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Abstract

Being at the top of the food chain, man is the main receiver of unwanted metals through vegetable consumption.
The situation is exacerbated in developing countries due to the lack of regulations where people consume
vegetables grown using polluted soil and water. Most of the research works conducted in Addis Ababa revealed
that the concentration of metals in vegetables reached toxic level and it was attributed, exclusively, to the
industrial sources. To investigate the impact of natural environmental changes, in the current work, vegetable,
water and soil samples were collected from the northern part of the city of Addis Ababa where there is no
industrial activities and Ziway area in the Main Ethiopian Rift. Ziway area was selected as a control point due to
its location, which is away from the industrial activities. Populated area and rural area were compared to
investigate for the concentrations of metals such as Cd, Cr, Pb and Zn, in soils, vegetables and irrigation water in
order to understand the magnitude of metals in the edible part of the vegetables. The results indicate that
vegetables that are grown in industrially free area of northern part of Addis Ababa, which are destined to the
domestic consumption, contain high level of metals that are generated from geogenic sources. Until recent days,
industrial pollution was attributed to be the main source of metals in the city’s irrigation water and irrigated
vegetables, however, natural sources are widespread in the city. It is presumed that long time consumption of
vegetables loaded with metals could pose health risk.
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1. Introduction

Heavy metals are elements that have relatively high density and are toxic or poisonous even at low
concentrations, but excessive levels can be detrimental to the organism (Hem, 1992).

The ecological crisis of environmental pollution has been blamed on different factors and one of the major
factors is the pollution due to metals in the environment. Natural and anthropogenic sources of soil
contamination are widespread and variable. Industrial and mining activities are the main antropogenic activities
that generate metals into the environment (Riewerts and Farango, 1996; Ustayak and Petrikova, 1996; Lacatusu
et al., 1996; Landberg and Greger, 1996; Verner and Ramsy, 1996; Lee et al., 2001; Jung 2001; Li ef al., 2001;
Breward, 2003; Sindenko et al., 2005; Getaneh and Alemayehu, 2006). Different studies indicate that natural
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sources of metals are related to geological and weathering processes, which releases them into soils (Hem, 1992;
Alemayehu, 2006). Klein (1972) has documented heavy metal contamination in soils, collected within the
industrial district in United States of America and compared it with non-industrial or nearly agricultural areas
and has reported that metals such as Silver (Ag), Cadmium (Cd), Cobalt (Co), Chromium (Cr), Copper (Cu),
Iron (Fe), Nickel (Ni), Lead (Pb), Zink (Zn) and Mercury (Hg) as contaminants in the non-industrial areas. In
localized mineral zones or around volcanoes an elevated level of the metals such as Arsenic (As), Pb, Cd, Cu
and Zn can also be found (Salomons and Forstner, 1988).

The prevalence of contamination from both natural and anthropogenic sources has increased concern about the
health effects of chronic low-level exposures. Plants being the important member of the food-chain may create a
risk for man and animals through contamination of food supplies. Certain plants can accumulate metals in their
tissues and uptake generally increases in plants that are grown in areas with increased soil concentrations (Khan
and Frankland, 1983; Ustayak and Petrikova, 1996; Lacatusu et al., 1996). Metals such as Cd and Pb have long
been known as a major contamination problem, not only for working conditions but also for the environment
(Freiberg et al., 1997). From the other side, although Zn and Cu are essential trace elements which may also
serve as plant nutrients, their undue presence in the environment can also be hazardous to man (WHO, 1984).

Of the nonessential metals, Pb and Cd are recognized as hazardous and have caused major health problems as a
result of environmental pollution (Berglund ef al., 1984). Pb and Cd have no essential biological functions and
are highly toxic to plants, animals and humans (Pendias and Pendias, 1992), Cd being relatively more toxic, in
lower concentrations, than Pb to plants (Alloway, 1994). Being at the top of the food chain, man is the final
receiver of all these metals stored in the vegetables.

The problems of metal contamination in the vegetable farms in the city of Addis Ababa and their accumulation
on the vegetables have been recorded by Itanna, (2002); Itanna and Olsson, (2004). However, these works have
detailed report on metal accumulation in vegetables associated with industrial contaminations in the city of
Addis Ababa. The metal genesis reported by Alemayehu (2006), instead, indicated that a geogenic source from
deeper crust and/or mantle in the form of hydrothermal activity has affected the chemical composition of
volcanic rocks and was responsible for the metal concentrations in the urban environment of Addis Ababa,
where anthropogenic input is minor. Alemayehu (2001) has also reported high concentration of metals such as
Cr, Ni etc. in the streams and springs of the northern part of Addis Ababa.

