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ABSTRACT: The elemental analysis of vegetables namely potato (Solanum tuberosum), carrot (Daucus carota
sativus), red beet (Beta vulgaris) and turnip (Brassica rapa) was performed using energy dispersive X-ray fluorescence
(EDXRF) spectrometer. The measurements were performed in vacuum using different filters (between the source and
sample) for optimum detection of elements. A 0.05-mm-thick Ti filter was used in front of the source for Cr, Mn, Fe,
Co, Ni, Cu and Zn with an applied voltage of 14 kV and a current of 900 mA. For higher Z elements such as Pb, Bi, Ag
and As, a Fe filter of 0.05 mm thickness was used at a voltage of 37 kV and 45 mA current. All the spectra of the
samples were collected for the duration of 1400 seconds. The X-rays were detected using a liquid nitrogen-cooled 12.5
mm? Si (Li) semiconductor detector (resolution 150 eV at 5.9 KeV). The X-ray fluorescence spectra were quantitatively
analysed by the ‘nEXt’, system software runs under the Windows NT™ operating system integrated with the system.
Results revealed that the highest concentrations of major elements such as Ca, K, and S were recorded in turnip roots,
while the highest content of P was detected in potatoes. The level of As, Pb and Cr in the vegetables collected from
Akaki and Kera farm were found to be higher than the permissible limit that set by FAO/WHO. Thus there is some
possibility of having neurological disorders, cancer and even paralysis if these vegetables were taken for long duration.
Among possible target organs of humans by heavy metals are soft tissues such as the kidney, liver and the central
nervous system. Trace and major elements present in plants is affected by various factors such as a type of plant
species, soil properties, weather conditions, a way of agricultural practice, use of fertilizers and pesticides, as well as a
plant development stage.
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l. INTRODUCTION

X-ray fluorescence analysis (XRF) has been widely used for elemental analysis in geochemistry, earth science,
manufacturing industry and forensic science [1-3]. The technique works based on the fact that all elements produce
secondary ‘fluorescent’ x-rays of characteristic energy when exposed to the x-rays of respective element with higher
energy and intensity of emitted X-rays used to determine elemental composition. In general, if the atomic weight of an
element is higher, then higher energy is required to elicit fluorescence; if fluorescence energy is higher, then it is easy
to detect the fluorescence. For XRF analysis of processed foods and beverages, samples are typically homogenized and
pressed into pellets. Calibration is achieved empirically by relating the intensity of X-ray emissions concerned to an
element pertaining to a set of samples for concentration determined by using a reference method.

Recently, a lot of researches have been made using Energy-dispersive X-ray fluorescence (EDXRF) technique. This
technique is preferred in order to define various elements in the substance and to determine the characteristic features
of such elements. EDXREF is an analytical method for qualitative as well as quantitative determination of elements in a
sample, independent of their chemical form. It is built on the fact that elements that are irradiated with high-energetic
x-rays have a certain probability of emitting characteristic X-rays, the energies of which are unique for each element. In
the energy-dispersive (ED) systems, the emitted X-rays are detected via their energies. The use of the EDXRF
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technique has accelerated since the 1960s as a result of the development of liquid nitrogen cooled solid-state detectors,
nuclear electronics, and small computers.

Now-a-days compact light-weight electrically cooled detectors are available together with air-cooled low-power X-ray
tubes and are perfectly suited for handheld spectrometers. EDXRF is a multi elemental and non-destructive technique
that can be applied to large as well as small samples of different composition and character. If conditions are optimized,
minimum detection limits may be below the nanogram absolute or micrograms per gram for small laboratory
instruments. For more advanced instrumentation (total reflection x-ray fluorescence (TXRF), synchrotron radiation) the
detection limits may be femtogram or nano grams per millilitre region.

EDXRF spectrometers exist at many degrees of sophistication, ranging from advanced laboratory instruments to small
portable instruments for field observations. They can be designed for analysis of bulk material or for scanning and
elemental mapping of small areas. The use of X-ray optics like single or poly capillaries and curved mirrors in
Kirkpatrick—-Baez geometry lead to x-ray spot sizes of micrometers and below ideally suited for micro- XRF. Mapping
with high spatial resolution is thus possible opening investigations down to cell dimension. Typical applications for
EDXREF are analysis of agricultural material, medical samples, archaeological and historical objects, painting and fine
art objects, and environmental samples such as soil, ores, water, and aerosol particles. A vast number of scientific
publications exist on the subject of EDXRF and its applications [4]. Vegetables continue to be the major sources of
nutrients including proteins, vitamins, macro and essential trace elements, and minerals in human diet for proper
growth, body development, and maintenance of overall health and well-being [5-7].

