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ABSTRACT

The present investigation was carried out to evaluate trace metals concentration in soils
and vegetable crops growing in agricultural fields around Tummalapalle uranium mining area,
Pulivendula, Kadapa Dist, Andhra Pradesh. For this study the cultivated crops such as Capsicum
annuum (Green chilli), Solanum melongena (Brinjal), Solanum lycopersicum (Tomato), Abelmoschus
esculentus and Arachis hypogea (Ground nut) were selected. Soil and plant samples were
evaluated for trace elements by using (ICP-OES). As for the estimated data, the concentrations
of trace metals in ground nut and vegetables are found in the range of 0.14-1.2 mg/kg for B,
46-58.12 mg/kg for Ca, 0.49-3 mg/kg for Cu, 40.6-69.36 mg/kg for Fe, 76.84-91.72 mg/kg for K, 12.64-
25.28 mg/kg for Mg, 0.51-2.1 mg/kg for Mn, 0.16-2.56 mg/kg for Mo, 20.85-25.2 mg/kg for P, 0.34-0.8
mg/kg for Zn, 0.3-0.64 mg/kg for Pb and 0.01-0.02 mg/kg for Se. (BAF) Bioaccumulation Factor
(TF) Translocation Factor and (BAC) Bioaccumulation Coefficient, remained considered for the
evaluation of movement of trace elements from soil to shoot, root to shoot and soil to entire plant.
Solanum melongena (B, Zn) and Solanum lycopersicum (Mn, Mo) plants showed high TF values
from roots to the shoots. These plants are appropriate for phytoextraction. The BAF data shows
that all considered plants were excluders (< 1) and good accumulators (1-10) for all metals except
Mo. But whereas BAC reveals that, all studied plants can be considered as hyper accumulators
(> 10) for Mo, P and Zn.

Keywords: Trace metals, Vegetable plants, Translocation factor, Bioaccumulation Factor,
Bioaccumulation Coefficient.
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INTRODUCTION

The resolve of trace metals in diet is a main
task for nutritionist, environmentalist and experts
for good health of living systems including human
being. The water, soil, and food may also be
contaminated with trace metals due to higher level
practice of chemicals, pesticide sprays, stabilizers,
industrialization, mining activities, fertilizers, etc. The
food contamination by trace metals is one of the
best significant features of food eminence’. Toxic
elements can be very dangerous even at low levels
when consumed over an extensive period of time.
The necessary metals may also generate harmful
effects when metal consumption is too higher
amounts2.

The role of trace metals in body metabolism
is of major importance. Their lack causes diseases,
whereas their presence in additional may result in
toxicity to human life. The cultivated vegetable plants
in polluted soils can easily absorb trace metals, as
well as the exposed metals from polluted
environments simply deposits on different parts of
the vegetables®. Vegetable plants growing in
contaminated medium can accumulate high levels
of trace elements to cause severe health problems
to buyers*.

Vegetables and fruits are called the
defensive complementary food. They are composed
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of extraordinary amounts of minerals,
carbohydrates, vitamins, dietary fibers and essential
amino acid, which are required for strong working
condition of human metabolic reactions. They are
also vital to neutralize the acid formed in stomach
during digestion, besides being useful fiber
according to food specialists®. Throughout the last
spans in worldwide food safety is a major public
concern, due to the increasing demand for food
safety. It has stimulated research on risk associated
with intake of products polluted by pesticides, heavy
metals and/or toxins®. The heavy metals transfer
from soils to plants is one of the basic paths for
disclosure of humans via food chain. It is essential
to measure the transfer of metals from soil to
vegetable plants for subsequent use in replication
prototypes’. The uptake of metals by roots depends
on speciation of metal and soil faces and nature of
plant varieties etc. Accordingly, the mobility and
availability of metals for plants are major when
estimating the effect of soil contamination on plant
metal uptake, translocation and ultra-structural
variations®.

The objective of the present study is to
assess the concentration of trace and heavy metals
in soil and their accumulation by transfer into
selected plants (vegetables, nuts, and fruits) grown
in around mining area, and to estimate related
health problems on human due to intake of these
edible parts as diet.

