70 25.7 353
Mean 52.7 26.6 8.07 7.86 25.6 353

Table (3.2): Physical properties of the seawater samples Ras-Almaingar coast.

EC TDS DO
code S/em " mgl pH T °C | Salinity
R, 50.0 25.1 8.12 7.24 26.8 33.0
R, 49.7 25.4 8.11 7.23 26.7 33.9
R; 50.1 25.5 8.11 7.24 26.8 34.0
Ry 50.2 25.6 8.10 7.23 26.7 34.1
Rs 50.6 25.7 8.10 7.26 26.8 34.1
Mean 50.12 25.5 8.11 7.24 26.8 33.8

54




Results and discussion

Table (3.3): Physical properties of the seawater samples near seaport front of Higher

Court.
code ke bS bo pH T °C | Salinity
mS/cm g/l mg/l
M; 56.7 28.4 8.11 7.71 27.4 37.9
M, 56.1 28.1 8.11 7.72 27.5 37.4
M; 56.2 28.1 8.12 7.73 27.5 37.4
My 56.3 28.1 8.11 7.75 27.3 37.4
M; 56.3 28.1 8.10 7.75 27.4 37.4
Mean 56.3 28.2 8.11 7.73 27.4 37.5
Table (3.4): Physical properties of the seawater samples for Giliana coast.
EC TDS DO
code S/em " mgl pH T °C | Salinity
Gy 58.6 29.4 8.12 7.52 28.1 39.2
G; 57.3 28.7 8.12 7.64 27.7 383
G3 57.2 28.6 8.12 7.66 27.6 38.2
Gy 56.9 28.6 8.12 7.68 27.6 38.0
Gs 57.1 28.6 8.12 7.68 27.5 38.0
Mean 57.4 28.8 8.12 7.64 27.7 383
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Table (3.5): Physical properties of the seawater samples for Eshbilia coast (Militarily

resort).
code ke bS bo pH T °C | Salinity
mS/cm g/l mg/l

Si 56.7 28.5 8.11 7.69 28.8 38.1
Sz 55.6 27.9 8.11 7.73 28.8 37.2
S3 45.9 27.5 8.11 7.61 29.0 36.5
S4 55.3 27.8 8.10 7.70 29.1 37.0
Ss 55.4 27.8 8.12 7.70 28.6 37.0

Mean 53.8 27.9 8.11 7.69 28.9 37.2

Table (3.6): Physical properties of the Alahli Club beach seawater samples (In front of

Real Gate of Benghazi University).

Code ke bS bo pH T°C Salinity
mS/cm mg/1 mg/1
Ay 60.2 29.8 8.12 7.59 28.3 39.6
A, 58.8 29.2 8.11 7.59 28.0 38.8
As 58.0 29.1 8.12 7.58 27.3 38.7
Ay 57.7 28.9 8.12 7.62 27.3 38.6
As 58.2 29.0 8.12 7.62 27.5 38.6
Mean 58.58 29.2 8.12 7.60 27.68 38.86

The results of salinity of the Alahli Club are highest, and lead concentrations in
this area are highest. So, the relationship between salinity and cation concentrations it
is directly proportional, also the EC and TDS, but at Ras-Almaingar coast the salinity,

EC and TDS are lowest, as well lead concentration is smallest.
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Table (3.7): Physical properties of the Nairoaz beach seawater samples.

Code re DS po pH T °C | Salinity
mS/cm mg/1 mg/1
N; 57.1 28.8 8.12 7.78 29.8 38.1
N 56.9 28.6 8.12 7.78 29.5 38.1
N3 57.1 28.6 8.13 7.82 29.4 38.1
N4 57.1 28.7 8.12 7.85 29.4 38.1
Ns 57.0 28.5 8.12 7.81 29.3 38.0
Mean 57.0 28.6 8.12 7.81 29.5 38.1

Table (3.8): Physical properties of the seawater samples Abou Fakhra coast.

EC TDS DO
code S/em mg mgl pH T °C | Salinity
Ki 60.2 29.8 8.12 7.58 28.7 39.6
K, 58.4 29.2 8.12 7.57 28.3 38.8
K3 58.0 29.1 8.14 7.57 28.0 38.7
K4 57.9 29.0 8.13 7.57 28.0 38.5
Ks 58.3 29.0 8.12 7.59 27.8 38.6
Mean 58.6 29.2 8.13 7.58 28.2 38.8

The organic wastes discharged into water courses and estuaries, and the sea are
subject to bacterial degradation. In this process oxygen is consumed and the bacterial
population increases (Clark, 2001).

The determination of dissolved oxygen (DO) plays role in seawater pollution
control activities and waste treatment process control (pal et al, 1991). All results of
DO are almost equal and at normal range, due to all sewage discharge pipes blocked

along the coast of the city of Benghazi.
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Table (3.9): Physical properties of the Geminis coast seawater samples.

code re bS PO pH T °C | Salinity
mS/cm mg/1 mg/1
I 57.7 29.3 8.12 7.19 29.5 38.9
I, 58.2 29.3 8.12 7.45 28.5 38.9
I 58.6 29.3 8.12 7.46 28.3 38.9
Iy 58.5 29.3 8.12 7.47 28.3 38.4
Is 58.7 29.3 8.12 7.48 28.5 38.5
Mean 58.3 29.3 8.12 7.41 28.6 38.7

Where, from the results obtained found that ranging DO was between (8.07-
8.14mg/1) in different of places of Benghazi-city coast see above tables. The majority
of water is slightly basic due to the presence of carbonate and bicarbonate.

A departure from the norm for given water could be caused by the entry of
strongly acidic or basic industrial wastes (Gray, 1999). An organism must maintain a
constant balance of acids and bases to remain healthy. Biochemical reactions in living
systems are extremely sensitive to even small changes in the acidity or alkalinity of the
environments in which they occur. In fact, H and OH are involved in almost all
biochemical processes, the functions of a cell are modified greatly by any deviation
from its narrow band of normal H" and OH concentrations. For this reason, the acids
and bases that are continually formed in an organism must be kept in balance (Tortora et
al, 2002).

As a living organism takes up nutrients, carries out chemical reactions and
excretes wastes, its balance of acids and bases tends to change, and the pH fluctuates.
pH in our environments water and soil can be altered by waste products from
organisms, pollutant from industry or fertilizers used in agricultural field or gardens.

When bacteria are grown in a laboratory medium, they excrete waste products
such as acids that can alter the pH of the medium. If this effect were to continue, the
medium would become acidic enough to inhibit bacterial enzymes and cause the death

of the bacteria.
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To prevent this problem, pH buffers are added to the culture medium (Tortora et
al, 2002). Most organisms grow best in environments with a pH value between 6.5 and
8.5. Among microbes and fungi are best able to tolerate acidic conditions (Tortora et al,
2002).

The pH of natural waters has major consequences for the organisms that live
there. Acidification is a particular problem, because more human inputs into neutral
systems are acidic than basic.

A decrease in pH much below the neutral value of 7.0 can result in a variety of
effects on lakes, rivers, streams and their inhabitants (Kegley et al, 1998).

Where, from the results obtained found that ranging pH was (7.19-7.86) in different of
places of Benghazi-city coast see above tables. Seawater is water from a sea or ocean.

On average, seawater in the world's oceans has a salinity of about 3.5% (35 g/L,
or 599 mM). From the results obtained it's found salinity was (33.0-39.6) in different,

Benghazi-city coast and that's mean it's in range see above tables.

3.2. Effect of pH for Metals-Dithizone complex:

The formation of metal-Dithizone complex was influenced by solution pH for
Pb and Cd (II) ions. Increase of pH effect on the allow the reaction of Dithizone with
other metallic cation, the pH effect on the extraction of metals was studied.

