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Abstract

Green leaves of Fius (/7cus penegalensis) and Neem (Azadirachia
indica) were analyzed for their trace metals (Pb. Zn and Cd) contents. The
samples were collected and washed according to Metal Analysis
Standardization.

Solutions of the samples for analysis were obtained by wet-digestion
method using Nitric-perchloric acid mixture.

The trace elements lead, zinc and cadmium were determined by
Atomic Absorption Spectroscopic Technique (AAS) for the 18 samples
collected from Khartoum (Sharia elneel). Omdurman (O mbadda), and
Khartoum North (Kadaro) as heavy-traffic, low-traffic areas and distal area,
respectively. The species Ficus and Neem samples were collected each
randomly from such areas. The samples were taken from the tips. mids and

bottoms of each tree.
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CHAPTER ONE
I. INTRODUCTION

The burning of the fossil fuels. the emissions from chemical plants,
the wide use of chemicals and other human activities release into the
environment large quantities of toxic elements, which are found in a
relatively low concentrations in a plant organisms (Dean, ¢t al., 1944).

The pollution of the air, soil and water, the contamination of
microorganisms, plants and animals is certainly growing into real hazards
(Dean, et al., 1944). These toxic elements and hazardous substances may
be transferred from organism to another organism m the ecosystem.

[t 1s necessary to determine the mitial concentrations of trace
elements n plant green leaves and the extent of contaminations in areas
where these elements are expected to show high concentrations (Raymond,
1998). Attention should be paid to those elements. which play no
physiological role, which are |)21|'licul;1rlt\f abundant in the environment, and
have high toxicity (Pb, Cd, Zn, Hg, .... Etc) (Ibrahim, 19806).

In plants, toxic elements either ingested or absorbed from the
atmosphere (environmental) can be accumulated«G reen leaves (Gabriela.
2002) incorporate trace elements into their structures during growing and

=2 =
later essentially during photosynthesis process. These mcorporated trace
elements are separated from the continual metabolic activity of the plant
organs.

Green leaves are generally discarded. ecasily removed. rapidly
collected, conveniently transported and easily preserved.

Trace elements concentrations are higher in green leaves than in

other organs (and tissues) e.g., branches, stems, roots and consequently,



leaves™ samples of lower mass can be analyzed with better precission and
accuracy, less interferences are also encountered in most leaves elemental
measurement techniques (iNoble, 1955).

Neem (Azadirachia indica ) and ficus (I'1cus penegalenesis) species
widely employed for ornamentation and shadow m the Sudan, have been
successfully used here for monitoring the metal toxicity of various trace
elements to the air by the analysis of their concentrations i green leaves.

To amplify knowledge about their suitability as bio-indicator
species, their capacity for accumulating trace elements from urban air
pollution was evaluated (Noble, 1955).

The adult and newer leaves of these two species were collected.
They were washed with distilled water, dried by the sun light, and ground
by means of mortar and then were ready for analysis. Characterization of
element levels was carried out by Atomic Absorption Spectroscopy (AAS)
and X-ray fluorescence (XRF) (Ehane, 2003).

Plants have played an immportant role mn the biomonitoring of air
pollution. Neem and ficus are the plant’s species emploved to detect the
concentrations of several air pollutants by several of spectroscopic
methods. The determination of levels of trace elements in these plant’s
green leaves, using (AAS), Neutron Activation Analysis (NAA) or (XRF)
to indicate their potential as accumulators plants for the evaluation of
environmental (air) pollution (Eliane, 2003).

There are many sources from which trace elements are incorporated

into the green leaves:



a. Natural Sources: these sources are aerosol, water, emission of
vehicle exhausts, forest fires. ... etc. Trace elements accumulating
from these sources are called natural trace elements (Stern, 1968).

b. Anthropogenic Sources: these sources are the man made and
comprise; refineries, smelters, chemical plants, refuse burnings, etc.
Trace elements from these sources are called anthropogenic trace
elements (Joseph, ef al., 1973).

In order to remove natural trace clements, the washing agents.
solubility and solvent, adsorption efficiency of the metals (Pb, Cd, and Zn)
from solution into leaves and their elution had been tried. and beside these,
the site from which the green leaves collected has great effects on the
results of analysis of the samples.

Plants trace elements content i1s affected by agricultural activities
(fall blowing, crop dusting) (Noble, 1955). Trace elements concentrations
in the leaves are known to vary according to seasons, wind direction,
currents, range of exposure of plants to air pollution from site expected to
be with higher or lower levels of trace elements.

Trace elements content in green leaves i1s affected by both the
lifetime and the site of the plants. or by geographical location and by the
colours of the leaves.

Determination of heavy toxic elements concentration in plant green
leaves had been used as a monitor for air exposure to toxic heavy metals
(Tee, et al., 1991).

Trace elements analysis of green leaves had found application n
agriculture, medicine, health and other aspects. Green leaves trace elements

analysis had been performed to establish baseline data for air pollution
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monitored by plant. Leaves analysis also was related to the nutritional
status of the plants and the degree of contamination (Herkule. 2003).

Most of the analytical methods used for trace elements determination
in environmental samples, such as plants, require decomposition of the
sample. Hence, when the analytical methods require dissolution of the
sample, preparation (in addition to sampling) is the analysis step that has
the greatest effect on uncertainty of the final results. This especially
important in the determination of trace elements i plants. because plant
materials are, as a rule, not homogeneous and they usually contain soil and
/ or mineral fractions, thus making them difficult to dissolve. Aimr-borne
particulate matter also represents a very complex matrix for analysis. It
may contain a large number of elements of widely different concentrations,
as well as variable amounts of organic materials and silicate base dust
(Mohammed, 1986). (The activated charcoal was used here to bleach the
organic colouration of the samples after the hot digestion).

During the last two decades great progress has been made in
analytical instrumentation, but both sample preparation and sampling are
still the major factors contributing to the uncertainty of the final results
(Herkule, 2003).

To be effective. sample digestion methods must  efficiently
decompose the sample matrix so that the analysis of interest are completely
released and solubilized 1.e.. “total decomposition of the sample™, and are
in a form compatible with the analytical method of choice. The widely used
sample decomposition procedures do not always ensure complete

decomposition (Herkule, 2003).



Now a days, a microwave oven 1s widely used for the total
decomposition of environmental samples (Herkule, 2003). There are many
advantages 1n using the microwave digestion for the decomposition of
environmental samples, and include decreased digestion times, smaller
amounts of acid required. reduced contammation during the digestion
procedure and the avoidance of using perchloric acid (HelOy) (Herkule,
2003).

For the determination of trace elements m environmental samples
e.g.. plant materials, both in the microwave assisted extraction (leaching)
and total digestion techniques have been used for sample preparation
(Herkule, 2003). In addition, alkali fusion with sodium carbonate and boric
acid has been used especially for the decomposition of atmospheric
particles containing chromium. The pressure bomb digestion method also
has been used (Herkule, 2003). )

In wet digestion (wet-chemical) methods. HE (hydrofluorie acid) is
needed for dissolution of the silicate matrix in plants (Herkule, 2003).

After the sample has been decomposed and dissolved, the trace
elements are usually determined by atomic absorption spectrometry (AAS)
in flame mode (FAAS) or with graphite furnace device (GFAAS), or by
inductively coupled plasma atomic enmussion spectrometry  (ICP-AES)
(Herkule, 2003).

Although (AAS) s stull often used. simultancous multi-elemental
analysis 1s not possible with this technique. Therefore. (ICP-AES) has
become a well established analytical tool for multi-elemental analysis

(Herku'e, 2003).



Low detection limits, a wide liner dynamic range. relative freedom
from chemical interferences and above all. its high sample through put
makes (ICP-AES) a powerful analytical tool for many applications
(Herkule, 2003).

Neutron Activation Analysis (NAA) and especially X-ray
Fluorescence (XRF) are often applied in trace elements determinations of
plants (Herkule, 2003).

1.1 Motor Vehicle Emissions and Air Pollution, at a Glance

It 1s generally recognized that the motor vehicle in its various forms
— cars, buses, trucks, motor cycles, and mopeds — makes a significant
contribution to society throughout the world. because of the exceptional
mobility, it provides and the vital part it plays in economic growth in
energy sector of activity.

[t also contributes to the overall development of the less privileged
members of the world community in at least two ways — it improves access
and transport faciliies and it creates a wide range of employment
opportunities.

Conversely, it 1s also recognized that the mounting volume of motor
traffic, especially in areas without adequate infrastructures, 1s associated
with certain negative environmental impacts. such as air pollution, noise.
congestion and accidents, adversely affecting certain aspects of the quality
of life (Geis, 1984).

