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ABSTRACT

Soil samples were collected from fifteen different localities situated near coal based Kota Super Thermal Power Plant

Station (KSTPS) in Kota City, India in summer season of 2019-20. Assessment of the soil samples was done to measure
physico-chemical properties, total heavy metal concentration and chemical speciation of the heavy metals as a function of
soil properties. The lability of heavy metals such as Ca, Fe, Cu, Cd, Pb and Zn in soils was measured by sequential
chemical extraction procedure (SCE) to separate the metals into water soluble, MgCl,, NH,-acetate, hydroxylamine
hydrochloride, HNO,/H,0, and HF/HNO, extractable fractions. Ca and Fe associated with HF/HNO, and Na-acetate
extracted fractions, copper with Fe-Mn oxide and HF/HNOj extracted fractions, Cd with HF/HNO; and hydroxylamine
hydrochloride extracted fractions, Pb with organic and Fe-Mn oxide bound extracted fraction & Zn with hydroxylamine
hydrochloride and carbonate extracted fractions. The metals bound with hydroxylamine hydrochloride and HNO,/H,0O,
extractable fractions may be available to the plant and animals according to the pH and other physico-chemical properties
of the soil.

Keywords: Soil samples, Kota Super Thermal Power Plant Station, Physico-chemical properties, Heavy metal,

Sequential chemical extraction procedure.

1. INTRODUCTION

Soil pollution by heavy metals is a major environmental
problem worldwide [1]. In specific, heavy metal
pollution of surface soils due to acute industrialization
and urbanization has become a significant concern in
many emerging countries [2-5]. The agglomeration of
heavy metals in surface soils is influenced by many
environmental variables and human activities such as
thermal power plant, industrial production, traffic,
farming, and irrigation. Vast areas of Kota city are
polluted by heavy metals released from coal based
thermal power plant, smelters, waste incinerators,
industrial wastewater, and from the application of sludge
or municipal compost, pesticides, and fertilizers. Apart
from the sources in the soil, accumulation of heavy
metals can deteriorate soil grade, reduce crop production
and the quality of agricultural products and thus
perniciously affect the health of human, animals and the
ecosystem [6].

In Kota city, a major thermal power plant known as Kota
Super Thermal Power Station (KSTPS) generates huge

amount of fly ash, which is a homogeneous mixture of
various metal oxides in the atmosphere. Various
industries (small and large scale) including large numbers
of Kota stone factories further raise the heavy metal load
in the atmosphere [7].

Alluvium soils of Kota district range in depth from
shallow to very deep with lime concretion or lime
encrusted gravels at varying depths. The distribution of
heavy metals in soil is altered by the processes of
sorption/desorption, precipitation, dissolution, redox
reaction and penetration in the solid components of soil
[8]. An increased tendency for the absorption and
migration of metal compounds is found for the soil
environments having clay minerals with a high density of
negative surface charges (high CEC values), high surface
areas (small sizes) and also weak vander Waal forces
between the structural layer [9-10].

Consequently limited information is gathered from the
results of the total concentration of heavy metals in soil,
as this does not show how strongly the metal is bound to
soil constituents. By possessing the knowledge of those
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heavy metal bearing phases and their solubility in aqueous
fluids, one can conclude the potential mobility and
bioavailability (lability)[11].

Several selective sequential extraction procedures have
been commonly utilized for studying metal mobility and
accessibility in soils and silt [12-15]. This extraction
scheme allows the fractionation of the absolute metal
contents into five functionally defined fractions; MgCl,
extractable, acetic acid extractable, bound, hydroxyl-
lamine hydrochloride extractable (reducible), nitric acid-
hydrogen peroxide extractable (oxidizable), and residual
fractions.

These fractions may be considered to diminish the lability
from exchangeable to residual. Data on the chemical
speciation of metal in a soil is therefore crucial in
surveying the peril that these contaminations represent,
and it can also guide the choice of remediation advances
[11].

The major objective of this study is to determine the total
concentrations and extractability of Ca, Fe, Cu, Cd, Pb
and Zn in surface soil in the vicinity of coal based Kota
Super Thermal Power Plant (KSTPS) in Kota City, India

with a view of providing information on the extent of
contamination. This study will reveal the chemical
behaviour of heavy metals in the soil environment which
is the basis of risk assessment, decontamination and
remediation of soils contaminated with heavy metals
because of anthropogenic activities. Since no speciation
studies on heavy metals in soils in this part of the Kota
city has been reported, it is expected that the results
from this study would form a baseline data for future
heavy metal burden in the study area.