Root vegetables are the roots of plants that are eaten as vegetables. These roots grow into the ground from the base of
the plant stem. They anchor the plant, absorb water and nutrients, and store energy. Root vegetables are divided into six
subgroups: Tubers, Tuberous Roots, Tap Roots, Corms, Rhizomes, and Bulbs. Tubers differ from other roots in the
way that they are swollen underground stems and capable of producing new plants to store energy for the parent plant.
If the parent plant dies, the underground tubers can create new plants. Other roots can take nutrients from the ground,
but cannot store energy or use it for reproduction. So while every tuber is a root vegetable, not all roots are tubers.
Nutritionally, roots and tubers have a great potential to provide economical sources of dietary energy.

It is known that the content of trace and major elements in plants is affected by various factors such as a type of plant
species, soil properties, weather conditions, a way of agricultural practice, use of fertilizers and pesticides, as well as a
plant development stage [8]. The edible components of the plants like leaves; stems and the concentrations of different
types of elements available in these parts are greatly influenced by atmospheric contamination. If tubers and roots are
consumed as food, the elements that are found in the soil may reveal the maximum effect on the levels of minerals of
vegetables. Minerals can be divided into three groups: major physiological elements, trace elements, and nonessential
elements [9]. Major physiological elements are phosphate, bicarbonate, Na, K, Ca, Mg, Cl, and so forth. Essential and
trace elements are Co, Cr, Cu, Fe, I, Mn, Mo, Ni, S, Se, Zn, and so forth. Nonessential elements like As, Al, Br, Ba, Bi,
Cs, Cd, Ge, Hg, Li, Pb, Rb, Sr, Si, Sm, Sh, Sn, Ti, Tl, and W are not currently considered essential, even though some
of them have a beneficial pharmacological action in appropriate dosage [9]. The nonnutritive toxic minerals, which are
commonly known to have toxic properties even in small quantities (<100 ppm) are Pb, Sh, Cd, As, Se, and Hg [10].
Actually all essential elements may also be toxic in animals and humans if ingested at sufficiently high levels and for a
long enough period. Due to the importance of trace elements in human metabolism, their analysis is an important part
of public health studies. Therefore, in order to be aware about the levels of elements in food, especially in staple foods,
their analysis is mandatory. The aim of the present study is to determine the contents of minerals and heavy elements
related to the known root vegetables present in Ethiopia such as potato, red beet and carrot. In the present study energy
dispersive x-ray fluorescence analytical technique has been applied to determine major, minor, trace and toxic elements
found in different species of root vegetables.
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1. MATERIAL AND METHODS

Sample collection and preparation

All samples of root vegetables such as potato (Solanum tuberosum), carrot (Daucus carota sativus), red beet (Beta
vulgaris) and turnip ( Brassica rapa) with their corresponding soil samples are collected from different fields of Addis
Ababa particularly Akaki farm (located at latitude of 9.01°, longitude of 38.71° ) and Kera farm (located at latitude of
8.98° | longitude of 38.7° and altitude of 2253.11 m above ellipsoid) and Debre Berhan (located at latitude of 9.6° ,
longitude of 39.5° and altitude of 2769.68 m above ellipsoid ) and stored in polyethene bags. The selected root
vegetables for the study are usually consumed by all income groups of rural and city population. Vegetable samples are
washed with a tap water and double distilled water to remove dust particles and non-edible parts are removed from
them. After washing, all the samples are peeled and cut in small pieces using stainless steel knife then dried in an oven
at a temperature 65°C for 48 hours to remove moisture in them. Soil samples are also collected from randomly
distributed sampling points within the study farms using plastic spade in the same periods as the vegetables samples.
Each soil samples is collected by removing the surface soil and sampling vertically from 0 to 20 cm borehole. During
each sampling program, ten to twenty samples are collected and thoroughly mixed in the field, from which three
composite samples weighing about 1 kg each brought to laboratory those packed in plastic bags. All the samples are
mixed again and quartered in the laboratory and one fourth of each sample was dried in an oven at temperature of 65°C
for 48 hours. After drying the samples were gently grinded with clean agate mortar and pestle to fine powder and
stored in clean dried plastic containers. The homogenized samples are prepared by weighing 150mg and Pellets of
(1mm thick and 13mm diameter are prepared using a tabletop pelletizer at a pressure of 100 — 110 kg/cm?. A minimum
of 3 pellets of each sample are made to reduce the error in the analysis.

Experimental studies

Experimental studies of the samples have been carried out at UGC-DAE Consortium for Scientific Research, Kolkata
Centre using a Xenemetrix (erstwhile Jordan Valley) EX 3600 EDXRF spectrometer and operating conditions of this
instrument is shown in table 1. The precision and trueness of the EDXRF method is checked by analysing certified
reference materials made from leaves (NIST 1515 ‘Apple leaves’ and Oriental Tobacco leaves (CTA-OTL-1) from
National Institute of Standards and Technology), therefore expected to have a similar matrix composition and the
measured value of the elements are not significantly different from the certified value as shown in table 2. It is
important to be aware of the fact that the measurement of elemental concentrations is fraught with a number of
difficulties. Different values are often obtained from the same sample tested at various laboratories. The influencing
factors include the precise digestion methodology used, the sensitivity of the heavy metal detection instrument, the
potential for contamination of samples and the potential for interference from other chemicals when assessing the levels
of certain heavy metals. Great care is taken to assure the reliability of data being presented here. Internationally
certified plant standards reference material (SRM) is an important tool for the quality control process. This material has
known concentrations of the elements that are concerned with the present study; these can be used to test the reliability
of findings from a range of laboratories.

