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Abstract

The growing problem of water scarcity and absolute constraint in availability of fresh
water for irrigation has made the use of wastewater necessary for irrigation in agricultural
fields which represents an important route for transmission of heavy metals. The effects of
heavy metals contaminated irrigation water from urban and industrial waste from Rivers
Jakara and Getsi in Kano, Nigeria on the antioxidant potentials of cabbage and lettuce
were studied. Soils, irrigation water, cabbage and lettuce were collected from three
locations each along rivers Jakara (Zungeru Road, Airport Road and P.R.P) and Getsi
(Gama, Gayawa and Getsi) sites. The levels of heavy metals (Zn. Cu, Cr, Fe, Pb, Cd, As,
Ni, Co and Mn) were determined in the water, soil, cabbage and lettuce samples using
Atomic absorption spectrophotometer. Total phenolics content was determined using UV-
Visible spectrophotometer and antioxidant potential of cabbage and lettuce were assessed
via 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid)) (ABTS) and Ferric Reducing Antioxidant Power Assay (FRAP) analysis. All
the heavy metals were detected in soil, water and the vegetable samples and were mostly
found to be above the WHO/FAQ approved limit except Mn and Hg in the soil, Zn, Cu, Cr
and Ni in the irrigation water and Cu, Co, Ni and Mn in the vegetables. Total phenolic
content was found to be significantly lower than the control in all the lettuce and cabbage
except the cabbage collected from Zungeru road. The result of DPPH radical scavenging
activity shows an increase with increasing concentration of the extracts and were found to
be significantly lower than the control and the standard ascorbic acid solution. Similarly,
ABTS and FRAP radical scavenging activity of the vegetables were observed to be lower
than the control in all the samples analysed. From the results, it could be observed that the
use of heavy metals contaminated water for irrigation purposes has led to the accumulation
of heavy metals in the soil and their transfer to the edible parts of the vegetables and
interfere with the capacity of the two vegetables studied to produce the right quality and
guantity of antioxidant molecules to efficiently scavenge DPPH, ABTS and FRAP radicals.
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EFFETS DE L’EAU D’IRRIGATION CONTAMINEE PAR DES METAUX
LOURDS SUR LE POTENTIEL ANTIOXYDANT DU CHOU ET DE LA LAITUE
CULTIVES LE LONG DE CERTAINES RIVIERES A KANO

Résumé

Le probleme croissant de la rareté de [’eau et la contrainte absolue de la disponibilité de
l’eau douce pour l’irrigation a rendu [’utilisation des eaux usées nécessaire pour
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['irrigation des champs agricoles qui représente une voie importante de transmission des
métaux lourds. Les effets de l’eau d’irrigation contaminée par les métaux lourds provenant
des déchets urbains et industriels des rivieres Jakara et Getsi a Kano, au Nigéria, sur le
potentiel antioxydant du chou et de la laitue ont été étudiés. Les sols, I’eau d’irrigation, le
chou et la laitue ont été collectés a trois endroits chacun le long des rivieres Jakara
(Zungeru Road, Airport Road et P.R.P) et Getsi (Gama, Gayawa et Getsi). Les niveaux de
métaux lourds (Zn. Cu, Cr, Fe, Pb, Cd, As, Ni, Co et Mn) ont été déterminés dans les
échantillons d’eau, de sol, de chou et de laitue a [’aide d'un spectrophotométre
d’absorption atomique. La teneur totale en composés phénoliques a été déterminée a [’aide
d’un spectrophotométre UV-Visible et le potentiel antioxydant du chou et de la laitue a été
évalué via le 2,2-diphényl-1-picrylhydrazyl (DPPH), le 2,2’-azino-bis (acide 3-
éthylbenzothiazoline-6-sulfonique) (ABTS) et analyse du pouvoir antioxydant réducteur
ferrique (FRAP). Tous les métaux lourds ont été détectés dans le sol, ['eau et les
échantillons de Iégumes et se sont avérés pour la plupart supérieurs a la limite approuvée
par 'OMS/FAO, a l’exception de Mn et Hg dans le sol, Zn, Cu, Cr et Ni dans 'eau
d'irrigation et Cu, Co , Ni et Mn dans les légumes. La teneur totale en composés
phénoliques s'est avérée significativement inférieure a celle du témoin dans toutes les
laitues et les choux, a l’exception du chou collecté sur la route de Zungeru. Le résultat de
lactivité de piegeage des radicaux DPPH montre une augmentation avec [’augmentation
de la concentration des extraits et s’est avéré significativement inférieur au controle et a
la solution standard d’acide ascorbique. De méme, [’activité de piégeage des radicaux
ABTS et FRAP des légumes s'est avérée inférieure a celle du contréle dans tous les
echantillons analysés. D apres les résultats, il a pu étre observé que ['utilisation d’eau
contaminée par des métaux lourds a des fins d’irrigation a entrainé I’accumulation de
métaux lourds dans le sol et leur transfert vers les parties comestibles des légumes et
interfére avec la capacité des deux Iégumes étudiés produire la bonne qualité et la bonne
quantité de molécules antioxydantes pour piéger efficacement les radicaux DPPH, ABTS
et FRAP.

Mots-Clés : Potentiel antioxydant, Métaux lourds, Teneur en phénols, Radicaux
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Introduction

The growing problem of water scarcity and
absolute constraint on the availability of
fresh water for irrigation and the increasing
consumption of vegetables as a result of
awareness of their health benefits has made
the use of wastewater necessary for
irrigation in agricultural fields and the
attendant transmission of heavy metals,
organic pollutants and pathogens that are
of public health and environmental
concern (Jamila and Sule, 2020). The need
for a year-round production of vegetables
in or near urban areas led farmers in search
of water for irrigation to often rely on
urban wastewater (Drechsel et al., 2002).
Point sources of contamination in the
Rivers includes industrial effluents,
municipal/domestic ~ wastewater  and
abattoir waste, while non-point source
includes animal defecation, storm water
drainage and urban runoff (Odjadjare et
al., 2010). In Kano State Nigeria,
wastewater discharge from Bompai
Industrial Estate, which drains into River
Getsi, contributes to a major source of the
metropolitan irrigation water
contamination (Bichi, 2000). Cabbage and
lettuce were reported to contain significant
amount of non-enzymatic antioxidant
molecules such as Vitamin A, E, K and C
and appreciable levels of enzymatic

antioxidants such as Superoxide dismutase
(SOD), Catalase (CAT), Ascorbate
Peroxidase (APX) etc. (Sergio et al., 2020)
that can act as free radical scavengers,
decompose peroxide, quench singlet and
triplet oxygen as well as inhibit some
enzymes that may enhance oxidation (Lien
et al. 2008).