The main motivation of this work is to reveal the role of geological source of metal contamination in vegetables
that are grown in metals rich soils in and around the city of Addis Ababa. It, mainly, focuses on vegetables such
as lettuce, Swiss chard, Ethiopian kale, and carrot in addition to soils and irrigation water. The vegetable
samples were collected from the northern part of the city where there is no industrial activity. Comparison was
performed with vegetables grown in the rural part of the Ziway area in the Main Ethiopian Rift (Figure 1).

2. Sampling and analyses

To meet the objectives set, samples from vegetables, soil and irrigation water have been collected and analyzed
for metals. Vegetable samples were taken from a total of 5 farms, three from the northern part of Addis Ababa:
Burayu (B); Kuskuam Upper (KU); Kuskuam Lower (KL) and two farms from Ziway area: Ziway Kentola (ZK);
Ziway Ethioflora (ZE) (Figure 1). The samples represent Swiss chard (Beta vulgaris L.var. cicla), lettuce
(Lectuca sativa), Ethiopia kale (Brassica carinata A. Br.), and carrot (Doucus carota). The water samples were
collected using water proof plastic bottles from different water sources that the farms use for irrigation. Burayu
farm utilizes water from the Gefersa River, Kuskwam farm utilizes tap water from public water supply and
Ziway farms use water from Lake Ziway. Soil samples were collected from each farm for metal determination.

Leafy vegetables were handpicked and washed by distilled water and subsequently rinsed with deionized water
to eliminate all contaminants including air borne pollutants. Samples from carrot were washed and sliced thinly
before drying. All samples were dried in an oven at 60°C for 72hrs. The dried samples were grounded and
sieved through a mesh size of Imm in diameter. A 0.5 gm powdered and mixed vegetable samples were
weighed and added into tubes to which 16 ml up to 25ml of 69% HNO; were added at different intervals and
digested within 4hrs to 6 hrs. All triplicate plant samples were digested at the same time on a block digester. The
acid was evaporated until 1ml to 2ml was remaining and cooled at room temperature. After cooling, the digests
were diluted by 50ml of distilled deionized water and kept in the refrigeration for some time until analysis.
Finally, the digested vegetable samples were analyzed for heavy metals like the soil and water samples using
Atomic absorption spectrophotometer (AAS), model 210 VGP. In the lab, soil samples were dried using an oven
drier at 107°C for 24 hrs. The dried samples were grinded using a grinding disc mill and then sieved with 75
micron size and used for metal analysis. A 1.25gm of powdered soil sample was weighed into 50 ml beakers
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and 5 ml HCIO, was added into each beaker. The samples were placed on a sand bath and heated to incipient
boiling, with strong dense fumes of perchloric acid, for 45 minutes. After cooling, the digested mixture was
leached by adding 45 ml of hydrochloric acid by means of a dispenser on the water bath. Then, the mixture was
filtered and diluted into 50 ml flask and the digested samples were analyzed for heavy metals, using the AAS,
model 210VGP.

The water samples were filtered with 0.45 pm filters and preserved with 1 ml of 70% HNOs;. The acidified
samples were analyzed using AAS.

3. Results and discussion
3.1 Metal concentration in the irrigation farms

The analytical results presented in this section represent mean values for different number of population. The
mean concentration of metals in soils of the vegetable farms is given in Table 1. Most of the metals occur at
high concentration.

The highest concentrations of metals in soil samples for Zn, Cr, Pb, and Cd are 113 mg/kg, 47.8 mg/kg, 17.7
mg/kg and 0.250 mg/kg respectively.

Near the vegetable farms in the northern Addis Ababa, the thickness of the soil profile reaches 12 m with
characteristic reddish color due to hydrothermalism (Figure 2). In some part of valley bottoms northern and
north western and north eastern part of Addis Ababa, the thickness is higher than the indicated value. Such soils
are expected to have clay which regulates metal mobilization.

The highest mean concentration of the metals was obtained from farms found at the northern part of Addis
Ababa as compared to the Ziway area. This shows that vegetable farms are operating in an area where metals
are concentrated due to geogenic sources as indicated by Alemayehu (2006).

Alemayehu (2006) further indicated that the increased amounts of metals in industrially free area of northern
Addis Ababa is due to hydrothermal activity where anthropogenic input is non-existent. According to the same
work, metal concentration in the soils of the city is derived from geogenic source where vegetable are grown for
human consumption.

3.2 Concentration of metals in irrigation water

Metals such as Pb and Zn are detected within the irrigation water in the farms at the northern part of Addis
Ababa, which are typically derived from boreholes water that is used for irrigation (Table 2). The presence of
metals in the water resources is related to high degree of water-rock interaction and long residence time. In this
area the main aquifer is hydrothermally altered acidic lava flows mainly trachytes and rhyolites with associated
ignmibrites, which are enriched with metals (Alemayehu, 2006). From the results one can see that irrigation
water alone cannot concentrate metals into the soil and vegetables at such high concentration.

