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COMPARATIVE STUDY OF MINERAL AND PHYTOCHEMICAL ANALYSIS OF SOIL AND LACTUCA
SATIVA GROWN IN THE VICINITY OF CEMENT COMPANY OF NORTHERN NIGERIA (SOKOTO
CEMENT) AND USMANU DANFODIYO UNIVERSITY SOKOTO (KWALKWALAWA)

ABSTRACT

Environmental pollution is a major issue which confronts industry and business in today’s world on daily
basis. Industrial activities are the leading cause of metals emission, often associated with soil and plant
metal concentration in adjacent regions. Cement industry is one of the 17 most polluting industries listed
by the central pollution control board (CPCB). Impact of dust deposition from Cement Company of
Northern Nigeria on the proximate and phytochemical concentrations of lettuce (Lactuca sativa) was
studied. A comparative study of heavy metal concentration and phytochemicals of Lactuca sativa and
soil samples from Kalambaina (Industrial area) and Kwalkwalawa (non-Industrial area) were estimated
using atomic absorption spectrophotometry (AAS) and standard analytical procedures respectively.
Result of quantitative phytochemical analysis revealed significant difference (P<0.05) in all parameters.
Heavy metal values of Pb(0.012+£0.002 mg/g), Zn(0.043+0.003 mg/g), and Ca(706.860+14.980 mg/g) in
Lactuca sativa collected from Kalambaina revealed significant difference (P<0.05) when compare to
samples collected from Kwalkwalawa and WHO standard. In addition, the heavy metal concentration in
soil collected from Kalambaina showed significant difference (P<0.05) when compare to samples
collected from Kwalkwalawa; with the highest value recorded in Ca (974.25+48 mg/g) which might be as
a result of activities in the cement industry. Conclusively, plants grown at cement industries might not be

safe for consumption.

Keywords:  Environmental  pollution,  Micronutrients,  Phytochemicals, = Atomic  absorption
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1.0 Introduction

Environmental pollution is a major issue associated with industry and business in today’s world on daily
basis. Various environmental components such as water, air, soil, and vegetation are degraded as a
result of Industrial and human activities [1]. The environmental pollution as a result of cement industry
could be defined as the adverse effect induced on water, air and land through various activities, starting
from mining activity of the raw material (lime stone, dolomite etc.) up to its crushing, grinding, and other

processes developing in a cement industry [2].

Cement is a fine, gray or white powder which is largely made up of Cement Kiln Dust (CKD), a by-product

of the final cement product, usually stored as wastes in open-pits and landfills. Exposure to cement dust
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for a short period may not cause serious problem, however prolonged exposure can cause serious
irreversible damage to plants and animals. Dust which is emitted during cement processes are eventually
deposited on soil, sediment, water and plants. The dust emissions from cement and other related
industries therefore have to be given attention for control [3]. This is necessary in view of the pollution
load and its impact on the environment. Pollutants have devastating effects on plants when taken by
direct absorption through leaves or by water through the roots [4]. Heavy metals are natural constituents
in nature, usually occurring in low concentration under normal conditions. Heavy metals contamination of
vegetables cannot be underestimated as these food stuffs are important components of human diet [5].
Excessive concentration of heavy metals; such as Hg, Cu, Pb, Cd and Ni from pollutants may result in

phytotoxicity in plants [5].

Plants are nature’s gift to humans in terms of providing us with food, oxygen, as well as shelter. Since
time immemorial [6], they have served as the first line of defense used by our forefathers to fight diseases
such as Diarrhea, Cholera and Malaria [1]. Plants are conveniently separated into those which are edible,
those which serve as a source of medicine or spices, and those that are of ornamental value etc.
Although almost intensively cultured plant rightly comes under the domain of horticulture, primary effort is
centered on the various traditional “garden” plants [6].

