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Abstract
In this study the pan of the plant analyzed was the root,

while by the soil we mean the soil which is in direct contact

with the plant root.

This analysis was carried to find the relation between

the concentrations of the free ions in water, the mobile ions in

the soil in contact with the root of the plant and the ions uptake

by the plant as well as the movement of these ions between

different reservoirs.

The nutrient elements, (Fe, Mn, Zn, Cu, Co) showed

higher concentrations than toxic elements (Cr, Ni, Cd).

Because of its natural abundance, iron has the highest

concentration (54900/56600, 33580/36800), manganese has

shown the second highest concentration, followed by nickel

and zinc.

Copper, cobalt and chromium have shown relatively

similar concentrations, while cadmium has shown the lowest

concentration.

In general, almost for all elements the soils have shown

higher concentration followed by the plant and then water.

Cyperus rotandus has shown high affinity towards most

of the metal ions, while the rest of plants have shown almost

similar affinity.

Because of the generally low concentration of metal

ions in water. preconcentration was used using

8-hydroxyquinoline (oxine) and ammonium pyrolidine

dithiocarbamate APDC to extract (preconcentrate) the metal

ions at the optimum parameters before measurement in AAS.
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1.INTRODUCTION

I.I Trace elements

Trace elements are chemical elements present in organisms in

low concentrations (usually in the range of ppm and ppb). The term is

also used to designate a number of chemical elements contained in soils,

rocks, minerals and water at this level "'. They are nutrients that exist in

the body and in food in organic and inorganic combinations. All tissues

and internal fluids of living things contain varying quantities of trace

elements |21.

They are constituents of the bones, teeth, soft tissues, muscles,

blood and nerve cells. They are important factors in maintaining

physiological processes, strengthening skeletal structures, and

preserving the vigor of the heart and brain as well as all muscles and

nerve systems .

Most trace elements are metals such as iron, copper, manganese,

zinc, molybdenum, cobalt and calcium; some are nonmetals (iodine,

selenium, bromine, fluorine, and statine)1'1. Some of these metals such

as calcium and zinc are essential for the maintenance for good health but

there are other metals, however, which have a deleterious effect if

consumed in sufficient quantities such as lead and cadmium(31.

1.1.1 Classification of trace elements

There are more than hundred naturally occurring elements on the

earth, the magnitude and chemical form of which can widely vary either



between or within environmental, geological, biological, or marine

systems .

In biological systems elements can be basically grouped into

three categories:

1- major elements consisting of carbon, hydrogen, nitrogen and oxygen;

2- minor elements comprising calcium, chlorine, magnesium,

phosphorus, potassium, sodium;

3- the remainders are referred to as trace elements '4l. The proportion of

these three elemental groups in relation to the total mass of an organism

represents 96%, 3.6%, andl%, respectively (4>.

Calcium, chlorine, magnesium, phosphorus, potassium, sodium

and sulfur are known as the macronutrients because they are present in

relatively high amounts in body tissue |2'. Manganese, cobalt, nickel,

copper, and iron are referred to as micronutrients or heavy metals O).

From a biological viewpoint, trace elements are most

conveniently classified into three groups; essential, non-essential and

toxic (4).

1.1.1.1 Essential trace elements

The essential trace elements for plants are those elements which

can not be substituted by others in their specific biochemical roles and

that have direct influence on the organism so that it can neither grow nor

complete some metabolic cycles{4). Twenty elements have been found

to be essential to the growth of plants, not all are required by plants, but

all are necessary to some plants, in general boron, cobalt, copper, iron,

manganese, molybdenum, silicon and zinc are known to be essential for

plants .



In human and animal systems, trace elements are defined as

being essential if depletion consistently results in a deficiency syndrome

and repletion specifically reverses the abnormalities |41. The trace

elements fulfilling these requirements are arsenic, cobalt, chromium,

copper, fluorine, iron, iodine, manganese, nickel, molybdenum,

selenium, silicon, stannous, vanadium and zinc (4t.

1.1.1.2 Non essential trace elements

In addition to the essential elements, there are several others

which are always found in body tissues and fluids but for which no

proof of essentiality has been established. These elements are often

referred to as non-essential, such as lithium, boron, germanium,

rubidium, strontium * .

1.1.1.3 Toxic trace elements

Cadmium, mercury and lead are prominently classified as toxic.

This is because of their deterimental effects even at low levflls. All trace

elements are predominantly toxic when their levels exceed the limits of

safe exposure. These limits vary widely from one element to another(4).

1.1.2 Trace elements in living organisms

Vernadskii established that trace elements are not random

components of living organisms and that their distribution in the

biosphere is determined by a number of principles. More than thirty

trace elements are considered necessary for vital activity of plants and

animals. In the organism, trace elements are found as constituents of



various biological active compounds such as enzymes, vitamins,

hormones and respiratory pigments. Example for that is zinc in carbonic

anhydrase, copper in polyphenol oxidase, cobalt in vitamin B^, iodine

in thyroxin, zinc and cobalt in insulin and iron in haemoglobin '".

The action of trace elements that are components of the

compounds listed above or that affect their functions is mainly evident

in a change in the activity of metabolic processes in organisms (". The

overall role of trace elements in living organism is directly related to the

interactions with all-environmental, geological, biological, or marine

systems .

Some trace elements affect growth such as manganese, zinc and

copper, reproduction such as manganese and zinc in animals and

manganese, copper, and molybdenum in plantl .

1.1.3 Trace elements in soils

In soils, trace elements are constituents of various compounds,

most of which are represented by insoluble and poorly soluble forms and

only to a small extent by mobile forms that may be assimilated by

plants. The mobility of trace elements and their availability to plants are

greatly affected by the acidity of the soil, the humidity and the content

of organic matter "'. The availability of metal ions in the soil for plant

nutrition and soil pollution is effectively controlled by the ability of the

soil organic matter to bind them rather strongly (?l.

In general, soils are considered as sinks for trace elements and

therefore they play an important role in the environmental cycling of

elements(41.



The content of trace elements is not the same in different types

of soil. For example, chernozems are rich in mobile forms of boron and

copper (0.4-1.5 and 4-30 mg/kg, respectively), while soddy podzols are

poor in them (0.02-0.6 and 0.1-6.7 mg/kg, respectively)'".

Insufficiency or excess of trace elements in soil leads to

insufficiency or excess of the elements in plant and animal organisms.

Insufficiency or excess of trace elements is also harmful to plants. For

example, deficiency of molybdenum suppresses the blooming of

cauliflower and some legumes. Copper insufficiency disrupts grain

production of cereals and fruition of citrus trees (1).

Trace element contamination of surface soils and sediments is

slowly occurring on a global scale in response to growing industrial and

agricultural activities. In many cases soils act as natural buffers

controlling the transport of trace elements contaminants to the

hydrosphere and biota l4'.

1.1.4. Trace Elements in water

Water through natural weathering and leaching processes and by

dissolving and reacting with materials, mobilizes and distributes trace

elements. Most trace elements in waters (ground and surface) are present

mainly as suspended colloids or fixed by organic and mineral

substances. Many trace elements do not exist in soluble forms for very

long in natural waters and therefore they accumulate in bottom

sediments or plankton (4t.

The studies have not yielded information regarding the

partitioning of trace elements between the various components of the

sediments and their potential to affect water quality under different



environmental condition . As important parts of the food chain, edible

parts of plants provide the route for trace elements to become

incorporated into the body |4i. Along this natural pathway water is a

significant source of trace element input l4).

Drinking water covers only 1-10 per cent of the daily

requirements of such trace elements such as iodine, copper, zinc,

manganese, cobalt and molybdenum and is a major source only for

fluorine and strontium1".

Surface water (streams, rivers and lakes), which most tap water

comes from, may contain pollutants and agricultural wastes such as

fertilizer and pesticide residue . Heavy metals, which are used in

industry, may pollute waters. The EC directive on drinking water states

maximum concentrations of 5 mg/L of cadmium, 50 mg/L of chromium,

1 mg/L of mercury and 50 mg/L of nickel l9\

1.1.5. Trace Elements in plant

Plant food is a major source of intake of trace elements for

humans I|J. The chemical composition of plants is generally related to

the elemental content of nutrient solutions or soils<4). Plants contents of

mineral elements are affected by a host of factors. The percentage

composition in crops therefore varies considerably (6).