1.2 Air Pollution and Automobile Emissions

The mix and growth in motor vehicle population in any city

determines the contribution of auto emission to the overall air pollution in

that city.
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As the pollution load attributable to auto exhausts depends on the
vehicle kilometers traveled and the growth with time therem, for assessing
the need for improvement in the vehicular emissions and fuel quality to
contain pollution form auto exhausts, it 1s necessary to study the growth
trends of motor vehicles and the changes in the air quality (motor vehicles
- MVG - URTAP).

[he growth trends are reviewed in the major cities (Khartoum,
Omdurman and Khartoum North). The pollutants from vehicular emissions
in any city are attributed not only by the private owned vehicles and the
public transport vehicles used by the residents of the city, but also by the
private and the public transport determine ambient air quality. However, to
know the extent of contribution of auto exhausts to the overall air pollution
1s a complex exercise. Whereas, the pollution load from vehicular
emissions can be known to a fair degree of accuracy, there is hardly any
reliable data available i the country, even for the major cities, on air
pollution source inventories (motor vehicles - MVG — URTAP).

1.3 Nature of Air Pollutants

Air pollutant is substance presents in gaseous. liquid or solid state
that causes an extreme change in the rations of components, which lead to
hazardous — direct and / or indirect — effects on the hving organisms and
other non-living ones, or it 1s — the air pollutant - the agent, which causes /
makes the conditions unsuitable for the living, otherwise, causing material
defeats (Alawdat, 1984),

Air pollutants are those of atomic radiations, mereased CO,,
decreased Ozone, NO,, NO, SO; and hydrocarbons, besides other

pollutants. :



e Air pollutants are those as a result of fuel combustion of transport
means, warmness and industry.
e Pollutants due to dustrial pollution.
e Pollutants of combustion and burning. rework and waste products
and industrial garbage (Detrie, 1973).
The air pollutants due fuel combustion are considered of the most effective
agents on the components of the ecosystem, there are essential five
pollutants: CO, hydrocarbons. sulphur compounds, nitrogen oxides and
molecules (Alawdat, 1984).
1.3.1 Air Pollutants
A chemical species foreign to the composition / contents of the clean
atmosphere is said to be a “contaminant”. A contaminant that can cause an
adverse effect to a receptor and. which occurs m the atmosphere in
concentration sufficiently high to cause the adverse effect is called a
“pollutant™ (Geis, 1984). Table (1.1) indicates some of the air pollutants.

Table (1.1) Air Pollutant’s Compounds and their Examples

Compound / Group 3l e f’ixzunplcs

Solids Carbon ﬂ_{*_asll_“'m()* PLCl, —_

Sulphur Compounds SO,, SOy, H,S, Mercaptans |
Organic Compounds ~ Aldehydes, hydrocarbons, tars
Nitrogen Compounds 3 _Nmo_;, NH r |
Oxygen Conmo-m_u_l'é I 03, €O, CO; LD 1

~ Hydrogen Compounds HE, HCT HBr

Radioactive Compounds | Radioactive gases, aerosols, ... etc.

“(Stern, 1968)



Air pollutants are classified into two categories: primary and
secondary pollutants. Primary pollutants are those emitted directly from
sources, e.g., CO, NO, NO,, SO,, particulates and various hydrocarbons.

Secondary pollutauts are those formed by chemical processors in
atmosphere e.g., photochemical oxidants and sulphate.

The pollutants most commonly encountered (CO, NO, NO,, SO,
hydrocarbon particles and photochemical oxidants) are those associated
with sources that involve combustion (automobiles. trucks, fossil fueled
electric generation power plants and boilers) (Gets, 1984).

1.3.2 Sources of Air Pollutants

Many agents found naturally or due to man mtroduction in the nature
are considered sources of soil, vegetation, under water, seawater pollution
and besides all air pollution by particles of mine, sulphur gases relevant to
high temperatures at the summer time beside motor vehicle emission of
matter particulates.

These agents come from many sources other than the domestic
industrial effluents, atmosphere. runoff and hthosphere (Stern. 1968).

To far extent, the mix and growth in motor vehicle population m any
area determines the contribution of auto-emission to the overall air
pollution in that area.

An air pollutant source is defined as any vehicle. facility, physical
plant, installation or activity that emit primary air pollutants into
atmosphere (Geis, 1984).

For modeling purposes, sources are classified according to the
following geometric configuration: point, line, and arca. Examples of point

sources are fossil-fueled electric power generating plants and large
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municipal incinerators. Roadways and airports flight patterns are classified
and modeled as /ine sources. Oil refineries and residential tracts are typical
area sources (Geis, 1984).
1.3.3 Major Air Pollutants

The important air pollutants “are those produced from fuel
combustion, burning of waste products and other industrial pollutants and
besides these natural ones. There are several of the extremely affecting
pollutants on the components of the ecosystem of which are CO, SO,, SO;,
H,S, hydrocarbons, NO,, NO and particulates (Detrie, 1973).

While any smoke, soot, fly ash, dust. cinders, dirt, noxious or

obnoxious acids, fumes, oxides, gases, vapors, odors, toxic or radioactive

substances, waste, solids, liquids and gaseous substances are considered of

the famous air pollutants (Faith, 1959).
1.3.4 Minor Air Pollutants

These are pollutants, which produced due to natural and
anthropogenic activities, but their concentrations in the atmosphere have
relations to the nature of the pollutants. Of these are the very famous ones;
lead, cadmium, zinc, copper and others. Some of them have significant
roles in plants, animals and human, although they considered trace
elements. On the other hand. several of these trace elements concentrate in
living organisms due to some processes leading to hazardous adverse and
negative effects not encountered even in same levels of the major elements.
1.4 Health Aspects of Air Pollution
1.4.1 Air Pollution Episodes

[t 1s very difficult to demonstrate chronic effects caused by continued

exposure to air pollution. However, air pollution episodes with extremely
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high concentrations have been found to cause acute sicknesses and death. It
is therefore, reasonable to presume that a prolonged exposure to small
concentrations will also result in adverse effects. From a community health
point of view, the chronic effects may be the more important. However, it
was the major air pollution disasters with their thousands of excess deaths
that finally resulted i some control measures (Bobrov, 1952 and Bach.
1972).

1.4.2 Lessons from Air Pollution Disasters

Several disasters were observed in the winter months in the northern
temperatures zones with dense population and heavy industrialization.
Adverse meteorological conditions such as stagnating air masses under
shallow inversions with 1mpeded ventilation and dispersion probably
played a decisive role.

A combination of two or more gas aerosol mixtures in moist and
cold weather could possibly cause synergitis damage to health. Air
pollution disasters at the time of their occurrence have never been fully
appreciated. Therefore, guidelines for protection were never issued. Air
pollution disasters have proven that pollutants in certain combinations and
concentrations are detrimental to health and often lethal (Bach, 1972).

1.5 Economic Aspects of Air Pollution

There 1s no longer doubt that ail‘vpollulion places a grave burden up
on the national economy as well as the economy of individual families. Air
pollution affects soils and erodes buildings surfaces, corrodes metals.
weakens textiles, deteriorates works of art and more mportantly, it
damages vegetation and crops and kills animals. In these ways it drastically

interferes with well being of people. The existence of all these adverse



effects should provide enough mcentive for reducing the pollution of the
atmosphere (Bach, 1972).

Many analysts of the economic aspects of air pollution discussed
only the cost of damages caused by pollution and the amounts spents by
polluters for control equipment. A more useful assessment of the economic
important of air pollution, however, can be obtained if the cost of damages
and control efforts are related to the value of the benefits to be gained by
control of pollution (Geis, 1984).

Air pollution 1s an mdirect effect of not dealing with e.g.. metal
contamination: it results in a loss of the aethetic value (s) and loss of
economic wealth.

1.5.1 Cost of Air Pollution Damages

Per capita annual costs for outside and inside maimtenance of houses,
laundry and dry cleaning, hair and facial care were higher in polluted areas
than unpolluted (Geis, 1984).

Traffic: pollution episodes with dense Togs reduce visibility, slow down
traffic, and cause costly accidents. It 1s well known that increased air
pollution results mn decreased visibility. Thus. to a large extent. air pollution
1s responsible for the traffic industry’s extra costs (Geis, 1984).

Agriculture: valuable plants such as cotton, beans. vegetables ... etc, are
very susceptible to smog and emissions damages. Crop dusting, fall
plowing, nearer to pulp and paper mills, iron and steel mills, o1l refineries,
smelters and chemical plants are all cause great damages to agriculture.
The automobile emissions adversely affect the road-side vegetation and
even the distal plants in the heavily polluted areas (Thomas and Hendricks.