Lactuca sativa is an annual plant of the daisy family Asteraceae. It is most often grown as a leaf
vegetable. Generally grown as hardy annual, lettuce is easily cultivated, although it requires relatively low
temperatures to prevent it from flowering quickly. It can be plagued with numerous nutrient deficiencies,
as well as insect and mammal pests and fungal and bacterial diseases [4-6]. L. sativa crosses easily
within the species and with some other species within the Lactuca genus; although this trait can be a
problem to home gardeners who attempt to save seeds, biologists have used it to broaden the gene pool
of cultivated lettuce varieties. L. sativa is most often used in salads, although it is also used in the
preparation of other kinds of food, such as soups, sandwiches and wraps; it can also be grilled.
Assessment of heavy metal compositions in vegetable is one of the most important method used for
monitoring environmental pollution [6], as the deficiency or excess of the metals is known to cause a
number of serious metabolic disorders, as well as toxic effect [7]. The present study aimed at
investigating the levels of some heavy metals (Pb, Zn, Ca, Cr and Cu), phytochemicals (Alkaloids,
Flavonoids, Saponins, Tannins, Cardiac glycosides and Saponin Glycosides), and proximate
compositions (ash and moisture contents) of L. sativa grown in the vicinity of Cement Company of

Northern Nigeria (Sokoto Cement) Sokoto.

2. MATERIALS AND METHODS

2.1 Chemicals and Reagents
The reagents used for the study included hydrochloric acid, trioxonitrate acid, sodium hydroxide, ferric

chloride, Wagners reagent, sulphuric acid, Mayer’s reagent, Fehling’s solution, sodium chloride,
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perchloric acid, ammonium sulphate, chloroform, methanol, and distilled water. All other chemicals used
were of analytical grade and purchased from standard manufactures.

2.2 Samples Collection

Fresh samples were collected in a pre-cleaned plastic bag from Kalambaina area Sokoto down Cement
Company of Northern Nigeria (Fig. 1) and Kwalkwalawa area around Usmanu Danfodiyo University
Sokoto. The samples were identified and authenticated at the Department of Biological science, Usmanu
Danfodiyo University, Sokoto. The collected samples were washed separately under running tap water
before cut down into smaller pieces using knife and dried at 25-27°C for approximately 2 weeks. The
samples were grounded into a fine powder, sieved through 2 mm sieve and stored in plastic jar labeled
for analysis.
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Figure 1: Map of Cement Company of Northern Nigeria

2.3 Extraction of Plant Samples

The procedure used was extraction by evaporation involving 5 g of the dried samples were put in a 250
ml conical flask and 100 ml of distilled water was added and was covered with Aluminium foil. It was
allowed to stand for 72 hours and filtered using Whatman No.1 filter paper in a separate 250 ml conical

flask. The filtrate was used for qualitative phytochemical analysis [8].
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2.4 Digestion Procedure

A 2.0 g of the samples were weighed into Kjeldahls flask mixed with 20 ml of concentrated sulphuric acid
and helder tablet. The flask was heated at 70°C for about 40 min and then, the heat was increase to
120°C. The mixture turned to black after some time [9]. The digestion was completed after the solution
became clear and white fumes appeared. The digest was diluted with 20 ml of distilled water and boiled
for 15 min. Solution was then allowed to cool, it was transferred into 100 ml volumetric flasks and diluted
to the mark with distilled water. The sample solution was then filtered through a Whatman filter paper
No.1 (150 mm) into a screw capped polyethylene bottle, the procedure was repeated for all the samples.
2.5 Determination of Heavy Metals

The method applied for the assessments of heavy metal concentration of each sample of plant materials,
after the digestion of the samples was by using the Atomic Absorption Spectrophotometric (AAS)
techniques (AA320N) as described previously [10]. Each measurement was repeated 3 times, the mean
and standard deviation were calculated (n=3).

