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Abstract

The aim of the current study was to determine the metallic concentration of maize of irrigated
versus rain fed and soil of irrigated versus rain fed and the water used for irrigation. This is to
investigate the influence of irrigation on the concentration of heavy metals in the maize grains
and soil. This was done by comparing with rain fed farms. The concentrations of copper (Cu),
zinc (Zn), chromium (Cr), nickel (Ni), and lead (Pb) in acid digested sample were determined
using flame atomic absorption spectrometry. A composite purposive sampling method was used
to collect samples from sample site of ziway city, Ethiopia. Microsoft Excel was used for
Descriptive statistical analysis of the results and one way ANOVA was employed to compare the
mean difference of heavy metals concentration between irrigated and rain fed. In maize samples
(rain fed and irrigated maize) the mean concentrations of Pb, Cr, Ni, Cu and Zn were (0.42 —
1.25) for rain fed and irrigate maize, (not detected (nd) — 0.42) for rain fed and irrigated maize,
(0.62 —0.93) for rain fed and irrigated maize, (10.8 — 12.3) for rain fed and irrigated maize and
(20.23 — 24.3) for rain fed and irrigated maize. In soil samples mean concentration of Pb, Cr, Ni,
Cu and Zn were in the range of (9.46 — 12.36) for rain fed and irrigated, (4.4 — 5.36) for rain fed
and irrigated, (4.3 — 6.4) for rain fed and irrigated, (56.4 — 66.3) for rain fed and irrigated and
(74.26 — 86. 35) for rain fed and irrigated. The mean concentrations of metals in water used for
irrigation were (mg/L) of Pb (0.24), Cr (0.065), Ni (0.051), Cu (1.23) and Zn (0.92) in the
irrigated water samples were above the limit set by US EPA (2004). The study show that
irrigated (maize and soil) contained higher concentration of heavy metals and were above the
limit set by US EPA which show that it was contaminated and would be unsave for human
consumption.

Keywords: Atomic absorption, Heavy metal, Irrigation, Safe limits, Soil, Maize,
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1. INRODUCTION

1.1 Background of the study
Cereals are the important crops that serve as staple food for most people in Ethiopia and the main

source of food in many countries. Generally speaking, cereals are necessary for a healthy diet
and nowadays a daily consumption between 4 and 6 portions of cereals derived products is
recommended due to their content in fiber, trace minerals and vitamins, which are supposed to
prevent various diseases[1]. Maize among one of the most commonly cereals in Ethiopia .Since
all items made from maize and cereals in generals are high in carbohydrates, they form the
foundation of a diet that is both well-balanced and healthful which explains why this particular

food group is so important to us[2].

Maize is extensively grown as a cereal grain that was domesticated in Central America[3]. It is
one of the most versatile emerging crops having wider adaptability. Globally, maize is known as
queen of cereals because of its highest genetic yield potential [4]. Maize is the only food cereal
crop that can be grown in diverse seasons, ecologies and uses [5]. Beside this maize have many
types like normal yellow/white grain, sweet corn, baby corn, popcorn, waxy corn, high amylase
corn, high oil corn, quality protein maize, etc. Apart from this, maize is an important industrial

raw material and provides large opportunity for value addition [4].

Maize is one of Ethiopia's most significant cereal crops and about 9 million farmer produce
maize and maize production was about 6 million tons annually [6]. Maize is the cheapest source
of calorie, providing16.7 % of per capita calorie intake nationally and thus maize is crucial crop
for global food security [6].Maize Cereal is needed for balanced healthy diet. It is an essential
energy sources because, it is rich in carbohydrates and protein nutritional compositions. In the
last time it was mainly cultivated to use as food for human being and animals. In addition,
maize is very well known as a model crop for plant breeding methodology. When present in
small amounts, heavy metals are metallic elements with a relatively high density that are
hazardous or dangerous [7].Heavy metals are naturally occurring elements, and are present in
varying concentrations in all ecosystems. There are a huge number of heavy metals. They are
found in elemental form and in a variety of other chemical compounds [7]. Those that are

volatile and those that become attached to fine particles can be widely transported on very large



scales. Each form or compound has different properties which also affect what happens to it in
food web, and how toxic it is. Human activities have drastically changed the biochemical cycles

and balance of some heavy metals [8].

The combustion of fossil fuels and gasoline, waste incinerators, mining, and smelters are the
primary human sources of heavy metals [9].There are several ways in which heavy metals can
enter in to food chain. They can be absorbed from soils by plant roots or deposited on plant leaf
surfaces by airborne particles or aerosols [10]. Furthermore, heavy metals have accumulated in
the soil can spread to the different crops when grown as a result of long term - irrigated with
waste water resulting in higher levels of contamination with concentration higher than

maximum allowable limit [10].

The major heavy metals of concern to mercury ( Hg), cadmium (Cd )and lead (Pb), because
they are the most toxic and have known serious effects [9].High levels of heavy metal exposure
in the environment have been connected to kidney damage and several malignancies. For
example, some like Cd, Pb and Hg are major contaminants of food supply and may be
considered the most important problem to our environment while others like iron (Fe), zinc (Zn)
and copper (Cu) are essential for biochemical reactions in the body. The uptake and effects of
pollutants in plants, animals, and humans are closely related to their micronutrient intake. The
properties of the soil and the capacity of plants to accumulate specific metals selectively have an
impact on the content of vital elements in plants [8].

1.2 Research gap
The Ethiopian Rift Valley is among the government’s target areas for agricultural intensification

where there are large, commercial agricultural investments such as tomatoes, potato, cabbage,
maize etc in addition to smallholder farmers. Among other things, small-holder farmers in Batu
(Ziway) use irrigation to grow maize. Many flower farms, vegetable irrigation systems, and other
agricultural practices that are susceptible to agrochemical pollution, particularly due to the
intensive use of pesticides and fertilizers [11].The irrigated activity rely on lake Denbel and the
irrigation is practiced around the lake shore. The lake is susceptible to environmental pollution
(soil, air, water, and food pollution), due to the closeness of the irrigation activities of
commercial farmers intensive use of fertilizers, herbicides, and insecticides. Several studies have

reported on heavy metal concentrations in tomato samples in the different parts of the world



using different techniques. Some studies were also carried out in Ethiopia on the levels of
essential and non-essential metals. However, there are limited reports in the literature on the
influence of Lake Ziway irrigation on heavy metals in maize grain of farms in Adami Tullu
Woreda, Oromo Region, Ethiopia. Hence this study is intended to determine the levels of toxic
heavy metals, Ni, Pb, and Cr and other essential elements such as Zn, and Cu in were

investigated in maize grain and soil from irrigated farm in vicinity of Lake Ziway.

1.3. Objectives of the study

1.3.1 General objective
The main objective of this study is to determine the concentration of heavy metals (Pb, Cr, Ni,

Cu, and Zn) in maize grown by irrigation using Lake Ziway.

1.3.2 Specific objective
To investigate the influence of Lake Ziway irrigation on the concentration of heavy metals (Pb,

Ni, Cr, Cu, &, Zn) in maize grain and comparing it with that of maize grown in rain fed farms

To investigate the influence of Lake Ziway irrigation on the concentration of heavy metals (Pb,

Ni, Cr, Cu, &, Zn) in soil by comparing with rain fed farms.
To determine the level of heavy metals Pb, Ni, Cr, Cu and Zn in water used for irrigation.

