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With the increase in antbpogenic activities, Heavy metal contamination efetables is inevitable as si
it has become a course for concern due to foodysefues and potential health risk. This rese&@imec
at evaluating the phytoextraction efficiency of somegetables and the potential health risk reguftiomthe
consumption of vegetables that are grown in adrical soil irrigated with Refinery wastewater. Wasghte!
was collected from the effluent point of Kaduna iRiefy and Petrochemical Company from OctoBéf6
to February 2018 and analyzed for the presenceafhmetals (C8 Hg? Ag?and P, Cr?) before us
for irrigation. Soil samples were collected frorfeam located in Rigasa, Igabi Local Government afline
State. The soil samples were digested and analredeavy metal (Cd, Hg?, Ag?and PI?, Cr?) and
physicochemical parameter before and after theemeter is the used for irrigation and treatmentess
The seeds of the vegetables were planted in thenioad garden of the Biogical Sciences Department
Kaduna State University and were constantly iredaby a refinery wastewater throughout the periothe
research. After germination the plants were haegeahd separated into root/rhiziome and shootstigand
analyzed heavy metals using Atomic Absorption Spewtter. Bioconcentration factor, Biotranslocafaxtor,
Daily intake of metal (DIM) and Health risk indedRI) were calculated. The result obtained showegh
accumulation trend in the vegetable for Cd andri-gpianum melongena, Cucumis sativa, Phasaelusvulgaris,
Spinacia Oleracea, Allium cepa, Lactuca sativa, Daucas carota, Lycopersican esculentum, Pipper nigrum
above recommended standard. The high DIM and HRievay all the vegetables that are aboveOPRAHO
recommended a limit for the heavy metals. Thesearebies thereby discourage the use of refinastewate
in irrigation farming of vegetables. It also recoemds the need to stop all vegetable farming aigsvifithin
the bank of Romi stream since refinery wastewateonstantly been released into the stream.

1. INTRODUCTION

microorganisms to contain, inactivate, remove ogrdeée harmful
environmental contaminants and to revitalize comtaied sites is

Industrial and sewage wastewater are continuousfoded of in open
drains whose water is used for irrigation [1,2].e$& wastewaters
contains huge amount of heavy metals e.g. iron (Rajganese (Mn),
lead (Pb), copper (Cu), zinc (Zn), chromium (Cobalt (Co), nickel

(Ni), and cadmium (Cd) along with organic matted antrients. Crops
irrigated by wastewaters store and secrete theseyhmetals through
various parts. These heavy metals cause seriolih legiects when

consumed through foods [1,6]. Many clean-up teabgiek exist for

the treatment of contaminated soils, but only a e applicable
to heavy metal contaminated soils. The use of plantl associated
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gaining more and more attention [3]. Plants anfyleagetables have a
high capacity to bioaccumulate these heavy metatnvgrown in soil
irrigated by wastewater [4,5,6] Irrigation can imppotential yield by
affecting morphological and physiological traitsigation of crops by
wastewater for a long period of time causes in@@asncentration of
heavy metals in plants and vegetables through bigaalation [7,8].
Heavy metals accumulate in all parts of vegetabigsonly a few eg
Zn, Ni, Cu that are essential for body functiorlcat concentration,
Zn at high concentrations causes abnormal funcdnmsproductive
activities [8,9,10,11]. Vegetables constitute apantant part of the
human diet since they contain carbohydrates, preteas well as
vitamins, minerals and also a source of micro aradtrm elements.
Heavy metals are one of a range of important tyfesontaminants
that can be found on the surface and in the tis§tiesh vegetables
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[12,13]. A number of elements, such Pb, Cd, Ni, Co, Cu and
Selenium (Se) can be harmful to plants and humeas at quite low
concentrations [14,15,16].