1956).



Health: in order to assess the total cost to the community from diseases
such as chronic bronchitis, emphysema, cancer, damage of nervous system,
kidney and reproductive systems ... etc, leading to morbidity and mortality.
“Bates™ has suggested the acquisition of the following information:

I. An assessment of the loss of productive working hours in industry in
workers with chronic bronchitis compared to workers without this
disease.

2. An assessment of the loss of working potential as a result of the
crippling power of emphysema, bronchitis and damaged nervous
system. .

3. An assessment of welfare compensations caused by these discases
(Geis, 1984 and EPA. 2003).

1.5.2 The Cost of Cleaner Air

Two contrasting opmions existed it comes to the question, WHO s
to pay for cleaner air? (Bach, 1972).

One group argues that if the total air pollution control costs are not
lower than the total benefits resulting from controlling air pollution, then
investing in control devices could not be sound economics either from the
company’s or the public stand point.

The second group states bluntly that the cost of pollution should be
imposed on the pollutor. It is argued that if the pollutors were forced o
internalize their external social pollution costs, they would develop
methods of controlling the pollution (Geis, 1984 and Lombu, ¢r al., 1998).
1.5.3 Cost-Benefit Analysis of Air Pollution

Air pollution is a classical example of an external diseconomy.

Whenever market forces are msufficient to make an individual bear the



private and social costs resulting from his actions, such as polluting the
atmosphere. The external diseconomies can be elimimated, if the social
costs can be internalized, i.e., if industry. which is producing the pollution
is also required to be its elimination or removal (Geis, 1984).

The optimum economic level of air pollution control, which does not
necessarily coincide with the optimum health level of air pollution control,
can be assumed by a cost-benefit analysis (Bach, 1972).

1.5.4 Cost-Benefit Model

The purpose of this cost-benefit effectiveness analysis 1610 determine
the maximum net benefit from air pollution control. The difference
between the costs of air pollution control and the benefits from a reduction
in air pollution constitutes the net benefit to a community.

The total net benefit (Py) 1s related to the total benefit (B) and the
total cost of control (CCT) as follows (Bach, 1972):

L e B Ry o i b o i e e )
Where CCT: total cost of control is the summation of the individual costs
of control from the net emitters:

COT =Tt QT ranmenimin st imssms s oo salia b2
By: the total benefit is the summation of the benefit (B;;) tecerved in the i

g s < : il
of m receptor areas due to the control of j of the 7 emitter. Thus:

B‘]‘_—'mz,';] “Zj'—l B_ii (F‘;)
Combining equation (1) and (3) yield the net total benefit (P):
P']‘T | mzlﬂ(mzjq B]“, -'C]) (4)

1.5.5 Benefits of Air Pollution Control
The major benefits from air pollution control lie n the sale or reuse

of reclaimed effluent, in reduced damage to materials and equipments, and
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m an improved environment. Health and social wellare, and not mere
econcmic considerations, should ultimately determine the optimum air
quality.

The other benefits from air pollution control are tangible, 1.e., the
cleaner air, 1s the cleaner atmospheric substances (O,, O and others), this
will save vegetation, animals and human life.

1.6 Air Pollution Problems in Sudan

From the previous discussion, one gets the impression that air
pollution problems are only restricted to industrialized communities of the
world. The situation in the countries like Sudan and probably many
developing countries 1s based mainly on agricultural produced (now, post
petroleum, the vast pollution problems threatening the future of Sudan), the
most of which 1s exported as raw material or in partially processed form.

Most of the industries present are only light (now, Giad, oil
refineries) and are to a certain extent concentrated i certain localities or
states. With these ideas in mind, air pollution of the pattern that
characterizes the mdustrialized societies 1s practicallv absent.

However. tis should not generate optimnsm e one s nond that we
will not be having the problem m the near or foresecable luture. We have
vast potentialities for development particularly i agriculture, forestry and
animal resources. |

With the expansion of agriculture, o1l refineries, vast increased cars,
buses, small and light industries, workshops, furnaces, smelters. tunnany,
wood burning and using of leaded-petroleum as a main fuel for transport
and goods carrying vehicles and other activities. we are bound to be forced

to process our products locally first for our consumption and secondly for



export. These operations are likely to call for one kind of industry or
another (Geis, 1984).

The last decade in the twentieth century witnessed several kinds of
pollution in Sudan; livestock farms, meat. eggs: in Khartoum and the
fearful burst in cancer-diseased patients in Northern and Gezira states.
besides pulmonary tuberculosis in East and Kidney failure in whole Sudan.
Besides, the pollution approached by the prolonged war m the Southern
states.

1.6.1 Air Pollution Sources in Khartoum State

Air pollution in Sudan resulting from the various activities of the
Sudanese people is expected to be in general terms appreciably negligible,
and 1f any at all may be hmited to the major cities within the country.

Compared to other towns in Sudan, however, Khartoum is expected
to have the worst problem. Here, the industrialized areas / zones of
Khartoum, Khartoum North and Omdurman are the main areas producing
gaseous wastes, which are discharged into the air.

Motor vehicles were used to be the second rate, (but now the vast
increase in imported and locally made cars, vehicles, trucks ... etc, are the
main contributors of air pollution in Khartoum State), producers of the
wastes a part from engine exhaust’s wastes. The oil refineries are the top
rate today.

The unexpected expansion in Khartoum building and architecture,
increased n population need to meet the demands of establishing industries
and supply of the fuel for transport, house, markets and other activities are

the main sources of the pollution of the air in Khartoum State.




1.7 Reasons for the Choice of the Topic

There are certain few chemicals that are ubiquitous in our present
environment and whose toxicity in the form and quantity in which they are
sometimes found in our ecosystems is proven beyond question (Hemphill,
1974).

There are certain few elements, i.¢., lead (Pb), cadmium (Cd) and
zinc (Zn), which are expected to be emitted m quantities more than other
chemicals to atmosphere and through time settle down and precipitate in
the ecosystem whether in plants, soil, water or stay there in the air.

In any case, the plant leaves are the easier tools to be used to indicate
the pollutants from air interring the ecosystem and to estimate their effect
on human life and how and when to meet the needs and costs to deal with
such problem.

Harmful effects or acute poisoning in man, animals and plants due to
excessive exposure to lead, cadmium and zinc are well documented
(UNEP, 1978).

The increase in Pb, Cd and Zn concentrations i ambient air during
the past 20 years has been attributed primarily to industrial emissions and
the inclusion of, 1.e., lead alkyls — Pb (CH,CHs;), and Pb (CHs); m gasoline
— cadmium and zinc compounds emitted into the air near the major iligh
ways in large urban areas is dependent on the traffic density can vary from
(4) microgram to (50) micrograms per centimeter (Stringer, 1974).

The conclusion that combustion of automotive fuel containing Pb
anti-knock fluids and the smelters of Zn and Cd, Fe, Cu, ... etc, are the

-

major contributors to these heavy metals concentration i plant as



indicators for ambient air pollution. The petrol used in the Sudan is leaded
by type (Geis, 1984).
1.8 Hypothesis

There 1s a relationship between the concentrations of Pb, Zn, Cd. Cu,
Fe and others in roadside air soil and pltzmls on one hand and traffic flow on
the other.

There is a relationship between the concentrations of heavy metals
on plant’s green leaves and the degree of air pollution in Khartoum due to
natural and manmade activities, which cause the accumulation of these
metals on vegetation and later on cause problems to man and ammals and
even disrupt the ecosystems.

1.9 Objectives of the Study
The aims of this study are:

I. To have a baseline mformation of Pb, Zn and Cd pollution from
automobile emissions near roadside (air and soils) i plants at
various positions in Khartoum State.

2. To assess Pb, Zn and Cd concentrations in roadside air (plants)
resulting from automobile emissions at various places through the
year. Here this work is carried out in July, August and September.

3. To assess Pb, Zn and Cd concentrations i roadside plants as a
function of distance from heavy traffic roads in Khartoum State.

4. To give recommendation and suggestion of methods to protect
people, animals and plants against hazards resulting from Pb, Zn and

Cd pollution from automobile emissions.



CHAPTER TOW
2. LITERATURE REVIEW

2.1 Heavy Metal Pollution
2.1.1 Lead (Pb)

Lead (Pb) naturally occurring bluish-gray or bluish silvery-gray soft
metal found in small amounts in the earth’s crust, with a melting point of
3275.5° C and a boiling point at atmospheric pressure of 1740° C. It has
four normally occurring isotope, atomic weights: 208, 206, 207 and 204 n
order of abundance (ATSDR, 1999).