The terms heavy metal, trace metals and
trace elements are referred to the group of
metals and metalloids of relatively high
atomic number and mass (> 20 and 5 g cm-
3, respectively) (Alloway, 2011). Some
heavy metals such as zinc (Zn), copper
(Cu), nickel (Ni), molybdenum (Mo),
manganese (Mn), chromium (Cr) and iron
(Fe) are essential trace elements as
required in  many structural and
biochemical function in plants including
plant growth, oxidation- reduction
reactions, electron transport and many
other metabolic processes (Kabata-
Pendias, 2000). Non-essential metals such
as lead (Pb), cadmium (Cd), mercury (HQg)
and arsenic (As) with unknown biological
function are also toxic to plants even at low

concentrations (Shahid et al., 2017).
Heavy metal stress causes several
chemical, physiological and
morphological changes in  growth,

photosynthesis, protein synthesis, lipid
metabolism, respiration and energy
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production of plants (Sharma and Dietz,
2009). The most frequently evidenced and
earliest result of heavy metal stress in plant
cells is the excessive generation of reactive
oxygen species (ROS) including hydrogen
peroxide (H.0,), singlet oxygen (*20,),
superoxide anion (Oae-), hydroxyl (HO»),
alkoxyl (ROe) and peroxyl (RO2¢) radicals
(Schutzendiibel and Polle, 2002).

Thus, this study aimed to assess the
antioxidant content of cabbage and lettuce
irrigated with heavy metals contaminated
water along Rivers Jakara and Getsi.

Materials and Methods

Sample Collection

One (1) kg of the edible part of cabbage
(Brassica oleracea) and lettuce (Lactuca
sativa) samples were collected from six
sampling sites, while control samples were
collected from a farm in Kazaure Local
Government Area of Jigawa State and
were placed into cleaned polyethylene
bags and transported to Biochemistry
Laboratory of Bayero University, Kano for
further preparations and analysis. The
samples were collected from farmlands
with the consent of the farmers. This was
followed by a five-day air dying and was
further dried in hot air oven at 40—50°C for
24hours to achieve constant weight. The
samples were ground into powder using
pestle and mortar and sieved with a 2 mm
mesh sieve. These were then stored in
polyethylene bags in desiccators until
digestion and analysis.

Geographical location of the study area

The Vegetable samples were collected
from sites along Rivers Jakara and Getsi
between Latitude 12°027'N to Latitude 12°
638'N and Longitude 8° 527' E and
Longitude 8° 563' E. River Jakara is the
largest drainage network in  the
metropolitan Kano (lbrahim and Saidu,

2010). Samples were collected from three
(3) sites along River Jakara (Zungeru 8°
527" E, 12°027°N, Airport Road 8° 535’ E,
12°638’N and P.R.P 8° 552' E 12°056°N)
and three (3) sites along River Getsi (Gama
8°560' E 12°036'N, Gayawa 8° 568' E 12°
053'N and Getsi 8° 545' E 12°045'N)
Digestion of soil, irrigation water and
vegetables for heavy metals
determination

A 5¢g of the samples (soil, cabbage and
lettuce) and 50MI of the irrigation water
were mixed with 9 mL of 10M HNO; and
3 mL of 10 M HCI and separately placed
in a tightly capped vessels and placed in
the microwave digestion system which
was conducted at 180°C for 45 minutes
until a colorless solution was obtained
(Bhavtosh and Shweta, 2013). The clear
and colorless solution was passed through
Whatman No. 42 filter paper whose
volume was adjusted to 50mL using 2%
HNOs. The resulting solutions were
analysed for heavy meals using Atomic
Absorption Spectrophotometer.
Preparation of Aqueous Extracts

Five hundred (500g) of the powdered
vegetables were soaked in 1000mL of
distilled water. The mixture was allowed to
stand for 72 hours with occasional shaking
and concentrated using Vacuum Rotary
Evaporator (IKA, RV10 Digital) under
reduced pressure at 40°C. The extracts
obtained were used for the determination
of antioxidant activity (Naima et al.,
2012).

Determination of Heavy metals content of
irrigation water, soil and vegetables

The Heavy Metals Zn, Cu Cr, Fe, Pb, Cd,
As, Co, Ni, Mn were determined using
Atomic Absorption Spectrophotometer
(AAS) manufactured by Perkin Elma LTD
(model PinnAcle 900H) according to
Manufacturer’s instructions. All samples
were prepared and analysed in triplicate
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and the data obtained reported as mean *
SD. The blank was also prepared by
following same procedures as per the
optimum conditions established by Wilson
et al (2005).
Antioxidant assays
Determination  of
Compounds Content
The total phenolic compound content
(TPC) of vegetable samples was measured
using the Folin-Ciocalteu assay (Singleton
et al., 1999). A volume of 0.2 mL of the
extract was introduced into test tubes
followed by 0.2 mL Folin-Ciocalteu’s
reagent. The solution was then kept at dark
for 5 min and then 1 mL sodium carbonate
(15% wl/v) was added. The tubes were
covered with parafilm and kept again in the
dark for 1 h. Absorption at 760 nm was
measured with a UV-Visible
spectrophotometer (PerkinElma, Model
NIR 270) and compared to a gallic acid
calibration curve. The results were
expressed as mg gallic acid/g dried sample.
Each assay was carried out in triplicate.

Total Phenolic

Determination of Antioxidant Activity

Antioxidant activity was determined using
the 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) Radical Scavenging Method
(Shen et al, 2010). The antioxidant
activity was measured in terms of
hydrogen donating or radical scavenging
ability using the stable radical DPPH. The
reduction of the radical is followed by a
decrease in the absorbance at 517nm. A
volume of 2 mL of aqueous solution of the
extracts was put into test tubes and 2 mL
of 1 mM DPPH solution was added. The
tubes were covered with parafilm and kept
in the dark for 1 h. Absorbance at 517 nm
was measured with a UV-Visible
spectrophotometer (PerkinElma, NIR 270)
and compared to an ascorbic acid
calibration curve. The results were

expressed as mg ascorbic acid/g dried
sample. Each assay was carried out in
triplicate. The percentage inhibition of the
DPPH radical was calculated using the
following formula:

I % = Ao—A:x 100
Ao
where | = DPPH inhibition (%), Ao =
absorbance of control sample (t =0 h) and
A = absorbance of the tested sample at the
end of the reaction (t =1 h).

Determination of reduction of ABTS by
the extract’s antioxidants

The reduction of 2,2’-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid))
radical scavenging was determined by the
method of Manish et al., 2011. The ABTS
radical cation decolourization method is
based on the reduction of ABTS™" radicals
by antioxidants of the plant extracts tested.
The reaction’s mechanism involves the
electron-donating ability and results in the
decolorization of the radical. A 7mmol
ABTS solution and a 2.45mmol solution of
K2S,0g were mixed in a ratio of 1:1 and
kept in the dark for 24 h. The mixture was
then diluted in aqueous methanol in a ratio
of 1:25. A volume of 20 ulL aqueous
extract was added to 2 mL of the mixture,
and the mixture was kept at a standard
temperature of 30 °C. The absorbance was
measured at 734 nm in 0, 5, and 10 min
after initial mixing. All solutions were
used on the day of preparation, and all
determinations were carried out in
triplicate.