2. MATERIAL AND METHODS

2.1. Study area

Kota, the main industrial city of Rajasthan state in India,
has an area of 527 km’. Kota has semi arid climate with
temperature range 6°C in winter (January) to 47°C in
summer (June).

With the help of GPS (Global Positioning System), 15
sampling sites were selected according to ASTM D 5111
Standards [16]. Locations of different sampling sites of
Kota city has been shown in Fig. 1.
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Fig. 1: Locations of different sampling sites of Kota city.
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2.2. Soil Sampling and Analysis

Soil samples (n=45) in requisite quantity were collected
from topsoil (0- 10 cm), at 15 selected sampling sites
during summer (March, April, May) seasons of 2019-
20. All samples of soil were air dried first, thereafter
gently crushed in the ceramic mortar and sieved for
collecting fraction smaller than 2mm. The dried
samples, thus obtained, were passed through the sieves
with 100 BSS openings (<149um) followed by suitable
digestion.

2.3. Physico-chemical Analysis of the Soil
Samples

EC & pH [17], CEC [18], organic carbon content [19],

particle size [20] and total heavy metals [21] were

determined by the methods described in earlier

research.

2.4. Sequential extraction procedure

The procedure of Ma and Rao, 1997 [22]; which is a
modified version of a procedure described by an earlier
researcher [10], was used to segregate the heavy metals
into six operational defined geochemical fractions (F1 to
F6). Two grams of the soil were placed in a 50 ml
polypropylene centrifuge tube and subjected to the
following extraction processes:

2.4.1. Water-soluble fraction (FI):
Soil extracted with 20 ml of deionized water for 2

hours.

2.4.2. Exchangeable fracton (FZ):
Residue from F1 extracted with 20ml of 1molL’
MgCl,, pH 7 for 1 hour.

2.4.3. Carbonate-bound fraction (F3):
Residue from F2 extracted with 20 ml 1molL" NH,OC,
pH 5 for 5 hours.

2.4.4. Fe-Mn oxide-bound fraction (F4):

Residue from F3 extracted with 20 ml 0.04molL"
NH,OH.HCl in 25% (v/v) HOA, at 90°C with
occational agitation.

2.4.5. Organic-bound fraction (F5):
From F4 residue extracted with 15ml 30% H,O, at pH
2 (adjusted with HNO,) for 5.5 hours (water bath,
85°C). After cooling, 5ml of 3.2molL"' NH,OA, in 20%
HNO, was added and shaken for 30 minutes before final
dilution to 20 ml with deionized water.

2.4.6. Residual fraction (F6):

Residue from F5 digested using a HF/HNO, digestion
procedure.

All the solid phases from F1 to F6 were washed with 10
ml of deionized water before further extraction. The
washes were collected with supernatant from the
previous fraction. After each extraction, the supernatant
was separated by centrifugation at 10,000 rpm for 30
minutes. To verify the sum total of metal recovered in
the sequential extraction steps, a separate total concen-
tration of Ca, Fe, Zn, Cu, Cd, and Pb was determined
on the sample after HF/aqua regia digestion.

The use of triplicates and procedural blanks was assured
for quality control. In the replicate analysis of the soil
samples, coefficients of variation were less than 6% for
all elements. The retrieval of heavy metals in the
sequential extraction steps was within 100£10%.
Following ~digestion, Direct Air-Acetylene Flame
method  (Atomic  Absorption  Spectrophotometer-
Shimadzu-6300) was used to determine the
concentrations of 6 metals (Fe, Zn, Cu, Cd and Pb).
Flame Photometer (Systronics -128) method was used

to measure Ca metal concentration.

2.5. Statistical analysis
All the data generated from the experiments were
subjected to statistical analysis using SPSS version 16.0.

