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ABSTRACT
The samples of soil and selected species of vegetables (cowpea leaves, spinach, sweet potato
leaves, Ethiopian mustard and Chinese cabbages) were randomly collected from four sites, Idara
ya maji, Nkaiti, Mbulungu and Mkwajuni of Minjingu village of Manyara in Tanzania. The samples
were analyzed by means of wavelength dispersive x-ray fluorescence (WDXRF) spectrometry to
determine the heavy metal concentrations in soils and vegetables of the field study with emphasis
on their health risk index (HRI) assessment. The results indicate that soils have concentration
range of 142-1547 for Ca, 737-2515 for K, 2396-4748 for Si, 0-121 for P, 0-181 for Mg, 0-36 for S,
0-68 for Na, 561-942 for Al, 121-4748 for Fe, 0-80 for Mn, 0-53 for Sr, 0-37 for Cs and 0-11 for Ni
in mg/kg which was above the maximum tolerable limits(MTL). Elements detected in vegetables
were in the range of 2123-6122 for Ca, 747-8005 for K, 65-996 for Si, 40-348 for Mg, for Mn, 85584 for P, 22-705 for S, 0-218 for Na, 70-835 for Fe, 23-286 for Al, 0-98 for Cs, 84-1076 for Cl and
0-13 for Ni in mg/kg. The highest heavy metal retention capability was exhibited in Cowpea leaves,
Spinach and Chinese cabbages but sweet potato leaves and Ethiopian mustard has shown lower
concentrations. Control site recorded the least concentration values. The HRI values for Sr, Ni and
_____________________________________________________________________________________________________
*Corresponding author: Email: ykoleleni@gmail.com;

Koleleni and Tafisa; AJARR, 4(2): 1-17, 2019; Article no.AJARR.48273

Fe in vegetables exceeded the maximum threshold limits (HRI>1) set by United States
Environmental Protection Agency (USEPA). The findings of this work indicates that soils and
vegetables grown, particularly cowpea leaves, spinach and Chinese cabbages were extremely
contaminated at levels able to pose detrimental health effects to the consumers. Therefore the
consumption of cowpea leaves, spinach and Chinese cabbages should be reduced to the
maximum if not abandoned. But limited quantities of Ethiopian mustard and sweet potato leaves
can be taken while immediate steps are taken to reduce anthropogenic activities at the polluting
site. This situation makes the regular monitoring of the grown vegetables a compulsory act.

Keywords: Phosphate mine; heavy metals; vegetables; HRI and daily intake.
Hg, which collated significantly with the amount
present in soils. These authors finally concluded
that the long term consumption of mercury
loaded vegetables would pose a health risk to
the consumers [5,6].

1. INTRODUCTION
Excessive elemental concentration in soils and
vegetables resulting from mining activities has
been a major concern of the modern society due
to their significant health risk on humans,
especially to the population living close to the
mining areas. Harmful elements originating from
the mining sites, is one of the leading sources of
soil pollution in most of the countries. Trace
elements are of major concern because of their
toxicity, long half-life and increased accumulation
[1]. The trace metals in soils may go into human
body through skin absorption, food consumption
or breathing in of dirty air and thus directly affect
the ecosystem and damage human health [2].
The soil is termed as contaminated when
chemicals have been added to its natural state.
This is usually caused by improper disposal of
rubbish or release of chemicals. Industrial
activities and poor soil management especially in
developing countries has increased levels of
metal and chemicals in arable soils, along with
excessive contamination of natural vegetation.
Generally, heavy metals produced end up
sinking in soils [3].

In their study Bahemuka and Mubofu [7]
conducted in Dar es Salaam along the rivers
found that vegetables were highly contaminated
with Cd and Pb beyond permissible limits. In
another study of [8] investigated on Fe, Zn and
Beta-carotene
in
indigenous
vegetables
(Amaranth, Night shade and African Eggplant)
found in four districts of Kongwa, Singida,
Muheza and Arumeru, results indicated that
these vegetables have a good potential source of
three micro element, Fe, Zn and Beta-carotene.
In the study conducted by [9] in Zanzibar on
cabbages and Amaranth the cabbages were
found with higher concentration values of toxic
elements Ni and Cd, ranging from 17.83-66.3
µg/g for Cd and between 2.07 to 3.43 µg/g for Ni.
Authors ended up concluding that the
consumption of these vegetables from Zanzibar
would result into health hazard to the consumers.
While Mubufu [10] found the vegetables grown in
Dar es Salaam and marketed at Kariakoo
contained levels of Cu, Mn, and Zn below the
MTLs and therefore were safe and served as
good dietary mineral sources. But Amour [11]
reported that soils and grown vegetables (Vigna
Unguiculata) around the volcanic Mt. of Oldoinyo
Lengai in Ngorongoro district in Tanzania were
contaminated with heavy metals due to
repeatedly volcanic eruptions. Moreover, cereals
grown around Minjingu were found to contain
safe limits of heavy metals with exception of
maize which contained high concentrations of Cd
[12].