3.3 Metals in vegetables

All the sampled vegetable samples contain metals in different concentrations where the mean values for 10
populations are given in Table. 3. The comparative percentage plot is given in Figure 3. where the detailed
metal abundance in percent is presented in Table 4.

3.3.1 Lettuce

The concentration of Cd, Cr and Zn were the highest in lettuce at KU farm than the other farms and followed by
B farm (both of them are from northern part of Addis Ababa). On the other hand, B farm contains higher
concentration of Pb as compared to other farms, but ZE from Ziway area has the least concentration for all the
metals. Lettuce has the highest mean concentration of Pb from B farm followed by lettuce from KU, and
Ethiopian kale from B farms. In more acidic environmental condition, which could be attained during rainfall,
vegetables can pick up metals into their system.

The concentration of Pb was not significantly different in all the vegetables at different farms. Vegetables
containing lead may contribute to increased Pb levels in blood with increased risk of anemia and neurological
disorders (Gupta and Gupta, 1998).

Xue and Harrision (1991), identified a synergistic effect of Zn in relation to Cd uptake. They found that
increasing the amount of Zn (>600 mg/kg) in soils containing high levels of Cd (10 mg/kg), resulted in higher
concentration of Cd in lettuce leaves. Similarly, Smilde et al. (1992) found high concentrations of Cd in leafy
vegetables when Zn concentration increases in soils. This synergistic relationship may have resulted in the
elevated level of Cd in vegetables sampled from northern Addis Ababa where the Zn concentration was higher
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than the farms in Ziway. Usually at higher pH environment (alkaline condition), the Cd uptake is very low (John
and VanLaerhoven, 1972).

The highest level (36%) of Cd at B farm was taken by lettuce from the soil, followed by 28% and 14% in KU
and ZE farms, respectively. The percentage of Cr in lettuce for KU farm (3%) and B farm (2%) were lower than
the level at ZE farm (9%). Seven percent of Pb was taken by lettuce in all the farms. On the other hand, the
percentages for the Zn uptake in all the farms were relatively higher 42%, 41% and 30% for B, KU and ZE
farms, respectively.

3.3.2 Swiss chard

Swiss chard at B farm has high concentration of metals such as Pb and Zn than KL farm, where as they show
similar value for Cd in both areas, but the Cr concentration in KL farm is higher than B farm. Transport of
chromium in root is very slow (Skeffington et al., 1976), accounting for the low levels of Cr in the leafy part of
the plants. The sorption of Cr to soils depends primarily on the clay content of the soil and, to a lesser extent, on
Fe,0; and the organic content of soil (Calder, 1988). Therefore, the uptake of Cr by vegetables grown in the
northern part of Addis Ababa might be affected due to clayey nature of the soils derived from hydrothermal
alteration.

Higher percentages of Cd were obtained in the Swiss chard collected from B farm (36%) than KL farm (26%).
Cr and Pb uptake were very low, 2% and 1% Cr; and 1% and 2% Pb for KL and B farms respectively.

3.3.3 Ethiopian kale

Ethiopian kale at KL farm has higher concentration of Zn and Cd and followed by B farm, where as B farm has
the highest concentration of Cr and Pb, followed by KL farm for Cr. ZK farm has slightly higher concentration
of Pb than KL farm. The percentage of Cd in the Ethiopian kale shows highest level at KL farm (47%), followed
by B farm (42%) and the small percentage at ZK farm (11%) which were taken from the soil, but for Cr, highest
percentage (19%) for ZE farm were obtained and lower percentage (2%), both from KU and B farms were
recorded. Again, Pb percentages were higher at ZK farm (9%), than 3% and 4% KL and B farms, respectively.
Similarly higher percentages of Zn were taken by Ethiopian kale similar to lettuce from the soil in KL, B and
ZK farms.

3.3.4 Carrot

The percentage of metal uptake by carrot from soils at B farm was in the order of 36% for Cd; 32% for Zn; 2%
for Pb and1% for Cr. Dowdy and Larson (1975) showed that plants intake of Zn is highly dependent on its
concentration in soil, and a higher uptake of Zn is characteristic feature of leafy vegetables. Similarly, the higher
concentration of metals in vegetables is related to their abundance and mobility in soils.

Generally, from the farms included in the study, both Kuskwam farms and Burayu farm have accumulated
higher metals than the farms in the Ziway area, especially for lettuce and Ethiopian kale, except Pb from ZK
farm that exceeds KL farm for Ethiopian kale.