2.6 Phytochemicals Screening

2.6.1 Alkaloids

The presence of alkaloids in each sample was investigated using the methods described by Wagner’s
[11]. 1 ml of each extract was treated with 2 drops of Wagner's reagent (2 g of iodine and 3 g of
potassium iodine were dissolved in 20 ml of distilled water and made up to 100 ml with distilled water).
Formation of brown precipitate indicates the presence of alkaloids in the extracts.

2.6.2 Flavanoids

The determination of the presence of flavanoids in the samples was done using alkaline reagent test by
Okerulu et al. [12]. 3 ml of each extract were treated with 1 ml of 10% NaOH solution. Formation of
intense yellow color, which becomes colorless on addition of dilute acid, indicates the presence of
flavonoids in the extracts.

2.6.3 Saponins

The presence of saponins in the test samples was done using Harbone method [13] as reported by Mercy
[14]. 0.5 g of each extract was treated with 5 ml of distilled water and mixture was shaken vigorously, the
production of foam which persisted in few minutes indicated the present of saponins in the extracts.

2.6.4 Tannins

The determination of the presence of tannins in the test sample was carried out using Ferric chloride test
described by Harbone [12] as reported by Osagie [8]. 2 drops of 5% FeCl; was added to 1 ml of each

extract. A greenish precipitate indicated the presence of tannins in the extracts.
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2.6.5 Test for Cardiac Glycosides (Keller-Killiani Test)

1 ml of the filtrate was added to a test tube and then 2 ml of 3.5% FeCl; was added. The mixture was
shaken for 1 minute and then 1 ml of concentrated H,SO, was poured down the wall of the test tube so
as to form a lower layer. A reddish brown ring at the interface indicates the presence of Cardiac
Glycosides [12].

2.6.6 Test for Saponin Glycosides
2 ml of the filtrate was added to a test tube, and then 2 ml of Fehling’s solution was added. A bluish-green

precipitate shows the presence of Saponin Glycosides [9].
2.6.7 Preparation of Chloroform layer for Steroids and Anthraquinones

5 ml of the filtrate was added to a test tube, then 5 ml of chloroform was added, and the mixture was
shaken vigorously for 1 minute. The mixture was allowed to settle until two layers are formed. The upper
layer was separated from the lower layer (Chloroform layer) and discarded. The lower layer was used to

test for Steroids and Anthraquinones [14].

2.6.7.1 Test for Steroids (Lieber Mann Burchard Reaction)
1 ml of concentrated H,SO, was added to 1 ml of the chloroform layer in a test tube and the mixture was

allowed to settle. A reddish-brown ring at the interface indicates the presence of Steroids [6].
2.6.7.2 Test for Anthraquinones (Borntragers Test)

5 ml of 10% NH3; was added to the remaining chloroform layer in and shaken. The mixture was allowed to
settle and observation was made. A bright pink colour at the upper part of 2 layers formed indicates the

presence of free Anthraquinones [12].

2.6.8 Test for Volatile Oils
2 ml of the filtrate was added to a test tube and 2 ml of 10% HCI was added. A white precipitation

indicates the presence of Volatile oils [13].

2.6.9 Test for Glycosides

1 ml of the filtrate was added to a test tube and 0.5mls of 50% H,SO, for 15 minutes. After boiling, the
mixture was allowed to cool and then it was neutralized with 1 ml of 10% NaOH. 2 ml of Fehlings’ solution
was added to the mixture and observation was made. A brick-red precipitate indicates the presence of
glycosides [9].
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2.7 Quantitative Phytochemical Analysis

2.7.1 Test for Tannins

Powdered sample (0.1g) was put in a 100 ml conical flask and 52 ml volumetric flask. The residue was
washed several times and the combined solution made up with distilled water to 0, 1, 2, 3, and 4 ml of the
standard tannic acid and 10 ml of the sample solution in a 50 ml volumetric flask, 2.5 ml Folin-Denis
reagent and 10 ml of Na,COj; solution were added and made to volume with distilled water. The flask was
allowed to stand for 20 minutes after which optical density was measured at 760 nm. The calibration

curve was plotted from which the concentration of tannic acid in the sample was extrapolated [8].