1.4. Scope and Limitation of the Study
The main aim of this study was to determine the levels of some selected heavy metals (Pb, Cr,

Ni, Cu and Zn) in Maize, Soil and water around Adami Tulu or Batu district. The level of heavy
metals in Maize, Soil and water sample were collected from East Shewa zone Oromia region
around Adami Tulu district were analyzed by using Flame Atomic Absorption spectroscopic.
The study focused on maize grain sample, water sample and Soil sample. Due to time and
financial problems, this study was conducted with lower number of sample than required that

consider different type of soil in selected locality

1.5. Significance of the study:
Maize crops are good source of nutritive values (protein, carbohydrate, crude fiber, crude oil, ash

content and moisture content) minerals and vitamins for human beings and animals. This study
would provide some information on the concentration of selected heavy metals of maize sample,

soil sample as well as and water sample. Consuming the cereals contaminated with heavy metals



has different effects on human health; therefore, monitoring contamination of heavy metals
would provide the timely information to avoid unnecessary risk. So, the generated analytical data
and information on the maize grain and soil samples cultivated around Adami Tulu district could
be used as baseline information for future research in related various field in Ethiopia [12].



2. REVIEW OF LITERATURES

2.1 Maize Production in Ethiopia
Maize (Zea mays spp.) is one of the most important cereal crops worldwide, cultivated under

several conditions and for numerous purposes, including food, feed, and bio fuels [13]. Maize is
the second most widely cultivated crop in Ethiopia and is grown under diverse agro-ecologies
and socioeconomic conditions. It is mostly grown during the meher growing season, which
depends on rainfall from May to September [14]. Maize has expanded rapidly (in terms of both
area and production) and yield has also shown an increasing trend. About 70% of maize
production concentrates in Oromia and Amhara regions [14]. With increased productivity,
maize has already spread to new regions (such as west and east Gojam) where it was previously
not widely recognized Since the introduction of suitable highland varieties like BH660 (bako
hibride), Jibat, and Wonchi, maize has also expanded into previously unexplored agro
ecological areas, including the highlands of Ethiopia. Corn had a beneficial effect on the
decrease of poverty in many regions of the nation after a notable improvement in productivity
due to the wise investment in improved seeds and chemical fertilizers to boost maize production

and productivity [15].

Ethiopia comes in fifth place when it comes to the area used for maize cultivation, but it comes
in second place, right after South Africa, when it comes to prospective output [16]. Among the
most significant crops grown domestically, maize accounts for 30% of total production and
18.5% of the total land used for grain crops. Comparatively, teff occupies 24.3% of the land but
produces only 17.2% of the grain. In comparison to 2005, the number of producers, the area
allotted, the production and productivity were 44.1% ,55.2%, 184.5% and 82.5%, respectively.
The agro commercial clusters (ACC) program has resulted in a 12.8% increase in average

country-level maize production [17].

Although there have been a few better varieties of maize published, Ethiopian farmers grew
mostly native, low-yielding, tall-growing types prior to 1992, which is why the country's maize
productivity was poor in the early 1990s [14]. Adoption of improved maize varieties was

noticed from 1993 onwards following the release of improved maize hybrids (BH140 in 1988



and BH660 in 1993). Maize agronomic research was also initiated shortly after the release of
the new maize varieties. Several maize agronomic recommendations were developed for
different locations. The recommendations include optimum plant density and optimum fertilizer
rates, which are key determinants of maize productivity. However, the extent to which farmers
are using these agronomic recommendations is not well known, since the maize yield gap is still
high in Ethiopia [17].

For example, there is not enough information on the actual amount of fertilizer rate that farmers
currently apply to maize, despite the fact that there are various recommendations at different
times regarding fertilizer, such as blanket and regional recommendations from the past two
decades or more and Ethio SIS(soil international system) map/soil based-test recommendations
as of late. Numerous studies have shown that farmers develop superior varieties of maize, but
it's unclear which kinds—hybrids or) OPV (open pollinated variety) are being widely grown

from the released types currently in use [14].

After rice and wheat, maize is the third-most important food crop in the world in terms of output
value and calorie intake [18]. Maize has a diverse form of utilization for human food and feed
and as a raw material for industrial processing. In Africa, a greater proportion of maize grains
produced are used for human food whereas industrial processing of the bulk of maize grains are
carried out in developed countries. With the lowest calorie content of all the major cereals, it is
the most affordable food grain that offers high-quality protein and energy. It is also a crucial
crop for Ethiopia's food security [19]. Food security is the major development agenda in
Ethiopia and maize is one of the major food sources for most of the Ethiopian population. It is
also one of the strategic crops considered in the national agricultural sector development plan of
the country. The role of maize in meeting the food security requirements of the population and
in promoting emerging agro industries will therefore continue to be important in the country.

Understanding the status and future outlook of maize is crucial [17].

2.2. Heavy Metals
Heavy metals are stable substances that the body is unable to digest. Their density is at least five

ti mes greater than that of water. Additionally, they are not biodegradable and may accumulate
in various human organs, potentially causing unfavorable side effects [12].

These days, heavy metals are a major environmental concern. These metals are hazardous to



both people and animals due to their tendency to bio accumulate in the food chain. When a
chemical’s concentration in a biological organism rises over time relative to its concentration in
the environment, this is referred to as bioaccumulation. Heavy metals' long-term environmental
persistence exacerbates the damage they represent to human and animal health [20]. Heavy
metals Cd, Hg, Pb and As have no known essential role in living organisms exhibit extreme
toxicity even at very low (trace) concentration and all have caused major health problems as a
result of environmental pollution. Heavy metals are present in all types of ecosystems. Their
existence is mainly due to anthropogenic sources such as industrial and agricultural activities
[21].

Heavy metals can either be deposited on the crop's surface or they can be absorbed by the roots
and integrated into the plant tissues' edible portions. If heavy metals are deposited on the
surface, they may usually be removed by washing before eating, although bio-metal
accumulation is a serious hazard and is challenging to eliminate. The main cause of the buildup
of heavy metals in crops is irrigation with sewage water effluent. Extended use of sewage water
for irrigation can lead to alterations in soil quality and prolonged sustenance of trace element
inputs. Metals are absorbed by maize plants through deposits on various sections of the plant
and from polluted soil s [22].

2.2.1 Chromium
Chromium (Cr) is the 21° most abundant element, by weight, in the Earth's crust. Any element in

groups 3-12 of the periodic table that is in the d-block is referred to as a transition element or
transition metal [23]. It is the first element in group 6. It is a steely-grey, lustrous, hard, and
brittle transition metal. Cr metal is valued for its high corrosion resistance and hardness. A major
development in steel production was the discovery that steel could be made highly resistant to
corrosion and discoloration by adding metallic chromium to form stainless steel. Stainless steel
and chrome plating (electroplating with chromium) together comprise 85% of the commercial
use. Health concerns with chromium are primarily related to hexavalent compounds owing to
their toxic effects on humans, animals, and microorganism [24]. Medical warning was issued that
inhalation of dust containing Cr in high oxidation states (IVV) and (V1) was associated with
malignant growth in there aspiratory tract and painless perforation in nasal spectrum among

trivalent and hexavalent states, being the most stable and common in terrestrial environments.
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Hexavalent Cr is the form considered to be the greatest threat because of its high solubility, its
ability to penetrate cell membranes and its strong oxidizing ability. Hence, Cr (V1) is more toxic
than Cr (1) because of its high rate of absorption on living surface. Because of its poisonous
qualities, it is one of the metallic elements whose maximum concentrations in the environment
are regulated by law. Numerous industries, including metal plating, leather tanning, and other
metallurgical processes, require chromium compounds [9].