Table 1: Operating condition of EX 3600 EDXRF spectrometer
(el (spectruml), e2 (spectrum?), e3 (spectrum 3))

Parameters el e2 e3
Filter None 3-Ti 4-Fe
Emission current(pA) 240 900 45
High voltage (Kv) 6 14 37
Preset time(S) 200 900 300
Atmosphere vacuum | vacuum | vacuum
Energy Range(KeV) 10 10 40
Throughput low low low
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Table 2: Comparison between present results and the certified values of standard reference materials (%(*) and ppm)
NIST (SRM 1515) Apple leaves and Tobacco leaves (CTA-OTL-1)

NIST (SRM 1515) (CTA-OTL-1)
Elements | Certified | Present Certified Present

value work value work
Ca 15260.00 | 15581.52 | 3.17+0.12 * 3.038 *
K 16100.00 | 15878.04 | 1.56+0.05* 1.36 *
S 18000.00 | 18780.64 | 0.732+0.081* | 0.684 *
P 15900.00 | 15278.01 | 2892+134 4723.83
Zn 12.5 145 49.9+2.4 46.69
Cu 5.64 7.08 14.1+0.5 12.57
Ni 0.91 0.73 6.32+0.65 6.68
Fe 83.00 71.70 989 1000.34
Mn 54.00 47.98 412+14 421.12
Cr 0.30 1.15 2.59+0.32 2.13
Ba 49.00 67.97 84.2+11.5 82.26
Sr 25.00 29.29 201+20 205.27
Rb 10.20 9.85 9.79+1.27 10.61
Br 1.80 4.26 9.28+1.06 11.78
Se 0.05 0.11 0.153+0.018 | 0.11

*Ttalic (percent), normal (ppm)

As tabulated in table 2 the standard deviations of the measured values are mostly with in £5-10%; which may represent
a good agreement between the measured and certified values.

1. RESULTS AND DISCUSSION

Table 3, shows a wide variation in the elemental concentrations of the different vegetable samples studied. Several trace elements are
important micronutrient to the human body and are required for well being of body immune system. The elements that are found in
this study are Na, K, Ca, P, Co, Cr, Cu, Fe, Mn, Ni, S, Zn, As, Br, Ba, Pb, Rb, and Sr (table 3-5). These elements are necessary and
needed for the proper growth, development, and physiology of an organism. The values are given as (mean = SD, ppm) and the
results are means of three replicates. The elemental concentrations determined are based on plants dry weight. Four elements are
found in major compositions; Ca (1009.73 £0.00 - 6220.3 £ 23.2 ppm), K (12234.7 +8661.6 - 31661.9 + 100.2 ppm), S (7165.8 =
28.5 - 25757.4+417.6 ppm) and P (7601.4 + 222.5 - 14815.6+325.7 ppm) for all the studied root vegetables.

Table 3: Concentration of macro-elements (mean £+ SD, ppm dry weight) in root vegetables

Sample Site Na Ca K S P
Potato. Akaki | 12.0 1009.73 21757.9 +219.8 18230.0+111.0 9543.8+1066.1
Carrot Akaki | 12.0 3890.6 + 35.8 14116.2 £ 227.9 8903.1 +103.4 14470.1+183.7
Red beet Akaki | 33.7 £15.8 2589.5+1117.5 12234.7 +8661.6 8303.9+4496.2 12460.72+88528
Carrot Kera 15.1+3.6 4726.3 +37.9 22581.9 + 464.4 11688.9+125.5 12911.6+235.4
Potato Kera 176+7.9 1009.73 25797.5 +570.8 18507.1+409.9 9261.1 + 364.9
Red beet Kera 12.0 1009.73 22429.7 + 386.4 18875.08+316.3 7603.2 £533.5
Potato DB 12.0 3445.6 +91.4 17524.3 +729.3 7165.8 +28.5 14815.6+325.7
Red beet DB 12.3+0.4 32459+ 12.4 12258.8 + 86.1 7852.8 +123.5 21587.3+£188.9
Turnip DB 18.8+9.6 6220.3 £ 23.2 31661.9 £ 100.2 25757.4+417.6 7601.4 +222.5
Min 12.0 1009.73 12234.7 +8661.6 7165.8 +28.5 7601.4 +£222.5
Max 33.7£15.8 6220.3 £ 23.2 31661.9 £ 100.2 25757.4+417.6 14815.6+325.7
ND =Not detected
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The data presented in table 3 indicate that the highest content of Na (33.7 £15.8) is found in red beet (Akaki farm),
followed by turnip (18.8+9.6) and potato (17.6+7.9) of kera farm while the lowest concentration (12.0 ppm) is detected
in potato and carrot of Akaki farm, red beet that belong to Kera farm and potato of Debre Berhan. The concentration of
Na in potatoes and carrot of agricultural products collected from Belovo, Russia was found to be 28+19 and 450+230
ppm respectively [11]. This element is dominantly responsible for osmotic pressure of blood plasma. Maintaining
normal osmotic pressure and volume of circulating blood is a vital process, which is mainly due to regulation of sodium
absorption or secretion by kidneys. Sodium takes part in electric activity of nervous and muscular tissue also. Due to
the difference in sodium concentration between blood and intracellular medium, living cells can generate electric
current participating in activity of the nervous system, muscles and other organs. Sodium is an essential mineral or
micronutrient, which along with potassium helps to regulate the body's fluid balance. Sodium deficiency is a very rare
case. Excess sodium intake is linked with high blood pressure and heart disease. The current recommendation is to
consume less than 2,400 milligrams (mg) of sodium per day. This is about 1 teaspoon of table salt in a day.