2.7.2 Determination of Alkaloid

5 g of powdered plant sample was extracted with 100 ml of methanoic: water (1:1; V: V) mixture and
solvent evaporated. The resultant residue was mixed with 20 ml of 0.0025M H,SO, and partitioned with
ether to remove unwanted materials. The aqueous fraction was basified with strong NH; solution and then
extracted with excess chloroform to obtain the alkaloids fraction or separated by filtration. The chloroform
extraction was repeated several times and the extract was concentrated to dryness. The alkaloid was

weighed and the percentage was calculated with reference to initial weight of powder [11].

. Weight of alkaloid residue
Y%Alkaloid = X 100
° weight of sample

2.7.3 Determination of Flavonoids

5 g of powdered sample was hydrolysed by boiling in 100ml of hydrochloric acid solution for about 35
minutes. The hydrolysate was filtered to recover the extract (filtrate). The filtrate was treated with
ethylacetate drop wise until in excess. The precipitated flavonoids were recovered by filtration using a
weighed filter paper after drying in oven at 100°C for 30 minutes; it was cooled in a desiccator and
reweighed. The difference in weighed gave the weighed of flavonoids which was expressed as the
percentage of the weight of sample analysed.

w2-w1
59

%Flavonoid = X 100

Where 5g = weight of sample
W, = weight of empty filter paper
W, = weight of filter paper + sample precipitate

2.7.4 Determination of Saponins

5 g of powdered sample was placed in a 250ml conical flask containing 20ml of 50% alcohol. The mixture
was boiled under reflux for 30minutes. The filtrate was allowed to cool at room temperature thereby
resulting in the precipitation of saponins. The separated saponins were collected by decantation and

suspended in about 2ml of alcohol and filtered. The filter paper was immediately transferred to a
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desiccator containing anhydrous calcium chloride and the saponins were left to dry. They were weighed

with reference of extract used.

%Saponins = %X 100

Where

5g = weight of sample

W, = weight of filter paper

W, = weight of filter paper + sample precipitate.

2.8 Moisture Content Determination

Clean and dried petri-dishes were placed in an oven for about 30 minutes, cooled in a desiccator and
each was weighed empty. 2 kg each of the dried samples were placed in a separate petri-dish and
weighed. The petri-dishes and the content were then placed in an oven at 105°C for 24 hours. The

percentage moisture of a given sample was calculated using the formula in equation

, w2 — w3
%Moisture = m X100

Where W, = weight of empty petri-dish
W, = weight of petri-dish plus dried sample
W3 = weight of petri-dish plus sample after drying [18].

2.9 Ash Content Determination

The term ash refers to the residue left after combustion of the oven dried sample and it is a measure of
the total mineral content. The ash content of the samples was determined by heating porcelain crucibles
in a muffle furnace to about 500°C, cooled in a desiccator and weighed. The 2 g each of the air-dried
samples were transferred into separate crucibles and weighed. The crucibles containing the samples
were placed in a muffle furnace and the temperature raise to 600°C for 3 hours. The crucibles containing

the ashes were allowed to cooled and weighed [10].
The percentage ash of a given sample was calculated using the formula in equation

w3-w1
%ASh = m X 100

Where W, = weight of empty crucible
W, = weight of crucible plus dried sample

W3 = weight of crucible plus sample after drying
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2.10 Determination of the pH of the Soil Samples

The process was carried out by weighing 20 g of each air-dried soil sample into separate 50 ml beakers.
This was followed by addition of 20 ml of distilled water, which was allowed to stand for 30 minutes,
stirring occasionally with a glass rod. The electrode of a pH meter already calibrated with pH 7.0 and pH
4.0 buffer solutions was dipped into each beaker containing the partly settled suspensions and readings
were taken. The electrode was rinsed with distilled water and wiped dry with a clean filter paper each
after reading [15].