The inadequate disposal of their wastes may give rise to concentrations above the natural
values. Food contains Cr at concentrations ranging from 10 to 1300 pg/kg Highest
concentrations have been found in meat, fish, fruit, and vegetables. Cr levels in soil vary

according to area and the degree of contamination from anthropogenic Cr sources [25].

2.2.2 Lead
Lead (Pb) is a heavy metal that is denser than most common materials. It is soft and malleable,

and has a relatively low melting point. When freshly cut, Pb is silvery with a hint of blue; it
tarnishes to a dull gray color when exposed to air. Pb is the element with the greatest atomic
number among all stable elements, and it ends three major chains of heavier element decay [26].
According to the covalent index, Pb belongs to a small class of elements that can only be
described as poisonous. This class includes some metals and metalloids. Widespread use has
caused extensive environmental contamination and health problems in many parts of the world.
Pb is a cumulative toxicant that affects many bodily systems. It is a byproduct of human activity
and is present in the earth's crust at low levels. And they have no known level beneficial effect in
body. Pb can get into our body when we breathe Pb contaminated air [7]. Pb is one of the most
toxic heavy metals found in the environment and has become the most widely distributed toxic
heavy metal in the urban environment as a result of its extensive use as antiknock additive in
gasoline in the past [27]. Consideration of Pb intake by man must take into account other routes
in addition to ingestion in food. Pb concentrations in the air change according to the level of
industrial pollution and urbanization. As a result, when breathing in Pb, some of it is
subsequently absorbed by the body. Similar to this, Pb amounts in drinking water might vary
depending on where you live. Hence, the amount of Pb ingested from food, water, and the air
varies, and their relative contribution to the total amount of Pb absorbed in the body relies on the
percentage of lead the body retains from each source. People are exposed to a variety of

pathways. These exposures could be brought on by breathing in ambient Pb in the air [2].



2.2.3 Nickel
Nickel (Ni) is one of the essential elements found in abundance in the earth’s crust occurring at

an average concentration of about 75ug/g. It is a metallic element in the periodic table's group
VIII B [27]. It is a nutritionally essential trace metal for at least several animal species, micro-
organisms and plants [28]. Ni is an essential trace element in animals, although the functional
importance of Ni has not been clearly demonstrated. It is considered essential based on reports of
Ni deficiency in several animal species. In humans, essential component of the haemopoietic
process, and play important role in physiological processes as a co-factor in the absorption of
iron from the intestine. Additionally, Ni has been linked to decreased body weights, noticeably
faster heartbeats, and decreased liver weights. Moreover, Ni compounds are carcinogenic when
inhaled, primarily from occupational exposures [7]. Accumulation of Ni and Ni compounds in
the body through chronic exposure may be responsible for a variety of adverse effects on the
health of human beings, such as lung fibrosis, kidney and cardiovascular diseases and cancer of
the respiratory tract [29]. The effects of nickel exposure vary from skin irritation to damage to
lungs, the nervous system, and mucous membranes. It is also a known carcinogen. Ni deficiency
is manifested primarily in the liver; effects include abnormal cellular morphology, oxidative
metabolism, and increases and decreases in lipid levels. Decreases in growth and hemoglobin
concentration and impaired glucose metabolism have also been observed. The essentiality of Ni
in humans has not been established. Ni compounds are known carcinogens in both human and
animal models. There are two primary ways that Ni enters the environment: natural processes
like the weathering of rocks, minerals and geochemical emissions, and man-made processes like
industrial and vehicle emissions. An estimated 330,000 tons of Ni are released into the
atmosphere annually worldwide, with roughly 150000 and 180000 tons coming from
anthropogenic and natural sources, respectively [7]. Ni particles in the air settle to the ground or
are taken out of the air in rain. Much of the Ni in the environment is found in soil and sediments
because Ni attaches to particles that contain iron or manganese, which are often present in soil
and sediments. This is reflected in its abundance in the earth’s crust as oxides, carbonates,
silicates with iron, magnesium and as sulphides and arsenides. Ni salts are soluble and can occur

as a leachate from Ni bearing rocks [30].



2.2.4. Copper
Copper (Cu) occurs naturally in ores. It is found mostly as sulphides in igneous rocks. Samples

from the Kearsage flows, Greenstone, and Michigan show that it is mostly present as sulphides
rather than mixed with silicates.

It is most prevalent in minerals containing ferrous iron. From Cu sulfide and oxide ores, copper
is extracted as a principal ore product [31]. Cu is released into the environment through mining,
agriculture and industrial activities. A wide range of products, including fabrics, coatings that
prevent fouling, electrical conductors, plumbing fittings, pipelines, coins, cooking utensils, wood
preservatives, fungicides and insecticides, and Cu sulfate fertilizers, are made with copper [11].
Cu and Cu alloys have been widely used in light industry, machinery manufacturing, building
industry, defense industry and other fields in recent years, especially in the electronic industry,
because of its popular price, good electrical and thermal conductivity. Actually, with the
development of electronic information industry, more and more requirements are put forward for
Cu and Cu alloy materials, in especially, high strength and high conductivity. High strength and
high conductivity of Cu alloys are contradictory [32]. Sensitivity to the toxic effects of excess
dietary Cu is influenced by its chemical form, species, and interaction with other dietary
minerals. Many levels can cause symptoms of acute toxicity, including nausea, abdominal
discomfort, diarrhoea, haemoglobinuria and/or haematuria, jaundice, oliguria/anuria,
hypotension, coma and death. Histopathological effects have been observed in the
gastrointestinal tract, liver and kidney. Information regarding Cu chronic toxicity is scarce.
However, aside from those who have Wilson's disease, Cu does not seem to pose a cumulative
hazardous risk to humans. It is not believed that Cu is carcinogenic, mutagenic, or affects
reproduction [33].