LiMiningiarea
/

S

Fig. 1. Map showing the mining area and study locations
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Table 1: Sampling locations around Uranium mining area

S. No Name of the location Latitude Longitude
1 Mabbuchinthalapalle (Site 1) 14° 20’ 34.92” N 78° 14’ 40.32” E
2 Mabbuchinthalapalle (Site 1) 14° 19’ 45.84” N 78°14° 17.76” E
3 Rachakuntapalle (Site 11l 14° 18’ 39.60” N 78° 17’ 48.30” E
4 Bhumayagaripalle (Site V) 14° 19’ 24.54” N 78°18 03.48” E
5 Bhumayagaripalle  (Site V) 14°19’ 37.74” N 78°19' 12.60” E
MATERIALS AND METHODS The prepared plant powders are stored in
polyethylene bags, for the further usage of acid
Study area digestion. 1 g of arid normalized soil sample was

The study area, Tummalapalle uranium
mining is positioned between latitude 1418'36" N
longitude 78%15’16"E and latitude 14%20’20"N
longitude 78%18’03.3"E permitting to investigation
of India Toposheet Nos. 57 J/3 and 57 J/7. The
selected agricultural fields (Five) are located around
mining area. The selecting fields are shown in Table
1 and Fig. 1 as site | to site V.

Sample Collection and Treatment

The soil samples were collecting from a
depth of 0-15 cm in selected agricultural fields. The
collected soil samples were taken in polyethylene
container for transportation to the laboratory. Soil
samples were mixed to homogeneous mixture and
dried in the laboratory for two days. Then the
samples were dried in a hot air oven at 110 °C for
4-5 h to remove the total moisture content in soil.
Then the dried samples were crushed and
grounded into 2 mm mesh size.

The plant samples were collected from the
identified fields. The selected fields were cultivated
with Capsicum annuum (Green chilli), Solanum
melongena(Brinjal), Solanum lycopersicum
(Tomato), Abelmoschus esculentus (Okra) and
Arachis hypogea (Ground nut) crops. The plant
samples were taken in polyethylene containers from
fields and transferred into laboratory. The collected
plant samples cleaned with distilled water to
remove the dust particles and plant parts separate
into the roots, stems, leaves, and fruits. Separated
plant parts are shade dried in laboratory for 48
hours. The plant parts are placed in hot air oven for
5-6 h at 100 °C to remove excess moisture content.
The plant parts are taken from oven crushed and
ground into 2 mm mesh using commercial blender.

digested with 10 ml concentrated HNO, and 70%
concentrated HCIO, for approximately 30-40 min.
using hotplate. Dried plant samples of 0.5 g were
assimilated with 10 ml concentrated HNO, and 2-4
ml 70% concentrated HCIO,. Later freezing at 25
°C, the digest was filtered into 100 ml volumetric
flack by Whatman No. 42 filter paper and made up
to the mark with distilled water. The blank solution
also prepared in the same procedure®.

Sample Analysis

The pH of soil samples was measured
by pH instrument (electrode method). The
physico-chemical properties such as pH, texture,
EC and organic matter were done by using standard
methods. The trace metal concentration was
determined for both soil and plant samples using
Inductively Coupled Plasma-Optical Emission
Spectroscopy (ICP-OES; Model Perkin Elmer
7000DV).

Translocation Factor (TF)

It is representing transfer of metals from
roots to above the root parts of plant (shoots), was
calculated as the relative concentration of metals
in shoots to those in the roots'®'!, as fallows

TF= Cshoot (1)
CT‘OOt
Where C and C__ are metal attentions

shoot root

in the shoot (mg/kg) and root of plant (mg/kg), singly.
TF>1 designates that the plant successfully transfer
trace metals from the roots to the shoots™.

Bioaccumulation Factor (BAF)

BAF is resolute for measurable
appearance of metal accumulation with stem,
leaves and fruit (plant shoot) from the soil'3.
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BAF = Cshoot

Csoit (2)

Where C_ . and C_, are metal
concentration in the plant parts (stem, leaves, fruit)
(mg/kg) and soil (mg/kg) correspondingly. The BAF
values of plants are characterized as excluder
(<1.0), accumulator (1.0-10.0) and hyper-
accumulator (>10.0) respectively'.