In the study conducted by Oyekanmi on water
and vegetables of Yobe state in Nigeria, results
showed that As, Cd, Ni, Pb and Cr elements
were detected in high concentration beyond
WHO allowable limits [2]. However in Kaduna
area, Nigeria the concentration of Zn, Cr and Fe
in soil and crops were found to be below
FAO/WHO safe limits [3].
Timoori Shahnaz studying on the pollution of
soils and water of Esfaham Industrial zone found
important elements with mean concentrations of
-1
-1
Cr was 95 µg L , Ni was 146 µg L , Co was 185
-1
-1
-1
µg L , Cd was 12 µg L and Pb was 11 µg L all
these values have exceeded WHO permissible
limits [4]. Another study conducted around the
power plant, China by Li, results showed that
vegetable leaves contain high concentration of

Minjingu phosphate factory in Tanzania has a
long mining history. Phosphate fertilizers are
extensively produced from the mine for economic
development. Existing studies have shown the
phosphate ore of Minjingu village contain toxic
2
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elements creating a risk to the neighboring
population [6] estimated to be around 11,000
people [12]. Yet the health risk caused by
consumption of vegetables has not been
explored.

contamination of foods by trace metals should
not be underestimated in anyway. The soils are
termed to be major sources of heavy metals to
plants, when vegetables are grown on polluted
land; the heavy metals are likely to be
translocate into plant leaves and through food
chain to the body [16]. Among the impacts of
mining activities in the environment due to soil
and vegetation heavy metal contamination have
brought about serious damage to plants and
severe human health problems. This shows that
vegetables grown in many countries are exposed
to heavy metals in different ways, thus
consumption of polluted vegetables results
into adverse health effects to the consumers
[17].

This present work was carried out in Minjingu
village of Manyara region. The samples were
analyzed by using Wavelength Dispersive X-ray
Fluorescence (WDXRF) spectrometry. The aim
of the present study was to identify the essential
elements and estimate the impact of trace
elements in soil and vegetable samples.
Moreover, calculate the health risk resulting from
the consumption of vegetables grown around the
mining area.
The presence of the phosphate mine at Minjingu
village suggested the importance of determining
the heavy metal concentrations in soils and
vegetables around the mining area, and since no
such a study has ever been done at Minjingu.
Therefore, in the present work, Wavelength
Dispersive X-ray Fluorescence (WDXRF)
spectrometry
was
used
to
analyze
concentrations of heavy metals in soils
and vegetables from which HRI were
established.

Balkhair and Ashiraf [18] once reported that
crops and vegetables grown in the western
region of Saudi Arabia were seriously polluted
with heavy metals, they ended up concluding that
those vegetables should not be eaten because of
large quantities of metals contained would lead
to health effects. [19] in Beijing, China, reported
health risks (HRI) of <1, indicating a relative
absence of health risks associated with the
ingestion of contaminated vegetables, though
plants were greatly affected by heavy metals
beyond limits set by USEPA and WHO.
Therefore it could be concluded from the
literature that, most of the studies performed at
Minjingu such as Banzi [20] who dealt with
radioactivity and Mohammed and Nkuba [6]
investigated on metals in cereals, indicates that
vegetables had not been investigated on, thus, it
was worthwhile for the current study to be
conducted on that matter.

1.1 Heavy Metal Contamination in Soils
Heavy metal deposition in soils has drawn
world’s concern in recent decades due to the
excessive accumulation of trace elements in soils
caused by anthropogenic activities [13]. Many
years back soil contamination was not
considered a significant matter to be given an
attention to because of its wide range and
complexity in handling. Nowadays contamination
of arable soils by heavy metals due to human
activities is considered by scientists and
environmentalists a hot topic to be settled [14]. In
most cases, heavy metals can be found naturally
everywhere on earth having their sources in
rocks, volcanic emissions and mineral deposits.
But metals that occur naturally are in rare cases
harmful. Human activities are pinpointed to have
increased their amount in soils [15]. The
literature show that soils from Minjingu village in
Tanzania being close to the mine could be
contaminated with unknown levels of heavy
metals from neighboring mine. This led the
current study to be carried out.

2. MATERIALS AND METHODS
2.1 Study Area
The studied area was Minjingu village. This
village of Minjingu is situated along the rift valley
escarpment on the eastern part of Lake
Manyara. Within Minjingu village there is
Minjingu phosphate mine (Fig.1). Minjingu is
found in Manyara region on the Northern part of
Tanzania, at latitude 03°42ʹ 30.9ʺ S and
longitude 035° 54ʹ 56.3ʺ E, having an estimate of
11,000 inhabitants occupying about 24,000
hectares of land [21]. The Minjingu dwellers are
pastoralists and small scale farmers. Crops
cultivated in Minjingu include maize, cowpeas,
mug beans, watermelon and vegetables like
Chinese cabbages, spinach and Cowpea leaves.
The area of Minjingu which is used for agriculture

1.2 Heavy Metal in Vegetables
Leafy vegetables such as amaranth and spinach
form a vital part of diet rich in nutrients so,
3

Koleleni and Tafisa; AJARR, 4(2): 1-17, 2019; Article no.AJARR.48273

is found on the North-Eastern part of BabatiArusha road, while on the North-West of the
same road is for pastoralism where Lake
Manyara is situated (Fig. 1).