2.2.5 Zinc
Zinc(Zn) is a naturally occurring element found in the earth surface rocks. Because of its

reactivity, metal is not found as the free element in nature. There are approximately 55
mineralized forms of Zn. The most important Zn minerals in the world are sphalerite (ZnS),
smithsonite (ZnCO3), and hemimorphite Zn4(Si,07)(OH).H2O. The periodic table features two
common oxidation states for Zn: Zn(0) and Zn (+2). Zn is found in Group I1B. Zn can be found
in many various forms, including zinc oxide, zinc sulfate, and Zn chloride. Small quantities of

Zn can be found in practically all igneous rocks. The main ores of Zn are sulfides, like wurzite
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and sphalerite. An estimated 1-300 mg/kg of Zn is naturally present in soils [34]. Zn is an
essential element for people, animals, plants, and microorganisms. It is also necessary for the
immune system to operate properly and for appropriate brain activity. Nevertheless, increased
concentrations of Zn in the body can have a detrimental effect on human health. Study has
indicated that an elevated consumption of Zn within the body may result in a deficit of Cu in the
li ver, serum, and heart, as well as a reduction in Cu metallo enzyme activity. Zn is aubiquitous
metal present in the environment, naturally most rocks and many minerals contain Zn which can
be used for the zinc industry. Anthropogenic sources are mining, Zn production facilities, Fe
and steel production, corrosion of galvanized structures, coal and fuel combustion, waste

disposal and the use of Zn containing fertilizers and pesticides [35]

2.3 Source of Heavy metals

2.3.1. Fertilizers
Historically, the first significant human impact on the land was from agriculture. Plants require

both micronutrients (Co, Cu, Fe, Mn, Mo, Ni and Zn) and macronutrients (N, P, K, S, Ca, and
Mg) to grow and complete their life cycle. Certain soils lack these micronutrients that are
necessary plant growth; they can be added to the soil or sprayed on crops [2]. Large quantities of
fertilizers are regularly added to soils in intensive farming systems to provide adequate N, P, and
K for crop growth. The compounds (DAP, Urea, UAN and ammonia) used to supply these
elements contain trace amounts of heavy metals (e.g., Cd and Pb) as impurities, which, after
continued fertilizer, application may significantly increase their content in the soil. Metals, such
as Cd and Pb, have no known physiological activity. Application of certain phosphatic fertilizers
inadvertently adds Cd and other potentially toxic elements to the soil, including F, Hg, and Pb
[36].

2.2.2 Horticulture Industry

Horticulture industry is major potential source of pollutions. Industries in the area, depending on
their process, might release metal containing waste water or air emissions. Factories processing
using-containing chemicals are specially suspected. Intensive horticultural practices over the
twentieth century, coupled with growing greenhouse production, have dramatically increase
pollution on the horticultural landscape. Land and soil degradation caused by erosion (wind and
water), organic matter decline, compaction, salinization, reduced fertility and pollution all have
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the potential of environmental mismanagement within horticulture. This in turn leads to

degradation and as a result impede on the biosecurity of future production [37].

2.3.3 Pesticides
Humans use pesticides to kill or discourage species (pests) that pose a threat to our health and

well-being, the health and well-being of our pets and animals, or that harm crops [38]. Several
common pesticides used fairly extensively in agriculture and horticulture in the past contained
substantial concentrations of metals. Some pesticides which contain heavy metals are
Methamidophos and Imidacloprid. For instance in the recent past, about 10% of the chemicals
have approved for use as insecticides and fungicides in UK were based on compounds which
contain Cu, Hg, Mn, Pb, or Zn. Examples of such pesticides are copper-containing fungicidal
sprays such as Bordeaux mixture (copper sulphate) and copper oxychloride [2]. Lead arsenate
was used in fruit orchards for many years to control some parasitic insects. Arsenic-containing
compounds were also used extensively to control cattle ticks and to control pests in banana in
New Zealand and Australia, timbers have been preserved with formulations of Cu, Cr and Mn.
There are now many derelict sites where soil concentrations of these elements greatly exceed

background concentration [39].

2.3.4. Polluted water
Polluted Water is one of the major today's environmental problems. Among the natural resource

water is the most vulnerable in terms of pollution. Water can be polluted by following factor:
industrialization (Horticulture industry), pesticides and fertilizers, sewage and others. Polluted
water and water sources have intolerable smell and contains less flora and fauna [2]. Large
quantity of domestic sewage is drained in to lake and most of the sewage is untreated. Domestic
sewage contains solid waste, toxicants, bacterial contaminants and these toxic materials causes
pollution. Different industrial waste that is drained in to lake without treatment is also one of the
main causes of pollution. Water pollution is one of major significant for the health of all living
organisms; especially mankind. When water is polluted, it becomes unsafe for human
consumption because the water contains dangerous or toxic substances and disease-causing

bacteria and organisms [36].
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Table 1 Maximum permissible in mg/L of toxic and /or disease-cause in drinking

water
Substance Health Canada EU Standard
WHO

copper 2 1 2

Zinc 3 5 --

Nickel 0.07 0.02
Chromium 0.05 0.05 0.05

Lead 0.01 0.005 0.01

2.4 Heavy metal pollution in Ethiopia
Heavy metal pollution has grown to be a serious worldwide issue, particularly for African

nations like Ethiopia were disposing of waste is a big issue. Even while heavy metals are
naturally present in soil, human activities like mining, urbanization, industrialization, and
agriculture (which uses pesticides and fertilizers) greatly increase the amounts of heavy metals in
the environment [2,36]. The use of agrochemicals, untreated or partially treated industrial
effluent disposal, urban waste, and fast industrialization and urbanization have all contributed to
Ethiopia's alarmingly high pollution levels, which are causing rising metal levels and declining
agricultural soil quality [40]. At present, agricultural soils in Ethiopia are becoming increasingly
polluted with heavy metals, especially, in urban centers. The dominant heavy metal pollutant
sources in Ethiopian agricultural soils are irrigation with rivers/streams laden with industrial
effluents and application of fertilizer and pesticides [40]. In addition, the environment has been
negatively impacted by the alarming rise in heavy metal population, agricultural transformation,
rapid urbanization, mechanization, and sewage pollution. Currently, migration from rural to large
cities causing rapid expansion of urban towns, informal settlements, and imbalance of
infrastructure cause contamination of surroundings and key health problems in Ethiopia.
Accordingly, unplanned urbanization and industrialization in Ethiopia have had a negative

impact on diversity of and wildlife [41].

2.5 Effect of irrigation with polluted water on crop and soil
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The probability of occurrence and magnitude of the negative effects of wastewater pollutants on
soil and crops vary depending on the concentration, solubility and toxicity of pollutants, climatic
conditions, rate and frequency of application of wastewater as irrigation water, type of crop and
expected productivity, initial soil properties, level technological and socio-economic status of
farmers. The various techniques available for the application of irrigation water help to reduce or
minimize some of these negative effects [42].

The results of this study has shown the effects of irrigation with wastewater on growth and yield
of maize crop, on soil properties and the effect on enrichment and bio accumulation of nutrients
and metals in soil and maize crop[43] . Growth and yield characters of maize crop were not
improved as a result of irrigation with wastewater; the high concentration of trace metals in
wastewater affected ultimately by lowering the growth and yield when irrigated by wastewater
and as compared to rain fed farm crop. The effects could be attributed to higher accumulation of
micronutrients and macronutrients in soil and plant, when the mean values were not highly
significant as indicated by the present study as compared to rain fed maize grain. Bio-
accumulation factor values were high with wastewater grown crop, whereas lowest Bio-

accumulation factor values were found for rain fed site [42,43 ].
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3. MATERIALS AND METHODS

3.1. Experimental site
The study was conducted on farmland of Tulu kebele in the vicinity of Lake Ziway. Lake Ziway

basin is about 150 km south of the capital city, Addis Ababa. The town of Ziway (recently
named Batu) is situated on the lake’s western shore. The altitude of Lake Ziway is approximately
1636 m above sea level(masl), with a maximum water depth of 4 m, a total basin area of about
7300 km2 (Figure 1) and a lake volume of 1.5 million cubic meters .Most of the basin is
characterized by low to moderately undulating topography but bounded by a steep slope and
abrupt faults in the eastern and southeastern escarpments, ranging from 4200 to 1600 masl
(Figure 1). Lake Ziway Basin experiences the monsoon agro-climate zone characteristics. The
mean annual rainfall of the basin spatially varies from 500 to 1150 mm, with a noticeable
temporal variation at a monthly time scale. The mean annual temperature ranges from
approximately 15°C for the highlands to 25°C close to the lake[44].
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Figure : 1The Map of the study area

3.2. Sample of Collection
Samples of maize (irrigated and rain fed) 1kg of each were collected from Tulu kebele, around

Batu (Adami Tulu). Sampling of maize was done randomly from two farmland site (irrigated site
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and rain fed site) each farm land site has three sample size within these local areas. All the
samples were collected and stored in polyethene bags according to their type and was brought to

Hawassa University Research Laboratory for preparation and pretreatment.