The main pathway of trace elements to plants is via the roots.

Foliar uptake can occur but this is only a major pathway in relation to

earlier sources of pollutants. Root uptake is dependent upon the

dissolved chemical forms in the soil solution (ionic, chelated,

complexed), pH, the presence of other ions, redox potentials and

temperature.



There is a wide variability in the bioaccumulation of trace

elements among different plant species. Some elements such as boron,

cadmium, rubidium, cesium are readily taken up, whereas iron and

selenium are only slightly available to plants. Trace elements absorption

by plants roots is also influenced by mycorrhizal fungi, which enhance

the uptake from the soil solution in exchange for carbohydrates from the

host plant. Evolutionary changes have also resulted in metal tolerant

plant species which are able to accumulate very high concentrations of

specific metals such as nickel, zinc, chromium, cobalt, selenium, copper,

mercury|4>.

The trace elements balance of many plant species is also

dependent upon the antagonistic synergistic interactions between

chemical elements. Calcium, phosphorus, magnesium and potassium are

known to be the main antagonistic elements against the absorption and

metabolism of various trace elements such as boron, cobalt, chromium,

copper, iron, manganese, nickel, strontium and zinc ( .

An insufficiency or excess of trace elements is also harmful to

plant <n. In regions where the concentration of individual trace elements

does not reach the minimum threshold, endemic diseases may be

prevented and treated by addition of the corresponding trace elements to

livestock feed and the application of micronutrient plants fertilizers(l).

1.1.6 Biological role of trace elements

The great majority of the trace elements serve chiefly as key

components of enzyme systems of proteins with vital functions.

Enzymes in which metals are tightly incorporated are called

metaloenzymes, since the metal is usually embedded deep inside the



structure of the protein. If the metal atom is removed, the protein usually

loses its capacity to function as an enzyme |1(>l

As pointed out by several research groups, many clinical and

pathological disorders arise in the animal as a consequence oftrace

elements deficiencies and excesses for which there are no acceptable

explanation in biochemical or enzymatic terms. This suggests either that

there are many trace-element dependent enzymes of great metabolic

significance, which are not yet discovered, or that these elements

participate in the activity of other compounds in tissues(lt)).

Trace metals have the ability to catalyze various chemical

reactions. When a metal is made to combine with suitable organic

receptors such as proteins, it is possible to obtain an enormous

reinforcement of the metal's catalytic action. Also, a metal can influence

the activity of an enzyme by its sheer physical presence in the active

center of the enzyme <IOJ.

The content of many trace elements such as (aluminum,

titanium, chlorine, lead, fluorine, strantium, nickel) increase with age

The absolute level oftrace elements in organs and tissues may vary

markedly, depending on place of residence, usually diet, and other

factors that determine the level of intake and accumulation of a given

trace element as well as on individual traits<n

The functions of trace elements in the body are very important

and variegated. For example, small amounts of manganese stimulate

hematopoiesis and immune reaction, whereas larger amounts suppress

them. An increase in the concentration of fluorine in drinking water to

1.0- 1.5 mg/L leads to decrease in caries whereas an increase to 2-3

mg/L results in fluorosis (1).



Interaction of the trace elements in the body is noted. Cobalt has

a positive effect on hematopoiesis only in the presence of quantities of

iron and copper in the body; manganese increases the absorption of

copper, whereas copper in certain aspects is an antagonist of

molybdenum and fluorine affects strontium metabolism |l>

1.1.7 Individual nutrients

1.1.7.1. Iron

Iron is a major element in various primary minerals. Most soils

contain significant amounts of iron. It is an essential nutrient for plants

and animals. It is involved in chlorophyll synthesis and over half the leaf

iron is in the chloroplast. Certain enzyme systems such as the oxidases

depend on iron (ll). Fe(Ill) compounds are relatively insoluble. Iron, like

aluminum, can form a number of soluble hydroxy-ion species depending

on the pH. Fe(III) ions are taken up by plants. They are most prominent

under reducing conditions and are mobile unless precipitated as

sulfide"1'.

Most of the body iron exists in complex forms bound to protein

such as haemoglobin, myoglobin, ferritin and transfirrin "0). Calcium

and copper must be present for iron to function properly "C1. In spite of

its abundance, sensitive plants can show iron deficiency symptoms

(chlorosis) on calcareous soils or following excessive liming"".

Although iron levels are low in natural waters, it can be present there in

various ionic, organic and mineral forms whose stability is related to a

number of factors including redox potential and pH in water and

sediments " " .



Iron toxicities have been recorded in plants although the element

is less potent than manganese and aluminium ''".

In the body the toxic level of iron may occur in an individual due

to a genetic error of metabolism, due to blood transfusion, or due to

prolonged oral intake of iron. Excessive deposits of iron in the liver and

spleen, in certain individuals, may result from such conditions as

cirrhosis of the liver, diabetes, and pancreas insufficiency .

The most common deficiency of iron is iron-deficiency anemia

(hypochromic anemia), in which the amount of haemoglobin in the red

blood cells consequently becomes smaller. As in other forms of anemia,

iron -deficiency anemia reduces the oxygen carrying capacity ofthe

blood resulting in pale skin and abnormal fatigue '2|.

The best source of dietary iron is liver, with oysters, heart, lean

meat, and tongue as second choices. Leafy green vegetables are the best

plant sources

1.1.7.2. Manganese

Manganese is a trace element and it is an essential element for

both plants and animals. It plays a key role in photosynthesis and in

activating numerous enzymes. Normal level in plants range from 20 to

500 ppm'2-"".

Manganese is absorbed by plants as the manganese ion, Mn (II),

and in molecular combinations with certain organic completing agents

such as ethylenediaminetetraacetic acid (EDTA)' .

Human requirements are 3-9 mg/day. The human body

manganese content is estimated to be 12-20 mg <1(1>. Manganese is a

catalyst in the synthesis of fatty acids and cholesterol. It also plays a part



in protein, carbohydrate and fat production. It is necessary for normal

skeletal development and may be important for the formation of blood,

important for the production of milk and the formation of urea, a part of

the urine. It helps maintain sex-hormone production. Also, it helps

nourish the nerves and brain '"'.

Whole-grain cereals, egg yolks, and green vegetables are among

the better sources of manganese but the content will vary depending

upon the amount present in the soil(2).

Manganese ions, Mn (II), are soluble in water and exist in an

aerobic conditions, but with aeration of the water they form dark brown

precipitates of manganese dioxide which cause problems " \ Manganese

is rarer than iron in water but may be present in water from moorland or

wells or impounding reservoirs. The EC directive on drinking water

states a maximum concentration of 0.05 mg/L of manganese and a guide

level of 0.02 mg/L (9).

Manganese deficiency has been demonstrated in many animals

but not, so far, in humans<ini2). A deficiency of manganese can affect

glucose tolerance, resulting in the ability to remove excess sugar from

the blood by oxidation and/or storage '2|. Also pathological effects on

nerve cells and the liver have been reported "0). Signs of manganese

deficiency include impaired growth, skeletal abnormalities, disturbed or

depressed reproductive function, ataxia of the newborn, and defects in

lipid and carbohydrate metabolism |i2).

In plants the symptoms of deficiency usually show up first in the

younger leaves. In broad-leaved plants the symptom is one of interveinal

chlorosis, which also occur in members of the grass family<6).



There are many studies in the literature, which show that

manganese at high doses exhibit toxic effects as evidenced in animals

and humans. It has been reported that manganese induces hypoglycemia

and sexual importance in humans. Chronic manganese poisoning has

been known to occur among miners ""'. The major signs of manganese

toxicity in animals are depressed growth, depressed appetite, impaired

iron metabolism and altered brain function "2|.