In general, vegetables are among the plants that assimilate heavy metals to their metabolic need depending on
their genetic make up, from the soil they are grown and the water they are irrigated with. The variations in
heavy metal concentration among vegetables were attributed to the self-selectivity of the vegetable for particular
metal.

In the assessment of metal concentrations in different vegetables, lettuce contains higher Cr, Pb and Zn
concentrations than other vegetables, whereas elevated Cd level was also exhibited by Ethiopian kale. Metal
concentration in some vegetables also differed from one site to another depending on the abundance and soil
properties of the sites. Due to the presence of thick clay in the northern Addis Ababa area the phytoavailability
of the metals might be limited, although high metal concentrations in soils were detected. The high
concentration of metals in the soil requires a due attention as it may bring sever problems if soil properties are
altered through acidic condition.

4. Conclusion

In general, vegetables grown in the hydrothermally affected area of Addis Ababa tapped metals from soils. It is
facilitated by the suitable soil pH condition that favors selective withdrawal of metals from soil by different
vegetables. From the present study it is observed that there is a possibility of contamination in the soils of
vegetable farms where industrial contribution is minor. Therefore, vegetables grown in areas where geogenic
sources are prevalent, high metals accumulations were detected that could pose problem to consumers. In
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general, this work revealed the impact of natural environmental changes, due to geological processes, that
concentrate metals into soils that instead passes metals into edible vegetables consumed by human being.
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Table 1. Mean values of metals in soils of the vegetable farms
Metals (mg.kg™ ZK ZE B KU KL
Cd 0.180 +0.070 0.220 +0.040 0.140 +0.080 0.250 +0.080 0.190 +£0.050
Cr 3.0 £0.06 8.44 £1.29 47.78 £8.91 31.24 +£1.49 32.6 £5.09
Pb 6.02 £0.34 7.12 £2.75 17.66 +1.66 16.38 £3.01 11.17 £1.46
Zn 49.98 +0.27 68.42 +4.78 88.47 +£13.04 112.7 £8.34 78.02 £8.27
Table 2. Mean values of metals in irrigated water of the vegetable farms. n.d. = not detected
Metals (pg/1) ZK ZE B KU KL
Cd n.d. n.d. n.d. n.d. n.d.
Cr n.d. n.d. n.d. n.d. n.d.
Pb n.d. n.d. n.d. 24 £11.09 10.6 £8.40
Zn n.d. n.d. n.d. 32.78 £0.45 30.37 £0.29
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Table 3. Mean values of metals in vegetable samples

Metal Lettuce Swiss Chard Ethiopian Kale Carrot

(mg/kg) | KU B ZE KL B KL B ZK B

Cd 0.070+.0.06 | 0.050+0.060 | 0.030+0.040 | 0.050+0.040 | 0.050+0.050 | 0.090 | 0.060+ | 0.020+ | 0.050+
+0.100 | 0.020 | 0.020 | 0.03

Cr 1.08+0.52 0.81+0.19 0.76+0.27 0.68+0.58 0.57+0.31 0.62 0.76+ | 057 | 0.52+
+0.29 | 0.42 0.30 0.71

Pb 1.17+0.46 1.24+0.28 0.52+0.39 0.16+0.06 0.43+0.54 0.36 0.73+ | 0.53= | 0.40+
+0.23 | 0.24 0.45 0.32

Zn 46.29+0.61 | 36.83+1.32 | 20.76+0.39 | 30.35+0.87 | 31.68+0.89 | 34.02 | 33.10+ | 17.69+ | 28.34+
+1.18 | 4.41 1.20 0.12

Table 4. Percentage of metal accumulations in vegetables tissue from the Soil

Vegetable farms
Vegetables Metals g

KU KL B ZE ZK

Cd 28% - 36% 14% -

Lett Cr 3% - 2% 9% -

ettuce

Pb 7% - 7% 7% -

Zn 41% - 42% 30% -
Cd - 47% 42% - 11%
o Cr - 2% 2% - 19%

Ethiopian Kale

Pb - 3% 4% - 9%
Zn - 44% 37% - 35%

Cd - 26% 36% - -

] Cr - 2% 1% - -

Swiss chard

Pb - 1% 2% - -

Zn - 39% 36% - -

Cd - - 36% - -

Cr - - 1% - -

Carrot
Pb - - 2% - -
Zn - - 32% - -
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Figure 1. Location map of the Farms, B: Burayu farm, KU: Kuskuam Upper farm, KL: Kuskuam Lower farm,
ZK: Ziway Kentola farm and ZE: Ziway Ethioflora farm
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Figure 2. Typical soil of Burayu and Kuskwam area
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Figure 3. Comparative plot that shows metal concentration in different farms within different vegetables
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