The isotopic ratios differ for various mineral sources, this property
has been used in non-radioactive ftracers studies to investigate the
environmental and metabolic pathways of lead.

l.ead can be found in all parts of our environment. Much of it comes
from human activities, including burning fossil  fuel, mining and
manufacturing,

LLead has many different uses. It used in the production of batteries,
ammunition, metal products (solders and pipes) and devices to shield X-
rays.

Because of health concerns, lead from gasoline, paints and ceramic
products, caulking and pipe solders have been dramatically reduced m
recent fears.

Lead (II) in inorganic compounds, 1.¢.. nitrate, chlorate and chloride,
while Icad (111) salts have poor solubility i water.

[.ead abundance by weight, crust 13 ppm (35%). ocean 0.03 ppb

(46%) and air unknowm.
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The two major use of lead are in lead acid storage batteries (from
motor vehicles) and as lead alkyl compounds added to petrol (O’Neill,
1995).

Organic lead compounds such as tetra-ethyl lead and tetra-methyl
lead (anti-knock) used as fuel activities. They both are colourless liquids
with boiling point of 114° C and 200° C respectively. Since their volatility
1s lower than that of most petrol components, the evaporations of petrol
tends to concentrate lead tetra-methyl and tetra-ethyl. Both compounds are
decomposed at boiling point as well as by ultraviolet light and trace
chemicals in air such as halogens, acids or oxidizing agents.

The lead compounds i the exhaust emissions are trapped on the
catalyst surface and prevent the catalyst reacting with other compounds in
the other exhaust gases.

The majority of the lead used mn batteries is recycled and only causes
problems when the battery — disposal and recycling process — are not
effectively controlled.

In contrast, about 75% of the lead added to petrol is emitted through
the exhaust and dispersed as an acrosol in the atmosphere. As a
consequence, it is unlikely that there is any where left on the earth’s surface
that has natural levels of lead (O’ Neill, 1995).

Results from Greenland ice cores indicated that there has been a 400-
fold increase in lead deposition in the ice between 800 BC and 1965. The
average anthropogenic emission rate in the later half of the nineteenth
century was 22 = 10° kg per area, due mainly to the smelting of lead ores
and turning of coal. Nowadays, the rate is about 20 times higher, at 450 x

10° kg per area.




Approximately 94% of the lead n the atmosphere 1s derived from
anthropogenic sources, with an even higher proportion m urban areas
where there is heavy metal traffic (O’Neill, 1995 and WHO, 1985).

Soil surface reports ndicated that surface contamination by
atmospheric lead causing much higher levels in the top layers of soil (were
absorbed by plants) were actually misinterpretations of the natural
biogeochemical concentrating effects. The increase m aerial dispersion
from anthropogenic emissions has increased the atmospheric flux, leading
to higher levels of lead in plants, soil and rivers and some lead falling
directly on the sea (O’Neill, 1995).

The wide spread distribution of lead from motor vehicles exhausts
increases the atmospheric levels by factors of 20 (much more in urban
areas) (O’Neill, 1995).

When lead enters the environment, itself does not breakdown, but its
compounds are changed by sunlight, air and water when released to the air
it may travel long distances before settling to the ground.

Once lead falls onto soil, it usually strikes to soil particles.
Movement of lead from soil into ground water will depend on the type of
lead compound and the characteristics of the soil. Much of the lead in inner
city soil comes from old houses painted with lead-based paints.

2.1.2 Cadmium and Zinc
2.1.2.1 Cadmium (Cd)

Cadmium (Cad’me — um) is a natural element m the carth’s crust. It
1s usually found as a mineral cadmium with other elements such as oxygen
(cadmium oxide), chloride (cadmium chloride), or sulfur (cadmium sulfate

and cadmium sulfide).



Cadmium (Cd) is a soft silver-white metal. It has a relatively high
vapour-pressure. In the air the vapour i1s rapidly oxidized to cadmium
oxide. Many inorganic cadmium compounds are soluble in water (e.g.,
CdSO,, Cd(NO3)y and CdCL,), whereas CdS and CdO are almost insoluble
In water.

Cd occurs together with zinc in nature, the ratio being generally, |
100 — 1 : 1000. Cd is obtained as a by-product in the refining of Zn, in
certain zinc ores the Cd concentration may be about 5% (UNEP, 1984).

All soils and rocks, mncluding coal and mineral fertilizers, contain
some Cd. Most Cd used in United States of America is extracted during the
production of other metals like Zn, Pb and Cu. Cd does not corrode easily
and has many uses mcluding batteries, pigments, metal coatings and
plastics (ATSDR. 1999).

Cadmium (Cd) enters air from muning. mdustry and burning coal and
household before falling to the wastes. Its particles i air can travel long
distances before falling to the ground cr water. It enters water and soil from
waste disposal and spills or leaks at hazardous waste sites. It binds strongly
to soil particles. It does not break in the environment. but it can change
form.

Plants and animals take up Cd from the environment and it stays in
the tissues a very long time an can build up from many years of exposure to
low levels (ATSDR, 1999).

In Europe, estimations have been made of the atmospheric Cd
emissions from different sources there. The steel mdustry, waste
incineration, volatile action (Mount Etna) and zinc production seem to

account for the largest emissions.



Tobacco contains Cd and smoking contributes significantly in the
uptake of Cd (EHC, 1976).

In United Kingdom, the average addition of Cd to crop lands is
0.4mg/m*/area (air deposition 41%, phosphate fertilizers 54% and sewage
sludge 5%).

The uptake of Cd is similar to Zn, both are readily taken up by plants
and enter the edible porions. This 1s an important difference from lead
(Pb). which is not easily accumulated by plants.

Cadmium concentrations in plants are much closer to soil levels,
through this varies very much from species to species, and the relative
uptake of Cd 1s reduced as the concentration of cadmium in the soil
Increases.

The aerial pollution from cadmium-containing fumes and
particulates, plus water pollution due to Cd, Zn-containing sediments and
mine waste.

Because of its lower boiling point, cadmium is more concentrated,
relative to zinc, in the atmospheric emission from zinc smelters than it 1s n
the ore or in zinc metal (O Neill, 1995).
2.1.2.2 Zinc (Zn)

Zine (zingk) is one of the most common elements in the earth’s
crust. It is found in air, soil and water and presents in all foods. Pure zine is
a bluish-white shining metal (ATSDR, 1999).

Zinc abundance be weight: crust 70 ppm (24%), oceans 11 ppm
(22%). It is an essential element. Its cycle 1s very closely interrelated with
cadmium, because natural zinc-minerals and most anthropogenic fluxes

contain small amounts of cadmium.
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The mobilization of Zn by human activities outweighs natural
cycling processes (O’Neill. 1995). Zinc has many commercial uses as
coatings to prevent rust, in dry cell batteries and mixed with other metals to
make alloys like BRASS and bronze. A zinc and copper alloy is used t
make pennies in the United States of America (AQC,).

Zinc combines with other elements to form zinc compounds.
Common zin¢ compounds found at hazardous waste sites include ZnCL,;,
/nS, ZnO, and ZnSO,. Zinc compounds are widely used m industry to
make paint, rubber, dyes, wood preservatives and omtments (ATSDR,
1999).

Zinc is released into the environment by natural processes, but most
comes from activities of people like mining, steel production, coal burning
and burning of wastes.

Zinc attaches to soils sediments and dust particles in the air. Rain
and snow remove zinc dust particles from the air. Its compounds can moves
into water and into lakes, streams and rivers. Most of Zn in soil stays bound
to soil particles it builds up in fish and other organisms, but it does not
build up in plants (ATSDR, 1999).

2.2 Mechanisms of Transport and Accumulation of Metals in Plant
Green Leaves

Most of the studies conducted on plants green leaves have focused
on mechanisms of trace elements concentrations. These plants also reported
as accumulators for trace elements.

The uptake of the trace elements and their transport into the plant
organs (leaves, roots, stems, buds, ... etc) are found to be similar to some

extent.



The large potential for biomonitoring air pollution by plant green
leaves is highlighted by the selection of the plant population (species)
(Lasat, et al., 1999).

Plants of two different species or more concentrated different
amounts of Pb, Cd and Zn, but closer amounts may encountered in several,
fewer cases (Schwartz, ¢f al., 1999).

Currently, different experiments are ongoing to investigate
mechanisms of uptake and transportation or metals, fate of accumulated
metal when plants are exposed in polluted air. and fate of chelating agents
i plants when used in chemically —assisted biomonitoring (McLaughlin, et
al., 1999).