Manganese is required by plants in only small quantities, large

amounts being toxic. Crinkle leaf of cotton is a manganese toxicity that

is sometimes observed on highly acid red and yellow soils of the old

Cotton Belt in the southern United States. Manganese toxicity has also

been detected in tobacco growing on extremely acid soils. In both cases

the condition can be corrected by liming the soil to a pH of 5.5 or
(6)

more

1.1.7.3. Copper

Wide ranges of minerals containing copper are known together

with deposits of the native element. Several minerals are associated with

ores mined in various parts of the world. The primary minerals are

essentially sulphides, sometimes in combination with iron ' .

Copper is an essential micronutrient for plants and animals

where it is involved with many enzyme systems which are involved in

variety of metabolic reactions, such as the utilization of oxygen during

cell respiration and energy utilization l l l i : ) . It is constituent of certain

other proteins including the pigment haemocyanin found in Crustacea

and molluscs (I".



The copper content of vegetable crops is not greatly influenced

by that of the soil on which they have grown, but can increase markedly

if leaf surfaces are contaminated by pollutants high in cooper(l2).

Copper assists in the formation of haemoglobin and red blood

cells by facilitating iron absorption '"'.

Compounds of copper are rare in natural water but they can enter

drinking water either from corrosion of copper pipes or from the dosing

of an impounding reservoir with 0.5 mg/L of copper sulphate to reduce

algae (<".

Copper is absorbed by plants as the cupric ion, Cu(II), and may

be absorbed as salt of an organic complex such as EDTA |6).

Copper deficiencies are relatively unknown. Low blood levels of

copper have been noted in children with iron-deficiency anemia, edema,

and kwashiorkor '"'. Copper deficiencies are known in crops, but much

attention has also been given to the toxic nature of the element "".

Toxicity is rare, since only a small amount of copper is absorbed and

stored while the greatest part is excreted . In human, acute copper

poisoning is usually results from contamination of food stuffs or

beverages by copper containers or from the accidental or deliberate

ingestion of gram quantities of copper salts .

Level in natural waters can also reach toxic level for small

organisms and algae particularly in streams draining mining or other

areas rich in the element. Otherwise natural water contents are low "".



1.1.7.4. Cobalt

Cobalt is considered an essential trace element and is an integral

part of vitamin B]T , or cobalamin.Vitamin B12 and cobalt are so closely

connected that the two terms can be used interchangeable (2>.

Cobalt activates a number of enzymes in the body. It is necessary

for normal functioning and maintenance of red blood cells as well as all

other body cells .

Cobalt has proved to be essential element for blue-green algae, it

is also essential for some bacteria, fungi, and green algae ' (1). It has not

been definitely shown that cobalt is an element needed by the higher

green plants, though several responses by non leguminous crops to

applications of this element have been reported '6I. Cobalt is required by

Rhizobia for the fixation of elemental nitrogen, and from the standpoint

of the practical production of legumes it would have to be considered

essential(61.

A deficiency of cobalt may be responsible for the symptoms of

pernicious anemia and a slow rate of growth. If cobalt deficiency is not

treated permanent nervous disorders may result .

Normal ingestion for man is considered to be 0.002 mg/day.

Toxic level is at 500 mg/day. Cobalt dust is more toxic than salts in lung

irritation. Higher concentrations are considered to cause dermatitis,

affect heart and GI tract in man, as well as liver and kidney damage(l()1.

1.1.7.5. Nickel

Nickel is an essential trace element widely distributed in very

low concentrations in both plant and animal tissues ' . The four typical



nickel-containing enzymes found in plants and microorganisms, namely

urease, hydrogenase, methylcoenzyme M reductase and

carbonmonoxide dehydrogenase, have been comprehensively described

in a number of reviews "2>.

The reported signs of nickel deprivation in the chick, cow, goat,

pig, rat and sheep are numerous. Unfortunately, recent studies indicate

that many of them may have been misinterpreted, and claimed responses

to repletion may have been manifestations of pharmacological action of

nickel. However, certain signs are apparently specifically attributable to

nickel deficiency. If the nickel deficiency is severe, growth and

heamatopiesis are depressed, especially in animals with a marginal iron

status"21.

In plant it can be very toxic depending on its chemical form. It

has been established that nickel has a low to moderate toxicity for

several animal species. In calves it inhibits enzyme systems and causes

kidney damage. Nickel contamination does not present a serious healthy

hazard to man. It rarely gives systemic toxic effects even from

therapeutic doses (up to 195 mg NiSO4, and ~ 400 mg NiBri). Some

researchers have associated nickel with dermatitis, respiratory disorders,

and carcinogenesis ""'.

1.1.7.6. Zinc

Although, the range of zinc bearing minerals is not great, the

element is relatively more abundant than copper. There is only one

common sulphide (ZnS), but it forms minerals, which are worked in

many parts of the world. Other minerals are complex oxy-products and



salts and some of the less common silicates contain zinc. Clay minerals

in soils can also adsorb some zinc "".

This element is an essential micronutrient for plants and animals

and is associated with many enzymes and with certain other proteins.

Although soil contents are higher than for copper, the plant requirements

are greater and deficiencies are known in crop plants. High levels are

normally toxic to plants. It is absorbed by plant roots as the ion, Zn(II),

and may also be absorbed as a molecular complex of such chelating

agents as EDTA (Mn .

In human body, zinc occurring in large amounts than any other

trace element except iron , High intakes of zinc interfere with copper

utilization, causing incomplete iron metabolism- Excessive intake of

zinc may result in a loss of iron and copper from the liver<16>.

The deficiency leads to unhealthy changes in zinc and structure

of prostate gland, which contain more zinc than any other part of human

anatomy"71.

Zinc is rare in natural waters but it quite often occurs in waters

and sewage because of the common use of galvanized steel. The EC

directive on drinking water states a maximum concentration of 5 mg/L

of zinc after 12 h standing in the consumer's water pipe .

1.1.8 Individual pollutants

1.1.8.1. Cadmium

Cadmium is a relatively rare element and is uniformly

distributed through out the earth crust * \ In the past years, knowledge

of cadmium in plants and soils has increased rapidly. Soil pH and



organic matter are two soil factors that have been found to have a

consistent effect on Cd uptake in nearly every crop(l4). The growth rate

of plants and, indirectly, temperature and nutrients and other available

metals in soil may also be contributing factors for soil-plant cadmium

movement "3). Increasing the soil pH has been shown to reduce the

cadmium uptake by plants "3).

Soils obtained from the vicinity of industrial operations,

particularly smelting and other coal burning processes, generally have

increased levels of cadmium "J l.

In greenhouse and field studies with sludge-applied cadmium ,

liming the soils has generally reduced cadmium uptake, but the amount

of reduction depends upon the plant species and probably the soil as

well "4 |. In a greenhouse study comparing four acid soil with four

calcareous soils, Mahlar et. al found less Cd uptake by lettuce and

Swiss ehard plants grown on the calcareous soils "4|.

Cadmium has not been shown to be essential for the growth of

plants; however, it can be readily absorbed and consequently, it is

detectable in most plants. Leaves are found to accumulate excessive

amounts when solutions contain a few tenths ug/ ml<l01.

Cadmium is one of the elements that are selectively accumulated

in various organs of higher animals. The primary reason for its

differential accumulation is the presence of a specific metal-binding

protein called metallothionein .

Cadmium enters the environment as a waste product, especially

from metal refining and electroplating works. It is also used in the

chemical and paint industries. It is often discharged as an effluent into

drainage courses or reaches the atmosphere through stack emissions "".



In water cadmium present as cation and can be removed by chemical

precipitation *9'.

Cadmium is a toxic trace element that has many structural

similarities to zinc. There is no biological function for this element in

humans. Its toxic effects are kept under control in the body by the

presence of zinc . In animals it can case caries, anemia, and retarded

growth. In human it is a cumulative poison resulting in pulmonary

emphysema and kidney damage 'l0).

Cadmium is often considered as one of the toxic heavy metals. In

soil used for crops, concentration of 1 ppm (dry weight) is considered to

be the maximum safe limit in some countries ( . The risks to health

arising from cadmium are greatest when inhalation of cadmium from

occupational sources results directly in lung damage "2 |.