Bioaccumulation Coefficient (BAC)

This is considered as the percentage of
metal concentration in total plant (roots, stems,
leaves and fruits) to the outside medium, such as
soil, to enumerate metal buildup strongly in plants®.

BAC:Cplant

Csoil

(3)

Where C__, is trace metal levels in plant
parts (mg/kg) and C_, is level of trace metal in soil
(mg/kg), correspondingly. On the origin of BAC value
as shown in table.2, four classes of trace metal
accumulation in plants are proposed'®
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RESULTS AND DISCUSSION

Soil properties

The collected all the soil samples from
different locations were studied for physical
parameters such as texture, pH, electrical
conductivity and organic matter using chemical and
instrumental methods by following standard
protocols'. The collected data is presented in Table 3.

From the experimental data, the soil pH
found to be 8.95-9.19 shows that the fields are
moderately alkaline nature. It influences the soil
greater retention of metals and trace metal
solubility'. Further, alkaline nature enhance the
mobility of metals due to OH’ precipitation, CO? or
unsolvable organic complexes development'®
which may maximum uptake of trace metals and
transfer into plant parts. The electrical conductivity
(EC) of soil range is found to be 0.47-0.60 dS.m™".
The EC estimate the concentration of soluble salts
in the soil, like positive ions (cations) Na*, Mg?*,
Ca?*, and negative ions (anions) Cl, SO,> and HCO,". A

Table 2: Bioaccumulation coefficient (BAC) ranges

S.No Bioaccumulation Type of plant
coefficient (BAC) range

1 <0.01 non-accumulator

2 0.01-0.1 low accumulator

3 0.1-1.0 moderate accumulator

4 1.0-10.0 high accumulator or hyper-accumulator

Table 3: Soil Physical parameters

Site Texture pH Electrical conductivity Organic
Name (dS.m™) matter (%)
Site-1 Clay loam 9.08 0.60 0.91
Site-lI Sandy clay loam 8.95 0.52 0.56
Site-lll Clay loam 9.19 0.58 0.40
Site-IV Clay loam 9.01 0.47 0.64
Site-V Clay loam 9.12 0.53 0.87
MEAN —_— 9.07 0.54 0.67
SD —_— 0.09 0.05 0.21
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Table 4: Metal concentration in soil (mg/kg)

B Ca Cu Fe K Mg Mn Mo P Zn As Cd Pb Se Tl
Site-| 0.36 94.48 517 360 1344 4224 224 011 345 0.15 O 0 002 0 O
Site-l 0.32 99.08 4.2 290 110.24 3724 1.76 013 462 0.13 O 0 009 0 O
Site-llll 0.3 124.62 3.59 194 96.5 33.08 196 0.14 324 0.16 0 O 011 0 O
Site-lV  0.22 108.72 2.48 296 7264 56 224 0.11 3.03 0.13 O 0 012 0 O
Site-V  0.42 78.7 6.42 201.12119.6 32.72 2.5 0.14 8 0.3 0O 0 01 0 O
MEAN 0.32 101.12 4.37 268.22106.67 40.25 2.14 0.12 447 017 0 0 0.09 0 O
SD 0.07 17.03 1.5 70.14 235 96 028 0.01 206 006 0O O 003 0 O

good soil EC level will be somewhere above 0.2
dS.m"and below 1.2 dS.m™ '°. In this study the EC
values were found to within the range. Organic
matter is an important to soil structure and for nutrient
retention and cycling values which is found to be
0.40-0.91. Soil texture will influences soil organic
matter by affects on plant growth (inputs) and
protection from decomposition (outputs).

Trace metals in selective fields (Soil)

All the digested soil samples were subjected
to ICP-OES technique for trace metals estimation
and the evaluated data is presented in Table 4.