The pH controlled with certain limits to obtain optimum, reproducible color
formation. The results demonstrated that the completeness extraction of metal-
Dithizone complex lies between pH 3-12 and maximum absorbance was at pH 7-9
(Sang Kim et al, 2000), see figure (3.2), and this agree with our pH choose for metal-
Dithizone complex and it clears from the figure (3.1), the maximum absorption was at

pH 7-9 and that’s why we choose this region.
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Table (3.10): The relation between the pH and the mean absorbance standard solution of

lead and Cadmium 1ppm, (n=4) at 25°C, using FAAS.

pH Lead Absorption Cadmium Absorption
3 0.181 0.220
4 0.181 0.270
5 0.315 0.341
6 0.320 0.345
7 0.341 0.405
8 0.330 0.375
9 0.325 0.330
10 0.310 0.322
11 0.315 0.311
12 0.210 0.300
0.45
0.4 -
0.35
0.3 |
c [
2 025 - |
s [
o [
2 02 - |
= |
0.15 - | —e—Lead Absorption
01 - : == Cadmium Absorption
|
0.05 - :
O 1 T W T T
2 4 6 oH 8 10 12

Figure (3.1): Effects of pH for the extraction of Cd and Pb using FAAS
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Figure (3.2): Effects of pH for the extraction of Cd and Pb using AAS (Sang Kim et al,
2000):

3.3. Effect of shaking time and stability:

The solution was shaken by a mechanical shaker (Stuart Scientific, UK) for the
formation of complexes to be extracted effectively. The absorbances were measured in
the back-extracted solution by changing shaking time from 10 min to 120 min. The
constant extractions could be obtained by shaking the solution more than 30 min. (Sang

Kim et al, 2000).
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3.4. Determination of metals (Cd and Pb) in seawater and marine soil

samples:

3.4.1. Determination of Lead:

Results of the analysis for seawater and marine soil samples taken from

different places were shown in the following tables:

Table (3.11): Concentration of Lead in seawater samples from Benghazi City Coast

beside North Benghazi Power Station (P), (n=4), using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol

Absorption Conc. (ng/l) +SEM
P, 0.000371 51.72 0.05346
P, 0.000853 88.71 0.05128
P; 0.000593 68.80 0.04927
Py 0.000737 79.83 0.05717
Ps 0.000630 72.26 0.05175

Table (3.12): Concentration of Lead in marine soil samples from Benghazi City Coast

beside North Benghazi Power Station (P), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
P 0.005001 387.9 0.08934
P 0.005181 390.7 0.08922
P’ 0.005226 394.4 0.08231
Py 0.005267 397.8 0.08911
P’s 0.004917 368.8 0.08822

62




Results and discussion

Table (3.11) showed the values of lead concentration in seawater samples were lower
than marine soil samples in table (3.12); this is due to the accumulation of lead metal in

soil.

Table (3.13): Concentration of lead in seawater samples from Ras-Almaingar Coast (R),

(n=4), using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol

Absorption Conc. (ng/l) +SEM
R, 0.003072 52.27 0.09330
R, 0.003112 53.30 0.09334
R; 0.003923 58.81 0.09232
R4 0.003341 55.67 0.09541
Rs 0.004011 61.21 0.09321

Table (3.14): Concentration of lead in marine soil samples from Ras-Almaingar Coast

(R), (n=4), using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol Absorption Conc. (ng/kg) +SEM
R’ 0.004230 311.8 0.09109
R" 0.004016 294.0 0.09112
R’; 0.003710 268.6 0.09132
R, 0.004405 326.2 0.09321
R’s 0.004010 300.1 0.09123

Table (3.13) showed the values of lead concentration in seawater samples were lower

than marine soil samples in table (3.14); this is due to the high density of lead metal.
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Table (3.15): Concentration of lead in seawater samples from near Seaport in front of

Higher Court (M), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
M, 0.001508 139.0 0.05251
M, 0.001762 158.6 0.04997
M; 0.001513 139.4 0.05221
My 0.001505 138.8 0.05091
Ms 0.001574 144.0 0.04980

Table (3.16): Concentration of lead in marine soil samples from near Seaport in front of
Higher Court (M), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (mg/kg) +SEM
M’ 0.005684 432.4 0.08829
M, 0.005581 423.8 0.08822
M’ 0.006128 469.2 0.08234
M’ 0.005780 440.3 0.08431
M’s 0.005789 441.4 0.08424

Table (3.15) showed the values of lead concentration in seawater samples were
lower than marine soil samples in table (3.16); this is due to the accumulation of lead

metal in soil.
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Table (3.17): Concentration of lead in seawater samples from Giliana Coast (G), (n=4),

using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
(& 0.000787 83.66 0.05237
G, 0.001020 101.5 0.05111
G3 0.001032 102.5 0.04998
Gy 0.000816 85.91 0.05050
Gs 0.000887 93.39 0.05116

Table (3.18): Concentration of lead in marine soil samples from Giliana Coast (G),

(n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (pg/kg) +SEM
G’ 0.003546 255.0 0.09262
G’ 0.003386 241.6 0.09321
G’; 0.003410 243.7 0.09433
G4 0.003531 253.3 0.09561
G’'s 0.003526 253.1 0.09342
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Table (3.19): Concentration of lead in seawater samples from Eshbilia (Soldiery Resort)
coast (S), (n=4), using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol

Absorption Conc. (ng/l) +SEM
Si 0.000932 94.83 0.05339
S, 0.000766 82.07 0.05451
S3 0.000755 81.24 0.05134
S4 0.000987 99.02 0.05460
Ss 0.000818 89.29 0.05128

Table (3.20): Concentration of lead in marine soil samples from Eshbilia (Soldiery

Resort) coast (S), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
S’ 0.004160 306.0 0.09097
S 0.003924 286.4 0.09189
S’3 0.004201 309.3 0.09321
S’y 0.004349 321.7 0.09432
S’s 0.004187 305.8 0.09322

Table (3.19) showed the values of lead concentration in seawater samples were
lower than marine soil samples in table (3.20); this is due to the accumulation of lead

metal in marine soils.
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Table (3.21): Concentration of lead in seawater samples from Alahli Club (in front of

Rear Gate of Benghazi University) (A), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
Ay 0.002806 193.6 0.09551
Ay 0.002669 182.2 0.09344
Aj 0.002278 149.8 0.08928
Ay 0.003001 209.6 0.09334
As 0.002696 183.8 0.09346

Table (3.22): Concentration of lead in marine soil samples from Alahli Club (in front of

Rear Gate of Benghazi University) (A), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
A’y 0.006046 454.4 0.07913
A" 0.006248 471.2 0.07234
A3 0.006166 464.4 0.07451
A’y 0.006103 459.2 0.07652
A's 0.006246 471.1 0.07274

Garyounis is a populated area and traffic congestion due to cars and trucks, for
this reason we find levels of lead is the highest. So, we found results of salinity,
conductivity and total dissolved oxygen in Garyounis area were highest.

Lead pollution arises mainly from car exhausts but industrial processes, batteries,
minerals and lead arsenate insecticide also contribute to lead in the environment

(Timbrell, 2002).
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Table (3.23): Concentration of lead in seawater samples from Nairoaz coast (N), (n=4),

using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
Ny 0.001996 126.4 0.08991
N, 0.002796 192.8 0.09812
N3 0.002618 178.0 0.09876
N4 0.002153 139.4 0.09334
Ns 0.002356 159.2 0.09397

Table (3.24): Concentration of lead in marine soil samples from Nairoaz coast (N),

(n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
N’ 0.005326 394.6 0.08055
N", 0.005182 382.5 0.08321
N3 0.005267 389.6 0.08665
N’y 0.004903 359.3 0.08452
N’s 0.005170 381.5 0.08631

Values of lead concentration in seawater samples were lower than marine soil
samples; lead content in this area was attributed to the flow of sewage water from many
places like the Tourist Village beach, the fertilizer factory and agricultural activities

around Quarsha area which then flow to the seawater.
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Table (3.25): Concentration of lead in seawater samples from Abou-Fakhra coast (K),

(n=4), at 25°C, using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
K, 0.002180 141.7 0.09212
K, 0.001830 112.7 0.09112
K3 0.002298 151.5 0.08898
K4 0.002245 147.1 0.09112
Ks 0.002003 138.2 0.09441

Table (3.26): Concentration of lead in marine soil samples from Abou-Fakhra coast (K),

(n=4), at 25°C, using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
K" 0.006128 461.2 0.07944
K", 0.005720 427.3 0.07453
K’; 0.005886 441.1 0.07651
K’y 0.005989 449.7 0.07651
K’'s 0.005726 427.7 0.07541

Table (3.25) showed the values of lead concentration in seawater samples were
lower than marine soil samples in table (3.26).

Lead content at this area (K) was attributed to sewage discharge from the public
who use this coast. It is known that coastal cities and residential areas near the beaches
usually through their sewage and residues into the sea (after partial treatment or without
treatment). Therefore, they would be polluted heavily with different kinds of pollutants,
like domestic residues and other exhausted material available at roads and automobile

waste of oil and fuels.
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This in addition to other residues from small factories and other human
activities, all of these pollutants contain element Lead. This metal great threat to all

living being in the sea and on land.