1.1.8.2. Chromium

Chromium is widely distributed in soils and vegetation although

the concentrations are generally very low. The levels in some basic

igneous soils such as serpentine are relatively high. It is also widely

distributed in human tissues in extremely low and variable

concentrations "".

Chromium is an essential mineral found in concentrations of 20

parts of chromium per 1 billion parts of blood. It has functions in both

animal and human nutrition . Biological activity of chromium is

dominated by the trivalent state Cr(III). The Cr(III) ion forms octahedral

complexes that are stable at pH 4 or less, but readily undergo hydrolysis

at high pH"01.



Chromium stimulates the activity of enzymes involved in the

metabolism of glucose for energy and the synthesis of fatty acids and

cholesterol. Chromium also appears to increase the effectiveness of

insulin, thereby facilitating the transport of glucose into the cell. In the

blood it competes with iron in the transport of protein .

Chromium is toxic to animals, particularly in the hexavalent

state, although less so to plants(i". Cadmium, chromium and nickel are

often present in metal plating wastewaters. Hexavalent chromium such

as chromium in the form of chromate CrOi and dichromate Cr^CV", is

more toxic to plant and animal life than trivalent chromium (chromium

as the cation) (<UIJ21, Effluents containing hexavalent chromium can be

treated by chemical reduction to trivalent chromium in acid

conditions"5'. The pH is then raised to precipitate out chromium

hydroxide. Alternatively, ion exchange may be used to remove the

hexavalent chromium '*".

Toxic level for chromium is considered to be 200 mg/day.

Chronic exposure to high chromium levels has been correlated with lung

cancer, dermatitis, ulceration of skin, chronic catarrh and emphysema

'"". Also, chromium is found to be toxic to some aerobic microbes .

5 ppm is a recommended limit for irrigation water, while 100 ppm is a

recommended limit for fisheries "0). As with other heavy metals,

pollution problems can arise from the discharge of waste products from

electroplating, manufacture of alloys and other industrial processes "".

Chromium deficiency is characterized by disturbances in glucose, lipid,

and proteintl0).

Even a very slight chromium deficiency will have serious effects

on the body . Chromium deficient rats exhibit glucose in tolerance



similar to clinical diabetes mellitus. Other deficiency signs in animals

include impaired growth, elevated serum cholesterol and triglycerides ,

increased incidence of aortic plaques, corneal lesions and decreased

fertility and sperm count (2I2). Tests indicate systematic deficiency of

chromium to be common in the United State, although it rarely occurs in

other countries. Americans tend to be deficient because their soil does

not contain an adequate supply and thus chromium can not be absorbed

by the crops or reach the water supply .The refining of natural

carbohydrates is another probable cause of chromium loss.

1.2. Atomic spectroscopy

1.2.1 Theory of atomic spectroscopy

Atomic spectroscopy is based upon absorption, fluorescence, or

emission of electromagnatic radiation by atoms or ions. Two region of

the spectrum yield atomic information, the ultraviolet-visible and the X-

ray tl8'. Ultraviolet and visible atomic spectra are obtained by

atomization, a process by which the molecular constituents of a sample

are decomposed and converted to atomic particles. The emission,

absorption, or fluorescence spectrum of the atomized species then serves

as the basis for the analysis, to the extent that molecules and complex

ions are absent1181.

Atomic spectra are simple relative to molecular spectra and

consist of a number of narrow, discrete lines "8|.

There are various atomic spectroscopic methods based on the

type of atomization procedure. Within the flame category are found



absorption, emission, and fluorescence procedures. Electrothermal

atomization has been used for absorption and fluorescence

measurements but not extensively for emission work whereas the plasma

sources have been applied primarily for emission and fluorescence

techniques. The remaining atomization methods provide emission

spectra only "8).

When a sample is atomized by any of the procedures, a

substantial fraction of the metallic constituents are reduced to gaseous

atoms; in addition, depending upon the temperature of the atomizer, a

certain fraction of these atoms are ionized thus yielding a gaseous

mixture of atoms and ions |i8).

The spectra of gaseous atomic panicles (atoms or ions) consist of

well-defined narrow lines arising from electronic transitions of the

outermost electron. For metals, the energies of these transitions are such

as to yields ultraviolet, visible, and near-infrared radiation.

1.2.2 Flame atomization

Until recently, flame atomic absorption spectroscopy was the

most widely used of all atomic spectral methods because of its

simplicity, effectiveness, and relatively low cost |IS19). It is an excellent

method of quantitative trace metal analysis and particularly applicable

where the sample is in solution or readily solubilized. It is very simple to

use and remarkably free from interferences(20).

In flame atomization, a solution of the sample is sprayed into a

flame by means of a nebulizer. The high temperature causes formation



of atoms, which can be observed by absorption or emission

spectroscopy "8I.

In atomic absorption spectroscopy, the emission spectrum of the

analyte, emitted from the radiation source (hollow cathode lamp or

electrode discharge lamp), is absorbed by the free atoms of the analyte

in the sample. The main function of the atomizer is to produce ground

state atoms of the element to be determined from the ions or molecules

in the sample. This is the most difficult and critical step in the atomic

absoiption procedure. The sensitivity of the determination is directly

proportional to the atomization degree of the analyte element, which is

in turn dependent on the effectiveness of the atomizer'211. However,

analytical methods based on atomic absorption are potentially highly

specific because atomic absorption lines are remarkably narrow 0.002 to

0.005 nm and because electronic transition energies are unique for each

element1"11.

Atomization in the flame can be achievied in a number of ways,

the most common being the use of the air-acetylene or nitrous oxide-

acetylene flames"".

The atom concentration in the flame is predominantly cotrolled

by the concentration of the particular element in the test solution. All

these steps can be influenced by the presence of complexing agents,

even the nebulization process being affected by resulting changes in the

viscosity and surface tension of the solution. However, there is no direct

relation between the stability of a metal complex in solution and the

effect of the ligand on the determination of the metal by atomic

absorption spectroscopy'"'.



During the pre-atomization steps, such as the the melting,

volatilization and partial thermal decomposition of the solid particles,

not only oxides but also sulphides, carbides, nitrides and volatile metal

complexes may be formed, these being subsequently decomposed if they

are not thermally stable at the actual flame temperaturel22).

The number of free analyte atoms is considerably decreased if

ions or thermally stable compounds are formed or if the analyte is

dispersed in some kind of non-volatile matrix which doese not

decompose at the flame temperature. On the other hand, the number of

free atoms may be increased if readily decomposed volatile compounds

are formed, or the analyte is a volatile matrix, or high-temperature

flames are used'"'.

It was found that the aliphatic amines such as trimethylamine,

diethylamine and methylamine decrease the absorbance of various

elements in acetylene-air flame (such as, iron, nickel, cobalt). For cobalt

the absorbance is drastically lowered if a solution containing 6%

triethylamine and ethanol is nebulized . A lesser effect is observed for

dimethylamine and pyridine, but ethylamine or analine has no effect. In

contrast, the same amines increase the degree of atomization for

zirconium in acetylene-nitrous oxide flames, because mononuclear

complexes are formed which are more volatile and more easily atomized

than the corresponding oxidet221.

The formation of a more volatile covalent sulphide during

reductive decomposition in the flame woud be interesting for the atomic

absorption determination of elements which tend to form the refactory

oxide, carbide or metal in the condensed phase in flames, since it should

considerably increase the sensitivity<22'.



Atomic absorption spectroscopy is a sensitive means for the

quantitative determination of more than 60 metals or metalloid elements.

The resonance lines for the non metallic elements are generally located

below 200 nm thus preventing their determination by convenient, non

vacuum spectrophotometers'"".

The use of flame absorption spectra instead of emission spectra

was proposed and developed by Walsh ' .

Other atomization techniques in common use are the cold vapour

technique for mercury determination and hydride generation for

elements that form volatile hydride such as arsenic, antimony, tin and

bismuth. The former technique depends on the fact that mercury has an

appreciable vapour pressure at room temperature "".