The trace metal concentrations are found
to be in the following range, B: 0.22-0.42 mg/kg;
Ca: 78.7-124.62 mg/kg; Cu: 2.48-6.42 mg/kg; Fe:
194-360 mg/kg; K: 72.64-134.4 mg/kg; Mg: 32.72-
56 mg/kg; Mn: 1.76-2.5 mg/kg; Mo: 0.11-0.14 mg/
kg; P: 3.03-8 mg/kg; Zn: 0.3-0.16 mg/kg; and Pb:
0.02-0.12 mg/kg; the Cd, As, Se and TI are not
present in the selected sites. The average amount
of the trace metals were, B: 0.32 mg/kg; Ca: 101.12
mg/kg; Cu: 4.37 mg/kg; Fe: 268.22 mg/kg; K: 106.67
mg/kg; Mg: 40.25 mg/kg; Mn: 2.14 mg/kg; Mo: 0.12
mg/kg; P: 4.47 mg/kg; Zn: 0.17 mg/kg and Pb: 0.09
mg/kg. The fashion of the normal levels of trace
metals is: Fe > K>Ca> Mg > P > Cu>Mn>B > Zn >
Mo >Pb.

The literature reported® values for boron
was 20 mg/kg in soils is considered to be more
toxic to the crop plants. Therefore, all the sights under
investigation are found to lower level of boron as
compared with literature value and hence not found

any toxicity. The Ca levels in soils of all the sights
under investigation are sufficiently available and
found to within the range as compared with (KARI)
Kenya Agricultural Research Institute reported®
values of 2-400 mg/kg calcium. The trace elements
such as Cu, Zn and Pb values are found to very low
concentration in all studied fields when compare
with literature?? values and hence, they are
considered as deficient. Fe and K concentration
levels are found to good and sufficiently available
in all studied fields which were comparable with
literature values®® 2*. The Mg mean concentration
values are found to moderate concentration
available in all examined fields?s. Obtained
manganese mean concentration values were not
abundant in selected fields compared with USEPA
% literature value. The mean concentrations of Mo
in all examined fields are found to lower than
literature reported values?” and hence it is
considered as deficient. The phosphorus mean
concentration levels are moderately available in
studied fields compared with literature reported
value of FAO 28 norms.

The correlation investigation is a bivariate
process which is useful to define the relation among
two dissimilar metals. The great correlation
coefficient (r = higher than 0.7) demonstrations
strong correlation among two metals®. Person
Correlation coefficient data for trace metals in soils
are depicted in Table.5.

From Coefficients of Pearson Correlation
(r) data reveal that a strong relation was observed
between B & Cu (r = 0.99) as well as between P &
Zn (r=0.91).Similarly high correlation was observed
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Table 5: Coefficients of Pearson Correlation (r) among trace metals in soil

B Ca Cu Fe K Mg Mn Mo P Zn Pb
B 1
Ca -0.74 1
Cu 0.99* -0.81 1
Fe -0.20 -0.14 -0.14 1
K 0.86* -0.61 0.85* 0.23 1
Mg -0.74 017 -0.64 0.59 -0.57 1
Mn 0.39 -0.58 0.48 -0.08 0.16 0.13 1
Mo 0.46 -0.008 0.37 -0.89 0.10 -0.86 -0.12 1
P 0.78* -0.79 0.80* -0.47 0.40 -0.54 0.50 0.57 1
Zn 0.76* -0.66 0.79* -0.58 0.36 -0.52  0.70* 0.57 0.91* A1
Pb -0.43 0.34 -0.45 -0.69 -0.81 0.075 -0.08 0.44 0.11 0.11 1

* good correlation between two metals

between B-K, B-P, B-Zn, Cu-K, Cu-P, Cu-Zn and
Mn-Zn. The remaining metals show weak correlation
with other metals, signifying that metals derive into
the soil from various types of pollutants like
pesticides, fertilizers, manures, and air particles from
mining.