2.11 Statistical Analysis

The collected data were subjected to statistical tests of significance using one way Anova followed by
dunnett comparison test (P<0.05) to assess results in the lettuce samples. Probabilities less than 0.05
(P<0.05) were considered significant. Statistical analyses were done using IBM SPSS (v20) statistical

software. Results are Presented in Mean +Standard Deviation (n=3).

3.0 RESULTS AND DISCUSSION

Absorption of metals by plants in industrial areas may lead to phytotoxicity, the present study revealed
significant difference (P<0.05) in the metal concentration in plants found in industrial and non-industrial
areas. The result showed a significance difference (P<0.05) in moisture and ash contents of sample A
(Lactuca sativa obtained from Kwalkwalawa) and sample B (Lactuca sativa obtained from Sokoto
cement) (Table 1). The moisture and ash contents of sample A are low when compared with sample B.
The values obtained are within the range of some vegetables grown in Nigeria [16-19].

Phytochemicals are relevant in medicine, food, and dye industry. Some of them have pharmacological
effects; for example, flavones, and tannins form important ingredients of several laxatives and medicine
and in dyes. Qualitative estimation of phytochemicals of sample A and B revealed the presence of
flavonoids, saponins, alkaloids, tannins, steroids, cardiac glycosides, and saponins glycosides (Table 2).
This agrees with report by Miroslav and Vladimir [20]. Similarly, quantitative phytochemical analysis
revealed presence of flavonoids, saponins, alkaloids, tannins, steroids, cardiac glycosides and saponin

glycosides, in addition significant difference (P<0.05) was observed between the two samples (Table 3).

Comparative studies of sample A and B showed significant difference (P<0.05) in heavy metal (Pb, Cd,
Zn and Fe) concentrations except Cr (Table 4). Pb has no biological importance; it is a poisonous metal
affecting almost every organ and system in the human body [21] and interferes with some metals such as
Cd, Zn, and Fe. Prolonged exposure of Pb can lead to kidney damage. High Pb concentration in sample
B (0.012+0.002 mg/g) was observed when compared to its maximum acceptable concentration (MAC) in
vegetables by WHO (0.002mg/day) whereas no detection in sample A. Similar results were reported by
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Amusan et al. [22], Miller-lhli and Baker [23] and contrary result was reported by Anthony and Balwant
[24]. Cu is an essential element in trace amount and it plays a major role as co-enzyme in enzyme
function, but in large amount it is toxic. Cu concentrations in sample A (0.005+0.001 mg/g) and sample B
(0.008+0.002 mg/g) is within the acceptable limit of WHO (0.03 mg/day) for Cu. Cr in trivalent state (Cr**)
is an essential trace element that potentiates insulin action and influences carbohydrate, lipid and protein
metabolism. However, in hexavalent state (Cr6+), it has toxic, mutagenic and carcinogenic effects [25].
The concentration of Cr in sample A (0.001+0.001 mg/g) and B (0.002+0.001 mg/g) are within the
acceptable limit of WHO intake for Cr (0.002-0.005 mg/day).

Zn participates in the synthesis and degradation of carbohydrates, lipids, protein, and nucleic acids and
has shown to play an essential role in polynucleotide transcription and translation and thus in the process
of genetic expression. The concentrations of Zn of both samples are within the recommended values of
WHO. Ca in sample A was found to be low (278.58+8.230 mg/g) when compared to sample B
(706.860+14.980 mg/qg). The latter is above the recommended limit by WHO 400-500 mg/g. The abnormal
increase in Ca level might be as a result of cement deposition in Kalambaina area. Some of the studied

results showed values below than other reports [2, 26].