Table (3.27): Concentration of lead in seawater samples from Geminis coast (I), (n=4),

at 25°C, using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol

Absorption Conc. (ng/l) +SEM
I 0.001125 114.3 0.05059
I, 0.001201 115.5 0.05124
Iz 0.001076 105.9 0.05112
14 0.001252 119.4 0.04899
Is 0.001213 116.4 0.05081

Table (3.28): Concentration of lead in marine soil samples from Geminis coast (I),

(n=4), at 25°C, using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol Absorption Conc. (ng/kg) +SEM
I 0.004255 313.8 0.09096
I, 0.004428 328.1 0.09456
I'; 0.004165 306.3 0.09341
I'y 0.003821 277.8 0.09231
I's 0.004260 312.3 0.09541

Although this place is not very crowded, but the lead content was high in this
area (I), this is due to the same reasons mentioned above which are mainly the sewage
water which flow into the sea. As this area are known to be farming area, so most
pollutants are mainly agricultural type including insecticide and pesticide and some

fertilizers.
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Table (3.29): The mean concentrations of lead in seawater and marine soil samples from
Benghazi city coast using Atomic Absorption Spectroscopy:

Lead concentration ppb
Symbel seawater Marine soil
P 72.26 390.7
R 52.27 311.8
M 144.00 432.4
G 93.39 255.0
S 89.29 306.0
A 183.80 454.4
N 159.20 394.6
K 138.20 461.2
I 114.30 313.8

Showed the values of lead concentrations in seawater samples were lower than
marine soil samples. Many marine crustaceans have been shown to accumulate metals
(Coughlan et al, 1986). Garyounis is a populated area and traffic congestion due to cars
and trucks. The amount of air pollution caused by metal has increased considerably due

to industrial and car emission (Puchades et al, 1989).

Lead content at this area Abou-Fakhra coast (K) was attributed to sewage
discharge from the public who use this coast. It is known that coastal cities and
residential areas near the beaches usually through their sewage and residues into the sea
(after partial treatment or without treatment). Metals have many sources from which
they can flow into the seawater body, the most obvious inputs of material to the sea are

through pipes discharging directly into it (Clark, 2001).

Lead pollution arises mainly from car exhausts but industrial processes,
batteries, minerals and lead arsenate insecticide also contribute to lead in the

environment (Timbrell, 2002)
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3.4.2. Determination of cadmium:

Results of the analysis for seawater and marine soil samples taken from different

places were shown in the following tables;

Table (3.30): Concentration of cadmium in seawater samples from Benghazi City Coast

beside North Benghazi Power Station (P), (n=4), using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol
Absorption Conc. (ng/l) +SEM
Py 0.001440 3.662 0.002985
P, 0.001334 4.810 0.002645
P; 0.001742 7.273 0.002564
P, 0.001525 5.960 0.002765
Ps 0.001251 5.426 0.002941

Table (3.31): Concentration of cadmium in marine soil samples from Benghazi City

Coast beside North Benghazi Power Station (P), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
P 0.007397 41.62 0.003167
P’ 0.007457 41.99 0.003231
P’; 0.007424 41.79 0.003661
Py 0.007663 43.25 0.003262
P’s 0.007532 42.16 0.003288

Table (3.30) showed the values of cadmium concentration in seawater samples
were lower than marine soil samples in table (3.31); This is due to the accumulation of

cadmium metal in soil.
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Table (3.32): Concentration of cadmium in seawater samples from Ras-Almaingar

Coast (R), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
R, 0.001539 6.045 0.004180
R, 0.001907 8.269 0.004223
R; 0.001539 6.045 0.004180
R4 0.001822 7.157 0.004110
Rs 0.001767 6.879 0.004231

Table (3.33): Concentration of cadmium in marine soil samples from Ras-Almaingar

Coast (R), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
R’ 0.009558 54.89 0.003016
R", 0.010211 66.12 0.003112
R’3 0.009589 55.11 0.003441
R, 0.009638 58.87 0.003619
R’s 0.009599 56.01 0.003341

Table (3.32) showed the values of cadmium concentration in seawater samples
were lower than marine soil samples in table (3.33); this is due to the high density of
cadmium metal. Cadmium content in this area (R) was attributed to oil spill and flow of

the sewage water from the residential area at the Breaga oil company.
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Table (3.34): Concentration of cadmium in seawater samples from near Seaport in front

of Higher Court (M), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
M, 0.000980 2.673 0.003345
M, 0.001297 4.585 0.003116
M; 0.000754 1.307 0.003722
My 0.000637 0.601 0.003664
M5 0.000839 2.291 0.003838

Table (3.35): Concentration of cadmium in marine soil samples from near Seaport in

front of Higher Court (M), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
M7 0.009558 54.84 0.003016
M, 0.009871 56.75 0.003241
M’; 0.009907 56.97 0.003112
M’y 0.009886 56.85 0.003327
M’s 0.009816 56.35 0.003821

Table (3.34) showed the values of cadmium concentration in seawater samples were
lower than marine soil samples in table (3.35); this is due to the accumulation of

cadmium metal in soil.
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Table (3.36): Concentration of cadmium in seawater samples from Giliana Coast (G),

(n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
G, 0.000697 0.961 0.003563
G, 0.000522 0.910 0.002998
G3 0.000705 1.012 0.003841
Gy 0.000579 0.931 0.003443
Gs 0.000720 1.096 0.003834

Table (3.37): Concentration of cadmium in marine soil samples from Giliana Coast (G),
(n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (pg/kg) +SEM
G’ 0.01184 68.85 0.002944
G’ 0.01100 63.69 0.002851
G’; 0.01099 63.62 0.002561
G4 0.01118 64.78 0.002676
G’'s 0.01221 65.24 0.002562
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Table (3.38): Concentration of cadmium in seawater samples from Eshbilia (Soldiery

Resort) coast (S), (n=4), using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol
Absorption Conc. (ng/l) +SEM
Si 0.001367 5.006 0.003477
S, 0.001969 8.648 0.003443
S3 0.001283 4.500 0.003234
S4 0.001394 5.171 0.003456
Ss 0.001473 5.831 0.003764

Table (3.39): Concentration of cadmium in marine soil samples from Eshbilia (Soldiery

Resort) coast (S), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
S’ 0.007667 43.62 0.003167
S 0.008001 53.32 0.003221
S’3 0.007468 41.21 0.003001
S’y 0.007689 44.33 0.003359
S’s 0.007893 45.86 0.003112

Table (3.38) showed the values of cadmium concentration in seawater samples
were lower than marine soil samples in table (3.39); this is due to the accumulation of

cadmium metal in marine soils.
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Table (3.40): Concentration of cadmium in seawater samples from Alahli Club (in front

of Rear Gate of Benghazi University) (A), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
Ay 0.001192 3.948 0.003117
A, 0.001322 4.736 0.003456
Aj 0.001492 5.764 0.003755
Ay 0.001836 7.841 0.003811
As 0.001511 5.572 0.003769

Table (3.41): Concentration of cadmium in marine soil samples from Alahli Club (in

front of Rear Gate of Benghazi University) (A), (n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
A’y 0.006165 34.11 0.003279
A" 0.005772 31.72 0.003421
A3 0.005944 32.76 0.003456
A’y 0.006489 36.09 0.003241
A's 0.006001 33.67 0.003831
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Table (3.42): Concentration of cadmium in seawater samples from Nairoaz coast (N),

(n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
Ny 0.001159 3.752 0.003989
N, 0.001162 3.766 0.004378
N3 0.001610 6.477 0.004512
N4 0.001076 3.246 0.004110
Ns 0.001321 4310 0.004310

Table (3.43): Concentration of cadmium in marine soil samples from Nairoaz coast (N),

(n=4), using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
N’y 0.008379 47.62 0.003136
N, 0.008268 46.94 0.003211
N3 0.008004 45.33 0.003167
N’y 0.008019 45.42 0.003421
N’'s 0.008299 46.33 0.003118

Values of cadmium concentration in seawater samples were lower than marine soil
samples, cadmium content in this area was attributed to the flow of sewage water from

many places like the Tourist Village beach.
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Table (3.44): Concentration of cadmium in seawater samples from Abou-Fakhra coast

(K), (n=4), at 25°C, using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/l) +SEM
K, 0.002515 11.950 0.002813
K, 0.001807 7.666 0.003211
K3 0.002167 9.846 0.003112
K4 0.001370 2.809 0.003351
Ks 0.001997 8.067 0.003321

Table (3.45): Concentration of cadmium in marine soil samples from Abou-Fakhra

coast (K), (n=4), at 25°C, using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
K" 0.009891 56.88 0.003015
K" 0.009842 56.58 0.003411
K’; 0.009910 56.99 0.003751
K’y 0.009682 55.60 0.003211
K’s 0.009841 56.51 0.003287

Table (3.44) showed the values of cadmium concentration in seawater samples
were lower than marine soil samples in table (3.45).