Soil pollution is caused by misuse of the soilfsas poor agricultural
practices, disposal of industrial and urban wastés, The soil is
also polluted through the application of chemicaittifizers (like
phosphate and Zn fertilizers), and herbicides [8,14]. Heavy metal
accumulation in soils is of concern in agricultupabduction due to
the adverse effects on food quality, crop growtid environmental
health. Plant species have varying capacities ohowng and
bioaccumulating heavy metals. Researches have shibatnsome
plant species selectively bioaccumulate heavy mefal,22,23].
Vegetables, especially leafy vegetables, bioaccataulhigher
amounts of heavy metals [23]. Roots and leavesdfdteous plants
retain a higher concentration of heavy metal thams and fruits [12].
There are limited studies on heavy metal conteuwlifédrent growth
stages of vegetables, available studies focuseatiestatus of metal
content inedible parts of vegetables [15]. A reviefathe literature
also showed the scarcity of data on the compamganetal content
on different leafy vegetable species in Hawul [ Bsjtentially harmful
metal contents in soils may come not only fromkbdrock itself, but
also from anthropogenic sources like solid or lkifjuiaste deposits,
agricultural inputs, and the fallout of industraid urban emissions
[24]. Excessive accumulation in agricultural seoilay result not only
in soil contamination but has also had consequeand®od quality
and safety. So, it is essential to monitor foodliagiven that plant
uptake is one of the main pathways through whigvihenetals (HMs)
nter the food chain [25]. Vegetables are very irtgour because they
contain essential components of protein, vitamims, calcium and
other nutrients [26,27]. However, their nutritiowalue and consumer
acceptance as food must be taken into considerati@cause
vegetables can contain both essential and nontelsglements over
a wide range of concentrations [28,29]. It is wesdtablished that the
daily intake of heavy metal contaminated vegetabiag pose a risk
to human health. This is because heavy metals @@acdumulate
in living organisms and at elevated levels, they ba toxic. It has
been reported that prolonged consumption of ursaieentrations of
heavy metals through foodstuffs may lead to themisraccumulation
of metals in the kidney and liver of humans, caggiisruption of
numerous biochemical processes, leading to cars@oNar, nervous,
kidney, and bone diseases [31,32,33]. Absorptiah artumulation
of heavy metals in vegetables and fruits are imfteel by many
factors, such as their solubility, soil pH, plapesies; soil type, the
concentration of heavy metals in soil, compositiangd intensity of
atmospheric deposition, including precipitatiortee phase of plant
vegetation [21,34]. Toall of these, can be addkdrsources generated
by agricultural technologies such as irrigationhwitastewater, the
administration of organic and mineral fertilizerghwa load of heavy
metals, or application of pesticides, which contairtheir structure
as chemical elements [35]. Urban, industrial, hbakkactivities and
traffic contribute significantly to increasing thead degree of heavy
metals containing particles of inferior atmosphi34]. The intake
of heavy metals can lead to altering of humansarithals state of
health. Thus, the carcinogenic effects generatedhbycontinuous
consumption of fruits and vegetables loaded witAvigemetals such
as Cd, Pb or even Cu and Zn are known. There sgadyl published
works related to the incidence of gastrointesta@aicer, cancer of the
pancreas, urinary bladder or prostate [1,28]. ImRaia, there are three
areas (CogMica-Sibiu County, Zlatna — Alba County and Baia Mare
— Maramures County) that are strongly polluted viigavy metals,
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caused by nonferrous ores extraction and metadiakgirocessing.
The concentrations of heavy metals in the soilsddhese localities
are higher than the maximum allowable limits. A®sult, the plants,
including vegetables, bioaccumulated high quastifesuch chemical
elements [14, 15]. Human exposures to heavy meteg occur
through inhalation of air or ingestion of food amdter. Heavy metals
concentration in the environment varies markedlyetheling on their
concentrations in soil and vicinity to sourcesrofgsion [36,37]. Heavy
metal accumulation in soil and plants is of incheggoncern because
of the potential human health risk. Food chain apmhation is one of
the most important pathways for the entry of these& elements into
the human body. Phytoremediation, also known asngtechnology,
which consists of the use of plants including tregmsses, herbs
and aquatic plants to extract, sequester, and ifietogavy metals,
is a novel approach that has shown considerablmipeoas a cost-
effective and an environmentally friendly techngl@nd has received
much attention in recent years [40,41,42]. In technique, the natural
capacity of plants is used to extract some elemantscompounds
from soil and translocate them between fruits, #osy leaves, stems,
and roots relating to the biological stage in whibh elements and
compounds are involved [43,44]. Phytoremediatiohesdvy metals is
divided into three categories: phytoextraction,ahhshows the ability
of plants to extract heavy metals from soil by anulating the metal
in aerial parts of plant [45,46,47]; phytostabitina, which is the use
of plants to stabilize the soil surface by maintagnthe metals in the
roots [48,49]; and rhizofiltration, which is theeusf plant roots to
ab/adsorb metals from water and aqueous wastarstrig®,51]. This
research thereby determine the phytoextractiogieffcy and the risk
associated with vegetables grown from soil irrigatéth wastewater
from refinery since this wastewater is used foretable farming at the
bark of Romi stream and River Kaduna when it fipatlakes it way
into this stream and river respectively.