Potassium (K) and calcium (Ca) are the most abundant elements in the samples. It is observed that turnip root
containing the highest concentration of K (31661.9 = 100.2) and Ca (6220.3+ 23.2) and the lowest content of K
(12234.7 £8661.6) is detected in red beet (from Akaki farm), similarly the minimum and same content of Ca (1009.73)
is obtained from potato of both Akaki and kera farms, and red beet of kera farm. The recommended dietary intakes
(DRIs) of K and Ca for adults are 4500 and 1300 mg/day respectively [12]. Earlier the concentration of K and Ca in
carrot belong to Bangladesh was found to be 28581+425 and 6441+342 ppm respectively. This value seems to be twice
of the present result [13]. The content of K in potatoes and carrots collected from Belovo were reported as 0.53+0.13
and 0.32+0.15% respectively [11]. Similarly the content of Ca in both of those vegetables was reported as 108+40 and
15089, on comparison of these results with the present results, the presents values are lower by many folds. The
observed values of K and Ca in the present study are lower than the earlier values of potatoes (K= 8.29+0.07%, Ca=
0.7920.03%) and turnip root (K=4.38+0.06%, Ca=2.28+0.06%)) of south western Bangladesh that reported by M.R.
Rahman [14]. These differences might be due to several factors such as change in the seed variety, growing area, type
of soil, climate, used fertilizer and agricultural practice including analytical techniques.

Potassium is of great physiological importance, contributing to the transmission of nerve impulses, the control of
skeletal muscle contractility, and the maintenance of normal blood pressure. Its deficiency symptom includes irregular
heartbeat, loss of appetite and muscle cramps [15, 16]. This result indicates that turnip is the preferred root vegetable to
reduce the risk related to bone and tooth structure, blood clotting, muscle contraction, and nerve impulse transmission.
It also participates in glycogen metabolism [17-19]. Calcium intakes protect against the risk of hypertension and
decrease bone loss. Because of the calcium content available in the three varieties of root vegetables that undertaken in
the present study is below the Recommended Dietary Allowance (RDA) [20], these vegetables cannot lead to health
challenge due to kidney stone problem (i.e. caused by excess intake of calcium).

The maximum content of sulfur (25757.4+417.6) is found in turnip while the lowest 7165.8 + 28.5 obtained in potato
belonging to Debre Berhan. Converse to this, the highest content of phosphorous (14815.6+325.7) is detected in potato
(DB) while the lowest (7601.4 + 222.5) is found in turnip (DB).

Distributions of essential trace elements in different kinds of vegetables viz. Potato, carrot, red beet and turnip
collected from the present study areas are listed in Table 4. The observed variation in the element content for all types
of analyzed root vegetables could be due to variable capabilities of absorption and accumulation of elements [21],
variations in growth period and growth rates [22], and climatic differences of the producing areas [23]. Table 4: shows
the mean concentrations of trace elements investigated in root vegetables commonly consumed in Addis Ababa and
Debre Berhan of Ethiopia. The results are given as mean + SD (ppm).
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Fig 1 shows the mean concentration of major elements in root vegetables collected from Akaki farm, Kera farm and
Debre Berhan.
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Fig. 1 Macro-elements in Root vegetables from Akaki, Kera and Debre Berhan
Table 4. Essential trace elements distribution in root vegetables
Sample Site Zn Cu Ni Co Fe Mn
Carrot Akaki | 25.3+1.5 85+18 1.45+0.9 ND 116.1+5.5 0.43
Potato Akaki | 20.6+1.6 6.4+0.8 1.1+05 0.47 15.4+0.6 48+0.8
Red beet Akaki | 285+14 7.1+05 1.2+0.3 ND 231.1+17.1 18.1+1.2
Carrot Kera 29.1+75 46+1.0 2.0+0.9 0.45+0.02 18.3+0.3 3.4+£0.6
Potato Kera 29.6+1.6 24+05 0.8 +0.06 0.46 48.8+0.9 ND
Red beet Kera 23.6+0.7 6.2+1.1 22+0.7 0.46 28.2+49 3.3+1.0
Potato DB 56.4+4.2 71+24 1.2+0.3 0.42 60.2 +43.7 269+1.8
Turnip DB 202+1.2 24+05 1.2+0.6 ND 17.3+0.8 ND
Red beet DB 46.9+0.6 95+0.4 2.3+05 ND 67.8+1.6 236.4+4.3
Min 202+1.2 24+05 0.8+ 0.06 ND 15.4+ 0.6 0.43
Max 56.4+4.2 95+04 23+05 0.47 231.1+17.1 236.4+4.3