Cadmium content at this area (K) was attributed to sewage discharge from the
public who use this coast. It is known that coastal cities and residential areas near the
beaches usually through their sewage and residues into the sea (after partial treatment or
without treatment). Therefore, they would be polluted heavily with different kinds of
pollutants, like domestic residues and other exhausted material available at roads and

automobile waste of oil and fuels. This in addition to other residues from small
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factories and other human activities in this area, all of these pollutants contain element

cadmium. This metal great threat to all living being in the sea and on land.
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Table (3.46): Concentration of cadmium in seawater samples from Geminis coast (I),

(n=4), at 25°C, using FAAS.

Flame Atomic Absorption Spectroscopy
Symbol
Absorption Conc. (ng/l) +SEM
I 0.001953 8.549 0.003523
I, 0.002204 10.070 0.003606
I3 0.001814 7.710 0.003281
I4 0.002247 10.320 0.003456
Is 0.002019 9.162 0.003696

Table (3.47): Concentration of cadmium in marine soil samples from Geminis coast (I),

(n=4), at 25°C, using FAAS.

Symbol Flame Atomic Absorption Spectroscopy
Absorption Conc. (ng/kg) +SEM
I 0.008872 93.40 0.005116
I 0.009012 95.51 0.005441
I's 0.008488 88.95 0.005331
I'y 0.00919 96.51 0.005112
I's 0.00903 95.39 0.005111

Although this place is not very crowded, but the lead content was high in this
area (I), this is due to the same reasons mentioned above which are mainly the sewage
water which flow into the sea. As this area are known to be farming area, so most
pollutants are mainly agricultural type including insecticide and pesticide and some

fertilizers.
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Table (3.48): Comparison of the results obtained for analysis of cadmium and lead in

different places using FAAS:

Symbol Cadmium concentration ppb Lead concentration ppb
Seawater Marine soil seawater Marine soil
P 5.426 41.62 72.26 390.7
R 7.157 54.89 52.27 311.8
M 2.291 54.84 144.00 432.4
G 2.496 68.85 93.39 255.0
S 5.831 43.62 89.29 306.0
A 5.572 34.11 183.80 454.4
N 4.310 46.94 159.20 394.6
K 8.067 56.58 138.20 461.2
I 9.162 93.40 114.30 313.8

From the last comparison table for the Pb showed that marine soil is clear of
lead but seawater is the higher of the allowed limit according to the Libyan standard
specification due to exhausted material available at roads and automobile waste of oil ,
fuels and litters, as well as to other residues from small factories and other human
activities in this area, sewage discharge pipes. Cadmium its clear both samples of

seawater and marine soil.

Lead pollution arises mainly from car exhausts but industrial processes,
batteries, minerals and lead arsenate insecticide also contribute to lead in the
environment (Timbrell, 2002). The solubility of cadmium in water is influenced to a

large degree by the acidity of the medium (Fleischer, 1974).
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Conclusion:

In this research, we measured the trace amounts of lead and cadmium after

preconcentration of the samples from the coast of Benghazi.

The preconcentration of trace amounts of lead and cadmium for using Atomic
Absorption Spectrometer by a solvent extraction Dithizone complex was formed at pH

7-9.

The maximum extraction time was found to be 30 minutes, the lead-Dithizone
complex shows maximum absorbance at 283.3nm; and the Cadmium-Dithizone

complex shows maximum absorbance at 228.8 nm.

Lead in the seawater and from the results obtained in this study, notes that the
highest concentration in the Alahli Club (in front of Rear Gate of Benghazi University)
site and less focus on the Ras-Almaingar site, the sites of Geminis, Abou Fakhra,

Nairoaz and near seaport front of Higher Court are almost equal.

All results obtained for lead in seawater was the highest of the allowed limit
according to the Libyan standard specification which is 50 ppb and the American

standard specification which is 15 ppb (Kegley et al, 1998).

Compared with the results were obtained in the previous study for the year 2007,
the results of this study for concentration of lead is higher than the previous study,
because of the increase horrible in the number of motor vehicles, frequent use weapons
and the use of explosives TNT dramatically, all cause air pollution then into the

seawater.

For the sands of the sea were the highest concentration at the site of Abou
Fakhra and less concentration of lead in Giliana, the sites Geminis, Nairoaz, beside

North Benghazi Power Station, Ras-Almaingar and Eshbilia are almost equal.

There for is no Libyan standard specification for soil, but according to the

international standard measurements for quality of soil for Lead in China is < 35
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mg/kg,( Daoji et al, 2004) and in Sweden is less than 10 ppm ( Daoji et al, 2004). So,
all results were obtained do not exceed the allowed limit according to the quality of soil

in China and Sweden.

Compared with the results were obtained in the previous study, the lead levels
greater than the results were obtained in this study and cause is, all sewage discharge

pipes blocked along the coast of the city of Benghazi.

) (1)

Figure (4.1): (I) Discharge wastes slaughter on In front of Real Gate of Benghazi
University; (II) Discharge wastes slaughter on Al-Sabri beach.
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The concentration of cadmium in seawater in Benghazi was in the site of
Geminis contains the highest concentration while less focus near Seaport in front of

Higher Court.

Beside North Benghazi Power Station, Eshbilia and the Alahli Club (In front of
Real Gate of Benghazi University) are nearly equal, also near seaport front of Higher
Court and Giliana are almost equal. The standard measurements for quality of seawater

for cadmium in China is 10 ppb.

So, all results were obtained do not exceed the allowed limit according to the
quality of seawater in China. The concentration of cadmium in the sands of the sea
were the highest concentration at the site of Geminis and less concentration at the site of

the Alahli Club (In front of Real Gate of Benghazi University).

Concentration of cadmium in the sites Abou Fakhra, near seaport front of Higher
Court and Ras-Almaingar are almost equal and Eshbilia, beside North Benghazi Power

Station and Nairoaz are almost equal.

The concentration of Cd in soils of Japan is 450 ppb on average (N. Herawati et
al, 1981). So, all results obtained do not exceed the allowed limit according to the
quality of soil in Japan. Standard measurements for quality of soil for cadmium in
China is < 200 ppb. So, all results was obtained do not exceed the allowed limit

according to the quality of soil in China.
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Chapter(5) Appendixes:

Statistical Analysis of the Results Obtained Using Atomic Absorption
Spectroscopy:

Appendix section 1. Lead in seawater samples:

Concentrations of Lead in seawater samples ppb
symbol P R M G S
X, 51.72 61.21 139.0 83.66 94.83
X, 88.71 53.30 158.6 101.5 82.07
X3 68.80 58.81 139.4 102.5 81.24
X4 79.83 55.67 138.8 85.91 99.02
X 72.26 52.27 144.0 93.39 89.29
Mean 72.26 56.25 143.9 93.39 89.29
+SEM | 0.05175 | 0,04330 | 0.04980 | 0.05116 | 0.05128
SD 0.01594 | 0.02631 | 0.009776 | 0.009987 | 0.008988
RSD% 22.05 14.42 6.790 10.69 10.07

Concentrations of Lead in seawater samples ppb
symbol A N K I
X, 193.6 126.4 141.7 116.4
X, 182.2 192.8 112.7 115.5
X; 149.8 178.0 151.5 105.9
X4 209.6 139.4 147.1 119.4
Xs 183.8 159.2 138.2 114.3
Mean 183.8 159.1 138.2 114.3
+SEM | 0.09346 | 0,00397 | 0.09441 | 0.05059
SD 0.02538 | 0.03137 | 0.01751 | 0.005849
RSD% 13.81 19.71 12.67 5.119
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Appendix section 2. Lead in marine soil samples:

Concentrations of Lead in marine soil samples ppb
symbol P’ R’ M’ G’ S’
X, 390.7 311.8 432.4 255.0 306.0
X, 394.4 294.0 423.8 241.6 286.4
X3 397.8 268.6 469.2 243.7 309.3
X4 368.8 326.2 440.3 2533 321.7
Xs 387.9 300.1 441.4 248.4 305.8
Mean 387.9 300.1 441.4 248.4 305.8
+SEM | 0.08934 | 0,00109 | 0.08829 | 0.09262 | 0.09097
SD 0.01309 | 0.02482 | 0.01969 | 0.04488 | 0.01463
RSD% 3.375 8.271 4.460 19.98 4.784