Samples of soil (irrigated and rain fed) 1kg of each were collected from 0.30cm depth from the
same site where the maize were collected at Tulu kebele, around Batu (Adami Tulu). The soil
sample was done randomly from two farmer site (rain fed farm and irrigated farm) each have
three samples with total of six samples within these local areas. All the samples were collected
and stored in polyethene bags and were brought to Hawassa University Research Laboratory for
preparation and treatment [11].

Samples of water (irrigated) 1 L of each were collected from three place at lake Ziway. All the
samples were collected and stored in polyethene plastic bottle and were brought to Hawassa
University Research Laboratory for preparation and treatment.

3.3 Reagents and Materials

The Reagent used in the analyses were HNO3 (69%), HCI (37%), HF, HCIO,, dionized water and
H,0, (30%) were used for the digestion of maize samples, soil and water samples. Stock
standard solutions containing 1000 mg/L of the metals Cr, Ni, Cu, Zn, and Pb from which 10
mg/L of intermediate standard obtained were used for preparation of calibration standards of
each metal. Double distilled water was used for dilution, cleaning and for preparation of all

solution throughout the laboratory work.

The apparatus and instruments were used in this study include: polyethylene bag, glass
bottles, plastics, funnel, beakers ¢ different sizej, electronic balance, flasks of different size,
measuring cylinder, round bottom flask, Whatman filter paper, equipped with deuterium
background corrector and air-acetylene flame atomizer was used for analysis of the selected
metals (Cr, Ni, Cu, Zn and Pb. All glassware, which was used for laboratory work were washed,
with liquid soap, rinsed with water, soaked in 10 % nitric acid for 24 hrs, cleaned thoroughly

with distilled water and dried in such a manner to ensure that any contamination do not occur.

3.4 sample pre-treatment
The collected maize samples was first washed with tap water to remove dust and any items

adhering to the surfaces. The washed samples were dried in open air on paper for about 2 hrs to
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eliminate excess moisture. The sample was weighed, dried in an oven at 105 °C for several hours
and reweighed until constant weight will be obtained. The dried samples were then ground in a
mortar and pestle and sieved with 1.5 mm sieve. The powdered sample was then placed in pre-
cleaned screw capped polyethylene container and stored in desiccators containing calcium

chloride to keep to constant dry weight till digestion.

3.5 Sample Digestion

5g of grounded samples was weighed and transferred to a clean crucible, which was labeled
according to the sample number and dry ashing process was carried out in a muffle furnace by
step wise increase of the temperature from 450°C up to 500°C and then left to ash at this
temperature for 5 hrs . After the ash was wetted with distilled water and treated with 2 mL of
concentrated HNOg3. Then the crucible was covered with watch glass and placed on hot plate.
The digestion was performed at a temperature 90°C for 1 h. The ash was dissolved in 5 mL of
9% HCI and digested again on hot plate until the white fumes ceased to exist and sample reached
to 2 mL. After cooling, 20 mL of distilled water was added and filtered using what man filter
paper. The filtered samples were diluted up to the mark of 50 mL standard volumetric flask. All

samples were prepared identically in triplicates [2].

Soil sample were mixed thoroughly to achieve homogeneity and sieved 0.5g of dried and
homogenized soil sample was were weighed by using electrical balance and placed into 50ml
refluxing flask. After that, 6ml of 68% HNO3 and 3ml 37% HCIO, of freshly (3:1 v/v ratio) were
added. The mixture was digested on reflux set up/ closed digestion apparatus at 200°C for 2hr
and kept to cool at room temperature. After cooling the digested sample were filtered through
what man No.42 filter paper. The filtered solution was transfer into 50ml volumetric flask by
adding 50ml of distilled water, and kept for metal analysis [11].

The water sample bottles were shaken thoroughly in their plastic containers by use of hand. A
VVolume of 100 ml of the sample was measured using a 100 ml volumetric flask and put in a
Conical flask and 5 ml of concentrated nitric acid was then added. The mixture was heated
slowly on a hot plate and evaporated to about 20 ml ensuring that the water did not boil. A
further 5 ml of concentrated nitric acid was added and the beaker was covered with a watch glass

while heating continued. Nitric acid continued to be added until the solution appeared light
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colored and clear. Lastly, 2 ml of concentrated hydrochloric acid was added and heated slightly
to dissolve any remaining residue. Few drops of hydrogen peroxide were then added to ensure
complete digestion had taken place. The solution was filtered and the filtrate was transferred to a
100 ml volumetric flask to cool and the filtrate was made up to the mark with distilled [45].

3.6 Operating Conditions of FAAS for Analysis of Metals
In this study a total of five metals for each maize, soil and water sample were analyzed using

Flame Atomic Absorption Spectroscopic (FAAS) with external calibration curve after the
parameters such as burner and lamp alignment, slit width and wavelength adjustment were
optimized for maximum signal intensity of the instrument. Five elements (Pb, Cr, Ni, Cu and Zn)
were analyzed by absorption mode of the instrument. The operating conditions of the instrument

employed for each analyte are shown in table 2.

Table 2: Instrumental Operating Conditions for Determination of Selected Metals
in Maize Sample Using FAAS

Metals Wave Slit width Lamp Energy | Instrumental
length (nm) current | (eV) detection
(nm) (mA) limit (mg/L)

Cr 357.9 0.7 2.0 2.712 | 0.040

Ni 3415 0.2 7.0 2.624 | 0.020

Cu 324.7 0.7 15 3.938 | 0.005

Zn 213.9 0.7 2.0 3.237 | 0.005

Pb 283.2 0.7 2.0 2.874 | 0.040

3.7 Instrument Calibration and Measurement of Selected Metals

Concentration
Determination of trace metals concentration was done using FAAS. Intermediate standard

solutions (10 mg/L) of metals of interest were prepared from the 1000 mg/L standard stock
solutions. These solutions were diluted to the desired concentrations to calibrate the instrument
(A 10 ppm multi-element solution containing Cr, Zn, Ni, Pb, and Cu was utilized to prepare
elemental calibration solutions).These intermediate standards were diluted with deionized water
to obtain four working standards of each metal. The same analytical procedure was engaged for

the determination of elements in digestion blank solutions.
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Table 3: Concentrations of the Standard Solutions Used to Begin Calibration
Graphs for the Determination of Metals in maize soil and water Samples

Analyte | Intermediate Standard Correlation
(metal) | Standard concentration | concentration in coefficient of
in mg/L mg/L calibration curve

in %

Cr 10 0.05,05,1,2 0.998

Cu 10 0.01,0.05,05,1 0.999

Ni 10 0.05,0.1,0.5,1 0.999

Zn 10 0.1,05,1,2 0.995

Pb 10 0.05,0.1,0.5,1 0.998

3.8. Data Analysis.
The significance of variation between samples of maize and soil were analyzed using one-way

ANOVA. From ANOVA Table the mean concentrations of all metals (Ni, Cu, Zn. Cr and Pb)
were analysis to assess significant difference (P < 0.05 at 95% confidence interval) between
maize of irrigated and that of rain fed and also soil of irrigated and rain fed.