ND =Not detected

Some heavy metals are essential to maintain human body normal functions at trace amounts. However, they may be
dangerous or even toxic if present at higher concentrations. Among many trace elements Cu, Fe, Mn, and Zn are
defined as micronutrients because they are essential for physiological processes in living organisms; therefore, they
make significant components of the soil plant food continuum or the food chain.

A number of trace elements require the presence of other elements. Together they work in composite unit to achieve
optimal results (absorption into the blood stream). For example copper is essential for zinc, iron and vitamin C
functioning. Copper together with iron and zinc is responsible for releasing energy in the cells [24] and contributes to
proper functioning of many antioxidants. Copper has been found to be not only responsible for collagen productions,
but also the absorption of iron, regulation of cholesterol level and production of neuroactive chemicals. Iron together
with other major nutrients Ca, P, and K etc. are need for red blood cell formation in order to release energy in muscles,
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in other words zinc is very necessary for the body in varieties of ways including manufacturing of DNA, wound healing,
maintaining strong immune system for fighting cold, flu, and other infections [25].

Among the selected vegetables that belong to the above mentioned three sites, the highest concentration of Zn (56.4 +
4.2 ppm) is detected in potato (DB) while it is lowest (20.2 = 1.2 ppm) in turnip (DB). The maximum level of copper
(9.5 £ 0.4) is available in red beet (DB) where as the lowest (2.4 + 0.5) observed in turnip (DB). Copper is one of the
important nutrients required for the human body. But exceeding the safe limit mentioned by WHO may lead to
gastrointestinal problem. It may cause dysfunction of metabolism related with other nutrients. The safe limit proposed
by WHO is 73.3 mg/kg (ppm) in vegetables.

The observed values of Zn and Cu in the present study can be compared with the earlier reported values in the
investigations did in Bangladesh [13] (Zn=45.28 and Cu=5.35+0.31 ppm). A study from Pakistan [26] reported that the
range of Zn concentration in potatoes, turnip, Beet and carrot was 10.35-42.81, 1.28-3.87, 34.73-60.26 and 14.04-25.95
ppm respectively. On the other hand Copper level was reported in the range of 1.09-6.12, 2.87-6.5, 1.9-6.49 and 1.9-
9.51 ppm. These results can be comparable with the observations of the present study. An investigation entitled
“Assessment of some heavy metals in vegetables, cereals and fruits in Saudi Arabian markets” that performed in Saudi
Arabia [27] reported the concentration of Zn in potato, turnip and carrot those collected from middle district as
17.65+1.10, 14.27+0.2 and 26.64+0.98 ppm. Similarly copper level in these three root vegetables was also reported as
6.41+0.22, 14.27+0.2 and 4.49+0.19 ppm respectively. The results of the present study are found to be higher in many
folds with the observations obtained in the study performed in Russia [11]. Potatoes, beets and carrot belonging to
Belovo were found to have Zn level of 3.4+0.9, 7.1+6.8 and 6.1+3.5 ppm respectively. Similarly Cu content of these
vegetables were also reported as 0.62+0.3, 1.1+0.22 and 0.44+0.12 ppm respectively. Zinc level in Beet root of the
present study that collected from Kera and Akaki farms is found to be in the same range that reported earlier by
Sharma et al, [43]. The obtained compliance between the results of the both the studies might be due to the fact that the
collected Beet root samples were irrigated with waste water. In the present studies samples are collected from the farm
irrigated with waste water related to the rivers of Akaki and Kera.