1.2.3 Instruments

Atomic absorption instruments were basically

spectrophotometers with a burner compartment. They consist of a source

of radiation (Hollow cathode lamp), burner plus sample compartment,

monochromator, a detection and measurement system l ,

1.2.4 Theorj of AAS

Atomic absorption follows an exponential relationship between

the intensity (I) of transmitted light and the absorption path length I,

wich is similar to Lambert's law in molecular spectroscopy l2024>
:

I = Io exp (-kn i) eq. (1)

Where Ilt is the intensity of the incident light beam.

ku is the absorption coefficient at the frequency x>.



In quantitative spectroscopy, absorbance A is defined by :

A = log(I,/I) eq.Q)

Thus, from equ (1), we obtain the linear relation ship:

A = k,, i log e

= 0.4343 kui eg. (i)

The Lameit-Beer law is normally written as:

A = abc

Where: A = the absorbance [log \JT\.

a = the absorption coefficient.

b = the length of the light-path intercepted by the absorption

species in the absorption cell.

c = the concentration of absorbing species [metal in the test

solution].

1.3 X-ray Fluorescence Methods

X-ray fluorescence is one of the most widely used of all

analytical methods for the qualitative identification of elements having

atomic numbers greater than oxygen (> 8); in addition, it is often

employed for semi-quantitative or quantitative elemental analyses as

well"1".

X-ray fluorescence spectrometry (XRF) is well suited for direct

elemental analysis of solid samples. Quantitative analysis, however, is

often hampered by interelement effects. Ways of correcting for these

effects can be divided into two main groups(2";

(1) mathematical methods; such as those based on fundamental

parameters or influence coefficients, which are applicable when a

complete elemental analysis is done;



(2) comparative methods, such as those using an external standard

addition. The comparative methods are better suited for partial analysis

of sample. For single element determination, a comparative method is

often chosen. In trace element determination, the dilution technique

should be avoided in order not to decrease the count-rate of the analyte

line1251.

1.3.1. Principles

When an atom of an element is bombarded with particles or

radiation of sufficient energy, an electron from one of the inner shells of

the atom may be ejected. The resulting vacancy is then filled by an

electron from a higher energy level. The excess energy released by this

electronic transition is given off as fluorescent X-rays. A number of

different transitions are possible, giving rise to a series of X-ray lines of

different energies, and the energy spectrum obtained is characteristic of

the element concerned ' '.

The energy of a particular X-ray line is inversely proportional to

the wavelength and proportional to the square of the atomic of the

excited element, thus heavier elements emit higher energy and shorter

wavelength lines than light elements. The desired line is isolated using

either a wavelength or an energy dispersive system. In the former case a

diffraction crystal is used and the intensity is measured at a known

angle (1". In the latter, the detector is a high resolution semiconductor

and the intensities of the various lines in the spectrum are stored in a

multichannel analyzer. For a given element line, intensity is proportional

to its amount present in the sample (2f)"3O).



1.3.2 Instruments

Equipment used for XRF measurement range from manual to

fully automatic systems interfaced directly or indirectly to a computer.

These include wavelength and energy dispersive instruments. Both types

have similar excitation sources and sample compartments l l".

1.3.3 Wavelength Dispersive Instruments

Wavelength dispersive instruments always employ tubes as a

source because of the large energy losses suffered when an X-ray beam

is collimated and dispersed into its component wavelengths. Radioactive

sources produce X-ray photons at a rate less than 10-4 that of an X-ray

tube; the added attenuation by a monochromator would then result in a

beam that was difficult or impossible to detect and measure

accurately |IK1.

Wavelength dispersive instruments are of two types single-

channel or sequential, and multichannel or simultaneous. Single-channel

instruments may be manual or automatic. The former are entirely

satisfactory for the quantitative determination of few elements.

Automatic instruments are much more convenient for qualitative

analysis, where an entire spectrum must be scanned "8|.

Most modern single- channel spectrometers are provided with

two X-ray sources; typically, one has a chromium target for longer

wavelengths and the other a tungsten target for shorter wavelengths. For

wavelengths longer than 2A, it is necessary to remove air between the

source and detector by pumping or by displacement with a continuous



flow of helium. A means must also be provided for ready interchange of

dispersing crystals.

Multichannel dispersive instruments are large, expensive

installations, which permit the simultaneous detection and determination

of as many as twenty four elements. Here, individual channels

consisting of an appropriate crystal and detector are arranged radially

around an X-ray source and sample holder.

Each detector in multichannel instrument is provided with its

own amplifier, pulse- height selector, sealer, and counter or intergrator.

The instruments are ordinarily equipped with a computer for instrument

control, data processing, and display of analytical results. A

determination of twenty or more elements can be completed in a few

seconds to a few minutes.

Both multichannel and single-channel instruments are equipped

to handle samples in the form of metals, powdered solids, evaporated

films, pure liquids, or solutions. Where necessary, the materials are held

in a cell with a Mylar or cellophane window "8>.

1.3.4 Energy Dispersive Instruments

An energy dispersive spectrometer consists of a polychromatic

source, which may be an X-ray tube or radioactive material, a sample

holder, a lithium-drifted silicon detector, and the various electronic

components required for energy discrimination.

An obvious advantage of energy dispersive systems is the

simplicity and lack of moving parts in the excitation and detection

components of the spectrometer. Furthermore, the absence of



collimators and a crystal diffractor as well as the closeness of the

detector to the sample, result in a 100- fold or more increase in energy

reaching the detector. These features permit the use of weaker sources

such as materials or low-power X-ray tubes, which are cheaper and less

likely to cause radiation damage to the sample.

In multichannel, energy dispersive instrument, all of the emitted

X-ray lines are measured simultaneously. Increased sensitivity and

improved signal-to-noise ratio result from the Fellgett advantage.

The principal disadvantage of energy dispersive systems, when

compared with crystal spectrometers, is their lower resolutions at

wavelengths longer than about 1 A (at shorter wavelengths, energy

dispesive systems exhibit superior resolution)"81.

1.3.5 Nondispcrsive Instruments

It is the simple commercial, nondispersive instrument, which has

been employed for the routine determination of sulfur and lead in

gasoline. For sulfur analysis, the sample is irradiated by X-rays

produced by an iron-55 radioactive source. This radiation in turn

generates a fluorescent sulfur line at 5.4 A, the analyte radiation then

passes through a pair of adjacent filters and into twin proportional

counters. The absorption edge of one of the filters lies just below 5.4 A,

while that of the other is just above it. The difference between the two

signals is proportional to the sulfur content of the sample. A sulfur

analysis with this instrument requires a counting time of about 1 min.

Relative standard deviations of about 1% are obtained for replicate

measurements "8).



1.3.6 Advantages and disadvantages of X-Ray Fluorescence

Methods

X-Ray fluorescence offers a number of impressive advantages.

The spectra are relatively simple; spectral line interference is thus

unlikely. Generally, the X-ray method is nondestructive and can be used

for the analysis of paintings, archeological specimens, jewelry, coins,

and other valuable objects without harm to the sample. Furthermore,

analyses can be performed on samples ranging from a barely visible

speck to a massive object. Other advantages include the speed and

convenience of the procedure, wich permits multielement analyses to be

completed in a few minutes. Finally, the accuracy and precision of X-ray

fluorescence methods often equal or exceed those of other methods<18).

X-Ray fluorescence methods are generally not so sensitive as the

other optical methods. In the most favourable cases, concentrations of a

few parts per million can be measured. More commonly, however, the

concentration range of the method will be from perhaps 0.01 to 100%.

X-ray fluorescence methods for the lighter elements are

inconvenient; difficulties in detection and measurement become

progressively worse as atomic numbers become smaller than 23

(vanadium), in part because a competing process, called auger emission,

reduces the fluorescent intensity. Present commercial instruments are

limited to atomic number of 8 (oxigen) or 9 (fluorine). Another

disadvantage of the X-ray emission procedure is the high cost of

instruments (lS).