3.9 Method validation
As it can be seen from Tables 4, 5, and 6 the mean percent recoveries for the studied metals in

the Spike sample ranged between 90 to 116 %. All the recovery values were within the
acceptable range of 80-120% for metal analysis [46]. The RSD values obtained for water, maize
and soil spike samples ranged from 0.99 to 11.28 % (Table 4 and 6), which was under the
required control limits <15% [47]. These results indicate that the proposed method was precise

and accurate.

Table 4: Recovery Values of Metals for the Analyzed water Samples

Metals | Conc. in Amoun | Concentration in % Recovery | RSD
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sample t added | spiked sample (mg/L)
(mg/L) (mg/L)
Pb 0.24 +0.1 0.34£0.01 110+ 10 9.09
0.01
Cr 0065 +£|0.1 0.15+0.01 90+ 10 11.11
0.02
Ni 0051 +£|0.1 0.14 + 0.005 102.3 +
0.01 11.54 11.28
Cu 1.23 +10.1 1.33+0.02 108.33 +|7.05
0.02 7.63
Zn 0.92 +]0.1 1.03 + 005 116 .66 +|4.94
0.02 5.77
Table 5: Recovery Values of Metals for the Analyzed maize Samples
Metals | Conc. | Amount Concentration | % Recovery | RSD
in added in spiked
sample | (mg/L) sample (mg/L)
(mg/L)
Pb 0.123 £ 0.1 0.223+0.002 | 100.33+£2.08 | 2.07
0.002
Cr 0.085 £ | 0.1 0.185+0.001 | 106.33+11.8 | 11.14
0.002 4
Ni 0.093 + | 0.1 0.194+0.001 |101.66 +|1.50
0.0015 1.52
Cu 121 +|0.1 1.35+0.001 102.3+1.57 | 1.49
0.01
Zn 243 +]0.1 2.52+0.01 110+ 10 9.09
0.01

Table 6: Recovery Values of Metals for Analyzed soil Samples

Metal

Conc.

in | Amount

Concentration

in| %

RSD
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S sample added spiked sample | Recov
(mg/L) (mg/L) (mg/L) ery

Pb 012 + 0.1 0.22 +0.001 101.6 |1.51
0.001 +1.52

Cr 0.050 + 0.1 0.151 £ 0.002 99.2 +|2.02
0.001 2.01

Ni 0.063 + 0.1 0.163 £ 0.001 99.3 +|1.53
0.002 1.52

Cu 0.663 = 0.1 0.764 + 0.001 101.1 | 0.99
0.001 +1.1

Zn 0.863 + 0.1 0.964 £ 0.001 100.66 | 1.14
0.0015 +1.15
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4. RESULTS AND DISCUSSION

4.1 Physicochemical Characteristics of soil and sample water used for
irrigation

Physico-Chemical Analysis of water and soil sample is essential to have full information about
any kind of water and soil system. Selection of parameters for testing of water and soil is solely
depends upon for what purpose we going to used that water and soil and what extent we need its
quality and purity. Assessment and control of irrigation water quality depend upon physico-
chemical properties like pH and electrical conductivity (EC). These are used to know the status
of water whether it is fit or unfit for different purposes.

Table:7 Physical characteristics of water used for irrigation and soil were

presented
Sample type Ph Conductivity (Ns/ cm)
Irrigation water 8.02 £ 0.015 0.921+ 0.002
Irrigation soil 52+0.1 102.2 £ 0.208

The pH of irrigated (soil and water) has a major effect on metal dynamics because it controls
adsorption and precipitation, which is the main mechanism of metal retention in soils as well as
water. As pH decreases, the solubility of cationic forms of metal in the soil and water increases
and therefore become more readily available to plants. The pH value for normal soil is 5.5-7.5,
but the pH value of these soil samples was found to be without this range (5.2). And Ph of

irrigated water recorded higher (8.02) than Ph of irrigated soil [48].

Electrical Conductivity of irrigated (soil and water); these values indicate the relative water-
soluble salt content of the soil. Electrical conductivity depends on the amount of dissolved
minerals and gives the ability of a substance to conduct an electric current at a specific
temperature (25 0C). The electrical conductivity of irrigated water was recorder 0.92Ns/cm while

the conductivity of irrigated soil was recorded 102.2Ns/cm [49]

4.2 Concentration of metals in maize of irrigated and rain fed farming
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Maize plant can absorb heavy metals from soil and water and accumulate in the maize grain. In
this study as shown in table 8 and figure 2 the higher content of Cu was obtained from irrigated
maize (12.3 mg/kg) and the lower concentration of Cu was found in sample of rain fed (10.8
mg/kg). The concentrations of Cu in rain fed maize (10.8 mg/kg) and in irrigated (12.3mg/kg)
were without significant differences (appendix 1). The content of Cu was with the standard
permissible set by WHO/FAO [50].

The higher content of Zn was obtained irrigated maize (24.3 mg/kg) and the lower concentration

of Zn was found in sample of rain fed (20.23mg/kg). The concentrations of Zn in rain fed (20.23
mg/kg) and in irrigated (24.3mg/kg) were without significant difference (appendix 1). The
concentration of Zn was with standard permissible limit of WHO/FAO recommended value for
daily and provisional tolerable weakly intake of 5 mg/L and 25 mg/L respectively [50].

The concentration of Pb was higher with the range (0.42 — 1.25 mg/kg). The higher value of Pb
was (1.25 mg/kg) obtained from irrigated maize sample and the lower content of Pb is found in
rain fed maize site (0.42 mg/kg). The concentrations of Pb in rain fed and in irrigated were
without significant difference (appendix 1). The concentration of Pb in both irrigated and rain
fed maize samples were slightly above from the permissible limit set by WHO/FAQ [50]. The
higher level of Pb in irrigated maize grain species is an indication of food toxicity to consumers.
The concentration of Cr in irrigated maize sample was 0.85 + 0.02 mg/kg while the
concentration of Cr in rain fed maize sample was not detected. The content of Cr was with the
standard permissible set by WHO/FAO [50].

The mean concentration of Ni contents in maize samples range from (0.62 mg/kg) to (0.93
mg/kg). The higher value of Ni was (0.93+ 0.01 5 mg/kg) obtained from irrigated site and the
lower content of Ni is found in rain farm site (0.62+ 0.01 5mg/kg). The concentrations of Ni in
rain fed and in irrigated were without significant difference (appendix 1). The concentration of

Ni was slightly above from the permissible limit set by WHO/FAO [50].