2.MATERIAL AND METHODS

2.1. Water Sampling and Analysis

Wastewater was collected from effluent point disgeaof Kaduna
Refining and Petrochemical Company from Octobel62@1February
2018 and transported to the laboratory for analgéieeavy metals
(Cd?, Hg?, Agand P, Cr?) before used for irrigation.

2.2. Soil Collection and Analysis

Soil samples were collected from a farm locateigasa, Igabi Local
Government of Kaduna State. The samples were tetiicom this
location because it is an area of minimal anthrepagactivities such
as industrial, artisanal or water body for irrigatthat can lead to heavy
metal pollution. Surface soil (0-20 cm) samplesemvenllected using
a stainless steel grab sampler. The sampler wpsétedd for possible
cross-contamination and cleaned with ambient weterindividual
sample collection. The soil was sampled from thereé part of the
grab sampler by avoiding contact with the insidetamals of the
sampler and transferred to a pre-cleaned plastitaoeer [52]. The
surface soil samples were collected in pre-cleazipgder polythene
bags, which were kept in airtight large plastic tegmers [53]. Soil
samples were air-dried, grounded into fine powaer gassed through
2-mm mesh sieve and stored at ambient temperatiaretp analysis.
The soil samples were digested and analyzed foryheeetal (Cd?,
Hg'?, Ag?2and P, Cr?) and physicochemical parameter using the
method employed by Yoast al. [55] before and after the wastewater
is used for irrigation and treatment process.



16 Ugya,et al. Journal of Applied Biology & Biotechnology 2019;5{24-19

2.2. Plants Collection and | dentification

The seed of the vegetables (Table 2) used foreb&arch was purchase
in Bakin-Dogo market located in Kaduna south logalernment,
Kaduna, Nigeria.

Table 1: Plants used for Phytoextraction.

SN Scientific Name Common Name
1 Allium cepa Onion

2 Cucumis sativa Cucumber
3 Lactuca sativa Lettuce

4 Daucas carota Carrot

5 Lycopersican esculentum Tomato

6 Spinacia Oleracea Spinach

7 Solanum melongena Garden egg
8 Pipper nigrum Pepper

9 Phasaelus vulgaris Green beans

Table 2: Biotranslocation Factor of Vegetables IrrigatethviRefinery Waste-
water.