3. RESULTS AND DISCUSSION

3.1. Physicochemical characteristics

The physico-chemical properties of the soil samples at
various sites are shown in Table 1. Soil pH is the most
widely accepted factor which influences the availability
of micronutrients and heavy metals in the soil to plants
[23]. The pH values of the soil samples from the
Mahaveer Nagar were found to be acidic (pH 5.02). The
availability, mobility and toxicity of heavy metal ions in
the soils were controlled by acidity. Most metals tend to
be less mobile in soil with high pH as they form
insoluble complexes [24]. Soil salinity is measured by
electrical conductivity which indicates that movement of
charge particles would be more than that of the less
charge particles because there are more soluble salts in
the soil samples from the all sampling sites than the
control [25-26]. Organic matter acts as a major
adsorbent for metals through the formation of chelates
and renders them immobile [27]. Soils with low CEC
are more likely to develop deficiencies in potassium
(KM, magnesium (Mg2+) and other cations, while high
CEC soils are less susceptible to leaching of these
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cations [28-29]. As the texture of the soil plays a very
important role in the plant species establishment and
development and also influences physical parameters of
the soil. The soil texture class of all the soil samples as
represented in table 2 showed that they were all sandy
soils with very high percentage of sand and low clay and
slit contents. Soils with high sand content exceeding
70% will have weak surface aggregation and such soils
will be porous and have high rate of water infiltration
and air circulation [30].

57

distribution in all the sites. The soil sample showed Ca,
Fe, Cu, Zn, Pb and Cd levels ranging from 251.03 -
287.13, 3.9045-7.6213, 3.1163-7.1648, 1.0021-
8.6632, 1.8018-4.8485 and 0.5692-1.243 mg/kg
respectively. The high concentration of Pb and Cd
metals at these sites could be due to air borne sources
from coal based Kota Super Thermal Power Plant
Station, car exhaust fumes depositing lead and other
contaminants to the environment, automobile vehicle
repair process like filing and soldering of iron rods along
with other metals bending processes in the Kota City

3.2. Total metal concentrations and industrial activities occurring close to the
Table 2 shows the heavy metal concentration and its automobile workshops.
Table 1: Some physicochemical properties of surface soil in the Kota city
Sample sites pH EC/ r(j;irer;;:ns m?trt%in(lo;) : (crr?ol:i/ckg) Sand %) Clay (%0) Slit (%)
Nanta (S1) 6.52 586.8 1.91 11.2 85.2 10.1 4.7
Kunhadi (S2) 8.94 104.8 2.62 13.3 83.6 11.6 4.8
DCM (S3) 6.44 398.4 3.50 13.2 78.9 9.1 12.1
Jhalawar (S4) 6.60 695.7 1.88 11.1 88.2 7.9 3.9
Thermal (S5) 8.63 596.1 2.14 12.2 79.3 9.9 10.8
Talwandi (S6) 7.56 491.0 7.53 20.6 741 11.2 14.7
Vigyan nagar (57) 6.42 380.4 3.42 19.3 74.6 12.1 13.3
Dashara (S8) 6.72 345.5 3.63 18.9 76.1 9.9 14.0
Rangbadi (S9) 6.81 612.2 2.21 12.9 85.9 10.1 4.0
RTU (S10) 7.10 917.0 6.29 10.9 84.8 6.8 8.4
Aerodram (S1i) 6.69 442 .9 3.94 18.7 76.1 12.1 11.8
Baran road (S12) 6.94 352.8 2.08 11.3 85.9 7.9 6.2
Station road (S13) 6.56 629.8 2.15 12.3 70.3 4.2 25.5
Mahaveer nagar (S14) 5.02 208.6 4.64 16.9 71.3 12.6 16.1
Nayapura (515) 6.48 356.3 2.92 14.8 75.9 11.6 12.5
Table 2: Characteristic levels of total heavy metals (mg kg") in surface soil in the Kota city
Sample sites Ca Fe Cu Cd Zn Pb
Nanta 283.18 7.1336 3.8275 0.8856 5.3311 2.3104
kunhadi 260.91 6.2426 3.5247 0.9613 5.6392 2.8878
DCM 257.86 5.1401 3.5325 0.7878 3.1199 3.8196
Jhalawar 287.13 7.6213 3.2508 0.5953 2.6632 3.0611
Thermal 251.03 5.6712 4.2755 0.5813 5.0009 2.9016
Talwandi 272.12 3.9462 5.1086 1.1235 7.6631 4.2302
Vigyan nagar 286.42 4.9364 6.8734 1.0224 8.6632 3.8186
Dashara 276.79 6.2681 7.1648 1.243 7.6631 3.0487
Rangbadi 291.34 5.0426 4.9424 0.7866 2.1113 2.3534
RTU 294 .66 6.4015 3.9798 0.4944 1.9898 2.1838
Aerodram 289.93 5.6809 6.1714 1.3455 7.7892 4.7196
Baran road 281.87 7.1249 3.1163 0.4826 1.9664 1.8018
Station road 283.82 6.1553 3.6504 0.5692 1.0021 1.9023
Mahaveer nagar 273.18 3.9045 4.1326 1.0113 6.8813 3.6683
Nayapura 284 .98 6.8062 5.3846 0.9518 6.6632 4.8485