In general, the concentration order of metals in irrigated maize grain sample was found in order
of Zn > Cu > Pb > Ni > Cr and the concentration patter of metals in rain fed maize grain sample
was found in order of Zn > Cu > Ni > Pb. The mean concentrations of Pb and Ni detected in
maize were slightly higher than the limit set by the WHO/FAOQO [50], while the levels of Cu, Zn,
and Cr concentrations were within the standard [51].
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In Table 8 and figure 2 the concentration of metals in irrigated maize is higher than that of maize
of rain fed this might be the accumulation of metals from irrigated soil to maize. The soil used -
for irrigation might be polluted by different anthropological source and the discharge of waste

from different industries into water used for irrigation.

Table 8 Mean concentrations of metals (mean # SD, n = 3, mg/kg dry weight) in
maize of irrigated and rain fed

Sample Pb Cr Ni Cu Zn

Maize 1.25+0.01° [085+0.02 [0.93+0.15° [123+02° |243%0.2°
(irrigated)
Maize 0.42+0.01° |[ND 0.62+0.01° [108+0.1° |20.23+0.15
(rainfed)

WHO/FAO |0.3 2.3 0.1 73 99
permissible
limit
(Aderinola
el at 2012)
ND= Not detected

Mean values with same letter are not statically difference
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Figure 2: Level of heavy metals in maize of irrigated and rain fed

4.3 Concentration of metals in soil of irrigated and rain fed farms
Copper (Cu) is an essential micronutrient which functions as a biocatalyst, required for body

pigmentation in addition to iron, maintain a healthy central nervous system, prevents anemia and
interrelated with the function of Zn and Fe in the body. Most plants contain the amount of copper
which is inadequate for normal growth and is usually ensured through chemical or organic
fertilizers [52]. The mean concentration of Cu contents in soil samples range from (56.4 mg/kQg)
to (66.3 mg/kg). The higher value of Cu was (66.3mg/kg) obtained from irrigated sample site and
the lower content of Cu is found in rain farm site (56.4 mg/kg). There was no significant
difference on the values among of Cu concentration in two soil sample (appendix 2). Recent
study by Girma (2019) reported that the mean concentration of Cu in soils of Ziway area was
23.25 mg/kg, which have lower concentration value from this study.

Zinc (Zn) is an essential element for plants and animals similar to Cu, but only a small increase
in its level may cause interference with physiological processes. The presence of Zn seems to be

essential to neutralize the toxic effects of Cd [53]. The mean concentration of Zn in the digested
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soil sample ranges from (74.26 mg/kg to 86.35 mg/kg). The sample from irrigated soil was
resulted higher concentration (86.35 mg/kg) while the sample from rain fed soil had lower
concentration (74.26mg/kg). There was no significant difference on the values among Zn
concentration in irrigated and rain fed soil sample (appendix 2). The study conducted by Girma
(2019) the mean concentration of Zn in this area was 52.76 mg/kg, which lower than the present
study result.

Nickel is an essential trace element in animals, although the functional importance of nickel has
not been clearly demonstrated. It is considered essential based on reports of nickel deficiency in
several animal species. In humans, essential component of the haemopoietic process, and play
important role in physiological processes as a co-factor in the absorption of iron from the
intestine [54]. The Ni content of soil were range from (4.36 mg/kg to 6.46 mg/kg). Higher
concentration of Ni were obtained in irrigated soil sample area (6.46 mg/kg) while, lower
concentration of Ni was found in rain fed soil sample (4.36 mg/kg). The result showed that there
was no significant difference on the values of the concentration of Ni among the sites (appendix
2).The study conducted by Lelisa (2018) the mean concentration of Ni in this area was 8.2mg/kg,
which higher than the present study result.

Chromium (Cr) is a toxic naturally occurring element that may be released into the environment through
sewage and fertilizers [55]. The mean concentration of Cr contents in soil samples range from (4.4 mg/kg)
to (5.36mg/kg). Higher value of Cr was (5.36 mg/kg) obtained from irrigated sample site and lower
content of Cr is found in rain fed soil (4.4 mg/kg). The result showed that there was no significant
difference on the values of the concentration of Cr among the sites (appendix 2). Mean Cr concentration
(8.44 mg/kg) was reported by Hailu (2007) in this area which is higher than the present study(5.36mg/kg).
Lead (Pb) is a highly toxic heavy metal whose widespread use has caused extensive environmental
contamination and health problems in many parts of the world [56]. The Pb content of soil was range
from (9.46mg/kg to 12.36 mg/kg). Higher concentration of Pb were obtained in irrigated sample area
(12.36 mg/kg) while, lower concentration of Pb was found in rain fed soil sample (9.46 mg/kg). The
result showed that there was no significant difference one the values of the concentration of Pb among the
sites (appendix 2). The study conducted by Girma (2019) reported that the mean concentration of Pb in
soils around this area was 9.86 mg/kg, which have lower concentration value from this study. In general,
the concentration patter of metals in irrigated soil sample was found in order of Zn > Cu >Pb > Ni
>Cr and concentration patter of metals in rain fed soil sample was found in order of Zn > Cu > Pb> Cr

>Ni. The physiology of the various plants may determine the level of accumulation of heavy metals
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starting from up taking in soil to a preferential storage in the plant parts such as roots and leaves [57]. PH
level of soil can determine the mobility and uptake of heavy metals by plants. The reported slightly high
level of heavy metals in soils indicated that the irrigation water has been possibly contaminated by
anthropogenic sources. High level of heavy metals is due to rapid development Horticulture industry and
excessive use of pesticides and fertilizer. The bio-accumulative nature of these heavy metals in the human
body could bring a long-term health impact [20]. The current results showed that soils in which maize
were grown are contaminated by metals. Therefore, the exceeded value found in the maize parts is likely
the result of the contaminated soil.

4.4 Comparison of Heavy Metals in the maize and Soil Sample

Up on comparing the levels of metals in the maize and the growth media soil, Pb, Ni, Zn, Cr and
Cu were higher in the soil and maize grain. Therefore, these metals were taken up by the plants
significantly from the irrigation water applied. Mostly, the concentrations of essential and
nonessential metals were higher in soils than maize grain. This indicates that only a small portion
of soil metals was transferred to the maize and the root acts as a barrier to the translocation of
heavy metals within maize. The concentrations of all essential and non-essential heavy metals
were found to be higher in the soil sample than in the maize. This may reveal that the main
source of metal contents of maize was from their soil content which might be affected by
irrigation waste effluent, the environmental interferences like pesticides, fertilizers and other
additives that farmers used. Variations in transfer factor among the maize may be attributed to
differences in the concentration of metals in the soil and differences in element uptake by maize.