2.3 Lead, Cadmium and Zinc and Roadside Vegetation

Pb, Cd and Zn are concentrated by the vegetative components of
roadside ecosystems from both, the atmospheric and soil compartments.
Contamination of above ground parts from the atmospheric compartments
may be via gravity settling, impaction or precipitation.

The relative importance of these transfer mechanism is unclear, but
the first is generally considered the most important. Contamination from
atmospheric compartiment is also generally considered to be topical
(superficial) in nature and largely susceptible to removal by washing. Little
evidence of plant Pb, Cd and Zn uptake from surface deposits has been
provided.

Transfer of Pb, Cd and Zn 1'1‘(;111 soil compartment to the below
ground portions of plants is via root uptake from the soil solution. Since
much of the Pb. Cd and Zn is presumed to be present i the soil 1s non — or

slightly soluble forms, much of these heavy metals m this compartment are

Ag



thought to be unavailable to roadside plants. Nevertheless, where is ample
evidence that plants do take up soluble heavy metal through their roots. The
uptake 1s favoured by low soil pH. Translocation of Pb. Cd and Zn
absorbed by the roots to above ground portion of plants is controversial as
the evidence is variable.

Plants that have received the greatest attention in the roadside
environment include grasses, agricultural crops and woody plants (Smith,
1976).

2.4 Concentration of Lead, Cadmium and Zinc in Green Leaves of
Plants

Areas moderately contaminated by trace heavy metals, but a level
exceeding the critical levels for food production, are widespread in the
world, could be utilized for i.e.. fiber production.

Plants can be wused for landscape improvement and an
environmentally sound and cost effective air reclamation, using imported
(exotic) and indigenous (local) tree species, 1.¢.. ficus and neem (Gunthardt,
et al.,, 2002 and Sumita, et al., 2003).

Before considering contaminated tree’s green leaves, more should be
known about the potential of our native trees provenances (Sumita, ef al.,
2003). Small quantities of mobile heavy metals (Cu, Zn) arc essential for
plants, because they are cofactors of mmportant enzvmes. In higher
concentrations, however, mobile as well as less mobile non-essential heavy
metals (Pb, Cd) can include acute tissue and cell mjury and damage
(Gunthardt, et al., 2002 and Sumita, ef al., 2003).

Results obtained with tree’s green leaves showed that within the cell,

the formation of free radicals and reactive oxygen species is stimulated,
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which an result in an oxidative burst (Faith, 1959 and Gunthardt, ¢t al,
2002). Biomonitoring refers to the use of plant’s green leaves to determine
air poliutants or to determine the risk (s) associated with their presence in
the environment (Sumita, et al., 2003).

The concentration of heavy metals in plant’s leaves is the matter of
health, as well as an important factor definmng air pollution problem
(Mohammed, A. H., 1986).

Success in controlling heavy metals concentration through the choice
of trees has been reported using major parameters for evaluating air
pollution degree and its consequences on human life and the surroundings
(Letchamo, et al., 2002 and Mohammed, A. H., 1986).

Interactions between the atmospheric (or hydrospheric) pollutants
and bio-organisms are alwavs of major concern (FFaith. 1959).

Bioaccumulation of trace elements is mostly a passive process and
this enables to use some of bio-organisms as indicators of atmospheric (or
hydrospheric) pollution. However, there always are critical biological
processes and micro-environmental conditions, which affect levels of the
trace elements. At the same time heavy metals migrate from one ecosystem
to an another, so the task is to define pathways and their quantitative
parameters (life-time, adsorption or accumulation coefficients) as well as
distribution between different physical and chemical forms (Colbeck and
Morison, 2003).

Man being at the top of the food chain, 1s at a great risk of suffering
from health hazards associated with heavy metals because bioaccumulation
(Lawtheg, et al., 1962). The primary source of heavy metals in plants are

soil, sediments, surface and ground water and air. However, the



bioavailability and mobility of the heavy metals in the environment
strongly depends on the chemical forms (speciation and compounds) of the
respective metals, which all have different properties. Solubility will differ
dramatically. This 1s important when considering how much of each metal
1s transferred from soil, sediments, water and air into the plants and
therefore into the animals and human bodies (Sumita, e al., 2003).

The key-point 1s to analyze how much is the concentration of
geoassimilated and atmospheric heavy metals to bioassimlated heavy

metals in plants (Sumita, ¢t al., 2003).
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CHAPTER THREE
3. MATERIALS AND METHODS

Ficus and neem have been used as ecological bioindicators in Sudan,
mainly the urban areas, Khartoum State and the three mam cities,
Khartoum North, Khartoum South and Omdurman. The specimens were
collected from the sites, Sharie enneel Khartoum South, Ombada
residential area — Omdurman and the control area, the farms of Kadaro -
Khartoum North.

Several chemical analysis methods have been applied to investigate
and / or to estimate the concentrations of heavy metals Pb, Cd. Zn and Cu
in the three sites.

The aim of the present study was to determine the concentrations of
toxic trace elements (Pb, Zn and Cd) i the green leaves of Ficus (/icus
penegalensis) and Neem (Azadirachta indica) as a bio-monitor for air
pollution in urban areas 1.e., Khartoum and areas around.

Air pollution by toxic metals is one of the serious problems of the
environment. Plants have been frequently used as indicators (monitors) in
the search for metal pollution and accumulation of air, or as bio-
accumulators for the monitoring the eifects of natural and anthropogenic
damage on the living organisms and their surroundings. -

The aim of this study was to select accumulator species for
determination of air pollutant metals. The used species Ficus and Neem
that offer ranges of trace element accumulator plants. The collection and
washing of the samples were due to metal analysis standardization (MAS)

for the 18 samples from the three different sites.

29




3.1 Study Area
3.1.1 Physical Setting

Khartoum, the national capital of Sudan, is composed of the three
cities of Khartoum South, Khartoum North and Omdurman. The three
cities are situated around the confluence of the Blue Nile and White Nile at
latitude 15° 36" North and longitude 22° 31" East. On a featureless plain
having an average altitude of 380 m above sea level.

In the case of both Khartoum South and Khartoum North the plain
increases slightly i height from west to east. whereas at Omdurman, the
land gains in altitude towards the north west reaching the highest point in
the three cities area over the Markhiyvat Hills that rise between 50 m above
the general level of the plateau, giving rise to only significant relief feature
in the vicinity of the urban complex. The simplicity of relief has minimized
the possibility of climatic modification under the rather unpleasant
conditions of semiarid tropical climate (Elbushra, 19706).

3.1.2 Selection of the Area

The main reason for the selection of Khartoum State as an area of the
study was to see the effect of the sharp increase in automobiles on the
environment. During the last two decades (1984 - 2003). the records have
shown that the total number of vehicles licensed in Khartoum State and
National Capital increased form about 84,980 in 1984 to hundred thousands
or even uncounted number at present time (2003 ).

Also the fuel used in Sudan is leaded fuel. Therefore. it was decided
to study the lead, cadmium and zinc pollution from automobile emissions

in Khartoum State.



3.1.2.1 Heavy Traffic Site (Sharie enneel)

This was selected to represent the heavy traffic site. During most
crowded hours of the day, the flow of traffic is directed towards this road
from the three cities (Khartoum South, Khartoum North and Omdurman).
3.1.2.2 Low Traffic Site (Ombada)

This was selected as a residential arca, some avenues and garden
trees were selected from the first, fifth, seventh and ninth blocks in order to
represent low traffic site.
3.1.2.3 Kadaro Site (Farms and Campus of Juba University)

This area was selected as control arca. The reason was the fact that
there are no private vehicle running in that area, or even if, they are less
than fifty vehicles. Only bout two buses. five minibuses and twenty-thirty
private cars (and not daily) are working there. It is also far form industrial
locations, so 1t 1s not affected by industrial emissions.

Ficus and neem, three samples from each of, were collected from the
above mentioned three sites and were treated following the previous
mentioned methods for analysis of trace elements content.

3.2 Plants Of The Study

The extensive distribution of Ficus and Neem tree in the state of
Khartoum Makes them a potential bio n director tool for monitoring
existing levels of different pollutant metals in the atmosphere (Qatar Univ-
sci-J-, vol.k, NO.1. 1995).

The present study illustrates the mmportance of the two widely
distributed species of plants (Neem and Ficus) in depicting the levels of
some toxic heavy metals along the Nile Road, in Ombadda and Khartoum

area. A similar monitoring scheme using these identified species could very



will be extended to other arcas in the state of Khartoum m order to form a
comprehensive monitoring plan for the country (Sudan). This field study
also highlights the potential for removed of pollutants by increasing
afforersation of woody trees as they wash the soil and clean the air n large
quantities in the Sudan (Qatar Univ-sci-I-, 1995).