The mineral analysis of soil collected from both sampled areas showed a significant difference (P<0.05) in
all metals with the highest concentrations observed in soil collected from Kalambaina (sample B). Low Pb
concentration (0.002+0.001 mg/g) was seen in sample A (soil sample from Kulkwalawa) when compared
to (0.031+0.002 mg/g) obtained from sample B (soil sample from Kalambaina) (Table 5). Similar results
were reported with respect to industrialized areas [22, 29]. The Cr concentration was observed to be
0.009 and 0.038 mg/g from soil analysis in sample A and B respectively which revealed high levels in
sample B as well. Low value of Cr was reported by Uwah et al. [29]. The comparison of both soils showed
significant difference in Zn and Cu as reported by Kachenko and Singh [30] but the value is low when
compared with the values obtained during autumn in Torun Poland by Buszewski et al. [29] and also, the
value of 0.102mg/g by Amusan et al. [22, 30, 32].
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Table 1: Moisture and Ash contents (%) in dry weight of Lactuca sativa samples.

Sample Moisture (%) Ash (%)
A 45.33+1.332 35.5+2.18°
B 13.30+1.31° 19.9+1.02°

Sample A = Lactuca sativa obtained from Kwalkwalwa
Sample B = Lactuca sativa obtained from Kalambaina industrial estate (Sokoto cement)
Superscipt a&b in sample A and B respectively show significant difference (P<0.05)

Table 2: Qualitative phytochemical analysis of Lactuca sativa samples.

Phytochemical A B
Flavonoids + +
Saponins + +
Alkaloids + +
Anthraquinones ND ND
Tannins + +
Steroids + +
Volatile oils ND ND
Cardiac Glycosides + +
Saponin Glycosides + +
+ = Present

ND = not detected
A = Lactuca sativa obtained from Kwalkwalwa

B = Lactuca sativa obtained from Kalambaina industrial estate (Sokoto cement)

10
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Table 3: Quantitative phytochemicals estimation of the Lactuca sativa samples.

Sample | Flavonoids Saponins Alkaloids Tannins Steroids Saponin Cardiac glycoside
glycosides
A (%) 6.91+0.15° 5.04+0.712 3.47+0.96% 2.29+0.152 1.92+0.45° 4.10+0.322 2.09+0.622
B (%) 4.76+0.32° 2.65+0.51° 5.00£0.27° 0.30+0.01° 0.45+0.36° 1.7120.16" 2.090.58°

Sample A = Lactuca sativa obtained from Kwalkwalwa

Sample B = Lactuca sativa obtained from Kalambaina industrial estate (Sokoto cement)

Superscipt a&b in sample A and B respectively show significant difference (P<0.05)

11
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Table 4: Heavy Metals of Lactuca sativa collected from Kwalkwalawa and Kalambaina.

Metals Sample A Sample B WHO/FAO STD
(mg/q) (mg/q) (mg/day)
Pb ND 0.012+0.002" 0.002
Zn 0.008+0.002° 0.043+0.003" 2.2
Ca 278.58+8.230° 706.860+14.980™° 400 - 500
Cr 0.001+0.001 0.002+0.001 0.002 - 0.005
Cu 0.005+0.001° 0.008+0.002° 0.03

Sample A = Lactuca sativa obtained from Kwalkwalwa

Sample B = Lactuca sativa obtained from Kalambaina industrial estate (Sokoto cement)
WHO/FAO values in mg/day are based on a 60kg body weight of adult
a = Comparison between A and WHO/FAO
b = Comparison between B and WHO/FAO
¢ = Comparison between Sample A and B
ND = Not Detected
Superscipts a, b&c in sample A, B and WHO/FAO STD respectively show significant difference (P<0.05)

Table 5: Heavy Metals of Soil(s) collected from Kwalkwalawa and Kalambaina.