Concentrations of Lead in seawater samples ppb
symbol A’ N’ K’ I
X, 454 .4 394.6 461.2 313.8
X, 471.2 382.5 427.3 328.1
X; 464.4 389.6 441.1 306.3
X4 459.2 359.3 449.7 277.8
Xs 462.3 381.5 444.8 306.5
Mean 462.3 381.5 444.8 306.5
+SEM | 0.07913 | 0,08055 | 0.07944 | 0.09096
SD 0.007197 | 0.01559 | 0.01423 | 0.02116
RSD% 1.557 4.087 3.218 6.903
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Appendix section 3. Cadmium in seawater samples:

Concentrations of Cadmium in seawater samples ppb
symbol P R M G S
X, 3.662 6.045 2.673 0.961 5.006
X, 4.810 8.269 4.585 0.910 8.648
X; 7.273 6.045 1.307 1.012 4.500
X4 5.960 7.157 1.601 0.931 5.171
X 5.426 6.879 2.291 0.953 5.831
Mean 5.426 6.88 2.491 0.953 5.831
ASEM | 0.002985 | .003022 | 0-003838 | 0.003834 | (.003764
SD 0.002074 | 0.003216 | 0.001835 | 0.004670 | 0.001899
RSD% 3.461 5.774 2.605 1.158 2.297
Concentrations of Cadmium in seawater samples ppb
symbol A N K I
X, 3.948 3.752 11.950 8.549
X, 4.736 3.766 7.666 10.070
X3 5.764 6.477 9.846 7.710
X4 7.841 3.246 2.809 10.320
Xs 5.572 4.310 8.067 9.162
Mean 5.572 4.310 8.068 9.162
+SEM | 0-003769 | 0,004310 | 0.003321 | 0.003696
SD 0.001685 | 0.001464 | 0.002629 | 0.001245
RSD% 30.24 33.98 8.352 13.59
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Appendix section 4. Cadmium in marine soil samples:

Concentrations of Cadmium in marine soil samples ppb
symbol P’ R’ M’ G’ S’
X, 41.99 54.89 54.84 68.85 43.62
X, 41.62 66.12 56.75 63.69 53.32
X; 41.79 55.11 56.97 63.62 41.21
X4 43.25 58.87 56.85 64.78 44.33
Xs 42.16 56.01 56.35 65.24 45.86
Mean 42.162 58.200 56.352 65.236 45.668
+SEM | 0.003167 | 0003305 | 0.003016 | 0.002944 | 0.003172
SD 0.000739 | 0.004735 | 0.001014 | 0.002470 | 0.004591
RSD% 1.755 1.888 1.800 3.786 1.771
Concentrations of Cadmium in seawater samples ppb
symbol A’ N’ K’ I
X, 34.11 47.62 56.88 93.40
X, 31.72 46.94 56.58 95.51
X; 32.76 45.33 56.99 88.95
X4 36.09 45.42 55.60 96.51
Xs 33.67 46.33 56.51 95.39
Mean 33.67 46.33 56.51 93.952
+SEM | 0.003279 | 0.003118 | 0.003015 | 0.005222
SD 0.001885 | 0.001136 | 0.000634 | 0.003014
RSD% 5.598 2.451 1.122 3.771
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Appendix section 5. The physical properties of Lead:

Physical properties of lead

Atomic number

82

Atomic mass

207.2 g.mol !

Electronegativity according to Pauling

1.8

Density

11.34 g.cm™ at 20°C

Melting point

327 °C

Boiling point

1755 °C

Vanderwaals radius

0.154 nm

Electronic shell

[ Xe ] 4f" 54" 652

Isotopes

13

Tonic radius

0.132 nm (+2) ; 0.084 nm (+4)

Energy of first ionization

715.4 kJ.mol !

Energy of second ionization

1450.0 kJ.mol !

Energy of third ionization

3080.7 kJ.mol !

Energy of fourth ionization

4082.3 kJ.mol !

Energy of fifth ionization

6608 kJ.mol !

Discovered by
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Appendix section 6. The physical properties of cadmium:

Physical properties of Cd

Atomic number

48

Atomic mass

112.4 g.mol™

Electronegativity according to Pauling

1.7

Density

8.7 g.cm'3 at 20°C

Melting point

321 °C

Boiling point

767 °C

Vanderwaals radius

0.154 nm

Ionic radius

0.097 nm (+2)

Isotopes

15

Electronic shell

[ Kr]4d" 5s?

Energy of first ionization

866 kJ.mol !

Energy of second ionization

1622 kJ.mol ™!

Standard potential

-0.402 V

Discovered
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Fredrich Stromeyer in 1817



References

References:

A. Skoog & M. West fundamentals of analytical chemistry. Holt, rinehant and Winston,
3rd edition, 1976.

A.F.Wells, Structural Inorganic Chemistry. 3rd ed., P.975, Oxford University Press
(1962).

Adeloju, S. B., (1989). Comparison of Some Wet Digestion and Dry Ashing Methods
for Voltammetric Trace Element Analysis. ANALYST, 114, (455-461).

Adeloju, S. B., Bond, A. M., and Hughes, H. C., Anal. Chim. Acta, 1983, 148, 59.

Adeloju, S. B., Bond, A. M., and Noble, M. L., Anal. Chim. Acta, 1984, 161, 303, and

references cited therein.

Agrawal, Y. K., Raj, K. P. S., Desai, S. J., Patel, S. G., and Merh, S. S., Int. J. Environ.
Stud., 1980, 14, 313.

Aksoy, A., Sahin, U. & Duman, F. (2000). Robinia Pseudo-acacacia L. as a Possible
Biomonitor of Heavy Metal Pollution in Kayseri. Turk J Bot, 24, (279-284).

Alvarez- Llamas, G.; Fernandez de la Campa, M. R.; Sanz-Medel, A.; Anal.Chim. Acta
2001, 448, 105.

Anthemidis, A. N.; Zachariadis, G. A.; Farastelis, C. G.; Stratis, J. A.; Talanta 2004, 62,
437,

Ashton, A. & Chan, R. (1987). Monitoring of microgram per liter concentration of trace
metals in sea water: the chose of methodology for sampling and analysis.

ANALYST, 112, (841-844).
Batley, G. E., and Gardner, D., Water Res., 1977, 11, 745.

Baumgartner, A. and E. Reichel, 1975: [ [The World Water Balance . Elsevier,
Amsterdam, 179 pp.

92



References

Bereow. M. L., Ure. A. M., The determination of metals and metalloids in soil. Environ.
Tech. Letters 2. 485-502 (1981).

Bernhard, M., U. N. F. A. O. Fish. Tech. Pap., 1976, No. 158, Part 3.

Berrow, M. L., and Stein, W, M., Analyst, 1983, 108, 277.

Boeeckx, R. L., Anal. Chem., 1986, 58, 275A.

Boevski, 1.; Daskalova, N.; Havezov, 1., Spectrochim. Acta, Part B 2000, 55, 1643.
Boniforti, R.; Ferraroli, R.; Frigieri, P.; Helta, D. Anal. Chim. Acta 1984, 182, 33.

Bruland, K. W, in Riley, J. P., and Chester, R., Editors, [T Chemical Oceanographic,
Volume 8, Academic Press, London, 1983, p.157.

Burton, J. D. and P. S. Liss, 1976: Estuarine Chemistry . Academic Press, New
York.

Campdell, W. C., and Ottaway, J. M., Analyst, 1977, 102, 495.

Canham, G. R. (2000). Descriptive Inorganic Chemistry. New York: W. H. Freeman &
Company.

Carnrick, G. R., Slavin, W., and Manning, D. C., Anal. Chem., 1981, 53, 1866.
CED Directive, Ref. 77/312/EEC, off. J. Eur. Commun., 28April 1977, L 105/10-17.

Centre Interprofessionnel Technique d’Etudes de la Pollution Atmosphérique
(CITEPA), AIR EMISSIONS IN FRANCE, Mainland France, Substances
relative to the contamination by heavy metals,

www.citepa.org/emissions/nationale/ML/Emissions FRmt MLEN.pdf, date of

access july 2009.

Charles, K., Thomas, J & Wilson, M. (1974). Instrumental Analysis. New York: harper

& row.

Cherry, R. D., Heyraud, M., and Higgo, J. J. W., Mar. Ecol. Prog. Ser.,1983, 13, 229.

93


http://www.citepa.org/emissions/nationale/ML/Emissions_FRmt_MLEN.pdf

References

Chow, T. J., Nature (London), 1970, 225, 295.
Christian, G. D. (1994). Analytical Chemistry. New York: John Wiley & Sons, Inc.
Clark, R. B. (2001). Marine Pollution. New York: Oxford University Press.