The Root vegetables are found to contain nickel also at substantive level of quantity. The highest level of Nickel (2.3 +
0.5) ppm is detected in Red beet (DB) and the lowest level (0.8 £ 0.06) obtained in potato (Kera). In the present studies
the observed concentration of Ni in carrot is found to be higher than the result (0.65 ppm) reported earlier [13]. The
earlier data reported [26] about Ni concentration in potatoes, turnip, Beet and carrot 1.29-19.02, 1.02-32.51, 1.1-31.03
and 1.13-9.97 ppm respectively found to be higher than the obtained results of the present study. Large quantities of
nickel uptake have the chances of lung cancer, nose cancer, larynx cancer and prostate cancer, Asthma and chronic pain
development. The result of the present study related to all the samples is found to be lower than the maximum uptake
limit (67 ppm) that set by FAO/WHO.

Cobalt is usually contributed with vitamin B12 and its deficiency effect on vitamin B12 show consistency in the body.
As shown in table 4 the determined concentrations of cobalt in most of the tuber vegetables fall within a very narrow
range having no noticeable variability seen among them. In addition to that cobalt is not detected in the vegetables
those collected from Debre Berhan, similarly in potato and carrot of Akaki also. This might be due to low content of
cobalt in the soil of the samples collected area.

Among the selected root vegetables, the highest content of iron (Fe = 231.1 + 17.1 ppm) is noticed in red beet while the
lowest content (15.4 + 0.6) detected in potato that belong to Akaki vegetable farm. This value is found to be lower than
the permissible limit (425.5 ppm) of Fe uptake that set by FAO/WHO (2001) [28]. The earlier observed iron
concentration in carrot (58.77+0.77 ppm) [13] is found to be lower than the present carrot sample that collected from
Akaki farm and higher than the same belong to Kera farm. Excess amounts of iron adversely affect the body’s immune
function, cell growth and heart health [15, 29, 30] and deficiency of iron deprives body tissues of oxygen and results in
anemia. The level of iron in the selected root vegetables is found to be sufficient; hence these root vegetable samples
can be considered as safe for consumption and also may serve as sources of trace elements to the people. RDA of iron
depend on age and health condition having its range 10 to 30 mg. Recommended daily intake is 15 mg.
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Table 4 reveals that the concentration of manganese in the present studies ranges between 0.43 and 236.4 + 4.3 ppm.
The lower concentration in carrot that collected from Akaki farm and higher quantity in red beet, which belong to
Debre Berhan university agricultural research centre, is obtained. Manganese content in the examined vegetables
samples is higher than the earlier work [27]. Earlier the concentration of manganese in four root vegetables ranges as
Potatoes (10.43-30.91 ppm), Turnip (14.47-25.83), Beet (67.39-87.37) and carrot (11.34-22.85 ppm) was reported [26]
having highest in the Beet. Similarly in the present studies also the higher content of Mn is found in red beet while the
lowest content observed in the carrot. The results show that among all the selected root vegetables; beet root
accumulate much higher concentrations of Mn. In the present study the concentration of Mn in all the studied samples
is found to be lower than the permissible limit that set by FAO/WHO (2001) [28].
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Fig. 2 Microelements in Root vegetables from Akaki, Kera and Debre Berhan

Red beet (DB)
Turnip (DB)

As shown in fig. 2 above, the mean concentration of Fe is found to be highest in all vegetables sample except in red
beet collected from Debre Berhan. In general all root vegetables in present study were found to be a good source of
essential trace elements.

Table 5: Trace elements and toxic heavy metals concentration in root vegetables

Sample Site Cr \ As Pb Ba Sr Rb Br

Potato Akaki |1.8+09 |04+£0.03 |0.06 0.7 67.3 92+12 | 23526 |127+2.6
Carrot Akaki | 3.8+0.4 | 0.5+0.1 06+03 |56+29 |969+216 |182+05 |399+29 |215+1.1
Red beet | Akaki |3.3+06 | 1.2 08+01 |7.8+11 |739+89 |217+15 |81+08 |626%25
Carrot Kera 29+02 | 07+£0.2 0.16 1.5 723+6.3 |298+19 |17.9+1.7 |48.4+05
Potato Kera 21+12 | 0.39 0.18 1.77 715+41 |72+05 36.8+1.7 | 106+1.2
Red beet Kera 29+0.5|042+0.02 | 0.1 0.96 67.25 80+18 |27.7+6.1 |159+29
Potato DB 3.2+0.1|0.6%0.2 0.28 26+21 |71.4+38 |226+24 [31.7+44 |170+13
Red beet DB 35+0.2 | 0.6+0.2 1.8+03 | 164+0.25 |67.3+£0.1 |20.1+09 [9.7+09 |65+0.8
Turnip DB 20+02 |06+007 |03+005 [26+05 |695+22 |[239+24 |189+11 |134%15
Min 1.8+0.9 | 0.39 0.06 0.7 67.25 72+05 |81+08 |65%0.8
Max 38+04 |12 1.8+03 |78+11 |[969+216 |298+19 [399+29 |626+25
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Chromium accumulation ranges from 1.8 + 0.9 (potato of Akaki farm) to 3.8 £ 0.4 ppm mg/kg (carrot of Akaki farm))
in the four species of investigated vegetables. In the present work Cr concentrations are found to be higher than the
limit of 2.4 mg/kg dry weight that set by FAO/WHO (2001) except potatoes those collected from Akaki farm. But
based on the Cr concentration value 20 mg/kg, which set by Prevention and Food Adulteration Act safe limit pertaining
to vegetables [33]; presently selected Ethiopia root vegetables are on the safe side. The chromium content in Rajshahi
vegetables was found to be several folds lower than that reported in Titagarh, West Bengal, India (34.83-96.30 mg/kg)
[33], and this variation might due to the differences in the sources of pollution. Earlier the observed Cr level 0.01-0.21
ug/g in the northern area and 0.01- 0.22 pg/g in the southern area of Tarragona Province of Spain was reported [34].
Similarly in the present studies also lower concentration of Chromium is obtained. Cr may affect the respiratory tract,
stomach and small intestine if the concentration of it exceeds the safe limit of 5.0 mg/kg. Even it may affect the male
reproductive system too.