The percentage of inhibition of ABTS™
was calculated using the following
formula:

|%=At:0-At X 100
Ao
where | = ABTS inhibition (%), A=0 =
absorbance of control sample (ABTS
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radical solution) and A: = absorbance of a
tested sample in 5 or 10 min. Antioxidant
capacity was expressed in mg ascorbic
acid/g dried sample

Determination of Ferric Reducing
Antioxidant Power Assay (FRAP)
The ferric reducing antioxidant power
(FRAP) assay of the extract was measured
using the method of Benzie and Strain
(1998). 2mL of sample were mixed with
2mL of phosphate buffer (0.2M, pH 6.6)
and 2mL of Potassium Ferrocynide
(10mg/mL). The mixture was incubated at
50°C for 20 minutes followed by addition
of 2mL of trichloroacetic acid. The
mixture was centrifuged at 3000rpm for 10
minutes to collect the upper layer of the
solution. A 2mL from the upper layer
collected was mixed with 2mL of distilled
water and 0.4mL of 0.1% freshly prepared
ferric chloride. After 10 minutes, the
absorbance was measured at 700nm. A
standard curve was plotted using an
aqueous solution of ferrous sulfate
(FeSO4:7H,0) (100- 1000 wuM), with
FRAP values expressed as micromoles of
ferrous equivalent (uM Fe [I1] per kg of
sample).
Statistical Analysis
The data were analysed using the statistical
package for social sciences (SPSS) version
16.0 and presented as mean + SD. The
acceptance level of significance was P <
0.05

Results and Discussions

Level of Heavy Metals Concentration in
irrigation water Samples

The levels of heavy metals in water
samples from six locations along River
Jakara and River Getsi in Kano state are
presented in Table 1.

The mean heavy metals concentrations of
water samples collected from the six

locations along Rivers Jakara and Getsi
were found to fall within the limit
approved by FAO/WHO except Pb, Cd,
As, Fe and Co. Fe had the highest
concentration of in Getsi followed by Pb in
P.R.P. The third is As in Getsi while Cd
had 0.61ppm in Gama. These values were
significantly ~ above  (p<0.05) the
recommended 5, 0.1, 0.1 and 0.03ppm for
Fe, Pb, As and Cd respectively approved
by FAO/WHO (FAO/WHO, 2011). The
result also showed Zn, Cu, Cr and Ni
having values below the approved limits.

The result above indicates a high level of
iron, lead and arsenic which can be
attributed to its release from activities of
motor mechanics along the River Bank in
Kofar Ruwa, Zungeru Road and Bomphai.
The practice of recycling battery causes the
discharge of lead into the environment.
Arsenic has for long being regarded as an
environmental contaminant and its use still
persist. This can be attributed to the release
of the heavy metals from the industries
sited in Bomphai and the small to medium
scale industries that dot the river banks of
the two rivers. These industries produce
paints, fabrication of metal products,
lubricant oils and grease etc. Another
factor is the point pollution practiced by
most household along the rivers. In most
houses, the domestic biological waste is
channelled directly into the River via a
pipe. This waste contains detergents, soap,
cosmetics, pesticides, insecticides and
drugs (Ahmed and Sadau, 2015).

Level of Heavy Metals Concentration in
Soil Samples

The levels of heavy metals in soil samples
from selected sites along Rivers Jakara and
Getsi and FAO/WHO standard are
presented in Table 2. All the six locations
were found to be positive for all the heavy
metals determined. The concentrations
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varied from one location to another, and
the average is in this order of increasing
concentration Fe >Mn >Cu > Zn > Cr>Pb
> Ni > As > Cd > Co > Hg. The mean
concentrations of heavy metals in various
soil samples collected from the six
locations were compared with the
standards set for Soils by FAO & WHO,
2011 and other Standards (Vodyanitskii,
2016). Fe, As, Cd, Zn, Cr, Co, Cu and Pb
in most of the soil samples exceeded the
FAO & WHO standards in the soil
indicating a varied properties of the soils
and their capacities to retain heavy metals.
Zn, Fe, Pb, Mn, Cr and Cu were found in
most soil samples to have the highest
concentrations.

The concentration of Chromium and
Arsenic in the six sites where samples were
collected show that there was a high level
of these metals in farms along the two
rivers that is above the recommended
levels of 100mg/Kg and 14mg/Kg
(FAO/WHO, 2011) while the levels of
Nickel, Cobalt, Manganese and Mercury
were found to be within the approved limit.
The results indicate that the farmland soils
from the study areas analysed in this study
accumulated elevated concentrations of
Fe, However, this finding is far below the
value of 80000 mg/kg reported in soil by
McGrath et al, (2003) and
46426.67mg/Kg by Gebeyehu and Bayissa
(2020).

The activities of automobile mechanics,
metal products fabrication and
unregistered companies along the river
bank contributes to the introduction of
heavy metals and other environmental
pollutants into the Environment.

The concentrations of copper were higher
than those reported by Bello et al., (2019).
The high level of cadmium might be due to
the use of cadmium-containing phosphate
fertilizers and contamination  from
cadmium-containing dusts (Ewers, 1991).
The concentrations of cadmium obtained
in this study were higher than
recommended maximum limit for soil that
is 3 mg/kg. From this study also it was
found that various agricultural activities
carried out in the areas were able to
increase the Cd content in the soils. The
relatively high levels of lead might have
resulted from accumulation of lead
through air pollution such as automobile
exhaust fumes, Auto mechanic Garages,
Illegal Battery recycling plants and from
some pesticides, such as lead arsenates
applied during cultivation. The values of
Pb obtained in this study were lower than
Bello et al., (2019) and higher than Wodaje
& Alemayehu (2017) and Abubakari et al.,
(2017). Also the high levels of Cr and As
could be attributed to presence of
Tanneries, Tie and dye pits, paints, soap
and dumping of industrial waste along the
river canals.

The findings of this study agree with
Dawaki and Shu’aibu, 2013 who reported
that the soil along the river is severely
polluted with Pb, Cd and Cr while
Abdullahi and Mohammed (2020)
reported that samples of soil and spinach
recently collected around Kwakwachi
along River Jakara were found to contain
metals in the  following  order
Ni>Cd>Pb>Zn>Cu>Cr.
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Table 1: Levels of Heavy Metals of Irrigation water samples from Rivers Jakara and Getsi in parts per Million (ppm)

METAL/SITE Zn Cu cr Fe Pb cd As Ni Co Mn
ZUNGERUROAD  0.22+0015° 003t0.01°  0030002¢ +37%0002 4591000  025:008' 0830129  007+001  0.27+0.09'  0.10+0.03
AIRPORTROAD  02130013% 005:0012°  0.03£0.001° 39$0.003¢ 0.32£0.004 037+005' 0.89£0.008° 003:0.005 029:0.05'  0.21%0.02
P.RP 02240011° 005:0011° 003:0.002° 125:0.8°  247:0.18° 052:0.08' 093:017°  004:0.007 025:008'  0.230.07
GAMA 020:0.018° 005:001°  004+0.008° 11.1+0.02° 055:0.02° 061:0.11' 062£014°  012:004  0.15:009'  019+0.06
GAYAWA 0.16£0.021° 0.06£0.02°  006£0.003° 13.3:0.04° 057+0001° 0.63:0.09' 0590179  001+0.005 0.35:0.041  0.30+0.09)
GETSI 0.19+0.011° 0.06+0.06° 009001  265:0.21¢ 087+0005° 052+0.137 103%032°  0.02£0.006 0.33£0.08'  0.29+0,08]
WHO/FAO 2 0.2 01 5 01 0.03 01 0.2 0.05 0.2

Results are presented as Meanz standard deviation. Values bearing same superscript along the same column are significantly
different from the WHO/FAO values. FAO Irrigation and Drainage (1985)
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Table 2: Levels of Heavy Metals in Soil samples from selected sites along River Jakara and Getsi in mg/Kg.