Five types of vegetables were selected from
each site (Table 1).
In the same way 20 samples of soils were
collected about 25 g of soil around the roots of
each type of vegetable when plants were
uprooted at a depth of 0-15 cm. Both soil and
vegetable samples were collected from four
sampling sites chosen at different distances from
the factory of Minjingu, and these areas were
Nkaiti, Mbulungu, Mkwajuni and Idara ya maji.
Thereafter control samples of soil and vegetables
were taken from Magugu village situated away
from Minjingu. Magugu was chosen as a control
area because was found to be far away from the
polluting source. All samples were transferred to
the African Minerals and Geosciences Centre
(AMGC) laboratories in Dar es Salaam, for
preparations and analysis.

Collection and sampling
The species chosen for vegetable samples were,
Chinese cabbages (chainizi), spinach (Spinachi),
sweet potato leaves (matembele), Ethiopian
mustard (sukuma wiki) and cowpea leaves
(majani ya kunde) as in Fig. 2. These kinds of
vegetables were chosen specifically because are
among the most commonly grown vegetables in
Minjingu area. Vegetables were sampled in
March 2018 to show heavy metal translocation
phenomena. The randomly collected twenty
vegetable samples from Minjingu village were
placed into clean and demarcated plastic bags.

Fig. 1. The map of the study area of Minjingu village,in Manyara region-Tanzania
Table 1. Types of sampled vegetables grown in Minjingu village in Tanzania
Swahili name
Majani ya kunde
Spinachi
Matembele
Sukuma wiki
Chainizi

English name
Cowpea leaves
Spinach
Sweet potato leaves
Ethiopian mustard
Chinese cabbages

Scientific name
Vigna unguiculata
Spinacea oleracea
Ipomoea batatas
Brassica carinata L
Brassica rapa

4

Edible part
Leaves
Leaves
Leaves
Leaves
Leaves
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Fig. 2. Some of the vegetables grown in Minjingu village used in this study
(The Photo was taken by the researcher on March, 2018)

Both powdered samples of soil and vegetables
were made into pellets so as to get a specific
size of tablets used in S8 TIGER WDXRF
machine.
Thereafter
wavelength
x-ray
fluorescence (WDXRF) spectrometer was used
in measurements (S8 TIGER, BRUKER QUANT
version 2.2.3.1, Germany). Diffracted x-rays were
detected by the sealed proportional counter (10%
of methane and 90% of Argon) for elements with
low Z, and then for heavy elements
measurements were done by employing NaI (TI)
scintillation detector. The S8 TIGER WDXRF
measures elements directly, fast, with high
resolution and low background [24].

2.2 Preparation of Samples and Analysis
After delivery to the laboratory all vegetables
were washed in fresh running water to eliminate
debris except Chinese cabbages, cowpea leaves
and spinach. The samples of vegetables were
oven dried at a temperature of 65°C for 48 hrs. In
order for samples to be homogenized, each
sample was grinded in a motor to the size of a 2
mm mesh sieve. Then these samples were
stored in a dry and clean glass stopper ready for
analysis. The collected soil samples were wet
because in March-April months, Tanzania
experiences heavy rainfall in almost all regions
including Manyara. The samples were dried for
two days in an oven at a temperature of about
100°C to remove moisture content. Then the
dried samples of soil were sieved using a 2 mm
polyethylene sieve to remove plant debris and
stones. These soil samples were later grinded
into fine powder in order to get similar matrix as
the reference material.

The data obtained were statistically analyzed
using a statistical package SPSS Version 20 in
combination with Microsoft Excel 2007. The
correlation relationship for comparing the means
of vegetables and soil samples were done by
using Excel. The daily intake of metals (DIM)
was determined by using equation 3 [25], while
the health risk index (HRI) for the locals through
the consumption of contaminated vegetables
was assessed using mathematical equation
[24].

Thereafter soil samples were stored in well
coded containers before were placed in labeled
crucibles and transferred to the furnace. In the
furnace, soil samples were heated for about
1000°C for 2 hours to get Loss on Ignition (LOI)
[22,23]. After that hot crucibles were removed
and placed into desiccators for a normal cooling,
in order to get LOI. LOI helps to remove CO 2
from carbonates and organic matter content of
clay-poor calcareous soils and rocks with
precision, so as to get the exact heavy metal
content [22]. Thereafter, LOI was calculated and
normalized results obtained for each soil sample.

3. RESULTS AND DISCUSSION
3.1 Elemental Concentrations in Soils
Essential elements (Ca, K, Si, S, Na, P and Mg)
in the field study and the control area contained
almost the same mean concentration values. The
same distribution of macro and minor elements is
due to the abundance of these elements on the
5
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earth’s crust [14,17]. However Fig. 3 shows the
mean concentration of heavy metals, Cs, Al, Cl,
Mn, Sr, Fe and Ni in mg/kg in the field area were
above the detection with exception of Cl. Field
sites had heavy metal values surpassing the
control area (Fig. 3).

control vegetables. Ca element showed the
highest mean values of 4162±2.35 mg/kg,
followed by K with mean values of 3893±2.89
mg/kg. Calcium is a macro element in the soil
responsible for regulation of soil pH in plants
(vegetables) and it is a mineral which helps in
structuring of the bones in humans [26]. Each
living cell contains K as a major ion. In man, K
strengthens heart muscles and plays an
important role in nerve impulses [27]. Other
elements appear in the order of Si >S >Mg> Na.
These elements are essential to plants, but in
excess amounts become harmful to the
surrounding community. The highest mean value
of 714±9.6 mg/kg for Cl was recorded in Chinese
cabbages, followed by 620±2.36 mg/kg of Fe
recorded in Chinese cabbages too. These
maximum concentrations of Fe exceed the
standard limit set by FAO/WHO; hence the
consumption of Chinese cabbage exposes the
local residents to greater amount of Fe which
could result into health problems.