1.4 Metal ions preconcentration

Preconcentration and separations are needed when the

concentrations of sought elements in the original material or the

prepared solution are too low to be determined directly by atomic

absorption spectroscopy (AAS), atomic emission spectroscopy (AES),

atomic fluorescence spectroscopy (AFS), or mass spectrometry (MS), or

when elements of the matrix interfere with the determination "".

Preconcentration procedures are becoming a necessary and

decisive step in the determination of trace and specially ultratraces of

metal ions. In recent years, many efforts have been made to increase the

recovery of traces from very diluted samples and to optimized the

separation from the matrix and interferentst4'32'33'34'.

Generally, analysis of water for heavy metals currently requires

concentration and/or matrix separation prior to determination by most

instrumental methods of analysis. A number of techniques have been

successfully used for this purpose, including co-precipitation and co-

crystallization, chelation and solvent extraction, chelating ion-exchange

resins and electrolytic concentration ® . By far, the most widely

used procedure is based on the formation of metal dithiocarbamate

complexes and their extraction into on organic solventl33>.

Among these, solvent extraction methods for concentrating trace

metal ions in waters and other environmental samples, prior to atomic

absorption analysis"".



1.4.1 Chelation and solvent extraction

Solvent extraction techniques are widely used in atomic and

molecular absorption and fluoresence spectrometry for seperation and

preconcentration of the analyte. Selective extractions are often employed

in molecular absorption and fluorescence spectrometry to avoid spectral

interferences from other metals in the sample matrix. In atomic

spectrometric techniques the inherent spectral selectivity is usually

sufficient so that the selectivity of the extraction is unimportant.

Nevertheless, solvent extraction is still widely used for preconcentration

and for separation of transition metals from large amounts of alkali

metals which could cause scattering, burner clogging, or other

problems (33).

Solvent extraction methods are widely applied in atomic and

molecular spectrophotometry, and many of their favourable features are

transferred to inductively coupled plasma (ICP) spectroscopy when

liquid-liquid extraction sample pretreatment is used. The requirements

for solvent extraction for ICP spectroscopy are somewhat different than

they are for spectrophotometry, however, because the advantage of

multi-element analysis must be preserved. The specification for any

seperation technique applied with ICP spectroscopy should include (31);

(1) a high concentration factor;

(2) multielement extraction and retention;

(3) exclusion of selected matrix elements.

Most commonly metals in an aqueous solution are extracted into

an immiscible organic solvent, usually with the use of a chelating agent,

and the organic phase is analyzed directly without back-extracting into

the aqueous phase (33).

32



The most commonly used extracting solvents are CHCH3, CC14,

methyl isobutyl ketone (MIBK), esters such as ethyl acetate or

propionate, and ethers such as ethyl ether. For direct separation in

atomic flame techniques, chlorinated solvents or very volatile solvents

are not satisfactory; rather, MIBK is recommended. A review of the

literature showed that MIBK was one of the more favoured solvents in

present use, because (MIBK) gave the greatest enhancements to metal

absorbance of the same quantity of metal in water. The solubility of

MIBK in water (20 ml /litre at 25 °C) is too great to allow very large

concentration factors. Methyamylketone (MAK) is much less soluble in

water and is a suitable alternative. However, MIBK is less expensive

and more widely available (33>.

In atomic absorption work, the APDC-MIBK system is

overwhelmingly the most popular(35>.

The most commonly used chelating agents for the solvent

extraction of metals are dithizone, cupferron, oxine, sodium

diethyldithiocarbamate (NaDDC), and ammonium pyrrolidine

dithiocarbamate (APDC) and acetylacetone (2,4-pentanedione, ACAC)

which commonly used for transition metals .

1.4.2 Dithiocarbamate extraction method

The dithiocarbamate extraction method has been one of the most

widely used techniques of preconcentration for trace metal ions analysis

by atomic absorption spectrometry <38-39-40'. Diethyldithiocarbamate

(DDC) and pyrrolidinecarbodithioate (PDC) are two of its drivatives

commonly used in analysis (39t. Selectivity of these extractions is



governed by the extractions of the reagents, which unfortunately are not

well known for the practically important system CHCI3/H2O i39-4I).

Furthermore, safe application of these reagents requires some

knowledge about the stability of their titer.

Extraction of metals as their diethyldithiocarbamate (the anion

(C^H^NCST") denoted as DDC, is becoming more and more popular
<391. The reagent is traditionally introduced into the aqueous phase as

NaDDC or into organic phase as NH:(C2H5)DDC. Substitution of these

reagents by metal diethyldithiocarbamates (dissolved in an organic

diluent) results in an improved stability in contact with acid aqueous

solutions and in an increased specificity of the extraction ' 9>.

This extraction method can generally be classified into two

major categories. The first one involves the extraction of metal

dithiocarbamate complexes into oxygenated organic solvents such as

methyl isobutyl ketone (MIBK) and then analyzing the solvents directly.

The other one is to extract the metal complexes into oxygenated or

chlorinated organic solvents such as chloroform and MIBK, followed by

nitric acid back extraction, and then analyzing the trace elements in the

acid solution. The latter category has been the subject of a number of

recent reports .

Extraction of metal ions by dithiocarbamate is known to depend

on several factors such as type and amount ol* dithiocarbamate, organic

solvent, chemical form of metal ion, pH of solution, and shaking

time140-421.

Ammonium tetramethylendithiocarbamate (Ammonium

pyrrolidine dithiocarbamate) or more correctly Ammonium



1 -pyrrolidinecarbodithioate (APDC), of all other chelating agents,

showed the best characteristics(37).

Generally dithiocarbamates are vailable reagents for separation

and spectrophotometric determination of heavy metals, and the literature

on analytical applications is extensive (43).

' ^ N C

APDC

1.4.3 8-hydroxyquinoIine (oxine)

It is a versatile organic reagent which forms chelates with many

metallic ions. The divalent and trivalent metal chelates have the general

formulae M(C9H6ON)2 or M(C9H6ON)3.The oxinates of the higher-

valent metals may differ somewhat in composition, such as

Ce(C9H6ON)4; Th(C9H6ON)4.(C9H7ON); WO2(C9H6ON);

The ability of 8-hydroxyquinoline to form chelates with a large

number of elements (more than 25 elements), coupled with their non-

selective adsorption onto C|K-bonded silica gel, provides a versatile,

multielement concentration technique for trace metals in water .

Oxine is generally used as a 1% (0.07M) solution in chloroform,

but concentration as high as 10% are advantageous in some cases such

as (for strontium)'431.

8-hydroxyquinoline



8-hydroxyquinoline, having both a phenolic hydroxyl group and

a basic nitrogen atom, is amphoteric in aqueous solution; it is

completely extracted from aqueous solution by chloroform at pH > 9;

the distribution coefficient of the neutral compound between chloroform

and water is 720 at 18 °C.The usefulness of this sensitive reagent has

been extended by the use of masking agents such as cyanide, EDTA,

citrate, tartrate, and by control of pH.

By proper control of the pH of the solution, by the use of

complex-forming reagents and by other methods, numerous separations

may be carried out: thus aluminium may be separated from beryllium in

an ammonium acetate-acetic acid buffer, and magnesium from the

alkaline-earth metals in ammoniacal buffers .

The extracted oxinates or their adducts can be determined

absorptiometrically or fluorimetrically. Chloroform is the favoured

extracting solvent. Oxine is also of value as aseparatory reagent, with

the final determination being made by another chromogenic reagent(42).



Research objective

Biomaterials are capable of selectively sorbing certain metal ions

from solutions containing a mixture of several metal ions. It was found

that different plants can exhibit uniquely different metal uptake abilities

and effeciencies. The potential of higher plants and microorganism to

accumulate metals has only recently recived attention. This has been

manifested in the large number of studies and reports (44~48).

The aim of this research is to screen the plants in Elsaraf dam

(Gedaref state), for their ability to uptake metal ions and the effect of

seasonal rain on the availability of these metal ions for plants and their

health effects.

Elsaraf dam has been chosen as a site for this study to understand

the mobility of various ions between water, soil and plant {ability of

plants in this area to accumulate mobile metal ions).