METAL/SITE Zn Cu Cr Fe Pb Cd As Ni Co Mn
ZUNGERU ROAD  221.3+15.80% 311.5+7.62° 128.0+9.75 1302.9+86.59¢ 127.1+11.95°  28.4+6.80" 29.3+2.44 33.4+1.94 15.9+3.40)  333.2+0.82
AIRPORT ROAD 278.4+14.34 274.1+13.45°  176.5+454°¢  1416.8+77.37 110.6+9.26 ¢ 26.1+7.2F 27.242.52 39.0+2.51 19.242.070  378.7+0.33
P.R.P 113.6+5.652 259.2+7.28° 184.8+3.72°  1807.9+53.86¢ 97.0+2.72°¢ 38.9+9.03f 30.845.62 29.2+3.73 17.1+4.181  445.3+0.65
GAMA 87.5+5.882 94.0£5.17° 199.0+7.93¢  1793.7+210.39¢ 68.4+5.97 37.0£16.307 42243419  48.4+4.04 23.3£3.297  330.1+1.24
GAYAWA 98.2+5.252 88.2+2.59° 164.3+2.09¢  2474.24211.55 88.5+6.28 ¢ 39.3+8.031 51.743.539  63.4+259" 29245131  4435+0.61
GETSI 185.2+10.60%  374.9+10.88°  116.9+2.61 3483.2+475.51 ¢ 131.4+6.23°¢ 44.9+0.69F 63.1+3.549  57.1+2.57 18.6+4.02) 641.2+0.45
FAO/WHO (2011) 50 20 100 425 10 3 14 50 8 2000

Values are presented as Mean + Standard Deviation. Values bearing same superscript along the same column are significantly

Higher than the WHO/FAO values
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Heavy metals content of vegetables

The heavy metal concentrations in the
edible part of cabbage and lettuce collected
from six farms along River Jakara and
Getsi are listed in Table 2. The
concentration of metals varied greatly
among plant species and sample locations.
The average concentrations of trace metals
in all vegetable samples are in the
following decreasing order: Fe >Zn > Cu
> Cr > Co> Mn> Ni > Pb > As > Cd >Hg.
The result shows that lettuce contain
highest concentration of Fe, Zn, Cr, Cd and
Arsenic in Getsi followed by Gayawa
while the highest concentration of Fe in
cabbage was in Gama and is significantly
above (p< 0.05) the approved maximum
level of 48mg/Kg, 20mg/kg, 1mg/kg,
0.2mg/kg and 0.1mg/kg respectively,
while the level of Zinc in cabbage were
found to be within the approved limit of
FAO/ WHO.

The highest levels of Cr, Pb, Cd and As
were found in cabbage collected from the
three sites along River Getsi. However, the
highest levels of Cu, Ni, Co, Mn and Hg
were found in Airport Road, Gayawa,
Getsi respectively. These levels were
found to be not significantly different
(p<0.05) from the FAO/WHO approved
limit of 40, 10, 50, 500 and 0.3mg/kg for
Cu, Ni, Co and Mn respectively.

The high level of Fe presented in Table 3
might be due to its abundance naturally in
the soil because it is the fourth most
abundant element in the earth’s crust. This
suggest that lettuce accumulate more Fe
and Zn than cabbage while cabbage
accumulates more Cr, Pb, Cd and As than
lettuce. Doka et al., 2020 reported heavy
metals contamination in cabbage, lettuce,
okra, spinach and pepper while Onions
irrigated with river water contains number
of organic contaminants (Ekevwe et al.,
2017). In a study reported by Dawaki and
Shu’aibu, 2013, the lettuce produced along
the river contains Pb, Cd and Cr above
FAO/WHO permissible limits while the
Spinach produced along the river is
severely contaminated with Pb and Ni
(Abdullahi and Mohammed, 2020). Also,
Lawal and Audu (2011) reported that
spinach, okra, onions and tomatoes grown
along the Jakara river contains higher
concentrations of Co, Cu, Zn and Cr.
However, in the current studies, Ni and Co
contaminations were not observed. The
result of this research is also higher than
the levels of heavy metals in cabbage and
lettuce in Ghananian markets reported by
Bempah et al (2011).
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Table 3: Level of Heavy Metals levels of Vegetables samples (Cabbage and Lettuce) collected from selected sites along River Jakara and Getsi in (mg/Kg)

Heavy Metal ~ Zn Cu Cr Fe Pb Cd As Co Ni Mn
Zungeru 8.4+0.8 2.4+0.2 1.8+0.3 80+7.3 3.54+0.2° 1.29+0.35°  0.83+0.3° 1.18+0.9 2.04+0.6 2.03+0.3
Airport Rd 16.2+1.0 3+0.6 1.4+0.6 106+21 3.06+0.02 1.0740.20¢  0.89+0.2° 1.29+0.3 1.41+0.4 1.48+
CABBAGE P.R.P 8.6+0.8 2.4+0.8 1+0.3 120.845.3 3.96+0.4¢ 1.4440.50¢  0.93+0.4¢ 1.37+0.7 1.29+0.5 1.35+
Gama 8.2+1.3 2+0.3 1.2+0.4 4164534 2.72+0.2°¢ 1.99+0.52¢  0.59+0.2° 1.95+0.8 3.04+1.2 3.05+
Gayawa 7.8+1.2 1.8+0.8 1+0.3 140.6+6.2 3.8+0.4°¢ 1.87+0.61°¢  1.03+0.3°¢ 1.37+0.4 2.83+ 2.38+
Getsi 9.2+2.8 2.240.7 1+0.3 80+16 4.78+0.05¢  2.25+0.73°®  0.49+0.16°¢  2.13+0.7 1.34+ 3.17%
Zungeru 16.2+3.1 5.2+1.2 3+1.2°¢ 3564594 4.62£0.27¢  2.61+0.83®  1.92+0.5° 3.05+1.02 1.18+0.5 1.65+0.8
Airport Rd 18.8+2.9 6.2+0.5 2440.6°¢ 68+21 3.7240.15¢  2.4+1.13¢ 2.05+1.1¢ 212+ 1.05+ 1.40+
P.R.P 20.4+4.7 4+1.1 2.2+0.7¢  366+42¢ 3.74+0.6¢ 2.67+0.88¢ 2.51+1.1°¢ 1.94+ 2.81+ 249+
LETTUCE Gama 13.8+2.5 3+04 2.6+0.3°  624+71¢ 4.76+0.6° 3.21+1.18®  1.03+0.6° 1.34+ 211+ 331+
Gayawa 254451 56+0.8 3.6+1.3°  748+82¢ 6.12+1.3°¢ 3.60+1.49¢  3.21+0.18°¢ 1.48+ 3.06+ 3.11+
Getsi 40.8£9.4% 42404 542.3¢ 195041169  6.26+0.8° 4.12+1.32¢  3.84+0.17°¢ 1.38+ 2.84+ 427+
FAO/WHO 20 40 1 48 0.3 0.2 0.1 10 50 500