The use of biological indicator organism 1s a very attractive tool (o
identify and demorcate areas of atmospheric contamination (Phillips, D,
1980, Qanti-Aqu-Biol-Indi).

Some of these organism not only accumulate certain contaminants
from the surrounding milicu, allowing inexpensive and relatively simple
contaminant analysis, but they may also represent a moving time-averaged
or integrated value of the relative biological availability of these chemicals
al cach site studied. However. the use of mdicator orgamsms introduces
biological variables which are not present i physico-chemical studies of
water, sediments and air. These variables merit consideration in as much as
they affect the result of indicator surveys for trace pollutants take metals
(Phillips, D.1977).

3.2.1 Ficus

Family: Moraceae

Latin Name: Ficus pengalenesis
English: Java fig, weeping fig
Arabic: Iicus

Smallish, evergreen. strangling fig tree reachimg to above 10m
Sudan. Leaves are sumple, ovate, toper to a sharp point at the tip, and are

Lime-green m colour, covering singly and alternately from each other, and




measure 5-8 c¢m long by 3 ¢m wide n some arcas this may reach up to 20
cm long by 8 em wide.

This species in found naturally in India, Malaya and the East Indies.
It has now been introduced throughout the tropics, grown outside m frost-
free areas as on or namerilal, and else where indoors as a potted plant.

It 1s used m full wood., amenity (pleasantness), Dune (sand hills)
control, charcoal, shade, Timber. shelter belt. pesticide, fruit, medicine,
Agroforesry Hedging (fence).

The tree i1s fairly wordy. to lerating high terps and some drought. It is
requires fairly frequent wrigation of planted in the semi-arid to arid areas of
Sudan. It also thought to be leant of most types of soils. at any altitude, at
any rainfall, even at high temp. It is fast growing tree specially if given
regular watering. It requires protection from hves lack. It is in no mlayed
an ornamental, with its attractive Lime-green drooping foliage (Kees Vogt,

1995).




3.2.2 Neem
Family: Maliaceae
English: Neem
Arabic: Neem

An evergreen tree reaching a maximum height of 20 m. It i1s leaflets
enable easy recognition; they are serate and have a very bitter, quinine-like
taste. It 1s universally knows by its Indian name, Neem. It originates from
Asia, in particular North East India and Burma, and 1s now widely
established and naturalized throughout the tropics. including Sudan.

It 1s used n fuel wood, Amenity, Dune control, Honey, charcoal.
shade, shelter belt, oil, Timber, pesticide, Hedging, fruit, Medicine,
Agrofrostry.

Neem can be regarded as a true multi purpose tree. It is universally
regarded as an amenity and shade tree of great value and often provides the
central meeting place in a village. Leaves contain an msect repellant which
1s use full for protective stored grains and meats and can be put on crops.

Neem tree requires a rainfall of 1200 mm. It grow in a wide-range of
condition, from sandy to heavy clay soils, and on stony and nutrient poor
sites, and 1t grows at altitude from 1-2000 m. it is to lerant of very high
Temp, but sensitive to cold. This tree is becoming increasingly popular in
the state of Khartoum due to its money benefits. However, most of these
are still not known and should be more widely publicized (Kees Vogt, 1995
zmd (Hamza, 1990).

3.3 Data Collection
Since there are poorer mformation available about air pollution n

Sudan and in Khartoum State in particular and only two dissertations had



been introduced to cover such problem (Geis. 1984 and Mohammed, A. I,
1986). the data collected for this study were resourced from the two
dissertations, from Sudan Library (Umiversity of Khartoum), Library of
Environmental Studies Institute, Main Library of Khartoum University,
personal communications, Library of National Research Center (main, of
Amarat Street 57 and of Shambat) and from Internet.

Although, there is no, however, data available for Pb, Cd and Zn
pollution resulting from air pollution to the green leaves of plants.

3.3.1 Data Collection for Lead, Cadmium and Zinc Concentrations in
Green Leaves

The field work survey for Pb, Cd, and Zn concentrations in green
leaves from amr was carried out during the period (August to September
2003).

Some data were first collected from Internet, and from different
libraries on the quantity of emissions in atmosphere m Sudan and in
Khartoum State in particular, types of emitted pollutants in Sudan and
Khartoum State.

Data were then collected directly from the field including leaves
samples from the three different sites for neem and ficus species green
leaves.

3.4 Sampling Procedure
3.4.1 Leaves Sampling

Leave’s samples were taken from the three sites (Sharie enneel,

Ombada and Kadaro) from ficus and necem trees, from the tip, bottoms and

the mids branches’ leaves.




In the distal area (control arca), the samples were taken from the tips
bottoms and middle to tree leaves.

The sampling period for each pomt / site was half an hour. The all
study was usually carried out during 12:00 to 3:00 pm. Sampling was done
continuously two times. For all sites, measurements were taken in different
neem and ficus trees.

3.4.2 Sampling Techniques
3.4.2.1 Leaves Sampling Technique '

The leave-samplers (the writer and his fellow) were constructed to
collect leaves from neem and ficus trees, cutting them manually from
different parts of the tree, from different trees (of neem and ficus) and at
different areas within the main three sites.

3.5 Analytical Methods in the Field

The increased interest for the measurement and control of
environmental pollution leads to the need for improved methods of
analyzing environmental samples (here these are leaves of neem and ficus).

Physico-chemical analytical procedures have been adopted very
successfully in trace elements determination of particular samples. These
methods depend upon fundamental properties of elements such as the
unique behavior extra-nuclear electrons of atoms when excited in some
way.

Under ideal circumstances these properties can be exploited through
appropriate resolution techniques to prevent interference effect, and hence
make possible quantitative analysis of small quantities of substances in the

presence of larger amounts of other materials.




Among the most widely used methods embodying the principles
(Butler, 1979) are:
a. Neutron Activation Analysis.
b. X-ray Fluorescence Analysis (X-R1I")
¢. Atomic Absorption Spectroscopic Analysis (AAS).
d. Atomic Spectroscopy, and
e. Mass Spectroscopy.
For leaves samples two methods were used, AAS and X-RF analysis.
3.5.1 Preparation of the Leave’s Samples
3.5.1.1 Sample Collection
18 samples were collected from 3 different sites in Khartoum State,
Sharie enneel, Ombada and Kadaro areas. The samples were gathered from
twigs (at tips, mids and bottoms) from different ficus and neem trees. These
were gathered manually and then were preserved in plastic bags.
3.5.1.2 Sample Washing
All the samples collected were washed using tape water. This was
done three times to ensure the cleanness and purity of the leaves’ samples.
Then the washed samples were laid down flat on wood table to dry
by sunlight for 8 hours.
3.5.1.3 Sample Digestion Steps
The dried leaves’ samples were then grounded i mortars. The
powders were then sieved and stored in labeled plastic bags, ready to next
analysis steps.
The samples prepared were labeled as follows: Al, ClII and EV,

were ficus leaves of Sharie enneel, Ombada and Kadaro respectively, and



BIL. DIV and FVI were necem leaves of Sharie enneel, Ombada and Kadaro,
rcspectivclydﬁdcd.dLW divided inte thee .

0.5g of each sample was weighed by a sensitive balance and was
then placed on 100 ml beaker. Acid mixture (4 ml concentrated HNO; and
I ml HCIO,4) was added to the sample powder, heated on hot plate at 120°
C, the beakers were covered by watch glasses under fume hude . This was
proceeded until all the white / brown fumes were evaporated and the
residue became colourless.

To each beaker 5 ml of distilled 11,0 were added. The obtained
products were pale yellow solutions.

To each beaker 0.5g activated charcoal was added and the beakers
were heated on hot plate for 5 minutes and the hot beaker contents were
filtered leaving behind colourless solution.

These colourless solutions were then transferred to 25 ml volumetric
flaks and each was then completed up to the mark by adding disti-liRd
water. The sample’s solutions were now ready for analysis by Atomic
Absorption Spectroscopy (AAS).

3.6 Recovery Study

Sometimes, pretreatment required for the collected samples prior
analysis, for most analytical methods 1t 1s necessary to destroy organic
matters associated with the samples and, as a dissolved samples are
normally required to render the samples soluble.