Connell, D. W., Miller, G. J. 1984. Chemistry and Eco toxicology of Pollution. John
Wiley & Sons, N. Y.

Cotton, F.A. and Wilkinson, G. Zinc, cadmium and mercury. In: Advanced inorganic

chemistry. 3rd edition. Interscience Publishers. p.503 (1972).

Coughlan, D. J. & Gloss, S. P. (1986). Acute and Sub-chronic Toxicity of Lead to the
Early Life Stages of Smallmouth Bass (Micropterus Dolomieui)Water,Air, and
Soil Pollution, 28, (265-275) .

Daoji, L. & Daler, D. (2004). Ocean Pollution from Land-based Sources: East China
Sea, China. Ambio, 33, (107-113).

Department of the Environment, [] European commurity screening programme for
lead: United Kingdom Results for 1979-80 , Pollution Report NO. 10HM
stationery office, London, 1981.

Di Nezio, M. S., Palomeque, M. E. & Fernandez Band, B. S. (2005). Automated Flow-
Injection Method For Cadmium Determination With Preconcentration and

Reagent Preparation On-Line. Quim. Nova, 28, (145-148).

Dnnelly, K. C., Brown, K.W. & Thomas, J. C. (1989). Mutagenic Potential of
Municipal Sewage Sludge Amended Soils. Water, Air, and Soil Pollution, 48,

(435-449).

Draft final review of scientific information on cadmium, UNEP, version of November
2008.

E. B. Sandell, 0 [Colorimetric Determination of traces of Metals, Imerscience

Publishers, Inc., New York, N. Y., 1959.

Ediger, R. D., At. Absorpt. Newsl., 1975, 14, 127.

94



References

Eisler, R., [1 Trace Metal Concentrations in Marine Organisms, Pergamon Press,

New York, 1981.

Elder, J. F. 1988. Metal Biogeochemistry in surface-water system-A Review of

Principles and Concepts. U.S. Geological survey circular 1013.

Elderfield, H., 1978: Chemical variability in estuaries. In: [1 Biogeochemistry of
Estuarine Sediments . Unesco, Paris, pp. 171-178.

Elkins, H. B. (1959). The Chemistry of Industrial Toxicology. New York: John Wiley.

Fairhall, L.T. Industrial toxicology. 2nd edition. Williams and Williams, Baltimore, MD
(1957).

Feinderg, M., and Ducauze, C., Anal. Chem., 1980, 52, 207.

Ferreira, S. L. C., Santos, H. C. D., Ferreira, J. R., Aratijo, N. M. L. D., Costa, A. C. S.
&lJesus, D. S. D. (1998). Preconcentration and Determination of Copper and
Zinc in Natural Water Samples by ICP-AES after Complexation and Sorption on
Amberlite XAD-2. J. Braz. Chem. Soc.9, (525-530).

Fischer, Anal., 190, 118 (1878).
Fischer, Anal., 212, 316 (1882).

Fleischer, M. et al. Environmental impact of cadmium: a review by the panel on

hazardous trace substances. Environ. Health Perspect., 7:253 (1974).
Fowler, S. W., Environ. Monit. Assess., 1986, 7, 59.

Franson, M. A. H., Greenberg, A. E., Connors, C. J. J. & Jenkins, D. (Eds). (1981)
Standard Methods for the Examination of Water and Wastewater. Washington:
American Public Health Association, American Waterworks Association &

Water Pollution Control Federation.

95



References

Friberg, L., Kjellstrom, T., Nordberg, G. and Piscator, M. Cadmium in the environment.
II1. Office of Research and Development, U.S. Environmental Protection

Agency (1975).

Friberg, L., Piscator, M., Nordberg, G.F. and Kjellstrom, T.Cadmium in the
environment. 2nd edition. CRC Press, Cleveland, OH (1974).

Fritz, J. S. & Schenk, G. H. (1979). Quantitative Analytical Chemistry: Allyn & Bacon,

Inc.

Fulkerson, W., Goeller, H.E., Gailer, J.S. and Copenhaver, E.D. (eds.). Cadmium, the
dissipated element. Oak Ridge National Laboratory, Oak Ridge, TN (1973),

cited in reference 24.

G. Iwantscheff, [ Das Dithizon und seine Anwendung in der Mikro. Und
Spurenanalyse, Verlag Chemie, G.m.b.h.; Weinheim/bergstr., Germany,
1958.

Gleason, M. Clinical toxicology of commercial products. 3rd edition. Williams and

Williams, Baltimore, MD (1969).

Goldberg, E. D., and Martin, J. H., in Wong, C. S., Boyle, E., Bruland, K. W., Burton, J.
D., and Goldberg, E. D., Editors, [1 Trace Metals in Sea Water, Plenum
Press, New York, 1983, p. 811.

Gorsuch, T. T., 7 The Destruction of Organic Matter, First Edition, Pergamon
Press, Oxford, 1970.

Gray, N. F. (1999). Water Technology An Introduction for Scientists and Engineers.
New York: John Wiley & Sons Inc.

H. P. Klug, j. Am. Chem. Son. 68(1946) 1493.

H.Irving and R. S. Ramakrishna, J. Chem. Soc., 2118 (1961), and earlier papers in this

series.

Halls, D. J., Mohl, C., and Stoeppler, M., Analyst, 1987, 112, 185.

96



References

Harris, D. C. (1999). Quantitative Chemical Analysis. New York: W. H. Freeman &
Company.

Harris, W. E. & Kratochvil, B. (1981). An Introduction to Chemical Analysis.
Philadelphia: Saunders College Publishing.

Hiatt, V. and Huff, J.E. The environmental impact of cadmium: an overview. Int. J.

Environ. Stud., 7: 277 (1975).
Hinderberger, E. J., Kaiser, M. L., and Koirtyohann, S. R., At. Spectrosc., 1981, 2, 1.
Holak, W., Krinitz, B., and Williams, J. C., J. Assoc. Off. Anal. Chem., 1972. 55, 741.

Holleman, A. F.; Wiberg, E; Wiberg, Nils (1985). "Cadmium". Lehrbuch der
Anorganischen Chemie, 91-100.

Horwitz, W., T Official Methods of Analysis of the Association of Official Analytical
Chemists, Section 25044, Association of Official Analytical Chemists,
Arlington, VA, 1970.

House croft, C. E. & Sharpr, A. G. (2005). Inorganic Chemistry. New York: Pearson
Prentice Hall.

Hsu, C., and Locke, D. C., Anal. Chim. Acta, 1983, 153, 313.

Hygienic Guides Committee. Cadmium. Am. Ind. Hyg. Assoc. J., 23: 518
(1962).

Isotopic Lead Experiment, Status Report July 1982, EUR 8352 EN, CEC Joint
Research Centre, Ispra Establishment, Ispra, Varese, Italy, 1982.

Jiménez, P. M., Gallego, M. & Valcarcel, M. (1987). Pre-concentration and
Determination of Trace Amounts of Lead in Water by Continuous Precipitation
in an Unsegmented-flow Atomic Absorption Spectrometric System. ANALYST,
112, (1233-1236).

97



References

Johansson, K. (1989). Metals in Sediment of Lakes in Northern Sweden. Water, Air,
and Soil Pollution, 47, (441-455).

K. L. Cheng, K. Ueno, and T. Imamura, Hand book of organic Analytical Reagent,
CRC press, Boca Raton, FL, 1982.

Keating, A. D., Keating, J. L., Halls, D. J.& Fell, G. S. (1987). Determination of Lead in
Teeth by Atomic Absorption Spectrometry with Electrothermal Atomisation.
ANALYST, 114, (1381-1385).

Kegley, S. E. & Andrews, J. (1998). The Chemistry of Water. California: University

Science Books.

Kenner, C. T. & Busch, K. W. (1979). Quantitative Analysis. New York: Macmillan
Publishing Co., Inc.

Koirtyohann, S. R., Kaiser, M. L., and Hinderberger, E. J., J. Assoc. Off. Anal. Chem.
1982, 65, 999.

Kolthoff, I. M., Sandell, E. B., Meehan, E. J. & Bruckenstein, S. (1969). Quantitative
Chemical Analysis. Landon: The Macmillan Company Collier-Macmillan

Limited.

Kopp, S.J. et al. Effects of low level cadmium exposure on blood pressure and
myocardial function and metabolism. In: Inorganics in drinking water and
cardiovascular disease. E.J. Calabrese, R.W. Tuthill and L. Condie (eds.).
Princeton Scientific Publ., Princeton, NJ (1985).

Kummer U, Pacyna JM, Pacyna EG, Friedrich R. Assessment of heavy metal releases

from the use phase of road transport. Atmos Environ 2009;43:640-47.