Results presented as Meanz standard deviation. Values bearing same superscript along the same column are significantly different from FAO/WHO-approved limits.
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Total Phenolic Content

The results of total phenolic content of
cabbage and lettuce grown along some
Rivers in Kano are presented in Table 4.
The result showed that the level of
phenolic compounds in cabbage is
significantly lower than the control except
those collected from Zungeru Road while

that of lettuce is significantly lower than
the control in all samples collected from
the six sites. The result further showed that
the level of phenolic compounds is lowest
in Getsi and P.R.P sites which also
contains significant levels of some heavy
metals.

Table 4: Total Phenolic Content (as Gallic acid equivalent) mg/dl of cabbage and lettuce

grown along some Rivers in Kano

Location/ Zungeru . .

Vegetable Road Airport Rd P.R.P Gama Gayawa Getsi Control
Cabbage 0.41+0.18 0.34+0.122 023+0.02®  0.16+0.042  0.19+0.07* 0.11+0.06@ 0.51+0.23
Lettuce 0.38+0.02°  0.46+0.02°  0.24+0.01° 0.32+0.05° 0.37+0.03> 0.27+0.03°  0.73%0.29

The result is presented as mean * standard
deviation. Values having same superscript
along the row are significantly different
from the control

The role of phenolic compounds in the
scavenging of free radicals associated with
oxidative stress is well established
(Fergusion et al., 2006). Georgiadou et al
(2018) showed that levels of heavy metals
in soils are inversely proportional to some
physiological parameters of the plants
leaves such as pigment and phytochemical
content. Plants exposed to heavy metals
produce increased amounts of reactive
oxygen species (ROS) (Yadav, 2010). The
overproduction of ROS can affect the
redox status of cells which causes dramatic
physiological challenges, leading to
oxidative stress (Nadgodrska-Socha, et al.,
2013). Heavy metal-induced ROS can
cause damage to plants, such as enzyme
inhibition, protein oxidation and lipid
peroxidation and possibly hampering their
capacity to produce the needed
phytochemicals to counter the effect of
phenolic compounds inclusive (Cuypers et
al.., 2011). In general, toxicity is affected
by the bioavailability of the metals and
interactions with other metals in the soil
while soil uptake of heavy metals by plants

depends on the type and level of soil
contamination. Plants absorb large
quantities of metals until they become
toxic. The effects of contamination of the
soil by Ni on plants could lead to decreased
seed germination, growth reduction and
limitation of transpiration and
photosynthesis (Sreekanth et al., 2013).
These effects inhibit the production of
some vital secondary metabolite like
diosgenin (De and De, 2011) known for its
neuroprotective effects against aging-
related deficits like memory improvement
as well as metabolic disorder (Mafalda et
al., 2016). To scavenge the overproduced
ROS, plants employ specific mechanisms

including activation of antioxidant
enzymes such as superoxide dismutase
(SOD), catalase (CAT), ascorbate

peroxidase (APX), glutathione peroxidase,

glutathione S-transferase (GSTs),
dehydroascorbate reductase (DHAR),
Glutathione reductase (GR), guaiacol
peroxidase (GPX), shikimate
dehydrogenase  (SKDH), polyphenol
oxidase  (PPO), cinnamyl alcohol

dehydrogenase (CAD), phenyl alanine
ammonia- lyase (PAL) (Kovacik et al.,
2009) and non-enzymatic antioxidants
such as carotenoids, glutathione, ascorbic
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acid, alpha-tocopherol, proline and many
phenolic compound including flavonoids,
anthocyanins, tannins, lignins, phenolic
acid and related compounds, coumarin,
flavenol, cinnamy acid, cinnamy alcohol,
cinnamy aldehyde, etc. (Nicholson and
Vermeris, 2011)

DPPH Radical Scavenging Activity

The results of DPPH of lettuce and
cabbage collected from six locations each
along Rivers Jakara and Getsi are
presented in Figure 1 and 2 respectively.
The result showed that with increasing
concentration of the vegetable extracts, the
values of DPPH radical scavenging

activity were observed to be significantly
lower than the control and the standard
Ascorbic acid in all the samples. At the
highest concentration of 10mg/dl, the
extracts of lettuce collected from Airport
Road and cabbage collected from Gama
showed the highest radical scavenging
activity. These were followed by samples
collected from Zungeru and Gama for
lettuce and cabbage  respectively.
Furthermore, the result showed that
cabbage demonstrated a more efficient
DPPH radical scavenging activity than
lettuce

DPPH Radical Scavenging Activity of Extracts

of Lettuce
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Figure 1: DPPH Radical Scavenging Activity of aqueous extract of lettuce grown along
some Rivers in Kano. Lower absorbance indicates high radical scavenging activity
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DPPH Radical Scavenging Activity of Extracts of

Cabbage
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Figure 2: DPPH Radical Scavenging Activity of aqueous extract of Cabbage grown

along some Rivers in Kano

From the result, it could be observed that
the capacity of the vegetables known for
high content of antioxidant molecules and
enzymes has been compromised by the
level of heavy metals in the soil and the
vegetables. The levels of Zn, Pb, Cd, As,
Co, Fe and Cu above the recommended
FAO/WHO levels in the soil could lead to
interference with the metabolic processes
notably the inactivation of the enzymes
involved in the biosynthesis of the
antioxidants. However, Samrina et al.
(2022) reported increased antioxidant
enzymes activities such as superoxide
dismutase (SOD), catalase (CAT) and
ascorbate peroxidase (APX) in Avicennia
marina and Rhizophora mucronata
following exposure to multiple heavy
metals reflecting a damage response to
stress factors in those plants. The
activation of these enzymes is an essential
protective mechanism to reduce oxidative

injury following exposure to heavy metals.
In any case, oxidative stress was confirmed
to be imposed in all heavy metal-treated
samples demonstrated through higher
levels of H,O,, with biochemical evidence
for this induction being provided through
the upregulated activity of major ROS
metabolizing enzymes such as SOD, CAT
and APX. SOD dismutases superoxide
radicals to H2O,, while CAT and APX act
as H,0, scavengers (Gill and Tuteja,
2010). Similar results were found in the
leaves of thyme (Thymus vulgaris) plants
treated with the same heavy metals as the
present report (Kulbat and Leszczynska,
2016).