2. Experimental

2.1. Instruments

(i) Perkin Elmer, Atomic Absorption Spectrophotometer

(AAS), model 3110.

(ii) X-ray Fluorescence Spectrophotometer of (Cdnw source

and Si-Li detector)

(iii) pH meter

(vii) Water sampler.

2.2. Chemicals

All chemicals were analytical grade unless otherwise stated. The

water is double distilled deionized water.

Nitric acid (63%), Sulphuric acid (98%), 8-hydroxyquinoline,

Ammonium pyrolidine dithiocarbamate, copper acetate, ammonium iron

(II) sulphate, manganese chloride, sodium acetate, acetic acid, cobalt

chloride, nickel nitrate, cadmium chloride, potassium chromium

sulphate, methy isobutyl ketone (MIBK) were purchased from BDH,

(UK).

2.3. Samples collections

Samples of water, plant and soil were collected from Elsaraf dam

and surrounding area after two flood seasons, October-November. Water

samples were collected from dam water and the neighbouring ground

wells in polyethylene bottles acidified with few drops of concentrated

nitric acid to prevent plating of metals on the wall of the container' .



Plants samples were collected from the areas surrounding the

dam and the area irrigated from shareef wells (saline and fresh).

2.4 AAS measurements

2.4.1 Samples preparations

2.4.1.1. Plant and soil samples

First, the green parts were separated from the root zones of the

plants using stainless steel knife, then the roots washed three times with

tap water, then with deionized water. They were spread on clean papers,

covered with plastic sheets, air and sun dried. The dried samples were

ground in a silicate mortar to fine powder and stored in a polyethylene

containers to avoid spoiling, degradation or other decomposition as well

as contamination'•'".

The clay of the root samples was oven dried at 105 C and

ground using a silicate mortar. They were then sieved through a 0.2 mm

nylon sieve, homogenized using quartering method and stored in

polyethylene containers for XRF and AAS techniques determination .

In order to bring the dried powder of the samples into solution

wet digestion method was used.

Soil and plant samples were prepared by weighing accurately

0.5001 g in small beaker, and then covered with a watch glass. 11 ml of

nitric acid and sulphuric acid mixture (10:1) were added. The mixture

was then swirled gently and digested slowly at moderate heat on a sand

path.

Digestion was continued for about 10-15 min till the evolution of

the brown nitric oxide ceased. The solution was set a side to cool, a pale



yellow or clear colorless solution was obtained, diluted to about 10 ml

and boiled for a few min (il-3i). The watch glass was washed with

distilled deionized water three times in the beaker as well as the beaker

sides. This solution was filtered in 25 ml volumetric flask and completed

to the mark with distilled deionized water, and transferred to a

polyethylene container. The metal ion concentration was read on AAS.

2.4.1.2 Water samples

Because the concentrations of most trace metals in natural waters

are considerably below the detection limit of atomic absorption

spectrometer, a preconcentration method was used(5•21-29\

2.4.1.2.1 Oxine extraction procedure

Water samples were carefully transferred to a beaker without

shaking, then the pH was adjusted to 6.5 and the contents were

transferred to a separatory funnel. 10 ml of 0.1 M oxine solution was

added. The contents were shaken for 2 min. After allowing the layers to

separate, the aqueous layer was discarded and the chloroform layer was

drained into a small beaker, 5 ml of 1:1 H2SO4 acid was added and the

beaker was placed on a water bath for a few min to remove chloroform.

The solution was then transferred into 25 ml volumetric flask and

completed to the mark with distilled deionized water.

2.4.1.2.2 APDC-MIBK extraction procedure:

A 200 ml water sample was placed in a beaker containing 2 ml

of 1% APDC. The mixture was heated to incipient boiling at a pH 4.



The purpose of heating the sample is to make the complexation of

Cr(III) with APDC possible . After cooling to room temperature, 7 ml

of MIBK was added to the sample and the mixture was transferred into a

polyethylene bottle and shaken for 25 min on a mechanical shaker.

Allowing the layers to separate in a separatory funnel for 20 min, the

bottom (aqueous) layer was discarded and the organic layer was drained

into a polyethylene bottle.

For the acid back extraction, 5 ml of 4N HN03 was pipetted into

the MIBK extract obtained from the previous step, and the mixture was

shaken for 20 min. After transferring the mixture into a separator)'

funnel and standing for a further 20 min, the acid layer was transferred

to 25 ml volumetric flask and completed to the mark with distilled

deionized water. The solution was drained into a polyethylene bottle and

preserved in a refrigerator until analyzed.

Analytical blank was determined by using 200 ml DDW and

then processing it with the regular samples ,

2.4.2 Preparations of standards:

Stock standards solutions of 100 ppm of each of Cu(II), Fe(III),

Co(II). Mn(II), Ni(II), Cd(ll), and Cr(IIl) were prepared by weighing

accurately 0.0314, 0.0861, 0.0436, 0.0360, 0.0495, 0.0203, and 0.0961 g

of (CH3COO)2Cu.H2O, NH4Fe(SO4).12H2O, CoCl2.6H2O, MnCl2.4H2O,

Ni(NO3)2.6H2O, CdCl2. 2'/2H3O and CrK(SO4)2.12H2O, respectively,

and dissolving the weight of the salt in the minimum amount of nitric

acid. The resulting solutions were then transferred quantitatively to 100



cm volumetric flask, and brought to volume with distilled deionized

water.

The solutions were stored in polyethylene containers. Other

solutions were prepared by appropriate dilution of the stock solutions.

2.4.3 Calibration:

The spectrophotometer was set for each element. A series of

standards were prepared by pipetting 0.25, 0.5, 1.5, 2.5, 5, 7.5, and 10

cm3 from the stock solution to give 0.5, I, 3, 5, 10, 15, and 20 ppm of

each of the metal ions, respectively.

The solution absorption of the samples and the standards were read

against a blank. The results are shown in Tables 1-23 .

2.5 X-ray fluorescence:

2.5.1 Samples treatment and XRF measurements:

For analysis with XRF, one gram of each sample (dried

samples) and standard was weighed accurately and the pressed into a

pellet at 15 ton with area of 4.9 cm2 using 25 tons pressing machine. The

time of collection was 1000 sec, for soil samples, and 2000 sec for plant

samples.

Spectrum of each was obtained using XRF spectrometer of

(Cdiog source and Si-Li detector). The resolution of the detector was 190

eV at 5.8 keV. The signals passed to the preamplifier and collected on a

feed back capacitor giving pulses, which were amplified and recorded

by a multichannel analyzer (MCA). These pulses were evaluated

through an external computer program.



Table 1. Iron concentration (ppni) for soil and plant (first

season).

Element

SamplesX
A

B

C

D

E

F

G

H

Iron (AAS)

Soils
50900

50200

42200

47700

49000

54200

33580

41500

plants
1607

360

660

325

600

390

242

552

Iron (XRF)

Soils
72000

51900

51700

64800

50000

59900

41870

60700

Plants
1610

367

626

334

697

407

327

620

Table 2. Copper concentration (ppni) for soil and plant (first

season)

\Element

Samplesx
A
B
C

D

E

F

G
H

Copper (AAS)

Soils
102.00

122.00

99.00

107.00

73.00

109.00

53.56

112.00

Plants
15.50

12.60

15.50

11.00

15.00

12.00

7 [ ( )

12.50

Copper (XRF)

Soils
122.00

152.00

113.00

121.00

90.00

121.00

90.2
127

Plains
14.12

1 I 62

14.45

13.71

16.18

12.62

9.27

10.70



Table 3. Cobalt concentration (ppm) for soil and plant

(first season)

\Element

Sampled
A

B

C

1)

E

F

G

H

Cobalt (AAS)

Soils
70.35

62.05

69.25

50.00

49.25

59.75

42.12

74.50

Plants
21.10

15.00

17.35

15.95

15.95

18.45

29.50

20.50

Cobalt (XRF)

Soils
73.00

84.00

76.60

55.50

56.60

65.80

50.60

80.50

Plants
19.99

14.47

18.84

14.49

14.41

IS NO

29.07

32.20

Table 4. Manganese concentration (ppm) for soil and

plant (first season)