The other micro nutrient detected in the present root vegetables is vanadium; it ranges from 0.39 to 1.2 ppm. The
highest level (1.2 ppm) is detected in red beet collected from Akaki vegetable farm while the lowest (0.39) obtained in
potato of Kera vegetable farm. In the earlier study [35] vanadium compounds were shown to increase bone formation
without any adverse health effects for both diabetic and non-diabetic rats. Vanadium is known to have a role in the
regulation of sodium; the metabolism of glucose and sugar. It has also been shown to promote bone health without
negative side effect. However, in the literature [36] it indicates that the essentiality vanadium in humans had been
hypothesized without demonstration.

Heavy metals such as Arsenic and lead are substantially known as toxic elements due to their ability for
bioaccumulation in the human body, resulting in multi-organ disruption. The mechanism of toxicity for heavy metals
can be explained by their ability to interact with nuclear proteins and DNA causing oxidative deterioration of biological
macromolecules [37]. Among the root vegetables collected from the study areas the highest level of arsenic (1.8 £ 0.3)
is measured in red beet (DB) while the lowest level (0.06) is detected in potato of Akaki. The maximum level of lead
(7.8 £1.1) is found in red beet (Akaki) while the minimum (0.7) in potato (Akaki). Lead is one of the prominent metals
that are carcinogenic in nature. The accumulation of lead in human body may cause cancer as it will damage the
mitochondria of the cell. As far as the safe limit is concerned it is about 1.0 mg/kg in vegetables. The recommended
and tolerance limits of arsenic in foodstuffs, water, and soil are prescribed to be 1.0, 0.05, and 20 mg/kg, respectively
[38]. In the earlier studies, arsenic concentration in the vegetables those collected from Bangladesh was found to exist
in the range 5 to 540 pg/kg with a mean value 54.5ug/kg. The highest levels of arsenic were detected in ghotkol, taro
(loti from arum plant) and snake gourd having values 446, 440, and 489ug/kg respectively [40]. These values are lower
when compared with the average arsenic content value obtained in the present investigation.

Daily Intake Rate (DIR) is very useful for assessment of human health hazard. The degree of toxicity of heavy metals
to humans depends on the daily intake. The safe limit of toxic metals such as Pb and arsenic is about 0.005 mg per
person per day. So, as far as the analysis and DIR is concerned to the Pb and arsenic show beyond the safe limit
mentioned by WHO/FAQ. Thus there is some possibility of having neurological disorders, cancer and paralysis if these
vegetables are taken for long duration. The possible targeted organs of heavy metals among humans are soft tissues
such as the kidney, liver and the central nervous system. The highest concentration of Barium (Ba), Strontium (Sr) and
Rubidium (Rb) are observed in carrot with the value of 96.9 + 21.6 (Akaki farm), 29.8 + 1.9 (Kera farm) and 39.9 + 2.9
ppm (Akaki farm) respectively. The lowest content of these three elements are detected in the both red beet and potato
of Kera farm. Similarly these three elements present in Red beet of Akaki farm with the concentration of 67.25, 7.2 +
0.5 and 18.9 £ 1.1 ppm. On the other hand the highest content of Br (62.6 £ 2.5) is detected in red beet (Akaki farm)
while the lowest content (6.5 + 0.8) observed in red beet (DB).
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Fig. 3 Heavy and Toxic metals in root vegetables collected from Akaki, Kera and Debre Berhan

As shown in Fig.3 heavy metals concentration of all the tested vegetables those grown in the waste water irrigated area
of the present study when compared with the prescribed limit of FAO/WHO (2001) are observed that level of As, Pb
and Cr in edible parts of the vegetables exceeded the recommended safe limit,