ABTS Radicals Reduction Activity

The result of the scavenging activity of
the extracts of lettuce and cabbage
collected from six locations each along
Rivers Jakara and Getsi against ABTS
radical presented in Table 5.
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Table 5: ABTS radical scavenging activity of extracts of lettuce and cabbage

LOCATION/ ZUNGERU AIRPORT P.RP GAMA GAYAWA  GETSI CONTROL

SAMPLE

LETTUCE 18.8+5.71*  17.4+7.24*  13.07+#6.13* 15.8+4.38*  11.71+5.90* 13.62+5.08* 28.95+8.46

CABBAGE 26.748.36*  31.33+7,47* 22.88+5.83* 34.4+11.31* 20.16%6.04* 16.07+7,54* 44.39+10.78

Results presented as Mean + Standard Deviation of % scavenging activity of ABTS radical.
Values having * along the same row shows significant difference with the control.

The result showed that the highest activity
was recorded in cabbage collected from
Gama and lettuce collected from Zungeru
which is followed by both cabbage and
lettuce collected from Airport Road. The
result showed that all the samples have
values that are significantly lower than the
control in both lettuce and cabbage.

From the result, it could be observed that
the use of contaminated water for irrigation
purposes along these two Rivers has
significantly compromised the capacity of
these vegetables to synthesize the right
guantity and quality of phytochemicals to
counter the effects of ABTS radicals when
compared with the control. The growing of
vegetables in heavy metals polluted soil
may affect the biosynthesis of secondary
metabolite. Chowardhara et al (2019)
reported a severe incidence of
phytotoxicity in plants treated with Zinc
and Cadmium in Indian mustard,

interfering with metabolic processes that
inhibit seed germination, plant growth and
development which could ultimately lead
to plant death as concentration increases.
Metal toxicity is ascribed to three main
reasons: (i) direct interaction with proteins
due to their affinities for thioyl-, histidyl-
and carboxyl-groups, causing the metals to
target structural, catalytic and transport
sites of the cell; (ii) stimulated generation
of ROS that modify the antioxidant
defense and elicit oxidative stress; and (iii)
displacement of essential cations from
specific binding sites, causing functions to
collapse (Sharma and Dietz, 2009).

FRAP Radicals Scavenging Activity

The result of the scavenging activity of the
extracts of lettuce and cabbage collected
from six locations each along Rivers
Jakara and Getsi against Ferric radical is
presented in Table 6.

Table 6: Ferric radical scavenging activity of extracts of lettuce and cabbage (M Fe [11]

per kg of sample)
LOCATION/ ZUNGERU AIRPORT P.RP GAMA GAYAWA  GETSI CONTROL
SAMPLE
LETTUCE  103+22.32 10542872 85+19.72 65+20.52 92+2562  85+18.62  260+42.3?
CABBAGE  225+31.8>  230#42.4P 197+#37.9Y 180#35.1° 155+39.8°  140+33.4P  338+47.8°

Results presented as Mean + Standard Deviation of % scavenging activity of Ferric radical.
Values bearing same superscript along the same row shows significant difference with the

control.

The result showed that all the obtained
values of FRAP radical scavenging
activity are significantly (p<0.05) lower
than the control. Furthermore, the result

with the highest activity was observed in
the Airport Road followed by Zungeru in
lettuce and airport followed by Zungeru in
cabbage samples.
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The ability of plants to increase
antioxidative  protection to combat
negative consequences of heavy metal
stress appears to be limited since many
studies showed that exposure to elevated
concentrations of redox reactive metals
resulted in decreased activities of
antioxidative molecules (Velioglu,et al.,
1998). This fact is also valid for U. dioica
as shown in studies by many authors
(Gulcin et al., 2010). As FRAP assay
measures only non-enzymatic (reductants)
antioxidants in the sample, there is an
interesting relationship between metal
content and obtained FRAP values which
are valid for all investigated metals which
are redox metals. Results obtained from
FRAP assay in this study show that heavy
metals induce oxidative stress as evident
by the scavenging activity of cabbage and
lettuce (in umol FeSO4 L-1) as in all cases
levels for total antioxidant activity in
samples exposed to metals are lower than
the total antioxidant level in the control
sample. Antioxidant systems and their
significance for the acclimation of plants
pollution and climatic stresses have been
reviewed frequently with an emphasis on
the responses of leaves (Darinka et al.,
2013). Exposure to heavy metals also
provoked responses of antioxidative
systems, but the direction of response is
dependent on the plant species, tissue
analysed, the metal used for treatment, and
also the intensity of the metal stress.
However, some common reaction patterns
can be found, for example, decreasing
activities of antioxidative enzymes and
molecules after the metal exposition
(Shainberg, et al., 2000). In most cases,
exposure to heavy metals, Cd and some
others as Cu, Ni, and Zn, initially resulted
in a severe depletion of glutathione (GSH),
which is only one example. This is a
common response to Cd caused by an

increased consumption of GSH for
phytochelatin production and their role in
sequestering heavy metals which is a
mechanism that contributes to the
protection from metal toxicity in different
plants and in some fungi as well (Ishikawa
et al., 1997). Also, Gichner, 2003 reported
a study that shows 61.9% lower
antioxidant activity from the sample
(leaves) and 33.5% lower antioxidants
level for the stems of a studied plant.

Conclusion

The use of heavy metals contaminated
water from urban and industrial waste
contaminates the soil with toxic heavy
metals beyond the recommended
WHO/FAO limits and subsequently
transfers some to plants grown on the soil
to a level above the WHO/FAO limit.
These phenomena lower the potentials of
the plants studied to produce the right
quantity and quality of antioxidant
molecules to mitigate the effects of heavy
metals stress thereby limiting their
capacity to efficiently scavenge DPPH,
FRAP and ABTS radicals.

Acknowledgements

The authors are grateful to the Department
of Biochemistry, the Central Laboratory
Complex and the Centre for Biotechnology
Research of Bayero University Kano,
Kano State, Nigeria for permitting us to
carry out this research using their prized
laboratory facilities.

References

Abdullahi Y.A., and Mohammed M.A
(2020): Speciation, Bioavailability
and Human health risk of Heavy
Metals in Soils and Spinach
(Amaranthus spp) In  Kano
Metropolis Northwestern Nigeria.
Chemsearch Journal 11:35-43

103



Abubakari, M., Moomin., A., Nyarko, G
and Dawuda., M.M. (2017):
Heavy metals concentrations and
risk assessment of Roselle and
Jute Mallow cultivated with three

compost  types. Annals  of
agricultural  Science 62(2017)
145-150.