Journal of Advanced Scientific Research, 2022; 13 (7): Aug.-2022



Meena et al., ] Adv Sci Res, 2022; 13 (7): 54-62 58

3.3. Fractionation and Distribution of the
Heavy Metals in the Soil Samples

Soil samples were fractionated for Ca, Fe, Cu, Zn, Pb

and Cd using the Ma and Rao, 1997 method [22]. The

quantity of metal found in an extraction fraction is

expressed as a percentage of the total mass of that metal

in the complete extraction fraction from a given metal.

3.3.1. Calcium

The largest portion of Calcium was concentrated in the
residual fraction (F6) with a range of 38.05-41.63% in
all the sites (Fig. 2). This was closely followed by the

carbonate fraction (F3), organic bound fraction (F5) and
Fe-Mn oxide bound (F4) with average percentages of
17.53 %, 12.65% and 11.28% respectively. The
exchangeable fraction (F2) and water soluble fraction
(F1) had the lowest portion with an average percentage
of 9.78 % and 8.69% respectively.

3.3.2. Iron

The largest portion of iron was concentrated in the
residual fraction (F6) with a range of 20.21-35.12% all
the sites (Fig. 3), similar association of iron to residual
fraction was reported in earlier research [31- 32].
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Fig. 2: Percentage of Ca in the various geochemical phases as function of total Ca content of soil
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This was closely followed by the carbonate bound (F3),
organic bound fraction (F5) and Fe-Mn oxide bound
fraction (F4) with a range of 21.05-28.19 %, 15.54-
21.34% and 11.46-17.69%  respectively.  The
exchangeable fraction (F2) and water soluble fraction
(F1) had the lowest portion with a range of 6.18-11.18
and 3.16-6.39% respectively. The low iron metal
content in the exchangeable fraction and water soluble
fraction are probably due to the fact that iron is easily
absorbed and used by plants and other organisms in the
soil environment [8].

3.3.3. Copper
Copper was found mostly in the Fe-Mn oxide bound
(F4) with a range of 22.39-28.13% (Fig. 4). The

residual fraction (F6) is next with a range of 19.51-
25.76 % and then organic bound fraction (F5) with a
range of 17.36-19.10%.

The presence of Cu in organic fraction is supported by
the high formation constants of Cu-organic complexes.
Scanning Electron Microscopy/Energy Dispersive X-
Ray (SEM/EDX) analysis performed on contaminated
soils confirmed the strong association of Cu with
organic matter [33- 34]. The high surface area and
adsorbing capacity of Fe-Mn oxides coupled with the
ability of Cu to replace Fe’* in some Fe oxides may be
responsible for such adsorption [35]. The carbonate
fraction (F3), the exchangeable fraction (F2) and the
water soluble fraction (F1) has 12.61-17.37%, 9.95-
14.11% and 6.07-10.13% respectively.
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Fig. 4: Percentage of Cu in the various geochemical phases as function of total Cu content of soil

3.3.4. Cadmium

The greatest amount of cadmium was found in the
residual fraction where the range is 22.22-32.04% (Fig.
5), similar association of cadmium to residual fraction
was reported in earlier research [36].

The strong binding of Cd with the residual fraction is in
agreement with the observation of distribution pattern
of Cd in the studied soils suggests that, the higher the
total soil Cd, the higher its tendency to be associated
with the residual fraction [37]. This was followed by the
Fe-Mn oxide bound fraction (F4) at a range of 21.22-
27.24%. The carbonate fraction (F3), exchangeable
fraction (F2) and organic bound fraction (F5) were in

the range of 19.25-23.85%, 14.71-20.96% and 1.93-

7.40% respectively. The minor role of the organic
fraction in the speciation of Cd noted in this present
study is consistent with the low adsorption constant of
Cd to organic matter [38]. The lowest portion of Cd
was found in water soluble fraction (F1) with a range of
1.13-6.60%.