Sample Pb Zn Ca Cr Cu
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g)

A 0.002+0.001% | 0.029+0.045% | 353.86+27° 0.008+0.003* 0.010+0.001*

B 0.031+0.002° | 0.069+0.083° | 974.25+48° 0.038+0.002° 0.027+0.003°

A = Soil obtained from Kwalkwalwa
B = Soil obtained from Kalambaina industrial estate (Sokoto cement)

Superscript a&b in A and B show statistically significant (P<0.05)

12
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4. CONCLUSION

Our results revealed that the alkaline dust emitted from cement industry might be related to uptake of
metals by the plants leading to decreased phytochemical concentrations. The level of Ca and Pb were
found to be high in the study samples obtained from Kalambaina which exceeded the acceptable limit by
WHO/FAO. This showed that the dust emitted by cement industries may play a role in accumulation of
heavy metals in the environment, which may increase the possibilities of environmental pollution.
However, dust depositions from cement industries; may not be the only cause of heavy metals
accumulation, other activities such as; the excessive use of fertilizers, manures, pesticides, herbicides,
and other agro-chemicals as well as the use of waste water by irrigating the soil may cause increase in
the metal contents. Therefore vegetables grown within the vicinity of Northern Cement Company of

Nigeria (Sokoto Cement) as food may not be safe for consumption at the time of study.

5. RECOMMENDATIONS

Further studies should be carried out to determine the concentration of heavy metals in water of the study
areas. The study should also be extended to different areas of Kalambaina, moverover, studies should
also be carried out to assess heavy metals in blood of people residing at Northern Cement Company of

Nigeria (Sokoto Cement) Kalambaina area.

CONFLICT OF INTEREST

No conflict of interest declared.

ACKNOWLEDGEMENT

The authors are grateful to the Cement Company of Northern Nigeria (Sokoto Cement) for access to
samples used for the study and Usmanu Danfodiyo University Sokoto where the research was
conducted.

REFRENCES

1. Singh SN, Rao DN. Growth of Wheat plant Exposed to Cement Dust Pollution. Environ Poll (Ser. A).
1980;24: 75-81.

2. Maina HM, Egila JN, Peter RA. Impact of Cement Dust Deposition on Plants in the Vicinity of Ashaka
Cement Factory, Gombe State, Nigeria. ARPN Journal of Science and Technology.2015; 2225-7217.

3. Anthony EA, Esther Ul. Levels of Selected Heavy Metals in Some Nigerian Vegetables. Trends in
Applied Sciences Research. 2007,2(1): 76-79.

4. Kabata- Pendias A, Pendia H. Trace Elements in Soil and plants (3rd edition) CRS Press, Boca
Raton Fla. London : CRC Press. 2000: 413.

5. Abdulmojeed OL, Abdulrahman AA. Analysis of heavy metals found in vegetables from some
cultivated irrigated gardens in the Kano metropolis, Nigeria. Journal of Environmental Chemistry and
Ecotoxicology. 2011;3(6):142-148.

6. Bashiru I, Dalhat MH, Aminu AM, Sumayya AA, Zainab HB, Zulkallaini S. Determination of Heavy
Metals and Phytochemical Analysis of Some Selected Vegetables Grown at Kalambaina Area
Sokoto. Asian Journal of Soil Science and Plant Nutrition. 2017,2(2): 1-7.

13



14| Page

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Agrawal. Effect of heavy metals contaminated vegetables. Indian Journal of Pharmacology. 2011;5:4-
6.

Sofowora EA. Medicinal plants and traditional medicine in Africa. Spectrum Books Ltd, Ibadan,
Nigeria. 2006;134-155.

Erwin JM, Ivo N. Determination of Lead in tissues: A pitfall due towet digestion procedures in the
presence of sulphuric acid. 1992;1(7):23-26.

A.O.A.C. Association of official analytical chemistry. 1990 18th edition, Washington DC. U.S.A.
Wagners. Method for detection of alkaloid in biological using wagners reagent (iodine in potassium
iodide). International Epharmaceutica Sciencia. 1991;1(1):357-377.

Okerulu 10, Onyema CT, Onwukeme VI, Ezeh CM. Assessment of phytochemicals, proximate and
elemental composition of Pterocarpus soyauxii (Oha) Leaves. American Journal of Analytical
Chemistry. 2017;80:406-415.