Accumulation of trace metals with plants

The trace metals concentration was found
in plant samples from cultivated sites and data
summarized in Table 6. In this study, we collected
and analyzed 20 samples from selecting fields. The
dissimilarities of the metal contents observed in
these vegetables depend on the nature of the soil
(physical and chemical) and fascination capability
of each metal by the plant, which is altered by
countless environmental and human issues and
nature of the plant®®. The concentration of different
metals in various parts of the plants is discussed
below.
Boron

Boron (B) is a micronutrient necessary for
plant growth. It is a module of plant cell walls and
reproductive structures. The mean concentration of
boron in plants classes in the following reducing
order: Mirchi (1.09 mg/kg) >Brinjal (0.385 mg/kg)
>Ground nut (0.23 mg/kg) >Okra (0.17 mg/kg) >
Tomato (0.14 mg/kg) was found. The highest mean
concentration of boron (1.09 + 0.12 mg/kg) was
observed in Capsicum annuum (green chilli) at site
| and lowest mean concentration (0.14 + 0.023 mg/
kg) in Solanum lycopersicum (tomato) at site Il
Gunes et al., ' reported B concentration is greater
than 20 mg/kg appears to be toxic in plant tissues.

From the literature reported value, boron
concentration in studied planted tissues is within
the safe limits and some of the plants are found to
deficient.

Calcium

Calcium is a secondary nutrient that is
critical to crop growth. Itis required in large quantities
by all plants for the development of cell walls and
cell membranes, and it plays a vital role in soil
structure. The mean concentration of calcium in
plants species of Mirchi (57.23 mg/kg) >Brinjal
(52.97 mg/kg) >Ground nut (46.75 mg/kg) > Okra
(46.13 mg/kg) > Tomato (45.64 mg/kg) are found in
the following decreasing order. The maximum mean
concentration of calcium (57.23 + 10.68 mg/kg) was
found in Capsicum annuum (green chilli) at site |
and minimum mean concentration (45.64 + 3.79
mg/kg) in Solanum lycopersicum (tomato) found at
site lll. The calcium levels at different regions namely
Nigeria, Ethiopia and Pakistan® are found to 248.6
mg/kg, 170-320 mg/kg and 22-32 mg/kg
respectively. The experimental obtained values in
these study areas are above and below the limits of
literature reported values.

Copper

Copper is a micronutrient in plants and an
important constituent, in small amounts, of the
human diet. It is a naturally occurring element in the
soil and it can be found as a metal or in a variety of
ores. The accumulated average Cu levels found in
following decreasing order in plants classes: Mirchi
(3.54 mg/kg) >Brinjal (1.31 mg/kg) >Okra (0.56 mg/
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hypogaea (ground nut) observed at site V. These

kg) > Tomato (0.48 mg/kg) > Ground nut (0.45 mg/

values are lower than literature values of Indian
Standards® [Cu: 30 mg/kg], Pivic RN* and FAO/

WHO?

kg). The obtained mean concentration of copper

(3.54 + 0.54 mg/kg) in Capsicum annuum (green
chilli) highest value found at site | and the lowest

Cu

The normal

40 mg/kg].

[Cu:

concentrations in plants are found to 3—-15 mg/kg

mean concentration (0.45 + 0.1 mg/kg) in Arachis
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and the poisonous level if its concentration is
20 mg/kg. Therefore, Cu levels are found to below
the normal values in all the selected sites and
deficient and such trend is more likely to be seen in
plants grown in sandy, alkaline soils.
Iron

Iron is essential for crop growth and food
production, even though only small amounts are
required compared to some of the other nutrients
such as nitrogen, phosphorus, and potassium. The
mean concentration of iron was found in plant types
in the following reducing order: Mirchi (62.44 mg/
kg) > Brinjal (49.25 mg/kg) >Okra (39.38 mg/kg) >
Ground nut (38.61 mg/kg) > Tomato (37.83 mg/kg).
The low and high levels of Fe were found (37.33 +
2.49 mg/kg) in Solanum lycopersicum (tomato) at
site lll and (62.44 + 4.8 mg/kg) Capsicum annuum
(green chilli) at site I. According to WHO and FAO,
the recommended level of iron in plants is 20 mg/kg
and 450 mg/kg respectively®® 36, So, the
experimental reported values in all the selective
sites are higher the permissible limits and lower the
acceptable level when compare with literature value.