Lauwerys, R. Criteria (dose/effect relationships) for cadmium. C.E.C., Pergamon Press,

Oxford (1978), cited in reference 39.

Laxen, D. P. H., and Harrison, R. M., Anal. Chem., 1981, 53, 345.

98



References

[l Lead and Health , Report of a DHSS working party on lead in the Environment
, HM stationery office, London, 1980.

Les amis de la terre, Editors, [1 Collecti f Maladies et Risques Professionnels de

Jussieu, Couerier de la Baleine, Supplement NO. 66, February, 1984.
Lippmann, M. (2000). Environmental Toxicants. New York: Willey-interscience.

Mahaffey KR. Environmental lead toxicity: Nutrition as a component of intervention.

Environ Health perspect 1990; 89:75-78.
Manahan, S. E. (2005). Environmental Chemistry. New York: CRC Press.
Manning, D. C., and Slavin, W., Anal. Chem., 1978, 50, 1234.
Mart, L., Fresenius Z. Anal.Chem., 1979, 296, 350.
Martin, J. H., and Knauer, G. A., Geochim. Cosmochim. Acta, 1973, 37, 1639.

Martin, J. M. and M. Meybeck, 1979: Elemental Mass-balance of Material Carried by
World Major Rivers. Marine chem.., 7, 173-206.

Massee, R., and M aesson, F. J. M. J., Anal. Chim. Acta, 1981, 127, 181.
May, T. W., and Brumbaugh, W. G., Anal. Chem., 1982, 54, 1032.
McArthur, J. M., Anal. Chim. Acta., 1977, 93, 77.

McKee, J.E. and Wolf, H.-W. Water quality criteria. 2nd edition. Agency of California
State Water Quality Control Board (1963).

Melo, M. H. A, Ferreira, S. L. C., Santelli, R. E., Microchem.J. 2000, 65,59.

Mentasti, E., Nicolotti, A., Porta, V. & Sarzanini, C. (1989). Comparison of Different
Pre-Concentration Methods for the Determination of Trace Levels of Arsenic,
Cadmium, Copper, Mercury, Lead and Selenium. ANALYST, 114, (1113-
1117).

99



References

Meriwether, L. S., Breitner, E. C. & Sloan, C. L. (1965). The Photochromism of Metal
Dithizonate. Journal of the American Chemical Society, 87 (4441-4448).

Merritts, D. J. Wet, A. D. & Menking, K. (1998). Environmental Geology an Earth
System Science Approach. New York: W. H. Freeman & Company.|

Michnowsky, E., Churchland, L. M., Thomson, P. A., and Whitfield, P. H., Water
Resoure. Bull., 1982, 18, 129.

Migon C, Robin T, Dufour A, Gentili B. Decrease of lead concentrations in the Western
Mediterranean atmosphere during the last 20 years. Atmos Environ

2008;42:815-21.

Morgan, J.M. Tissue cadmium concentration in man. Arch. Intern. Med., 123: 405

(1969).

Mostafa H. Sharqawya, John H. Lienhard Va,*, Syed M. Zubairb, 2010,
Thermophysical properties of seawater, Desalination and Water Treatment, 354—

380.

Motto, H. L., Daines, R. H., Chilko, D. M., and Motto, C. K., Environ. Sci. Technol.,
1970, 4, 231.

Muys, T., Analyst, 1984, 109, 119.
Muys, T., Analyst, 1984, 109, 119.

N. Herawati, S. Suzuki, K. Hayashi, I. F. Rivai, H. Koyama. Bull. Environ. Contam.
Toxicol. Spriger-Verlag New York Inc, (2000) 64:33-39.

N. Lacy, G. D. Christian, and J. Ruzicka, Microchemical Journal, 62, 5-14(1999).

Nabil Ramadan Badera and Barbara Zimmermannb, Advances in Applied Science

Research, 2012, 3 (3): 1733-1737.

100



References

National Institute for Occupational Safety and Health. Criteria for a recommended
standard. Occupational exposure to cadmium. U.S. Department of Health,

Education and Welfare (1977).

Nordberg, G.F. Health hazards of environmental cadmium pollution. Ambio, 3: 55

(1974).

Nouri, J., Alloway, B. J. & Peterson, P. J. (2001). Study of the Mobility of Heavy Metal
In Soil Amended With Sewage Sludge. Pakistan Journal of Biological Sciences,
4, (1285- 1287).

Occupational Lead Exposure and Lead Poisoning, American Public Health Association
Inc., New York (1943).

Pagenkopf, S. K., Newman, D. R., and Woodriff, R., Anal. Chem., 1972, 44,2248.

Pahlsson, A. M. B. (1989). Toxicity of Heavy Metals (Zn, Cu, Cd, Pb)to Vascular
Plants. Water, Air, and Soil Pollution, 47,(287-319).

Pal, T., Jana, N. R. & Das, P. K. (1991). Spectrophotometric Determination of

Dissolved Oxygen in Water by the Formation of Dicyanoaurate (I) Complex
With Gold Sol. ANALYST, 116, (321-322).

Paveley. C. F., Davies, B. E., Comparison of results obtained by x-ray fluorescence of
the total soil and atomic absorption spectrometry assay of an acid digest in the
routine determination of lead and zinc in soil. Commum. Soil Sci. and Plant

Anal., 19, 107-116 (1988).

Perry, H.M. Hypertension and trace elements, with particular emphasis on cadmium. In:
Proc. 2nd Annu. Conf. on Trace Substances in Environmental Health. University

of Missouri, Columbia, MO (1969).

Piscator, M. and Lind, B. Cadmium, zinc, copper and lead in human renal cortex. Arch.

Environ. Health, 24: 426 (1972).

101



References

Prosi, F., in FOrstner, U., and Wittmann, G. T. W., Editors, [] Metal Pollution in the

Aquatic Environmental, Springer-Verlag, Heidelberg, 1981.
Pruszkowska, E., Carnick, C. R., and Slavin, W., Anal. Chem., 1983, 55, 82.

Puchades, R., Maquieira, A. & Planta, M. (1989). Rapid Digestion Procedure for the
Determination of Lead in Vegetable Tissues by Electrothermal Atomisation

Atomic Absorption Spectrometry. ANALYST, 114, (1397-1399).
R. F. Bryan and P. M. Knopf, Proc. Chem. Soc., 203 (1961).
Rainbow, P. S., Int. J. Environ. Stud., 1985, 25, 195.
Rains, T. C., Rush, R. A., and Butler, T. A., J. Assoc. Off. Anal. Chem., 1982, 65, 224.

Ridout, P. S., Roe, H. S. J., Jones, H. R., and Morris, R. J., I Cadmium Concentration
of Mesopelagic Decapods and Euphaussiids from the North-east Atlantic Ocean:
Possible use as a Dietary Marker in food web Studies, Institute of

Oceanographic Sciences Report, No. 231, IOSDL, Wormley, Surrey, 1986.

Ridout, P. S., Willcocks, A. D., Morris, R. J., White, S. L., and Rainbow, P. S., Mar.
Biol., 1985, 87, 285.

Robards, K. & Worsfold, Paul. (1991). Cadmium: Toxicology and Analysis.
ANALYST, 116. (549-568).

Rochow, E. G. & Abel, E. W. (1973). The Chemistry of Germanium, Tin and Lead.

New York: Pergamon Press.

S. Dadfarnia, A. M. Haji shabuni and H. D. Shirie, Bull. Korean Chem. Soc., 23, 4, 545
(2002).

Sang Kim, Y., Seok Choi, Y. & In, K. (2000). Studies on equilibria and Analytical
Applications of Synergistic Solvent Extraction (I). Determination of traces
Ni(II), Cd(IT) and Pb(II) in Sea Water Using Dithizone and Thiocyanate Ion.
Bull. Korean Chem. Soc. 21, (137-140).

102



References

Sastre, J.; Sahuquillo, A.; Vidal, M.; Rauret, G.; Anal. Chim. Acta 2002, 59, 462.

Schroeder, H.A. and Balassa, J.J. Abnormal trace metals in man --cadmium. J. Chronic

Dis., 14: 236 (1961).
Schroeder, H.A. Cadmium as a factor in hypertension. J. Chronic Dis., 18: 647 (1965).
Scoullos, Michael J.; Vonkeman, Gerrit H.; Thornton, lain; Makuch, Zen (2001).
Segar, D. A., and Gonzalez, J. G., Anal. Chem. Acta., 1971, 58, 7.