SN Plant Sample Cd Hg Ag Pb Cr
1 Allium cepa 13 11 0.1 0.4 0.3
2 Cucumis sativa 3.8 1.5 0.6 23 1.2
3 Lactuca sativa 25 0.1 0.1 0.1 13
4 Daucas carota 2.2 0.1 0.1 0.2 0.5
5 Lycopersican esculentum 1.3 0.2 0.6 0.8 0.4
6 Spinacia Oleracea 1.7 1.4 0.7 0.3 0.2
7 Solanum melongena 4.8 2.0 24 16 21
8 Pipper nigrum 1.6 1.5 1.3 1.8 2.0
9 Phasaelus vulgaris 3.3 1.8 21 25 1.9

2.4. Experimental Setup

The purchase seeds were planted in the botanigdleigaof the
Biological Sciences Department of Kaduna State Ehsity and
constantly irrigated by refinery wastewater ttgloout the period
of the research. After germination, the plants weagvested and
separated into root/rhiziome and shoot, the roime and shoot.
The separated plant parts were digested and heetgtvanalysis was
carried out using AAS. Bioconcentration factor 8id translocation
factor were thus calculated using the method ofdéygl. [55], Daily
intake of metal (DIM) and Health risk index (HRI)aw calculated
according to Khaset al. (2013) [58].

3.RESULT AND DISCUSSION

The bioaccumulation and translocation abilitiestha# plant species
varies by species of plant and irrigation sourde.was reported
that the accumulation of metal by a plant depenugaators such
as physicochemical parameters of soil (Table 6, glant species
involved, climatic condition and speciation of md&7,58,59]. The
heavy metals content of the soil generally chamg#sirrigation of the

soil with refinery wastewater and this had ledi®accumulation of the
heavy metal in the edible part of the vegetableshwvis detrimental to
human health [60,61]. The accumulation trend invibgetable for Cd
and Hg isSolanummelongena > Cucumis sativa > Phasaelusvulgaris

> SpinaciaOleracea> Alliumcepa> Lactuca sativa> Daucas carota

> Lycopersican esculentum > Pipper nigrumalthough the studies

show a significant difference in the BTF and BCFCof and Hgwhen
the vegetables were irrigated Refinery water. Tésalt show higher
BTF and BCF bySolanum melongena, followed by Cucumis sativa

andPhasaelus vulgaris signifying that these three vegetables are best

in phytoextraction of Cd Hg than the other vegetal}63,64,65]. The
result also show higher BTF and BCF Piyasael us vulgarisfollowed
by Cucumis sativa and Solanum melongena signifying that these three
vegetables are best in phytoextraction of Ag, Rial €r than the
other vegetables [65,66,67]. The studied data stdahvat the heavy
metals content varies among different vegetablég Variations in
heavy metals concentrations in vegetables may bebed to the
differences in their morphology and physiology foeavy metals
uptake, exclusion, accumulation and retention [888]. The result
obtained also show high DIM and HRI value by ak thegetables
that are above FAO/WHO recommended a limit foribavy metals
(Tables 4 and 5). The estimation of the risk to Aarhealth from the
presence of heavy metals in food, particularlyégetables, according
to the European Food Safety Authority (EFSA) isnsein 0.3 mg/kg
b.w. per day for heavy metals from the lowest Ndrs€@ved Adverse
Effect Level (NOAEL) identified in a (National Teology Program)
NTP chronic oral toxicity study in rats [71]. Theepence of these
metals into the food chain may either in the long or short span
affect human health and creates toxicity which sult in nausea,
vomiting, abdominal pains, anorexia, constipatiaspmnia, anemia,
irritability, mood disturbances, coordination loaad neurological
effect [71,72,64]. In the consumption habits ofdbcesidents, the
leafy vegetable consumption accounted for 70% tafl tbnsumption
of vegetables, while other vegetables amount to B8&0]. Chronic
low-level intake of toxic metal elements has a tiggaeffect on
human health, and the detrimental impact becomesrapt after
several years of exposure [74,75].

Table 3: Mean Bioconcentration Factor of Vegetables Itegavith Refinery
Wastewater.