Figs. 3 (a-c), shows the field area contains
elevated concentration values of Sr. Cl, Cs, Mn
and Ni more than the control area. This indicates
that field soils have accumulated excess amount
from the polluting source(s) which is enriching
the soil via water runoffs or polluted atmosphere.
These metals exposed to human being may pose
health effects.

3.2 Elemental
Vegetables

Concentrations

in

60

760

53

47

Concentration (mg/kg)

Concentration (mg/kg)

Results shown in Table 2 shows essential
elements Ca, P, K, Si, Na, Mg and S were
recorded in high amounts in both field and

40
20
0

0

0
FIELD
Mn

CONTROL

800

630

600
400
200

12

0
FIELD

CONTROL
Soil
Cs Al

Soil
Cl

(b)

40

36

40

Concentration (mg/kg)

Concentration (mg/kg)

(a)

30
20
4

10

0

0
FIELD

7

CONTROL

2500
2000
1500
1000
500
0

2056

2040

760

FIELD

630

CONTROL

Soil

Soil
Sr Ni

Fe

(c)

Al

(d)

Fig. 3. Soil pair concentration values of (a) Cl/ Mn, (b) Cs/ Al, (c) Sr/ Ni, and (d) Fe/Al heavy
metals in mg/kg from the field and control areas
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Table 2 also shows heavy metals identified in
this study as Ni, Mn, Sr, Cl, Al, Cs and Fe. Nickel
were absent in control site vegetables as it was
in soils. This implies that Ni was totally absent in
control soils as well as in vegetables. Comparing
field and control mean results reveals that, field
vegetables were embedded with Ni toxic metal
with values of 13±0.1 mg/kg. This amount is
about 130 times the allowable limits of 0.1 mg/kg
[28]. This value of Ni is alarming as reported that
Ni could cause respiratory cancer [29].
Therefore, the Minjingues would be at a high risk
of being affected with cancer via consumption of
Ni
polluted
vegetables.
The
maximum
concentration results of Ni recorded in China,
Dera Ghazi vegetables by Latif [30] were ranging
from 1.8 to 5.05 mg/kg. Comparing the maximum
value of Ni (13±1.0 mg/kg) in this study, Ni is
about 8 times higher than that recorded in Dera
Ghazi. Thus, the Minjingues are exposed to
greater health risk problems than Dera Ghazi
inhabitants.

that roots limits the uptake of Fe from the soil
since the Fe content in soils was less as
compared with soils which contained 2059
mg/kg.
Vegetables were also found to contain Cl with
concentration values of 714 mg/kg in Minjingu
field; however Cl was below the MDL in soils.
The absence of Cl in soil and its availability in
vegetables is precisely explained by Wertz of the
University of Southern Mississippi when studying
on the abundance of Al and Cl in soils and
vegetables by using WDXRF. Wertz found that
Cl was below MDL in soils while was abundant in
leaves. Al on the other hand recorded below the
MDL in vegetable leaves but was plenty in soils;
therefore the author concluded that, abundance
of Fe in soils influences Al peaks which cause Cl
to fluctuate with Al [32]. In this study Cl and Al
results have confirmed Werts to be true. Hence it
can be said that, it is not that Cl is missing in
soils rather it was interfered with the presence of
Al.

Table 2. The Mean concentration (mg/kg) of
elements in vegetable samples of the field
and control with their standard deviation
(A.M±SEM)
Element

Ca
K
Si
Na
Mg
S
Mn
Sr
Fe
Al
Cs
Cl
Ni
P

Field ( n=20)
mg/kg
A.M±sem
4162±2.35
3893±2.89
295±1.4
37±0.11
137±0.21
269±0.32
60±1.2
68±0.1
620±2.36
284±1.13
56±0.5
714±0.7
13±0.1
239±64

Al is less available in vegetables (284 mg/kg) as
compared to soils (760 mg/kg). This may be
caused by limited transfer of Al to plants.
However these levels are greater than
WHO/FAO safe limits of 100 mg/kg, hence are
able to cause potential health risks to the
consumers. The amount of Al in Minjingu
vegetables is about 3 times surpassing the WHO
recommended value, which means that the
Minjingu people are exposed to the greater risk
of aluminum problems which include loss of
memory and is associated with Parkinson’s
disease [33].