Table 6: Elemental composition of (mean * Standard deviation, ppm) soil

Elements Akaki Debre Berhan Kera Safe limit ?
Na 7327.5 +£580.2 5428.9 + 248.6 5661.1 +218.9
Ca 17088.1 + 1467.9 7511.2 £214.2 18928.0 + 34.5
K 15841.6 + 1655.6 16540.1 + 628.8 19121.7 £ 244.1
Zn 175.3+6.7 162.4+5.8 386.2+12.5 300-600
Cu 495+45 61.7+1.1 87.6+27 135-270
Ni 51.2+8.9 446+2.2 482+ 2.6 75-150
Fe 91347.9+£1279.1 86378.2 +1531.1 94734.8 + 2684.2
Mn 2546.7 2555.3 + 156.7 3988.0 £ 101.6
Cr 195.2+12.0 170.7 + 8.3 204.6 £20.3
As 7.0+0.01 6.98 + 0.01 7.4+0.03
Cd 2.3 15+1.1 2.32 3-6
Pb 19.1+7.3 18.1+4.6 208.9+27.5 250-500
\Y/ 413.2+8.12 358.1+145 4855+14.4
Ba 3469+1.1 354.1+25 3448+1.1
Mo ND 0.5+0.3 ND
Sr 176.5+5.7 71.6+4.1 358.5+16.7
Se 0.55 6.06 1.17
#Source: Awashthi (2000) [42]
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Concentration of major and toxic element in soil

Soil is an essential component of the environment. It is the basis for terrestrial ecosystems and acts as the interface
between the biosphere and lithosphere; it is the medium in which many biogeochemical cycles occur. Therefore soil
quality must be preserved. Nevertheless, recent increase in the concentrations and distributions of anthropogenic
xenobiotic (foreign substances to the body or ecological system) resulted possibly to become as toxic elements in soils.
This is caused due to the mismanagement of industrial and mining resources resulting as concern one around the world.
Elemental concentrations found in the soil that collected from the three sites are summarized in Table 6. The average
concentration of major elements Na, Ca, K and Fe of the surface soil are found to have the range of (5428.9-7327.5),
(7511.2- 18928.0), (15841.6-19121.7) and (86378.2- 94734.8) mg kg™ (ppm) respectively whereas the average
concentration of heavy and toxic elements like V, Cr, Cu, Zn, As, Mn, Ni, Se, Sr, Ba, Mo and Pb are found to exist in
the range of (358.1-485.5), (170.7-204.6), (49.5-87.6), (162.4- 386.2), (6.98-7.4), (2546.7-3988.0), (44.6-51.2), (0.55-
6.06), (71.6-358.5), (344.8-354.1), (0-0.5) and (18.1-208.9) mg kg™ (ppm) respectively. According to Pendias and
Pendias (2000) [21] concentration of all the elements measured in the soil is lower than the World Average value. The
elemental concentration in the soil follows a trend that related to the above but varied according to the sampling.
Molybdenum (Mo) and cadmium (Cd) were detected in soil, which are not present in the present studies might be due
to less number of selected vegetables and their low amount. The presence of Mo and Cd depends upon their chemical
forms and concentration in the soil, their difference in uptake capacity and growth rate in the soil.

The mobility of metals from soil to plant is a function of bioavailability of metal, which in turn on different plant
species [41]. Soil to plant transfer is a parameter used to describe the transfer of trace elements from soil to plant body
so that soil to plant transfer is one of the key components of human exposure to metals through food chain. The higher
value of metals in leafy parts may be due to higher transpiration rate to maintain the growth and moisture content of the
plant.
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Fig. 4 Mean concentrations of Ba, Sr, Rb and Br in root vegetables collected from Akaki, Kera and Debre Berhan
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V. CONCLUSION

The analysed vegetables in the present study are important ingredients of human diet that contains essential nutrients
and trace elements. Nineteen (19) elements such as Na, K, Ca, P, S, Zn, Cu, Ni, Co, Fe, Mn, Cr, V, As, Pb, Ba, Sr, Rb
and Br are detected in four varieties of root vegetables. All the samples are found to have sufficient concentration of
essential elements such as K, Ca, P, Zn, Fe and Mn. Rapid industrialization and urbanization of the capital, Addis
Ababa with insufficient environmental monitoring planning often results in discharging of the industrial and sewage
waste into rivers such as Akaki and Kera rivers leading to gradual increase of pollution in the water resource. Such
waste water is drained to the agricultural land where this polluted water is used for irrigating crops including root
vegetables. Heavy metals concentration of all the tested vegetables those grown in the waste water irrigated area of the
present study when compared with the prescribed limit of FAO/WHO (2001) are observed that level of As, Pb and Cr
in edible parts of the vegetables exceeded the recommended safe limit, but Zn, Cu, Ni, Co, Fe and Mn concentrations
of all the root vegetables are within the recommended safety standard. The present study revealed that untreated
irrigated water is the main cause of soil pollution in Akaki and Kera farms causing to increase in the level of heavy and
toxic metal concentrations in root vegetables.
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