Potassium

Potassium is essential for healthy plant
growth and is deemed. It plays important roles in
photosynthesis and plant food formation as well as
transport and storage of plant food. The potassium
means concentration in plant types in falling order:
Ground nut (89.3 mg/kg) >Mirchi (80.89 mg/
kg)>Okra (79.86 mg/kg) >Brinjial (74.4 mg/kg) >
Tomato (67.73 mg/kg). The highest (89.3 + 4.52
mg/kg) and lowest levels (67.73 + 12.76 mg/kg) of
potassium was found in Arachis hypogaea at site V
and Solanum lycopersicum (tomato) at site Ill,
respectively. These values were found to lower than
the reported values (223 mg/kg) in papaya fruit and
within the limits in vegetables of all the sites under
investigation®.

Magnesium

Magnesium is a macronutrient that is
necessary to both plant growth and health. It is a
constituent of chlorophyll so is required for
photosynthesis. Itis also a component of many plant
enzymes and aids in their function. However, the
most important role of magnesium is as the central
atom in the chlorophyll molecule. Magnesium
concentration of mean values in following
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decreasing order: Mirchi (23.32 mg/kg) > Ground
nut (19.78 mg/kg) >Okra (19.69 mg/kg) >Brinjal (16.4
mg/kg) > Tomato (12.45 mg/kg). The maximum
average concentration of magnesium (23.32 + 1.97
mg/kg) in Capsicum annuum (green chilli) found at
site | and lowest mean concentration (12.45 + 0.37
mg/kg) in Solanum lycopersicum (tomato) found at
site Ill. These Mg values are found to lower than the
reported® values in all the vegetables of selected
sites.

Manganese

Manganese (Mn) is an important plant
micronutrient. It plays important role in various
biological systems including photosynthesis,
respiration, and nitrogen assimilation. Manganese
mean concentration in plant species following
decreasing order: Mirchi (4.87 mg/kg) >Brinjal (1.13
mg/kg) > Tomato (1.025 mg/kg) > Ground nut (0.86
mg/kg) >Okra (0.65 mg/kg). The concentration levels
of Mn in vegetable samples is found to highest in
Capsicum annuum (green chilli) (4.87 + 1.99 mg/
kg) at site | and (0.65 + 0.12 mg/kg) in Abelmoschus
esculentus (Okra) at site IV found to lowest
concentration. These values are found to very lower
the permissible limits with the literature reported3®
values.

Molybdenum

Molybdenum is a trace mineral important
for plants and animals. In plant growth, it helps in
the nitrogen, oxygen and sulfur cycles. The mean
concentration of molybdenum in plant species in
decreasing order: Mirchi (2.96 mg/kg) > Tomato (1.82
mg/kg) >Okra (1.13 mg/kg) > Ground nut (0.93 mg/
kg) >Brinjal (0.53 mg/kg). Obtained minimum
concentration of Mo (2.96 + 0.72 mg/kg) in
Capsicum annuum (green chilli) at site | and
maximum concentration (0.53 + 0.37 mg/kg) in
Solanum lycopersicum (tomato) at site lll. The take
out values in this study within the normal range
compared with literature reported® values.

Phosphorous

Phosphorus is an important macro-element,
necessary for plant nourishment and it contributes
in metabolic processes. The accumulated average
P concentrations in the following decreasing order
were found in plant species: Mirchi (28.3 mg/kg) >
Ground nut (23.64 mg/kg) >Okra (23.2 mg/kg) >
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Brinjal (22.6 mg/kg) > Tomato (21.65 mg/kg). The
highest phosphorus mean concentration (28.3 +
2.7 mg/kg) in Capsicum annuum (green chilli) at
site | and lowest concentration (21.65 + 0.28 mg/
kg) in Solanum lycopersicum (tomato) found at site
lll. These experimental values are found to higher
than literature values*® in all the sites under
investigation.

Zinc

Zinc (Zn) is an essential micronutrient for
plant life. It is important for production of plant growth
hormones and proteins and is involved in sugar
consumption. The accumulated normal Zn levels
were initiate in vegetable plants in the following
falling direction: Mirchi (1.12 mg/kg) >Okra (0.45
mg/kg) >Brinjal (0.42 mg/kg) > Tomato (0.38 mg/kg) >
Ground nut (0.35 mg/kg). The highest (1.12 + 0.27
mg/kg) mean concentration of Zn in Capsicum
annuum (green chilli) found at site | and in Arachis
hypogaea found at site V is lowest concentration
(0.35 + 0.04 mg/kg). The obtained values are very
low levels in vegetables compared with literature
reported®*+! values in all sites under investigation.