Control (n=5)
mg/kg
A.M±sem
4581±6.35
3119±8.53
372±1.65
75±0.47
159±0.43
232±0.15
29±2.5
30±1.1
402±9.3
108±3.7
49±1.4
19±0.5
MDL
62±40

Figs. 4(a) to 4(d) indicates that vegetables grown
around the Minjingu mine contain elevated
content of Sr, Ni, Fe, Al and Cs. The tendency of
a plant to accumulate elevated levels of heavy
metals not only depends upon the environmental
contamination but also on plant species [34]. The
soil to plant movement of metals is one of the
principle components of human exposure via
food chain [35].

Heavy metals in all locations in the field were
generally greater than the control site (Fig. 4 (ad)). Iron is an element which is significant for the
formation of chlorophyll and food production in
plants; therefore Fe is highly needed by plants,
but only in allowable limits of 425 mg/kg [31].
However, the concentration value of 620±2.36
mg/kg for Fe obtained in this study is far beyond
maximum tolerable limits (MTLs). This excess
amount of iron concentration in vegetables may
be coming from the atmosphere and entering via
leaf surface [27] and not roots because it seems

From Table 3, results show that Mn lowest mean
concentration 27±0.6 mg/kg was recorded in
Chinese cabbages and maximum 91±2.4 mg/kg
was observed in cowpea leaves of Mbulungu
site. Ni highest concentration mean values of
13±0.1 mg/kg were recorded in cowpea leaves in
Nkaiti and the lowest 2±0.01 mg/kg in Ethiopia
mustard. This concentration level however, is
greater than the MTLs of set by [36]. This implies
7
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that the consumption of cowpea leaves could
lead to health risk due to the presence of high Ni.
Highest mean concentration values of Sr were

Concentration (mg/kg)

284

300
Concentration (mg/kg)

102±3.2 mg/kg in cowpeas of Mbulungu while
lowest mean values of 43±0.2 mg/kg were
observed in the leaves of sweet potatoes.
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Fig. 4. Concentrations of heavy metal in vegetables of the field and control areas
Table 3. Means of heavy metals in vegetable species (mg/kg)
Element
Fe
Cs
Mn
Sr
Ni
Al
Cl

Chinese
470±9.0
9±0.1
27±0.6
86±1.2
3±0.02
165±3.5
718±9.6

E. mustard
167±3.2
16±0.6
34±0.2
56±0.7
2±0.01
62±1.5
434±5.1

Cowpeas
270±0.5
49±0.9
91±2.4
102±3.2
13±0.1
50±0.8
433±3.0

8

S. potato
359±1.5
14±0.5
39±0.1
43±0.2
BDL
92±1.3
272±2.3

Spinach
329±3.0
42±1.2
63±0.2
50±1.1
BDL
111±4.0
415±4.4
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Moreover Cs maximum concentration means
(42±1.2 mg/kg) were recorded in spinach of
Mbulungu. These greater values of Cs show that
spinach has greater capability of absorbing and
translocating Cs than other vegetables. Thus,
this is ascribed to the higher biomass of spinach
leaves as compared to others [37]. This may be
ascribed to its specie and higher transpiration
rate to maintain growth and moisture content
[38,39]. Aluminum metal had shown maximum
mean values of 165±3.5 mg/kg in Chinese
cabbages of Nkaiti and lowest of value 50±0.8
mg/kg was found in cowpeas. Fe highest
concentration values were in Chinese cabbages
of Nkaiti.

contaminated with
values (Table 3).

significant

concentration

The highest peaks of Cl, Fe and Al are observed
in Chinese cabbages in Fig. 5. From the graph of
Fig. 5 it is distinctly clear that Chinese cabbages
have greatest capacity of absorbing and retaining
Cl, Fe and Al in their leaves.
According to Fig. 6 cowpea leaves are
embedded with Sr, Mn and Ni metals compared
to other vegetables. This signifies the highest
ability of cowpea leaves to up take heavy metals
through both roots and shoots. Since cowpea
leaves are highly desired and consumed by the
Minjingu’s, the population after a long time of
exposure might suffer health risks associated
with ingestion of these metals. Moreover, Fig. 6
indicates that Ni toxic metal results were not
recorded in sweet potato leaves and spinach.
These vegetables do not absorb nickel probably
due to their species [29]. Therefore spinach and
leaves of sweet potatoes are free from Ni
contamination.

Results confirm that cowpea leaves and Chinese
cabbages of distant areas of Mbulungu and
Nkaiti in Minjingu are highly affected as they
contain maximum concentration values of Cs, Al,
Ni, Fe, Sr and Mn. However Idara ya maji which
is about 1km from the polluting source had
Chinese cabbages which contained highest
values of Cl. Spinach from all sites were

Fig. 5. Concentrations (mg/kg) of Fe, Al and Cl heavy metals in field vegetables

Fig. 6. Concentrations (mg/kg) of Ni, Mn and Sr heavy metals in field vegetables

9
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In Figs. 7 (a) to 7 (e), the metal with a highest
content in each vegetable was Cl and was in
decreasing order of 56% in Ethiopian mustard,
51% in Chinese cabbages, 43% in cowpea
leaves, 41% in spinach and 33% in sweet potato
leaves. This is opposed to western Saudi Arabia
were 98% of vegetables contained Ni [38]. The
difference between the highest percentages of
metal content is determined by the polluting
source. Saudi Arabia source of heavy metal in
vegetable was waste water used for irrigation
from Bani Malik waste water treatment plant
while Minjingu vegetable polluting source is
ascribed to the phosphate mine. Another metal
found in excess was Fe. Iron enriched
vegetables act as good booster for blood hence
a remedy for anemia to the vegetable consumers
[31] especially sweet potato leaves. It is
confirmed in this study that sweet potato leaves
are good Fe accumulators thus can be used as a
remedy for shortage of blood in Fig. 7 (d).