Bhavtosh, S. and Shweta, T. (2013):
Simplification of metal ions
analysis in fresh water by Atomic
Absorption  Spectroscopy  for
laboratory students. Journal of
Laboratory Chemiical Education.
1(3): 54-58. DOI:
d0i.10.5923/j.jlce.20130103.04

Bello, S., Nasiru, R., Garba, N.N. and
Adeyemo, D.J. (2019):
Carcinogenic and non
Carcinogenic Health risk
assessement of heavy metlas
exposure from Shanono and
Bagwai artisanal gold mines,
Kano state, Nigeria. Scientific
African 6. E00197

Bempah C., K., Kwofie, A.B., Tutu A.O.
Danutsui.,, D., N. (2011):
Assessing the potential dietary
intake of heavy metals in some
selected fruits and vegetables from
Ghanian Market. Elixir pollut,
2011, 39,4921-4926.

Benzie., F.F. and Strain, J.J. (1998): Ferric
Reducing/antioxidant Power
assay: Direct measure of total
antioxidant activity of biological
fluids and Modified version for
simultaneous measurement of
total antioxidant power and
ascorbic  acid  concentration,
Methods in Enzymology, Vol. 299,
pp 15-27

Bichi M.H. (2000) Surface water quality in
the Kano industrial evnrioment.
In: Falola. J. Afolabi, K. Ahmed,

M.A. Liman and A. Maiwada
(Eds.) Issues in  Land
administration and development in
Northern Nigeria, Department for
Geography, Bayero University,
Kano. 2000:305-313

Chowardhara, B., Borgohain, P., Saha, B.,

Awasthi, Jay. P. (2019)
Phytotoxicity of Cadmium and
Zinc on three popula indian
mustard varieties during
germination and early seedlings
Growth. Elsevier Itd 2020(21) 1.
101349.

Cuvpers, A., Smeets, K., Ruytinx, J.,

Opdenakker, K., Keunen, E.,
Remans, T., Et al (2011): The
Cellular redox state as a modulator
in cadmium and copper response
in Arobidopsis thaliana seedlings.
J. planhysiol. 178, -316 doi:
10.16/jplph.2010.07.010

Darinka, G., Tatjana, K. P., Tatjana, R.,

Katerina, B. and Trajle, S. (2013):
Influence of Heavy Metal Stress
on Antioxidant Status and DNA
Damage in Urtica dioca, Hindawi
Publishing Corporaiton BioMed.
Research International, Article ID
276417, 6
http://dox.doi.org/10.1155/2013/2
76417

Dawaki M.U. and Shuaibu A. U. (2013):

Lettuce (Latuca sativa L) Along
the Jakara Valley in Metropolitan
Kano, Nigeria potentials and
threats. International conference
on Dry land 232-241

De, D. and De, B. (2011): Elicitation of

104

Diosgenin productions Trigonella
foenum-graecum L. Seedling by
heavy metals and signaling
Molecule. Acta Physiol. Palnt
33(5), 1585-1590.


http://dox.doi.org/10.1155/2013/276417
http://dox.doi.org/10.1155/2013/276417

Doka M.G., Tasiu N., Aloba I., Abdullahi
Sl, and Yau D. (2020):
Comparative Analysis of
Potentially Toxic Elements in the
Soils and some vegetables
Collected from wastewater and
river water Irrigated Areas in
Kano City and Bichi town, Kano
state, Nigeria. World Journal of
advanced research and reviews
7:63-74

Drechsel.,, P., Blumenthal, U.J. and
Keraita. B. (2002): Balancing
Health and livelihoods: Adjusting
wastewater irrigation guidelines
for  resource-poor  countries.
Urban agriculture magazine 8:7-9
www.ruaf.org/no8/07guidelines.p
df

Ekeywe A., Aloba I, And Doka G.M.
(2017): Proximate of organic
Pollutants in  Onion Plants
Cultivated Along the Bank of
River Jakara Kano State of
Nigeria. Advance in Biochemistry,
41-46

Ewers, U. (1991): Standards, Guidelines
and Legislative  Regulations
Concerning Metals and their
Compounds. In Metal and their
Compound in the Environment:

Occurrence. Merian E., Ed,,
Analysis and Biological
Relevance, VCH: Weinheim:
PP458-468

FAO/WHO (2011): Evaluation of certain
foods additives and contaminants.
74" Report of Joint FAO/Who

expert committee on  food
additives.
https://apps.who.int/iris/handle/10
665/44788

Fergussion, L.R., Philpott., M. and
Karunasinghe, N (2006):

Oxidative DNA Damage and

repairs, Significance and
Biomarkers. J nutria 136 (10):
26875-26895

Gebeyehu., H.R. and Bayissa., L.D.
(2020): Levels of heavy metals in
Soil and vegetables and associated
health risk in Majo area, Ethiopia.

PLos One 15(1): E0227883.
https//doi.org10.13/jornal.pon.022
7883

Georgiadoul, E.C., Kowalska., E., Patla.,
K. Kulbat, K., Smolinska, B.,
Leszczynska, J. and Fotopoulos
V. (2018): Influence of heavy
Metals (Ni, Cu, and Zn) on nitro-
oxidative  Stress  Responses,
Proteome Regulation and Allergen
production in Basil (Ocimum
basilicum L) plants. Front Plan
Sci. 9:862 doi:
10.3389/fpls.2018.00862

Gichner, T. (2003): DNA Damage induce
by indirect and direct acting
mutagens in catalase deficient
transgenic tobacco: Cellular and
acellular comet assay, “Mutation
Research, Vol. 535, No 2., PP
187-193, 2003

Gill, S.S. and Tuteja, N. (2010): Reactive
oxygen spacies and antioxidant
machinery inabiotic stress
tolerance in crop plants p plant
physiol biochem 48(12): 909-30
D0i10.1016/j.plaphy.2010.080.01
6.

Gulin, O. Kufrevio” glu, M. Oktay, and
M.E. “Buy” Ukokuro” glu (2010):
Antioxide Antimicrobial, antiulcer
and ana-lgesic activities of nettle
(Urtica dioca L.),” Journal
Ethnophormacology, Vol. 90, No
2-3, PP. 205-215,

Ibrahim, S. and Said, H.A. (2010): Heavy
Metals Load in tilapia species: A
case study of Jaraka River and

105


http://www.ruaf.org/no8/07guidelines.pdf
http://www.ruaf.org/no8/07guidelines.pdf
https://apps.who.int/iris/handle/10665/44788
https://apps.who.int/iris/handle/10665/44788

Kusalla Dam, Kano State Nigeria,
Bayero Journal of pure and
Applied Sciences, 39(1):87-90

Ishikawa, T., Li, Z. S., Lu, Y.P and Rea,
P.A (1997): The GS —X Pump in
plants, yeast, and animal cells:
Strucutre, functions, and gene
expression, Bioscience Reports,
Vol. 17, No 2, PP 189-207

Jamila T.S., and Sule S.Y. (2020):
Assessment of Quality index of
River getsi Irrigation water in
Kano metropolis, Nigeria
international Research Journals
of pure and applied chemistry,
21:8-16.