3.3.5. Zinc

The largest portion of zinc was found in the Fe-Mn
oxide bound fraction (F4) with a range of 29.00-
50.06% (Fig. 6). Majority of Zn was associated with Fe-
Mn oxide fraction, which may be due to high stability
constants of Zn oxides. This was closely followed by the
carbonate bound (F3) having a range of 23.64-30.69%.
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The presence of Zn in this fraction might indicate a pH
suitable for metal precipitation. CaCO; may act as a
strong adsorbent for heavy metals and could complex as

double salts like CaCO,.ZnCO, [34]. The residual

fraction (F6) is next with a range of 15.63-20.91%. The
remaining fractions followed the following order:
organic bound fraction (F5) > exchangeable fraction
(F2) > water soluble (F1).
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Fig. 5: Percentage of Cd in the various geochemical phases as function of total Cd content of soil
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3.3.6. Lead

Lead was mainly found in the organic bound fraction
(F5) ranging from 25.08-31.29% (Fig. 7). The metal
may have co-precipitated with various silicate species as
a result of their adsorption into the mineral lattice
because of the sandy nature of the soil [39]. This was

followed by the Fe-Mn oxide bound fraction (21.25-
26.50%), organic fraction (17.20-21.65%) residual
fraction (12.22-18.02%) exchangeable fraction (3.41-
11.52%) and water soluble (3.80-6.07%). In general, it
seems that the oxide fraction is able to scavenge Pb in
natural and polluted soils [38].
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Fig. 7: Percentage of Pb in the various geochemical phases as function of total Pb content of soil

4. CONCLUSION

The presence of heavy metals in the environment
represents one of the most critical environmental
hazards. The results show that the soils of the studied
regions are polluted with these metals, mainly given the
high total concentrations which are steadily being
released into the bioavailable forms and subsequently
into solution which can lead to absorption into the
plants system close to coal based Kota Super Thermal
Power plant and cause biomagnification along the food
chain. The sequential extraction used in this study is
useful to indirectly assess the potential mobility and
bioavailability of the heavy metals in soil. The mobility
of these metals is related to their solubility and
geochemical forms, and it decreases in the order of
extraction sequence i.e. exchangeable>carbonate>Fe-
Mn oxide bound>organic> residual. This sequence is
just a generalisation and offers only qualitative
information of metal mobility. The first two phases can
release their metal loads by decreasing the pH and are
more mobile than the other phases. Accordingly, these
two phases influence the mobility and hence the
bioavailability. By and large, mechanic workshop
owners should be given stringent regulations to perform
with full compliance so that we can decrease the extent
of heavy metals introduced to the surroundings.
Furthermore, remediation of the sites have to
positioned into attention to lessen the amount of total
metal concentration in the soil to prevent the absorption
of these metals by ground water and other essential
plants that are grown near to these sites.

5. ACKNOWLEDGEMENTS
The authors are thankful to Govt. College, Kota for
analytical support for this work.

6. REFERENCES

1. Alloway BJ, Heavy metals in soils, 2nd ed. Blackie
Academic and Professional, London; 1995.

2. Mireles F, Davila JI, Pinedo JL, Reyes E, Speakman

R], Glascock MD. Microchem J, 2012; 103:158—164.

Wei B, Yang L. Microchem ], 2010; 94 (2):99-107.

. Yaylali-Abanuz G. Microchem J, 2011; 99 (1):82-92.

5. Yuanan H, Xueping L, Jinmei B, Kaimin S, Eddy Y,
Zeng HC. Environ Sci Pollut Res, 2013; 20:6150—
6159.

6. Nagajyoti PC, Lee KD, Sreckanth TVM. Environ
Chem Lett, 2010; 8(3):199-216.

7. Meena M, Meena BS, Chandrawat U, Rani A.
Aerosol and Air Quality Research, 2016; 16:990-999.

8. Chukwujindu MA, Iwegbue GE, Nwajei OE, Ogala
JE. Chemical Speciation and Bioavailability, 2009;
21(2):98 — 110.

9. Dube A, Zbitniewski R, Kowalkowski T,
Cukrowska E, Buszewski B. Polish | of Environ
Studies, 2001 10(1):1-10.

10. Mohan D, Pittman UP]. ] of Hazardous Materials,
2007, 142(1-2):1-53.
11. Maceau A, Boisset MC, Sarret G, Hazemann JL,
Mench M, Cambier P, Prost R. Environ Sci Technol,
1996; 30:1540— 1552,

11. Tessier A, Campbell PGC, Bisson M. Int ] Environ
Anal Chem, 1979; 51:844— 851.

el

Journal of Advanced Scientific Research, 2022; 13 (7): Aug.-2022



12.
13.