Cl
51%

Though Ni, Sr, Mn and Cs showed low
percentage values compared to Cl and Fe but
are even more hazardous to the vegetable
consumers than the latter because they contain
concentration values higher than the allowable
limits. Once MTLs set for heavy metals are
crossed, the exposed population is in danger of
encountering health hazards. Cowpea leaves
contain the highest percentage of Ni, 1%, Mn,
9%, Sr, 10% and Cs, 5% compared with all
vegetable types in Fig. 7 (c).The order of
contamination by heavy metals is cowpea
leaves>spinach>Chinese cabbage. Thus cowpea
leaves has extremely high capacity of
translocating and retaining heavy metals, and so
its continual use may bring about health risks,
]
and concluded that cowpea leaves contributed
large amount of Cd [40].
Spinach should be also of concern because
Dotse [40] in East Tennessee, USA reported that

Chinese
cabbage

Ethiopian
mustard

Fe
33%

Fe
22%

Cl
56%

Mn
Al Ni 2% Cs
7% 0% Sr 1%
6%
(a)

Cowpea
leaves
Cl
43%

Cs
2% Mn
5%
Sr
7%
Ni
Al
0%
8%

Cs
5%
Mn
Sr 9%
Ni
Al
10%
5% 1%

(b)

Sweet potato
leaves
Cl
33%

Fe
27%

(c)

Spinach

Fe
44%

Cl
41%

Fe
33%

Cs
4%
Mn
Al Ni Sr 6%
11% 0% 5%

Al
11% Ni Sr Mn
Cs
0%
5% 5% 2%
(d)

(e)

Fig. 7. Distribution of heavy metal concentration (%) in each vegetable species studied
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spinach contained Cd which exceeded safe
limits. Kayastha in Bhaktapur [41], Nepal
reported that spinach had high accumulation
tendency of metals compared with other species
of vegetables. [42] in Bangladesh reported of
spinach accumulating high amount of heavy
metals. Even in this study spinach has shown
high ability of retaining toxic metals. Therefore
from the present study, cowpea leaves and
spinach grown in Minjingu village should be
tested of heavy metals before consumption
because they are significant heavy metal
retainers.

consumption rate of 240 mg/kg of vegetables in
Tanzania [45,46].
The DIM results in the current study, from the
lowest to the highest DIM followed the order of
4.42E-03, 15.5E-02, 1.7E-02, 2.31E-02, 9.6E-02
and 2.11E-01(mg/kg bw per person per day) for
Ni, Cl, Mn, Sr, Al and Fe, respectively. The DIM
for Mn obtained by Nkuba in cereals at Minjingu
were 6.47E-02 and 4.80E-02 (mg/kg/d) for maize
and mung beans, respectively. This amount is
less than that obtained in this study (1.7E-01),
this shows that leafy vegetables tend to
accumulate high concentration values of metals
compared to cereals and fruit vegetables [47].
In Saudi Arabia [31] found 3.20E-03, 4.06E-02
and 1.90E-03 DIM in mg/kgbw/day for Ni, Mn
and Fe, respectively. This DIM amount of Saudi
Arabia is lower than that of Minjingu except for
Mn.

3.3 Daily Intake of Metals (DIM) and
Hesalth Risk Index (HRI) Assessment
The Daily Intake of Metals (DIM) is the average
daily heavy metal intake through consumption of
food per person per day. There are several
significant pathways of exposure to man. The
most important pathway is through food chain.
The degree of heavy metal toxicity lies entirely
upon their daily intake [43] In this study, the
possible pathway assumed to be the intake for
Ni, Cl, Mn, Sr, Al, Cs and Fe heavy metals via
consumption of contaminated vegetables. The
DIM presented in Table 4 was determined by
using equation 1 [36].
DIM



Ci  K  I

Health risk associated with heavy metals is
estimated through calculation of the level of
human exposure for a particular metal by
identifying the exposure route of a pollutant to
the body. Many possible ways for heavy metals
rely upon soil and contaminated food paths to the
people..The consumption of vegetables enrich
the population with higher concentration of toxic
metals which on entering human body result into
detrimental health effects [41]. In this study the
concentration values obtained from the vegetable
samples collected from Minjingu village were
used to calculate the health risk index (HRI).
The values of HRI depend upon the daily intake
of metals (DIM) and Oral Reference Dose (RfD).
The RfD is the metal estimated exposure per
day to the human body that has no risk effects
for the life time. An index value >1 for HRI is
considered to cause health problems to humans
[26].