Wet-ashing with acids (NHO; + HCIO,) 1s frequently a suitable
procedure (Kumetani, 1972) as o dry-ashing m a hot plate with dissolution
in the strong acids (HNO; + HCIO;) mixture. Losses. assumed to be a

result of volatilization, mety occur with some metals (Pb, Zn and Cd)



under such dry- .ashing conditions (120°C for | hour) (Thompson, 1970)
reported a low temp ashing procedure for wet-digestion (dry-ashing).
3.7 Atomic Absorption Spectroscopic (AAS)
3.7.1 Equipment
Atomic  Absorption Spectroscopic (AAS) model GBC932 plus

consisting of:

I. Hollow-cathode lamp
Monochromator
Nebulizer

Spray chamber and.

A

. Burner.
3.7.2 Measuring Principle

Alter the sample solution prepared, which 1s desired to determine an
element concentrations on 1t. The hollow cathode lamp 1s selected
according to which element concentrations are searched i same, because
each element has specific hollow lamp.

The acetylene cylinder was opened and the compressor adjusted the
ratio of inlet 2:8 unites for acetylene and air.

The software was provided with parameters such as element, which
is scarched, wavelength and number of samples with labels.

The burner was ignited to create a satiable flame of air-acetylene.
Through this flame, the electromagnetic radiation from hollow cathode is
passed. The sample solution was provided to the instrument through the
sample capillary tube. When the sample reached the flame it 1s changed
into gaseous state and then brought to its atomic state (free atom form) in

the flame.




Element i ground state absorbs radiation  predommantly  of
wavelength (X) corresponds to transitions from ground state to upper
excited states.

These free atoms absorb a part of the radiation, by knowing the
intensity of electromagnetic radhation from the source and the intensity of
which has transmitted part of the radiation, which 1s absorbed, can be
calculated and because atomic absorption follows the same quantitative
laws as other spectrometry methods:

A O D o e M s P Ll 500, S vy N}
Where P; 1s mcident radiation, P. 1s transmitted radiation and A 18
absorption.

By estimating the absorbed radiation, the concentrations of the
element can be determined (Butler, 1979) according to Beer’s Law:

Where A is absorption, C is concentration and b is another absorption
f;lClUr(mulur absor Flriu]'l.,l Ve

Atomic absorption measurements are relative measurements, which
means that the bases are standards characteristics of unknown composition

and concentrations.




Chapter Four
4. Results and Discussion

Heavy metals concentrations were determined in two plant species
Ficus and Neem from Khartoum State’ three sites.

Samples from Sharia elneel,Qmbadda and Kadaro have been divided
each into 18 groups. As can be seen from tables (1 — 18).

The lead (Pb) concentrations / levels in Sharia elneel andCmbadda
ficus were very close to each other, but Pb in Ficus of Kadaro i1s higher
than formal twosites, although the dissolved and dispersed values of total
concentrations did not show any significant increase throughout the study.
In fact, dispersed and dissolved petroleum-added lead and other metals
values monitored through the three sites of Khartoum State (Tables, |
18).

The levels of Pb showed sigmficant difference between the levels of
Pb in Ficus and Neem trees. The concentrations of Pb in Neem species was
found to be greater than that in Ficus species (see histogram, fig (25)). The
same results obtained for Zn. Zn in Neem was found to show greater values
than in Ficus (fig (20)).

The levels of Cd did show high significant difference between Sharia
elneel Ficus and the two other sites Ficus and Neem species (fig (24)). This
increase in Cd at Sharia elneel Ficus could be attributed to an imput of some
dissolved fractions in between sampling procedures.

Pb, Zn and Cd were analyzed in the two common tree species, Ficus
and Neem from three different localities throughout Khartoum State.

The sampling period was roughly four days (July, 2003), and the

sites covered were Sharia elneel, Ombada and Kadaro, where the




maximum, mimimum and rare mpact of automobile emission was fclt
respectively. It is interesting to note that levels of Pb and Zn in the two
species not varied significantly between the three sites (table 5). While the
levels of Cd revealed high significant difference comparing the levels of Cd
i Sharia elneel to that in the two other sites (table 6).

[t 1s evident that the highest levels of Pb were recorded in Neem of
Ombada followed by Kadaro and Sharia elneel. This because the lead-
battery factory used to get rid of waste products there in Kadaro area in last
century’ mid decades.

Sharia elneel Neem showed lower values i Pb mainly because of
the fact that this area is opened and is easily washed and 1t’s soil exposed to
cleaning when the Nile floods, also alfected by wimnd and current
movement.

Zn levels were recorded to show very closer values in the two
species in the three sites. This attributed to similar mechanism of and
adsorption of Zn by the automobile emissions and other agents.

Cd levels were found to be highest at Sharia elneel. It was found to
be increase by 300 folds that in Ficus of Kadaro and 130 folds that of Ficus
of Ombada. While Cd levels in Neem at Sharia elneel showed increase by
50 folds that in Ombada and 20 folds that m Kadaro.

[t 1s mmportant to mention here that all three sites have different
environmental characteristics  and  peculiarities,  which have a very
significant effect on the heavy metal levels found there.

Tables (1 — 18) depict the values of Pb, Zn and Cd in the three sites
throughout Khartoum State. It is interesting to note that while there 1s no

significant difference between the levels of Pb and Zn found in Ficus and




Neem n all the three sites, but samples of Ficus showed lower levels than
Neem.

Samples from Ficus at Sharia elneel showed increase in values of Cd
9 folds that in Neem and consequently depicted marked decrease in the
levels of Cd in the two other sites.

It 1s quite clear that these values are influenced largely by theoutfalls
of Khartoum city, which is heavily industrnalized and number of motor
vehicles using the lead-added petrol has increasing vastly and due to lack
of environmental awareness amongst people.

Concentration factors were computed using measured levels of
dissolved heavy metals and other pollutants. While the concentration
factors for heavy metals are generally low reaching a maximum of 0.9
microgram, the factors for Pb, Zn and Cd are generally very low (table 19).

Concentration factors in Sharia elneel and / or nearby arcas were not
significantly  differ from those observed for samples collected from
Ombada and Kadaro areas.

[t 1s important to note that while Ficus accumulate lower Pb and Zn
in Sharia elneel, it accumulates higher Cd. While Neem in Sharia elneel des
the reverse (table 19).

The species Ficus and Neem respond primarily to dissolved or
soluble species of pollutants in the surrounding milieu.

There are many factors affecting variability of metals Pb, Zn and Cd
content in the two species Ficus and Neem:

e Distance with respect to rate of automobile emissions.
e Part of tree from which leaf samples collected (tips, bottoms and

mids.




e Dusting (fertilizers, pesticides and insecticides).

e [Exposure to motor vehicle exhausts, emissions from factories,
factory-waste products, furnaces, ... etc.

e Bleaching.

e Seasonal variation in trace elements content of leaf.

e The age of the tree.

e The density of trees and density of pollution.

e Geographical location (soil, topography. current movement, ... etc).

e Colour of the leaf (effects of organic matters, i.¢., chlorophyll).

e Adsorption of gases and hunudity.

e [emperature.

e Rainfall, dryness, drought and soil erosion.

e Absorption (root-system efficiency) of nutrients, diet, water, salts
and minerals.

e Sun, fogs, ... efc.

Heavy metal analysis of Jicus penegalenesisand Azadirachta indica
indicated a high Cd content compared to Pb and Zn (tables | - 18).

The concentration of Pb n the plants studied, which is close to the
average of 0.48 pg/ml. However, 7Zn concentration was reported to be
closer to that of Pb with average of 0.39 pg/ml.

Although Cd is considered to be a non-essential element for plants, it
is effectively absorbed by both roots and leaves systems.

Mean Cd content of plants from the different three places in
Khartoum State was lower in Neem than i Ficus, this could be due to

several factors i.e.. exposure rate, smelter and other emissions.




Although Pb occurs naturally in all plants, it has not been shown to
play any essential roles in their metabolism (Broyer, 1954).

The great variation of Pb contents in plants is influenced by several
environmental factors, ranging from 0.1 pg/ml to 10 pg/ml (Cannon,
1976). In the present study, Pb ranged from 0.3 pg/ml to 0.6 pg/ml.

Zn has an estimated role in the metabolism of higher plants (Lindsy,
1972) and is found in the range of 0.3 pg/ml to 0.5 pg/ml. The results
yielded a range of Zn in Ficus and Neem, which is somewhat lower than
the normal concentrations reported from other plants (Shaclette, 1980).

Although the concentration of Zn has been reported to be as high as
300 pg/kg in some plants (Davis, 1978) but concentration range of 300 -
400 pg/kg is toxic to most plants.

Pollution of the air and plants by Pb, 7Zn and Cd metals occurs due to
industrial wastes, application of fertilizers, corrosion of sheeting, wires,
pipes and burning of coal and wood, and before all by automobile
emissions.

Biological and chemical factors also contribute heavy metal
pollution. The importance of these agents reflected in results.