14.
15.

16.

17.

18.
19.

20.

21.
22.

23.

24.

25.
26.

Meena et al., J Adv Sci Res, 2022; 13 (7): 54-62 62

Rauret G, Rubio R, Lopez-Sanchez JR, Casassas E.
Int | Environ Anal Chem, 1989; 35:2031— 2034.
Shuman LM. Soil Sci, 1985; 140:11 —22.

Ma LQ, Rao GN. J Environ Qual, 1997; 26:264.
ASTM. Standard Guide for Choosing Locations and
Sampling  Methods to Monitor Atmospheric
Deposition at Non — Urban Locations:D 5111.
West Conshohocken, PA; 1996.

Rayment GE, Higginson FR. Australian Laboratory
Handbook of Soil and Water Chemical Methods,
Melbourne, Inkata Press; 1992.

Anegbe B, Okuo JM. Nigeria Journal of Applied
Science, 2013; 31:126-135.

Davies BE. Soil Sci Amer Proc, 1974; 38:150.

Asagba EU, Okieimen FE, Osokpor ]. Chemical
Speciation and Bioavalability, 2007; 19(1):9 — 15.
Okuo JM, Eloho R, Anegbe B. Nigeria Journal of
Applied Science, 2016; 34:43-55.

Ma LQ, Rao GN. J Environ Qual, 1997; 26:264.
Igwe JC, Nnorom IC, Gbaruko BC. African J. of
Biotechnology, 2005; 4(13):1541 — 1547.

Anegbe B, Eguavoen IW, Oviawe AP, Ogbeide O,
Osayande AD. Biological and Environmental Science
Journal for the Tropics, 2014; 11(2):84-93.

Arias ME, Gonzalez-Perez JA, Gonzalez-Villa FJ,
Ball AS. International Microbiology, 2005; 8:13-21.
Karaca A. Geoderma, 2004; 122:297- 303.

Lawan IB, Stephen SH, Goni AD, Muhammad T.
ARPN  Journal of Science and Technology, 2012;
2(2):50-55.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

CUCE. Cornell University Cooperative Extension;
Cation Exchange Capacity (CEC), Agronomy Fact
Sheet Series No 22, Department of Crop and Soil
Sciences, College of Agriculture and Life Sciences,
Cornell University; 2007.
Okiemen FE, Emwanta DO, Odilayo OO.
International Journal of Applied Environmental Sciences,
2012; 7(2):215-232.

Gbadegesin, AS, Abua MA. ] Geography and Geol,
2011; 3(1):94-103.

Obasi NA, Akubugwo EI, Kalu KM, Ugbogu AE,
Okorie UC. jJournal of Experimental Biology and
Agricultural Sciences, 2013; 1(6):441-453.

Godwin AE, Imaobong AE, Helen SE. Annals Food
Science and Technology, 2014; 15(1):162-171.
Adamo P, Dudka S, Wilson MJ, McHardy W.
Environmental Pollution, 1996; 91 (1):11-19.

Anju DK, Banerjee. Environmental Pollution, 2003;
123:95-105.

Taylor SR. Physics and Chemistry of the Earth.
Pergamon Press, New York; 1965. p. 133-213.
Anegbe B, Okuo JM, Ewekay EO, Ogbeifun DE.
Bayero Journal of Pure and Applied Sciences, 2014;
7(2):36-43.

Aikpokpodion PE, Lajide L, Aiyesanmi AF. Global
Journal of Environmental Research, 2012; 6 (1):30-35.
Manceau AN, Tamora S, Celestre RS, MacDowell
AA, Sposito G, Padmore HA.
Environmental ~ Geochemical ~ Group  Hillard ~ Hall
University of California, 2006; 1-4.

Yusuf KA. Journal of Agronomy, 2007; 6(2):331—337.

Journal of Advanced Scientific Research, 2022; 13 (7): Aug.-2022