Lead

The accumulated normal Pb deliberations
were found in following decreasing order in plant
classes: Mirchi (0.61 mg/kg) >Brinjal (0.067 mg/kg)
> Ground nut (0.041 mg/kg) >Okra (0.032 mg/kg) >
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Tomato (0.028 mg/kg). The maximum (0.61 + 0.43
mg/kg) and minimum (0.028 + 0.009 mg/kg) levels
of Pb was found in Capsicum annuum (green chilli)
at site | and in Solanum lycopersicum (tomato) at
site I respectively. These experimental values are
found to within the permissible limits when compare
with literature*'#2 values except in green chilli in all
the study area.

Selenium

Selenium (Se) is an important micronutrient
for humans and animals, but lead to harmfulness
when taken in too much quantity. In animals, Se
acts as an antioxidant and supports in reproduction,
immune responses, thyroid hormone metabolism.
The Se concentration levels in plant kinds in the
following falling order: Mirchi (0.097 mg/kg) >
Ground nut (0.015 mg/kg) >Brinjal (0.013 mg/kg) >
Tomato (0.013 mg/kg) >Okra (0.013 mg/kg) were
found. The highest mean concentration of Se (0.097
+ 0.063 mg/kg) in Capsicum annuum (green chilli)
found at site | and lowest mean concentration (0.013
+ 0.003 mg/kg) in Solanum lycopersicum (tomato)
found at site . These values are in good agreement
comparable with literature values and found to
within the permissible limits *® in study area.

According to Sharma and Raju®, the great
correlation coefficient (r= higher than 0.7)

Table 7: Pearson Correlation coefficients (r) among trace metals in edible parts

B Ca Cu Fe K Mg Mn Mo P Zn Pb Se
B 1
Ca 0.81* 1
Cu 0.67 0.94* 1
Fe 0.64 0.92* 0.94* 1
K -0.08 0.28 0.24 0.52 1
Mg 0.6 0.71* 0.64 0.85" 0.7 1
Mn 0.68 0.88* 085 0.69 -0.05 0.31 1
Mo -0.45 0.06 028 0.13 0.08 -0.29 0.29 1
P 0.43 0.83* 0.75* 0.85* 0.7 0.73* 066 0.24 1
Zn 0.78* 0.93* 0.95* 0.83* -0.01 0.5 0.92* 0.18 0.62 1
Pb 0.54 0.88* 0.97* 0.96* 039 068 0.75* 0.35 0.78* 0.87* 1
Se -0.4 -0.84 -094 -091 -043 -0.58 -0.77 -052 -0.83 -0.82 -0.97 A1

* good correlation between two metals



SUBBA REDDY et al., Orient. J. Chem., Vol. 34(2), 1078-1090 (2018)

expressions durable correlation among two
dissimilar metals. Among the studied trace metals,
B-Ca and B-Zn; Ca-Cu, Ca-Fe, Ca-Mg, Ca-Mn,
Ca-P, Ca-Zn and Ca-Pb; Cu-Fe, Cu-Mn, Cu-P,
Cu-Zn and Cu-Pb; Fe-Mg, Fe-P, Fe-Zn and Fe-Pb;
Mg-P; Mn-Zn and Mn-Pb; P-Pb and Zn-Pb shows
strong positive correlation (Table 7). Based on this
the remaining elemental pairs exposed no major
correlation with other elements.

Translocation Factor (TF)

Translocation factor (TF) values are given
in Table 8. According to Baker and Brooks'?, the
higher TF value in any plant of any metal designates
the greater association with the plant parts. All
metals are shown high TF values in studied plant
species, except As, Cd and Tl. In this study Solanum
melongena influenced very great TF value for B
and Zn. Solanum lycopersicum also great TF value
for Mn and Mo. Yoon et.al.,*?, reported that plant
types with great TF values were measured
appropriate for phyto extraction, which commonly
needs actual transfer of metals in plant portions
(stem, leaves, and fruit). The process of elimination
of the pollutants from the soil is known as
phytoextraction without any disturbance to the soll
structure and fertility.
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Bioaccumulation Factor (BAF)