Singh, H. B., Kumar, B. & Sharma, R. L. (1989). Direct Spectrophotometric
Determination of trace Amounts of Mercury (IT) in Aqueous Media as its

Dithizonate Complex in the Presence of a Neutral Surfactant. ANALYSIS, 114,
(853-855).

Skoog, D. A., Holler, F. J. & Nieman, T. A. (1998). Principles of Instrumental Analysis.
Philadelphia: Harcourt Brace & Company.

Skoog, D. A., West, D. M. & Holler, F. J. (1997). fundamentals of analytical chemistry.
New York: Saunders College Publishing.

Slavin, W., and Manning, D. C., Anal. Chem., 1979, 51, 261.
Slavin, W., Carnick, G. R., and Manning, D. C., Anal. Chem., 1982, 54, 21.

S’ergio L.C. Ferreira, Jailson B. de Andrade, A. Korna., Journal of Hazardous Materials
145 (2007) 358-367.

Smith C.J.E., Higgs M.S., Baldwin K.R. (April 20, 1999).

Sperling, K. R., Fresenius Z. Anal. Chem., 1977, 287, 23.

Spolyar, L.W., Keppler, J.E. and Porter, H.G. Cadmium poisoning in industry: report of
5 cases including one death. J. Ind. Hyg., 26: 232 (1944).

Sturgeon, R. E., Berman, S. S., Desaulniers, A., and Russell, D. S., Anal. Chem., 1979,
51, 2365.

103



References

Sturgeon, R. E.; Bermann, S. S.; Desaulniers, J. A. H.; Mykytiuk, A. P.; Russell, D. S.
Anal. Chem. 1980, 52, 1585.

Szadkowski, D., Schaller, K.H. and Lehnret, G. Renale Cadmiumausscheidung
Lebensalter, and arterieller Blutdruck. Z. Klin. Chem., 7: 551 (1969).

T. Sekine, and Y. Hasegawa, (1970). Solvent Extraction Chemistry, by marcel dekker,
INC.

Taras, M. J., Greenberg, A. E., Hoak, R. D. & Rand, M. C. (Eds), (1976). Standard
Methods for the Examination of Water and Wastewater. Washington: American
Public Health Association, American Water works Association & Water P

Pollution Control Federation.

The Neuropsychological Effects of Lead in Children, A Review of Recent Research,
1979-1983, Medical Research Council, London, 1984.

Thornburg, W., J. Assoc. Off. Anal. Chem., 1982, 65, 992.

Thurmer, K.; Williams, E; Reutt-Robey, J. (2002). "Autocatalytic Oxidation of Lead
Crystallite Surfaces". Science 297 (5589): 2033-5.

Timbrell , J. (2002). Introduction to Toxicology. New York: CRC PRESS.

Tortora, G., Funke, B. R. & Case, C. L. (2002). Microbiology An Introduction Media

Update. New York: Benjamin Cummings.

Trefry, J. H. & K, 1. (1987). Sediment Trace Metal Contamination in the Ivory Coast,
West Africa. Water, Air, and Soil Pollution, 32, (145-154).

UNEP Draft final review of scientific information on lead, version of November 2008.

US Agency for Toxic Substances and Disease Registry. Lead. Toxicological profiles.
Atlanta: Centers for Disease Control and Prevention; 1999. PB/99/166704.

104



References

US Environmental Protection Agency. Air quality criteria for lead. Research Griangle
Park (NC): Environmental Criteria and Assessment Office: 1986 Jun. EPA-
600/8-83-028.

Volgel, A. 1, SC, D., C. 1. D. & C. F. R. I. (1975). A Text-Book of Quantitative
Inorganic Analysis Inorganic Elementary Instrumental Analysis. London: Lowe

& Brydone.
Ward, N. L., Reeves, R. D., and Brooks, R. R., Environ. Pollut., 1974, 6, 149.
Ward, N. L., Reeves, R. D., and Brooks, R. R., Environ. Pollut., 1974, 6, 149.
Ward, N. L., Reeves, R. D., and Brooks, R. R., Environ. Pollut., 1975, 9, 243.

Water NI, Savage JM Metal dispersion and transportational activities using food crops

as biomonitors. Sci Total Environ 1994; 146:309-319.
Watson, C., Trends Anal. Chem., 1984, 3, 25.

Weiss, M. K. (1972). Lead. In F. D. Snell & L. S. Ettre (Eds), Encyclopedia of
Industrial Chemical Analysis. (161-201). Interscience New York.

World Health Organization. Environmental health criteria for cadmium, June (1974).

Yeoman. S., Sterritt, R. M., Rudd, T. & Lester, J. N. (1989). Particle Size Fractionation
and Metal Distribution in Sewage Sludges. Water, Air, and Soil Pollution, 45,
(27-42).

105



e‘d&ﬂul.) $J 2L :\.'\..'MA Jalu gé ?35"44&‘ § gl ) juass
QQJSS‘ uabaiay) ciliaa

Lladl 3 jaY) Ao J geandl lllata JLSY

(dialally

ralUal) fpa dadia

kY allu adalis -

L (g et daals

- 2013



-

AadAll

- duadAl)

sl Aallae da 5303 5 alia sl (e Altial) RS (s Lidd ccaad) Vaa
L0 Aae Jalu (e lgaaa &8 Al

.9 -7 (x & saall A ja ie Dithizone alaaiuls cudally (DAt da) s ellh 5 5 )3

Lpalaia el (Dithizone -paba ) Sixe Joay 482 30 gadlaiul (e die
228.8 a3« Ush die (Dithizone -pswdSl) dieay ¢ 5iasili 283.3 ase Jsh i

et

el o aadl du il sda (A Lle deaniall @il (e el sle 8 (alia )l
sl el sl ) e (8 585 il 5 (g Jla Amals Jlie (oY) (g5 o 5e (8 555
A gladia Lo 85 (0 5S8 (5 Yk elina (e Al 5 jg il 93 Al gl 5 uinad

4 7 sanall ) e e calS adl elie 8 lgdde Jeaniall abia )l i JS
(15 ppb) &S 5aY) 5 (50 ppb) Geull) dul @l Cilaua sal)

il ClS 22007 L ALl A Hall i lgle Jeaniall il ae 45 jlaally
3ol 31 G ALl Al 50l (e alia )l 38 55 8 e d Al jall oda L Lgile Juaaidl)
0S JS5 TNT Ol padie o4 Ul Aalel) Jlasiaal 3 58 o 40Y) Gl yall 22e 34
lall (N die s ol sgll Sl s LIS

ala I 38 5 i 8308 54 g (8 palaa sl 38 55 el S aal) Jle ) el

OS5 Adndl 5 il Gl ) 5 b Jlad ddana 5 35 il 5 Guindd ) se g ALl aBga B
A sl Ly 8

(10 ppm) G J8 585 A A sl 5 dpiall dpuldll Cliia sal)



-

DAl

Sl sl G (2007) A8kad) A )l (A Lgle Jaaniall il ae 4o jlially 5
e GilEy s @l 5(2012) Al all o2 8 Lgple Juaniall i) (e ST alia )
(6 Aae dal g Jsh e 535 sall auall Ga peall gl

(6 uall dikiag 3 g sall auall Cajeall il 1(1.4) JSa

S5 pinad @ se (IS (5 3l Al g aall daludl (8 & gpealsll 58 a1 dpally
gy sline el 5 i J8 Laiy 58 5 e

A slucia Ly 8 (5 )l Aaals Jilie A (g3l 5 ool 5 (5 bk Jladi Adana a8l 5
Ao sbata Ly 58 lda 5 6 e eline (e il @8 50 Ll



-

AadAll

b 4 zsandl 22l e JB S el sl b Lele Juanid a g€ il S
(10 ppb) Linall cliia sall

Be o S 5 s g (A S 55 el S adll Jle) (8 o a3 5
(6 Aaala Jilie e Y1 gl

Ao bt Ly lall (ul ) 5 5 )b eline 53 )3l 5l bl ga (A o saadlS S i
A gbodio Ly )8 Hg il g Jladl) ddana 5 Aulind) a8l sa g

aall e J81 ol Al Hall 138 b sl Jle ) 8 Lgale Jaaniall o spealSU) il JS
8 4 7 sansall 22l (e B Ll 5 (< 200 ppb) Aisall Cildia sall 8 4 7 sansall
.(450 ppb) 4Ll Clia gl

e dal g dlay 5ol (o asedSll juaie 58 51 Guldl Al Al 3 g) a5 Y
M\JJS\ oda ‘_g Lg_\lc Chanial) C.:u\ﬂﬂ\ & L@JJJM LﬁJL’-‘J