SN Plant Sample Cd Hg Ag Pb Cr

1 Allium cepa 0.5 0.6 0.7 0.7 0.5
2 Cucumis sativa 2.0 1.9 1.9 1.8 2.1
3 Lactuca sativa 0.5 0.2 0.5 0.3 0.2
4 Daucas carota 0.7 0.3 0.3 0.3 0.9
5  Lycopersican esculentum 0.4 0.7 11 11 1.3
6 Spinacia Oleracea 1.6 1.8 1.7 0.6 0.5
7 Solanum melongena 2.0 2.7 1.8 1.6 15
8 Pipper nigrum 1.7 1.7 15 2.0 1.3
9 Phasaelus vulgaris 1.8 20 2.3 2.7 2.6

Table 4: Mean Health risk index (HRI) arising out of congation of vegeta-
bles irrigated with Refinery Wastewater.

SN Plant Sample Cd Hg Ag Pb Cr

1 Allium cepa 1.4 0.5 0.6 15 0.6
2 Cucumis sativa 0.6 0.6 0.5 0.5 15
3 Lactuca sativa 0.5 0.7 0.8 0.7 0.5
4 Daucas carota 0.7 0.6 0.6 0.8 0.9
5  Lycopersican esculentum 15 0.9 0.6 0.5 14
6 Spinacia Oleracea 0.7 0.8 0.7 0.9 0.8
7 Solanum melongena 0.5 1.1 15 0.6 0.6
8 Pipper nigrum 0.6 0.5 0.8 0.6 15
9 Phasaelus vulgaris 0.6 0.5 0.9 0.5 0.6
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Table 5: Daily Intake of Heavy Metals (DIM) (mg/kg bw/dagjising out of
consumption of vegetables irrigated with Refinergdtéwater.

SN Plant Sample Cd Hg Ag Pb Cr
1 Allium cepa 15 0.8 0.6 0.7 1.4
2 Cucumis sativa 0.7 0.5 0.6 0.8 0.6
3 Lactuca sativa 0.5 0.5 0.7 0.7 0.8
4 Daucas carota 0.6 0.7 0.5 0.8 0.7
5 Lycopersican esculentum 0.5 0.5 0.7 0.6 14
6 Spinacia Oleracea 0.5 0.7 0.6 0.6 0.9
7 Solanum melongena 1.4 0.7 0.6 0.6 0.6
8 Pipper nigrum 0.7 0.4 0.6 0.8 0.8
9 Phasaelus vulgaris 0.6 0.6 0.7 0.8 0.9

Table 6: Physico-chemical Parameter of Soil Sample.

SN

o g A~ W N P

Physico-chemical Quality/Concentration Quality/Concentration
Parameter Before Treatment After Treatment
Soil Type Sandy loamy Sandy loamy
Total Nitrogen 350.98 mg/kg 150.13 mg/kg
Phosphorus 5.78 2.13
PH 5.31 6.91
Electrical Conductivity 6.75 Ms/cm 2.04 Ms/cm
Organic Carbon 1.08% 1%

4. CONCLUSION

Since heavy metals tend

be

to have an

phytoaccumulation, with Bioconcentration highethan

biotranslocation [77], these research have alsavshhe ability of
Solanum melongena, Cucumis sativa, Phasaelus wulgaris, Spinacia
Oleracea, Allium cepa, Lactuca sativa, Daucas carota, Lycopersican

esculentum, Pipper nigrumto phytoaccumulate significant amounts of

these toxic metals. Many researchers such as eggla [55], Ugya
et al. [77] have shown the presence of these heavy snetd{aduna
Refining and Petrochemical Company wastewater aowhi Btream
which causes cross-contamination of the food cfi&ih The ability
of Solanum melongena, Cucumis sativa, Phasaelus vulgaris, Spinacia
Oleracea, Allium cepa, Lactuca sativa, Daucas carota, Lycopersican

esculentum, Pipper nigrum to bioremediate this water pollution is a
promising technology which will easily serve asadternative method

of remediation compared to another convectionalhott These

researches validate the consumption of these Jggstas not totally
safe since it could biomagnify in the food chaime$e researches

thereby discourage the use of refinery wastewatirigation farming

of vegetables. It also recommends the need taditepgetable farming
activities within the bank of Romi stream sincdmefy wastewater is

constantly been released into the stream.
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