The BAF values of dissimilar plants for
each metal shown in Table 9. The data suggested
that total plants are excluders (BAF is <1),
accumulators (BAF 1-10), hyper accumulators
(BAF>10) of all metals. The studied metals are
excluders with Mirchi, except of Fe. The Cu and Fe
are excluders; B, Ca, K, Mg, Mn and Pb are good
accumulators; Mo, P and Zn are hyper accumulators
with Brinjal. The Cu, Fe and Pb are excluders; B,
Ca, K, Mg, Mn, and Zn are good accumulators; Mo
and P are hyper accumulators with Tomato. The Cu,
Fe, Mg, Mn and Pb are excluders; B, Ca, K and Zn
are accumulators; Mo and P are hyper accumulators
with Okra. Cu and Fe are excluders; B, Ca, K, Mg,
Mn, P, Zn and Pg are accumulators; Mo is hyper
accumulate with ground nut.

Bioaccumulation Coefficient (BAC)

The BAC values in Table 10 appearance
that Mirchi was moderate accumulator of Ca, Cu,
Fe, K, Mg and Mn in fruit, Pb in stem; hyper
accumulator of B, Mn, Mo, P, Zn and Pb. Brinjal
moderately accumulate with Ca, Cu, Fe, K, Mg, Mn,
B except in fruit and Pb except in root, hyper
accumulator with Mo, P and Zn. Tomato plant is
moderately accumulate with B, Ca, Cu, Fe, K, Mg,

Table 8: Translocation factor (TF) values for trace metals in vegetable plants

Plant types B Ca Cu Fe K Mg Mn Mo P Zn As Cd Pb Se Tl
Mirchi 263 3.69 275 3.24 3.37 298 248 294 279 22 0 0 249 1430
Brinjal 144 247 162 447 262 31 233 435 292608 0 0O 168 44 0
Tomato 2.3 347 426 297 256 3.05 815 7.71 3.05258 0 0 216 42 O
Okra 466 292 234 361 3.02 386 267 33 277234 0 0 481 420
Ground nut 289 294 365 28 287 3.03 368 295 271274 0 0 295 3420
Table 9: Bio-accumulation factor (BAF) values for trace metals in vegetable plants
Plant types B Ca Cu Fe K Mg Mn Mo P Zn As CdPb Se TI
Mirchi 0.11 0.52 049 1.88 0.53 0.6 0.161 0.012 0.041 005 0 O 0.01 0 O
Brinjal 444 152 0.77 055 195 133 1.79 1298 145511.06 0 0 1.78 0 O
Tomato 1.31 1.13 044 057 2.01 1.13 1.86 43.7820.12 699 0 0 069 0 O
Okra 257 126 064 041 3.3 095 0.85 30652248 937 0 0 0.8 0 O
Ground nut 1.7 1.77 0.22 0.56 221 1.81 1.09 19.98 864 352 0 0 124 0 O
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Mn and Pb; hyper accumulate with Mo, P and Zn.
The Okra plant moderately accumulate with Ca,
Cu, Fe, Mg, Mn, Pb and B except in fruit; hyper
accumulate with K, Mo, P and Zn. The ground nut
plant moderately accumulate with B, Ca, Cu, Fe, K,
Mg, Mn and Pb; hyper accumulate with P, Zn and
Mo except in leaf.

CONCLUSION
The study was conducted on metal

accumulation and transfer rate among five selective
farming crops around the Tummalapalle Uranium
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mining area. Solanum melongena (B, Zn) and
Solanum lycopersicum (Mn, Mo) plants showed
high TF values from roots to the shoots. From BAF
all scrutinized plants were excluders and good
accumulators for all metals excluding Mo. BAC
values shows that all studied plants are hyper
accumulators of Mo, P and Zn. The results showed
that all the trace metals are found to within the limits
as per FAO/WHO, EU and Indian standards. But
high concentration of Pb was observed in mirchi
(0.61 mg/kg). The experimental reported values
indicate that all studied vegetables and nuts for
trace elements are acceptable for human intake.
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