Table 9 Metals Mean Concentration in Soil (mg/kg) of irrigated and rain fed

Sample Pb Cr Ni Cu Zn

Soil (irrigated ) | 12.36+ 0.25% | 5.36 +0.15% | 6.46 +0.20* |66.3+0.1° 86.35 + 0.15°

soil (rain fed) |9.46+0.15°%|4.4 £0.2° 436+025% |56.4+0.1% 74.26 + 0.20°

Mean values with same letter are not statically difference
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Figure 3: Level of heavy metals in soil of irrigated and rain fed

4.5 Concentration metals in Irrigated Water
Concentrations of metals in the irrigation water samples collected from Lake Ziway are given in

Table 10 and Figure 4. The concentrations of all metals for the irrigated water obtained from
Ziway lake sources are detected. A relatively high concentration of Cu and Zn obtained from the
irrigated water which is used to irrigate the maize farms. Cu, Ni and Zn have mean concentration
lower than the recommended maximum level for irrigation WHO [58]. While the mean
concentration of Pb and Cr exceeds the maximum permissible limit set by EU Standard [59].
Elevated concentrations of heavy metals, especially Cr and Pb, will result in cancer risk when the
daily intake exceeds the recommended value [60]. In general, the mean concentration of metal in

irrigation water follows the order of Cu>Zn>Pb>Cr>Ni. T

4.6 Comparison the concentration of heavy metal in irrigation water with soil
and maize
The concentrations of all essential and non-essential heavy metals were found to be higher in the

soil sample, maize and water sample. The maximum value (0.24mg/L) of Pb was obtained from
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irrigated water sample site and the minimum content (0.12mg/L) of Pb is found in soil sample
site. The study conducted by Girma (2019) reported that the mean concentration of Pb in irrigated
water around this area was 0.032 mg/L, which have lower concentration value from this study.
The concentration of Pb was slightly above from the permissible limit set by WHO [60].

The highest value (1.23mg/L) of Cu concentration was found from irrigated water sample and
the lowest concentration (0.66mg/L) of Cu was found soil sample. Recent study by Girma (2019)
reported that the mean concentration of Cu in in irrigated water of Ziway area was 0.036 mg/L,
which have lower concentration value from this study. The content of Cu was with the standard

permissible set by Healthy Canada [61].

The highest value (2.43mg/L) of Zn concentration was found from irrigated maize sample and
the lowest concentration (0.863mg/L) of Zn was found in soil sample. The study conducted by
Girma (2019) the mean concentration of Zn in in irrigated water was 0.23 mg/L, which lower
than the present study result. The concentration of Zn was with standard permissible set by WHO
recommended [58].

The highest value (0.093mg/L) of Ni concentration was found from irrigated maize sample and
the lowest concentration (0.051mg/L) of Ni was found in irrigated water sample. Mean Ni
concentration (0.01 mg/L) reported by Solomon (2019) was lower than the present study (0.051
mg/L). The content of Ni was with the standard permissible set by EU Standard [59].

The highest value (0.085mg/L) of Cr concentration was found from irrigated maize sample and
the lowest concentration of (0.05mg/L) Cr was found in irrigated soil sample. Mean Cr
concentration was reported by Hailu (2007) was not detected while the present study was higher
(0.065mg/L). The concentration of Cr was slightly above from the permissible limit set by WHO
[58].

Table 10: Metals Mean Concentration in irrigation water (mg/L)

Sample Pb Cr Ni Cu Zn

Water used for | 0.24 £0.01 | 0.065+0.02 | 0.051+£0.01 |1.23+0.02 0.92 +0.02

irrigation
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Figure 4 : Level of heavy metals in water used for irrigation

4.7 Data Analysis

The significance of variation between samples of maize of irrigated and maize of rain fed and
also soil of irrigated and rains fed were analyzed using one-way ANOVA. From ANOVA Table
the mean concentrations of all metals (Ni, Cu, Zn. Cr and Pb) were not showed significant
difference (P < 0.05 at 95% confidence interval) between maize of irrigated and that of rain fed

and also soil of irrigated and rain fed.
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5. CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion
The mean concentrations of Pb and Ni detected in maize at irrigated sites were slightly higher

than the limit set by the WHO/FAO, while the levels of Cu, Zn, and Cr concentrations were
within the standard. The mean concentrations of Pb, Cr, Ni, Cu and Zn in maize grain samples
were higher at irrigated sites than rain fed farms. The mean concentration of Pb, Cr, Ni, Cu and
Zn in the soils was also higher at irrigated sites than at rain fed sites. This may indicate the
influence of irrigation water, which might be affected from the surrounding herbicide and
fertilizer intensive agricultural activity. Similarly, the mean concentration of the studied metals
in maize was in the order metals Zn > Cu > Pb > Ni > Cr while in the irrigated soil samples of Zn
> Cu >Pb> Ni > Cr, and in the irrigation water Cu > Zn > Pb > Cr > Ni. The study indicates
that the water used for irrigation slightly serve as the potential source of the heavy metals in the
environment and the concentration of the heavy metals: Zn and Cu, are all far below the
maximum tolerable levels set by WHO but the values of Pb, Ni and Cr were slightly higher than

maximum tolerable levels set by WHO.

5.2Recommendation
Based on the result obtained the following recomendation were forwarded.

v" Monitoring of the levels of heavy metals in maize should be encouraged.

v Use of good agricultural practices under supervision for proper fertilizer, herbicides and
pesticides application.

v' Health science researchers are advised to launch additional assessment and
supplementary information on consumers who obtain or buy maize harvested from this
area.

v' Government and Non-Governmental Organizations should provide storage facility at
different locations to guard against spoilage..

v' The ministries of Public Health and Sanitation and that of Agriculture should come up
with health education programmes for the general population on the dangers of
consumption of crops grown in and around polluted Lake and waste disposal sites.

v The farmers growing edible crops around the site and other concerning bodies should be

advised to stop use of polluted water.
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Appendix 1 result for ANOVAs single factor

Table 11 analysis of anova for maize of irrigated and rain fed

Factor Sum of Df Mean F P value F critical
square square calculated
Pb Between | 0.0003 2 0.00015 | 0.00045 |0.99 9.55
Groups
Within 0.9925 3 0.3308
Groups
Total 5
2 0.0002 0.000412 | 0.99 9.55
Between | 0.0004
Ni Groups
Within 0.14415 |3 0.04805
Groups
Total 0.14415 |5
Between | 0.0133 2 0.006667 | 0.00043 | 0.99 9.52
Cu Groups
Within 3 1.52
Groups 4.56
Total 5
4.57
Zn Between |0.00823 |2 0.000411 | 0.0005 0.99 9.52
Groups
Within 24.69 3 8.232
Groups
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Table 12 analysis of anova for soil of irrigated and rain fed

Factor Sum of Df Mean F calculated | P value F critical
square square
Pb Between | 0.0025 2 0.01267 0.0003 0.99 9.55
Groups
Within 12.67 3 4.22
Groups
Tota 5
2 0.002867 | 0.006044 0.99 9.55
Between | 0.005733
Cr Groups
Within 1.42 3 0.4742
Groups
Total 5
Between | 0.000233 2 0.000117 | 0.00526 0.99 9.52
Ni Groups
Within 3 2.219
Groups 6.657
Total 5
Cu Between | 0.0133 2 0.00666 0.000134 0.99 9.52
Groups
Within 149.015 3 49.67
Groups
Total 5
Zn Between 0.001033 2 0.000517 | 0.0000007 | 0.99 9.55

Groups




Appendix 3 Calibration graph

2.1 Calibration graph of lead
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2.3 Calibration graph of nickel
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2.5 Calibration graph of zinc
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