The abundance of these heavy metals pollutants in air and later in
plants and soil varies with soil types, plant species efficiency to accumulate
heavy metals and to the climatic conditions.

The effect of Pb, Zn and Cd on soil, air and plants (here Ficus and
Neem) may generally toxic at high concentrations. But, some plant species
appeared to benefit from accumulation of some metals. In the present study
the leaves of Pb, Zn and Cd were found to be lower than the toxic and

lethal range, but these still act as pollutants. They may inhibit absorption of



macro elements such as Ca, K and Mg, and this could affect the density of

vegetation in some studied sites with time.



Table (Iﬂfunccntrati(m of lead in Ficus at Sharia Elneel

NO [ __(JUilc_cllt}'iltiOII
(Hg/w‘l) i
1 0.377
B s 3 0.36
T 3 .0 A
4 0363
5 0344 000

Absorbance

0.0082

0.0044

0.0068

Table (2) Concentration of Lead in Neem at Sharia Elneel

NO Concentration
iy |8 (Hglmly
I 0.354 |
Ly 0.404
S
T a T ey
& 0.303

Absorbance
0.0077

0.0091

0.0085

0.0069

0.0052




Table (3) Concentration of Zinc in Ficus at Sharia Elneel

NO ~ Concentration Absorbance
l’ “tj}"‘l-]
1 0.332 0.1226
TS R R R 0.1169
o3 [ e 0.1129
4 T 0.286 = 0.1085
5 0.283 0.1141

Table (4) Concentration of Zinc in Neem at Sharia Elneel

NO ~ Concentration __] ~ Absorbance
RS, 91 {_’|,4'!J__,.J_". i
I 0.398 0.133
2 0.387 ] e 0.129
I R A B o
4 | .39 O 0.134 B
e R O e - — |
5 0.382 | 0.132




Table (5) Concentration of Cadmium in Ficus at Sharia Elneel

NO Concentration Absorbance
{}j‘?rr\rt?j
1 0.909 TR __| S ”(}T()(TGQ- )
T 0.903 | 0.0663 ]
B N - .889 S 00666 =
B it I L
4 0.885 | 0.0642
5 0.906 [ 0.0662

Table (6) Concentration of Cadmium in Neem at Sharia Elneel

[ NO Concentration
( I{.'%f"rng-)
| 0.103
o X 0.1
RS 0097
4 T
I N, e, _'('l.-ll)l i

_ /“)S() rlnm_cé _
0.0077

0.0072

0.0072

0.0075




Table (7) Concentration of Lead in Ficus at Ombada

NO Concentration
=~ D S ol RPN ( _.}_-'.-:.}Il-d??'
| 0.414
| 0.413
T ® T e
T T RS AA0d
5 0.4

l Absorbance

|

0.009
0.0088
0.0081
0.0076

0.0068

Table (8) Concentration of Lead in Neem at Ombada

0.629
0.629
0.609

- 0.536

Concentration

Absorbance

|
|
B e
|
|

0.016
0.0129
0.0129
0.0111

- 0.006




Table (9) Concentration of Zinc in Ficus at Ombada

NO ” Concentration
W o R €.V
1 0.34
e 0327
3 0.326
e 0.325
& [ asa

Absorbance

01134
DL

0.1069

0.1044

0.1082

Table (10) Concentration of Zinc in Neem at Ombada

NO Concentration Absorbance
(,U»jfmU
1 0.489 0.1622
2 0.488 0522 e
R Ll T i R 0.147
= N 0399 0.1371
5 0.371 01289




Table (11) Concentration of Cadmium in Ficus at Ombada

—N_(_) o A Concentl_'z_ltion_ & Al)éor_l_);;l_c_é Bt
( L*t{\ml«)
1 0.0095 0.0007
e 000910000 C0.00056
3 0.0075 0.00038 i)
4 00062 0.0001
5 . 0.0048 0.00011

Table (12) Concentration of Cadmium in Neem at Ombada

NO i Concentration
__________ 1, ( U.Cj/ﬁ&)
1 0.021
2 gorsy
3 g™ @ 00
4 O 0.0146
5 0.0143
N

Absorbance
00016
0.0014
e
- 0.0012

0.0008




Table (13) Concentration of Lead in Ficus at Kadaro

NO Concentration =1 _f{bsurbance
(Hrﬂf'mk_B
1 ~0.616 0.0128
2 0.613 0.0124
5 ©0.612 i 0.0119
O L L Os0ey | C0.0109
R 0.603 0.01

Table (14) Concentration of Lead in Neem at Kadaro

NO Concentration T Abserbance |
_t - ( u:‘h" n-u?]_)
‘ 0.607 0.0128
R 0.568 0017
oo 0.534 0.0115
R D5k = 0.0116 -
T 0.571 T T




Table (17) Concentration of Cadmium in Ficus at Kadaro

Concentration

(Hglmt)

0.005
0.0039
0.0032
0.0026

0.0017

Absorbance
0.0004
0.00036
0.00028
0.00018

C0.00012

Table (18) Concentration of Cadmium in Neem at Kadaro

_ -(h‘.-(iﬁC(:lllrillMll -

'; ;f /.1..|n2 )

0.011

0.009
©0.007
0.006

0.0022

Absorbance
0.0008
0.0006

0.00052
0.00046

0.00028




Table (19) Total Concentartions of Pb, Zn, and Cd in Ficus and Neem at the Three Sites

Sample | Locations
Species | Metal | Total metal concentration (ng/ml)
n
‘ Sharia elneel Ombada Kadro
Ficus Pb | 0.4 | 0.4 !‘ 0.6 |
Zn | 0.3 0.3 0.4 |
G | 0.9 0.007 | 0.003
Neem | Pb | 0.3 ) 0.6 | 0.5 |
Zn 0.4 S s U 0.5
| Cd 0.1 | 0.002 : 0.005 |
| | |
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Conclusion

Air  pollution mvolves the loss of resources, degrades the
environment, and destroys health, Methods presently known to control
pollution cost money, time and effort.

The results of lead, Zinc and Cadmium concentration in plants green
leaves of Ficus and Neem showed metal pollution from automobile
emission and other incinerations are not vet a threat to human. animals and
plants health in Khartoum State (Sudan).

But, we have keep aware of environment. the development of new
technology necessary for really adequate control of pollution carries a high
price.

Nevertheless, it appears that we really have no choice but to pay the
necessary price in any currency and iconvenience.

The challenge now facing human 1s to fight pollution and how to
protect the environment at present and tomorrow from rapid change. Not
being able to predict the direction and extend of changes 1s difficult for any
individual to accept, but it seems clear that the pace at which it occurs will
be decided primarily by changes in industrial technology.

In last decades of last century, advances in industry and technology
have altered the way human behave and the manner m which 1s thought to
bring a head their environment.

Pollution problem remams the keystone. I any thing, 1t 1s more
important than ever as a vehicle for stopping pollution, for simple reason
that 1t means in human life. Moreover, i1t is significant and more effective
on earth and universe as whole. What follows 1s a result of human

existence and development.



Recommendations

To announce strict air quahty standards. to go mto effect in last
century. In part, these standards have been postponed several times and at
the present time they are still not fully n effect.

The standards establish limits for the amount of SO, ., SOs;,
particulate matters and hydrocarbons, CO, Photochemical oxidants. heavy
metals and NO, NOs that can safely exist in the air.

Full enforcement of the lmuts would undoubtedly cause a large
umber of changes, such as closing some sections of large cities to
automobile traffic at certain hours. a greater use of public transportation
and car pools, and very significant changes m fuels used by electric
generating plants and other industries. Hence. there has been considerable
controversy.

To bring healthy and cleanmg to our atmosphere, some
recommendations have to be headed and activated:

e Priority for sufficient vehicles: we have to allow the sufficient
vehicles to use the roads and only those vehicles, which were found
to cause the huge pollution, have to be forbidden.

e Lead-Free Petrol: i1t 1s safe and health-supporting to use petrol.
which is recently modified to safe the environment. Petrol of Sudan
must be lead-free petrol so as to safe ar, soil and water from bemg
polluted by deposited Pb and other metals.

e Plantation: by increasing the number of plants on roadsides and
round residential and industrial areas. we can refresh air and ensure

soil with few metals that contaminate ecosystems.




Agriculture and Industry: it 1s better to builld mdustrial arcas i far
distal sites from residential and agricultural areas.

Town Planning: when the cities and towns were planned and
constructed, this keep flow of air and ensure rapid cyele of smoke,
fumes, fogs and other wastes to outside the atmosphere, besides

avoidance of crowd-ness.
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