Kabata-Pendias, A. (2000): Trace
Elements in Soils and Plants,
Third ed. CRC press, Boca Raton,
PP. 432.

Kulbat, K. and Leszczynska., J. (2016):
Antioxidants as a defensive shield
in thyme (thymus vulgaris L)
growns on the soild contaminated
with Heavy metals. Biotechnol,
Food Sci. 80, 109-117.

Lawal, A.O. and Audu, A.A. (2011):
Analysis of heavy metals found in
vegetables from some cultivated
gardens in Kano metropolis,
Nigeria. J. Environ. Chemistry
Ecology. 36(6): 142-148

Lien, A.P., Hua, H. and Chuong, P. (2008):
Free Radicals, antioxidants in
disease and health Int. j. Biomed
Sci. 2008:4(2):89-96

Mafalda J., Ana, P.J., Eugena, G and
Samuel, S. (2016): Diosgenin:
Recent hihglights on
Pharmacology and  ANaltical
Methodology. J. and Methods
Chem 4156293 Doi.
10.1155/2016/4156293.

Manish, K., Ubodh, K. and Satwinder, K.
(2011): Investigation on DNA

Protection ~ and  Antioxidant
potential of Chloroform and
ethylacetate fractions of
Koelrcuteria paniculata laxin. Afr
J pharm Pharmacol 5(3), 421-427

Nadgorska-Socha., A., Kafel, A,

Kandziora-Ciupa., M.
Gospodarek., J. and Zawisza-
Raszka, A (2013):

Accumulations of heavy metals
and antioxidant reponses in
Viciafba plants grown on
monometallic contaminated soil.
Environ, Sci. Poll. Res. 20,1124-
1134  D0i:10.1007/s11356-012-
1191-7

Naima, S., Muhammad, R.K. and Maria, S.

(2012): Antioxidant activity, total
phenolic and total flavonoid
contents of whole plant Extracts
Torilis Leptophylla L. BMC
Complimentary and Alternative
Medicine 12:221: PP 2-12
http://www.biomedcentral.com/1
472/12/221

Nicholson, R., Vermeris, (2011): Phenolic

Compound Biochemistry.
Springer, Berlin.

Kovacik, J., Klejdus, B., Hedbayny, J.,

Stork, F. and Backor, M., (2009):
Comparison of cadmium and
copper effect on phenolic
metabolism, Mineral Nutrient and
stress — related parameters in
Matricaria Chamomilla Plants.
Plant soil 320 (1-2), 231-242

Odjadiare, E.E. O., Larry, C.O and Oko

106

A.l. (2010): Municipal wastewar
Effluent as a soruces of listeria
pathogen in the acquativ mileu of
the Eastern cape province of south
africa a concern of public health
importance. Int. Enviro res public
health ., 7 (5) 2376-2394
Available


http://www.biomedcentral.com/1472/12/221
http://www.biomedcentral.com/1472/12/221

http://dx.doi.org/10.3390%2Fijer
ph7052376

Samrina, A., Sarwat, |., Muhammad, F.S.,
Muhammad A. Muhammad, S.
and Fayyaz, R. (2021): Impact of
heavy metal stress on antioxidant
mechanism of Avicenna marina
(forsk).and Rhizophora
mucronata lamk. Pak, J. Sci ind,
res. Ser. B. Sci. 64b(2) 126-135

Schutzendubel, A. Polle, A. (2002): Plant
responses to abiotic stresses:
Heavy Metal induce oxidative
stress and  protection by
Mycorrhization J. Exp. Bot
53(372), 1351-1365

Sergio, P., Silvian, P. and Jose, A. R.
(2020): Nutritional composition
and antioxidant properties of fruits
and vegetables. Elsevier inc. 2020
ISBN 978-0-12-812780-3
http://doi.org/10.1016/c20160-
04117-7

Shahid M., Dumat, C., Khalid, S., Schreck,
E., Xiong, T. and Niazi, N.K,,
(2017): Foliar Heavy Metal
uptake, Toxicity and
detoxification in plants: a
comparison of foliar and roots
metal uptake. J. hazard mater. 35,
36-58

Shainberg, O., Rubin, B., Rabinowitch,
H.D., Libal, Y. and Telor E.
(2000): Accilimation of beans to
oxidative stress by treatment with
sublethal iron levels, “ Journals of
plant physiology, Vol. 157, No 1,

Pp 93-99

Sharma, S.S., Dietz, K.J (2009): The
relationship ~ between  metal
toxicity and cellular redox

imbalance Trend plan Sci. 14(1),
43-50

Shen, Q., Zhang, B., Xu., R., Wang, Y. and
Li, P. (2010): Antioxidant activity

in vitro of Selenium- Containing
protein  from the selenium
enriched Bifidobacterium
animalis. Anorobe 16(4)380-386

Singelton, V.R. Orthifer R., Lamuela-
Raventos., R.M. (1999): Analysis
of total phenols and Other
oxidation substrates and
antioxidants by Means of folin-
Ciocalteaus reagents. Methods in
Enxymology, 299, 152-178.

Streekanth T.V.M., Nagajyothi., P.C. Lee,
K.D., and Prasad, T.N.V.K.V.
(2013): Occurrence, Physiological
responses and toxicity of Nickel in
plants. Int. J. Environ. Sci. technol
10, 1129-1140. Doi.
10.1007/s13762-013-0245-9

Velioglu, Y.S., Mazza, G., Gao L. and
Omah, B.D (1998): Antioxidant
activitiy and total phenolics in
selected fruits, vegetables, and
grain  product, Journals of
agricultural and food chemistry,
Vol. 46, No. 10PP 4113-4117

Vodyanitskii, Y.N. (2016): Standards for
the contents of heavy metal in
Soils of some states. Annals of
agrarian science 14. P 257-263
ISBN 1512-1887

Wilson, B., Braithwaite., A., Brain and
Yatt F. (2005): An evaluation fo
procedures for the digestion of
soils and vegetable from area with
metalliferous pollution Toxicol
environ. Chem. 2005: 87:335-344
http://doi.org/10.1080/027722405
00165570

Wodaje, A. and Alemayehu, A. (2017):
Determination of Heavy metal
Concentration in Soild used for
cultivation  Alliumsativum L.
(Garlic) in East Gojjam Zone,
Amhara region Ethopia. Cogent
Chemistry 3(1). 1419422

107


http://dx.doi.org/10.3390%2Fijerph7052376
http://dx.doi.org/10.3390%2Fijerph7052376
http://doi.org/10.1016/c20160-04117-7
http://doi.org/10.1016/c20160-04117-7
http://doi.org/10.1080/02772240500165570
http://doi.org/10.1080/02772240500165570

Yadav, S.K. (2010): Heavy Metals stress plants. South African

Toxicity in plants: AN overviews Journal of Botany, 76, 167-179.
of the role of glutathione and http://doi.org/10.1016j.sajb.2009.
phytocheletins in heavy metals 10.007

108


http://doi.org/10.1016j.sajb.2009.10.007
http://doi.org/10.1016j.sajb.2009.10.007