.......... .......... .......... .......... ...( 1 )

W

where Ci is the heavy metal concentration of
element i (mg/kg), K is a conversion factor
(0.085) as given by [44], W is the average adult
body weight (60 kg) as given by [37], I is the daily
vegetable intake of Cowpea leaves, Chinese
cabbage, Ethiopian mustard, sweet potato leaves
and spinach, according to FAO/ WHO

Table 4. The DIM and HRI values of vegetables in this study
Element
Mn
Al
Cl
Fe
Ni
Sr
Cs

CONC.
(mg/kg)
60
284
714
620
13
68
56

==

WHO (MTL)
(mg/kg)
500
100
450
0.1
*[50],

**

[49],

DIM
(mg/kg/d)
2.04E-02
9.7E-00
2.4E-00
2.11E+01
4.42E-01
2.312E-00
##

[52],

11

***

RfD
(mg/kg/d)
#.
0.14
*
60
**
3400
***
15
**
0.04
***
1.6
#

[51] and [48]

HRI
1.46E-01
1.616E-01
7.16E-04
1.466E-00
11.05E-00
15.41E-00
-
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Magnesium

The HRI for Ni, Sr, Fe, Al, Mn, Cl and Cs by
eating contaminated vegetables was calculated
by the equation;
HRI=DIM/RfD

Magnesium is needed by human body for
building of red blood cells; reduce mental
depression and maintenance of various
mechanisms [58]. High amount of Mg in
associated with mental depression while its
shortage results in abnormal irritability of
muscles and convulsions [59]. In this study
83±0.8 mg/kg concentration of Mg was recorded
in soil and 137±0.21 mg/kg in vegetables, this
amount is lower than that obtained in Dhaka
(920.67 mg/kg) [56].

(2)

Where DIM represent daily intake of metals via
consumption of vegetables and RfD is the
reference dose value for Mn, Al, Cl, Fe, Ni, Sr
and Cs was 0.14, 60, 3400, 15, 0.04, 1.6 in
mg/kg bw/ day, respectively [48-53]. However,
Cs RfD information was limited.
HRI due to heavy metals via dietary intake of
vegetables in this study were 1.46E-01, 1.616E01, 7.16E-04, 1.466E-00, 11.05E-00 and 15.41E00 for Mn, Al, Cl, Fe, Ni and Sr, respectively.
The HRI from this study were found to be above
the FAO/WHO safe limits (HRI>1) except for
Al and Cl. Several studies conducted around
the world including Khan [54] and Pan [55]
revealed HRI was less than 1,indicating no
health risk, In this study, high concentration
levels were above MTLs and HRI was greater
than 1 for Sr, Ni and Fe. This indicates that
the consumption of vegetables particularly
cowpea leaves, Chinese cabbages and
spinach may cause health risk to the Minjingu
inhabitants.

Phosphorus and Sodium
In the current study, phosphorus concentration
levels ranged from 0-121 in soils and 85-584
mg/kg in vegetables. Phosphorus is found in
greater amounts in vegetables as compared to
soils. All body cells contain phosphorus with 85%
present in teeth and bones. Phosphorus is
primarily used for growth and repair of body cells,
its shortage cause weakness in bones [60]. In
the present study Na was found in a range of 068 mg/kg in soils and vegetable contained 0-218
mg/kg. Na is important for normal metabolism
functioning of the body. The ratio of potassium to
sodium in any meal is an important factor in that;
while Na enhances blood pressure K depresses
it [60].

Cs on the other hand, although it’s data for oral
reference dose and concentration threshold were
limited, the results from
the current study
recorded the concentration of 56 mg/kg, being a
toxic metal this amount of Cs suggests the
occurrence of health risk among the residents.
Therefore, the consumption of Cs contaminated
vegetables should not be underestimated.

Silicon and sulphur
Si is the most abundant micro element on the
earth’s crust. It is nontoxic, plays an important
role in bone calcification. This element helps
plants to resist diseases [61]. The mean
concentration levels for Si were 3547±1.6 mg/kg
in soil while in vegetables were 295±1.4 mg/kg.
This indicates that vegetables generally have a
limited uptake of Si. Sulphur on the other hand
ranged from 0-36 mg/kg in soils, but showed the
highest range of 22-705 mg/kg in vegetables.
This might be attributed to plants having greater
ability to absorb S because it is a macro element.
S is the major component of DNA.

3.4 Essential Elements
Calcium
The level concentration of Ca usually depends
on the nature of the soil. Calcium is mostly
abundant in alkaline soils. In the present study
Ca showed the maximum means of 1030±5.54
mg/kg in soils and 4162±2.35 mg/kg in
vegetables. Khan [56] reported the highest
concentration value of 932.69 mg/kg for Ca.
The concentration of Ca in this study is about
five times higher than that of sDhaka; this
indicates that Minjingu soils are more alkaline
than Dhaka’s soils. Ca also plays an
important role in bone formation in the body.
About 99% of Ca is enclosed in the bones and
teeth [57].