Harbone J. Experimental methods in analytical chemistry. New York, Chapman and Hall. 1973;140-
145.

Mercy TA. Qualitative and Quantitative analysis of the Phytochemicals in some selected species of
the genus phyllanthus in Zaria, Nigeria. 2015; 710-711.

Daniel CH. Quantitative Chemical Analysis. Sixth Edition. W. H. Freeman Company, New York.
2003;364:132-145.

Hassan LG, Umar KJ, Usman A. Nutrient Content of leaves of Tribulus terrestris (Tsaida). Journal of
Tropical Bioscience. 2005;5(2).77-82.

Asibey-Berko E, Tayie FAK. Proximate Analysis of Some under Utilized Ghanaian Vegetables.
Ghana Journal of Science. 1999,39: 91-92.

Nwaogu L A, Ujowundu CO, Mgbemena Al. Studies on the Nutritional and Phytochemical
Composition of Amaranthus hybridus leave. Journal of Bio research.2000;4(1): 28-31.

Hassan LG, Umar KJ. Nutritional value of Balsam Apple (Momordica Balsa mina L.) Leaves. Journal
of Nutrient, 2006;5(6): 522-529.

Miroslav R, Vladimir NB. Practical Environmental Analysis. Royal Society Chemistry. U.K. 1999; 267-
273.

FDA (Food and Drug Administration); U.S Supporting Document for Recommended Maximum Level
for Lead in Candy Likely to be Consumed Frequently by Small Children.

Amusan AA, Ige VD, Oluwale R. Characteristics of soils and Crops uptake of Metals in Municipal
Waste Dump Sites in Nigeria. J Hum. Ecol. 2005;17(3): 167-171.

Miller-lhli JN, Baker AS. Food and Dairy Products, Applications of Atomic Spectroscopy.
Encyclopaedia of Spectroscopy and Spectrometry. 2000;1: 583-588.

Anthony K, Balwant S. Heavy Metals Concentration of HOME Grown Vegetables near Metal Smelters
in New South Wales Australia. 2006; 2(1): 76-79.

Guthrie AH. Introductory Nutrition. Seventh edition, Times Mirrow/Mosby College Publishing.
St.Louis. 1989: 289-331.

Aksoy A, Sahin U, Duman F. Robina pseudo-acacia L as a Possible Biomonitor of Heavy Metal
Pollution. Turk J. Bot. 2000; 24: 279-284.

Aiboni UV. Characterization and Classification of Soils of a Representative Topoghraphic Location in
the University of Agriculture Abeokuta. ASSET Series A1. 2001;1(1): 35-50.

Ibitoye AA, Ipinmoroti KO, Amoo IA. Effects of Municipal Refuse Dump on the Physico-chemical
properties of Soil and Water. Nigerian Journal of Soil Science. 2005;,15(2): 122-128.

Buszewski B, Jastrzebska A, Kowalkowski T, Gorna-Binkul A. Monitoring of Heavy Metals Uptake by
Plants and Soils in the Area of Torun, Poland. Polish Journal of Environmental Studies. 2000,9(6):1-
7.

14



15| Page

30. Uwah El, Ndahia NP, Ogugbuaja VO. Study of the leaves of some Agricultural Pollutants in Soils and
Water Leaves (Talinum Triangulare) Obtained in Maiduguri, Nigeria. Journal of Applied Sciences in
Environmental Sanitation. 2009;4(2): 21-25.

31. Kachenko A, Singh B. Heavy Metals Concentyration of Home Grown Vegetables near Metal Smelters
in New South Wales Australia. 2006:1-5.

32. Kashif SR, Akram M, Yaseen M, Ali S. Studies on Heavy Metals and their uptake by Vegetables in
Adjoining Areas of Hudiara Drain in Lahore. Journal of soil and Environment. 2009; 28(1): 7-12.

15