^Element

Sample
A

B

C

D

E

F

G

H

Manganese (AAS)

Soils
1476.00

1987.00

2159.00

1575.00

1580.50

2104.50

2480.20

2427.50

Plants
597.75

489.60

392.95

310.00

399.40

380.40

312.00

690.00

Manganese (XRF)

Soils
2650

2000

2230

1960

1760

2510

2551

2900

Plants
554

510

457

301

462

323

347

721



Table 5. Chromium concentration (ppm) for soil and

plant (first season)

\Element

SampIeK
A

B

C

D

E

F

G

H

Chromium (AAS)

Soils
200

188

169

78

80

89

93

170

Plants
0.84

0.45

0.80

0.60

0.45

0.15

0.90

0.99

Chromium (XRF)

Soils
230

204

190

100

106

107

105

183

Plants
0.92

0.53

0.75

0.63

0.49

0.18

0.88

1.40

Table 6. Nickel concentration (ppm) for soil and plant

(first season)

^^lement

SampleK
A

B

C

D

E

F

G

H

Nickel (AAS)

Soils
313

304

245

240

171

277

131

275

Plants
7.11

2.35

4.80

2.32

4 31

3 44

4.60

4.74

Nickel (XRF)

Soils
345

484

292

328

189

308

150

286

Plants
6.37

2.33

4.53

2.80

4.20

3.10

4.89

3.20



Table 7. Cadmium concentration (ppm) for soil and plant

(first season)

\Element

Samples.
A

B

C

D

E

F

G

H

Cadmium (AAS)

Soils
11.45

10.00

12.65

8.95

9.35

10.00

6.04

5.50

Plants
7.70

6.20

6.60

5.60

5.35

5.85

3.50

3.00

Cadmium (XRF)

Soils
N.M

N.M

N.M

N.M

N.M

N.M

N.M

N.M

Plants
N.M

N.M

N.M

N.M

N.M

N.M

N.M

N.M

N.M = Not measured

Table 8. Zinc concentration (ppm) for soil and plant (first

season)

\Element

Samples\
A

B

C

D

E

F

G

H

Zinc (AAS)

Soils
290

262

255

212

150

210

188

254

Plants
15.50

14.50

14.65

11.50

15.00

10.50

14.50

24.50

Zinc (XRF)

Soils
540.00

315.00

271.00

244.00

164.20

240.00

200.10

260.00

Pants
15.73

14.47

14.73

11.40

15.10

10.46

14.41

22.80
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- , 40.0 •

B 30.0 •

| 20.0-

I 10.0 -

" 0.0

A B C D E F G H

Sample code • First season

O Second season

Fig. 23. Concentrations of cobalt for the first and second
season in the plant using AAS.
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Fig. 25. Concentrations of chromium for the first and second
season in the plant using AAS.
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10.0 -

8.0 -

6.0 -

4.0 -

2.0 -

0.0

C D E

Sample code 1 First season
1 Second season
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Fig. 41. Extraction efficiency for zinc using APDC and
Oxine.

Table 24. Botanical and common names of the plants
investigated.

Common name

Water mellon

Chilli

Tomato

Sorghum, raw

Botanical name

Cvperus rotandus

Areeuminc mexicana

Colocvnthis citrullus

Heliotropium reriflarum

Capsicum annum

Caianus caian

Lvcoperiscum esculantum

Sorehum vulgar

Code

A

B

C

D

E

F

G

H
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Table 25. Location of the sites for water samples.

Code

1

2

3

4

5

6

7

8

9

10

11

Location

Periphery of the dam (north)

Periphery of the dam (northern-east)

Periphery of the dam (east)

Periphery of the dam (south)

Periphery of the dam (west)

Centre of the dam

Well, nearest to the dam

Well, second nearest to the dam

Well, third nearest to the dam

Well further far (fresh)

Well further far (saline)



3. Discussion

In this study the part of the plant analyzed was the root. Table

24, while by the soil we mean the soil which is direct contact with the

plant root.

This analysis was carried to find the relation between the

concentrations of the free ions in the water, the mobile ions in the soil in

contact with the root of the plant and the ions absorbed (uptaken) by the

plant as well as the movement of these ions between different reservoirs.

For the analysis of soil samples we expected XRF reading to be

higher than that for AAS ones, as the former reads the total ions present

while the latter reads the mobile ions (leached). This is shown in Tables

1-16 and Figs. 1-12.

The nutrient elements, (Fe, Mn, Zn, Cu, Co) showed high

concentrations than toxic elements (Cr, Ni, Cd) and this is in accordance

with the general abundance of these metals (52>.

As expected, and because of its natural abundance, iron has the

highest concentration (54900/56600, 33580/36800), Tables 1,9 and Fig.

13. Manganese has shown the second highest concentration Tables 4 and

12, Fig. 16, followed by nickel and zinc. Tables 6, 8, 14, 16 and Figs.

18,20.

Copper, cobalt and chromium have shown relatively similar

concentrations, Tables 2, 3, 5, 10, 11, 13 and Figs. 14, 15, 17, while

cadmium has shown the lowest concentration.

In general, almost for all elements the soils have shown higher

concentrations followed by the plant and then water. This may be



rationalised by the fact that elements can be deposited on the soil due to

the nature and the structure of the soil (the form of silicate).

The plant has shown the second concentration after the soil, and

this may be attributed to the selectivity of the plant towards different

metal ions as governed by the presence of various functional groups on

plant (44"48\ while the water has shown the lowest concentration as that

can be due to the mobility of the metal ions.

Cvperus rotandus has shown high affinity towards most of the

metal ions, while the rest of plants have shown almost similar affinity.

Cobalt in the second season has shown considerably high concentration

than the first season, Tables 3,11, and Fig. 23.

Generally, all plants have shown lowest affinity towards

chromium and cadmium, and that may be attributed to the toxicity of

these metals.

Because of the generally low concentration of metal ions in

water, preconcentration was used using 8-hydroxyquinoline (oxine) and

ammonium pyrolidine dithiocarbamate APDC to extract

(preconcentrate) the metal ions at the optimum parameters before

measurement in AAS. The results are shown in Tables 19,20,21

Two chelating reagents were used in this study to compare the

efficiency of them and to give a better of the concentration. This was

emphasised by studying the recovery of the two reagents, Tables 22 and

23.

From these tables it evident that the extractability of iron (III) by

oxine is better than that by APDC, while both reagents had shown

similar efficiency towards manganese and chromium and for both the

recoveries are low.



From tables 22 and 23, oxine results can be considered to be

more reliable than those of APDC except for cadmium and nickel, with

similarity for zinc, chromium and copper.

Furthermore, the reliability of the obtained data for soil and plant

was checked through the analysis of certified reference material (CRM)

of soil-7 and hay powder, respectevely, Tablel7andl8, while for water

reference material were prepared by dissolving definite amount of the

salts containg elements in the study, Tables 22 and 23. These tables

show the analytical, recovery and the absolute error data for the studied

elements with the respect to the CRM. From these Tables, one can

conclude that there is good agreement between certified and analytical

values, which indicates good accuracy and good recovery for most

elements under study (53).

From Tables 19-21 it is evident that the concentration of the

metal ions decreased as we move away from the dam, this is further

emphasised by the fact that the concentration of the metal ions in the

nearest well to the dam is almost similar to that of the dam itself, Figs

42,43.

Also the concentration of the metal ions for the saline and fresh

water are almost similar as well as the first and the second season.

The iron has shown the highest concentration (Basalt rock)' ,

followed by manganese, cobalt, nickel, chromium, zinc and copper,

while the cadmium is almost absent because of the absence of its major

sources such as fertilizers, sewage sludge and industrial activity during

smelting operations and in the processing of cadmium-containing alloys,

and burning of coal and oil "3 |.



The trace cadmium detected can be attributed to the passing by

vehicles.

In conclusion it is evident that the water and the vegetation in

Elsaraf dam area do respresent any hazard to the living creature

including human being, as the concentration of various metal ions are

within the accepted range.
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