Potassium
Potassium is an essential element needed by
plants due to its metalloenzymes. Human beings
also need potassium for normal growth rates.
When this element exceeds the required amount
in the blood may cause abnormal breakdown of
protein and reduce renal function. This results
into serious damaging of gastro intestines [26]. In
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deposited into plant’s tiny tissues [67]. In the
current study Cs showed a range of 0-32 mg/kg
and 0-98 mg/kg in soil and vegetables,
respectively. The mean of 12±0.3 mg/kg was
recorded in soil while in vegetables the mean of
56±0.5 mg/kg was observed. Unfortunately for
comparison purposes, the literature for Cs was
limited, the researcher conquer with Melnikov
and Zanoni about Cs when they concluded in
their review that full knowledge and toxicity of Cs
is not available [68].

the soils of this study, K ranged from 737-2515
mg/kg and 747-8005 mg/kg in vegetables. This
increase of concentration range in vegetables
suggests that the source is other than soil,
associated with anthropogenic sources. Khan
[58] in Bangladesh obtained a mean
concentration (864.28 mg/kg) of K, in this study
the mean values for K were 3893±2.89 mg/kg,
this amount is about six times higher than that of
Bangladesh.
Nickel

36

The radioactive Cl has been identified as an
36
environmental contaminant. Cl may damage
arteries, generate excessive free radicals which
have been linked with changing of cellular DNA.
Cl has ability to destroy antioxidants needed to
counteract free radicals for anti cancer [69]. In
this study vegetables exhibited a range of 841076 mg/kg; however in the study conducted by
Koleleni [70] in Dar es Salaam city observed the
highest range of Cl in amaranth (2950-3370
mg/kg) which is higher than that obtained in this
study. Therefore, it is evident that heavy metal
from the contamination source can transfer by
means of air and enter the plants (vegetables),
eventually to the local residents via consumption
of vegetables may be at risk of being affected by
dioxins essentially because all vegetables in this
study contained high percentages of chlorine.

Nickel showed a range of 0-11 mg/kg in soil and
0-13 mg/kg in vegetables in this study. The range
of 0.77 to 1.20 mg/kg was recorded in vegetables
in Tehran by Shirkhanloo [62]. While in Durban,
South Africa a range of 0.03-1.14 mg/kg was
recorded by Gupta [63] and Khan in Dhaka
recorded a range of 0.25-1.51 mg/kg of Ni [56].
In all these ranges the highest is that of Minjingu,
this suggests that the vegetables in Minjingu
especially cowpea leaves of Mbulungu and Nkaiti
are highly contaminated with Ni far greater than
the permissible limits of 0.1 mg/kg. The higher
levels of Ni cause nasal and lung cancers,
asthma and hypoglycemia while the low intake of
Ni is associated with depression, fatigue and
hyperglycemia [66]. In the present study the
highest mean for Ni obtained in vegetables was
13±0.1 mg/kg.

Aluminum
Manganese and Strontium
Al is the most abundant metal on earth.
13
Aluminum, ( Al) has twenty five known isotopes,
27
26
but the only stable isotope is Al. The Al is the
13
only radioisotope of Al. Aluminum is principally
produced from Argon in the atmosphere by
spallation caused by cosmic ray proton [33].
Exposure to intolerable levels of Al may be a
source of respiratory and neurological disorders.
Studies have confirmed that this metal, Al is
partly responsible for brain loss and a source of
diseases such as Parkinson’s disease, anemia,
dementia, blood and dental problems [71]. In this
study Al concentration ranged from 561-942
mg/kg in soils, and 23-286 mg/kg in vegetables.

Sr is an essential element but in excess amount
causes rickets as it replaces Ca and be retained
instead in the bones. [17]. Manganese is needed
for the formation of bone tissues and making of
genetic proteins [57]. However, high intake of Mn
is toxic. In this study Mn ranged from 0-80 in
soils and 0-280 in vegetables. Gupta got a range
of 0.37-28.50 mg/kg in Durban [65]. This amount
from Durban is more than three times that
obtained in the current study. Minjingu showed
the mean concentration of Mn (60±0.2 mg/kg)
while Gupta [632] reported the mean of 137.3
mg/kg in Mn. However in India, the largest mean
of 306.6 mg/kg was recorded by Chabukdhara
[66]. These concentration values of Mn from
other studies are higher than that obtained in this
study.

Iron
In this study, Fe ranged from 121-4748 mg/kg in
soils and in vegetables were 70-835 mg/kg. The
range of 1.70-22.60 mg/kg was found in plants
[55]. About this study, the mean concentration in
soil was 2090±4.2 mg/kg, while in vegetables the
concentration dropped to 620±2.36 mg/kg. This
lower uptake of Fe in vegetables could be

Cesium and Chlorine
Cesium is a toxic metal having no known benefit
133
to humans. As a stable element Cs is naturally
found in ores, but can easily enter and be
13

Koleleni and Tafisa; AJARR, 4(2): 1-17, 2019; Article no.AJARR.48273

associated with poor ability of vegetables species
to absorb Iron. However the concentration is still
higher than the allowable limits of 425 mg/kg of
FAO/WHO, therefore the continual consumption
of vegetables especially Chinese cabbage which
contain greater amount of Fe may lead to
hazardous health risks to Minjingu inhabitants.
However in required amounts Fe helps in the
formation of hemoglobin, oxidation of starch,
protein, fat and controls the normal functioning of
the central nervous system [64], while the low
intake of Fe cause anemia, and tiredness [72].
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