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ABSTRACT

The level of heavy metals (As, Cd, Co, Cu, FePNiand Zn) in soils, plant leaves and crops frommfands
around dumpsites were determined using digesti@hAtomic Absorption Spectrophotometer methods (A3@)
and plant samples were collected from farms ardineddump sites (sites A and B) and other sampies & area
where there were no dump sites, which served asatomhe concentration of metals in soil samplesng/kg from
site ‘A’ determined were As(0.66), Cd(0.48), Cog),%u(0.91), Fe(0.63), Ni(0.31), Pb(0.49), and @88) while
that of site ‘B’ were As(0.55), Cd(0.84), Co(0.68)(0.82), Fe(0.64), Ni(0.42), Pb(0.53), and Zn().4'he metal
concentrations in plant leaves and crops showegh hevel of Co(0.33) and Fe(0.32) in roselle leav@s(0.71)
and As(0.37) in groundnut; Cu(0.48) and As(0.28)naize grains; As(0.36) and Co0(0.32) in spinach/éesa and
Cu(0.36) and Co(0.32) mg/kg in okro. The valuealldhe metals analyzed for samples from dumpsitr®e higher
than those from the control site suggesting possibbbility of metals from dumpsites to farmlandsough
leaching and runoffs, but were below values recontee by the World Health Organization (WHO), burthis
need for further monitoring since the inhabitanépdnd on these areas for farming.
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INTRODUCTION

Environmental pollution by heavy metals, even ikitat low concentrations and the long- term cumivgahealth
effects that go with it, is of major health conceail over the world. For instance bioaccumulatiéead (Pb) in
the human body interferes with proper functionirfgttee mitochondria thereby impairing respiration asll as
causing constipation, swelling of the brain, pas&yand could eventually lead to death [1].

Heavy metals occur naturally in the ecosystem wWitge variations in concentrations. In modern time
anthropogenic sources of heavy metals, i.e. polstifrom the activities of humans, have introduseshe of these
heavy metals into the ecosystem. The presence a¥yheetals in the environment is of great ecoldgica
significance due to their toxicity at certain concations, translocation through food chains andh-no
biodegradability which is responsible for their acwlation in the biosphere [2]. Heavy metals liken, tin,
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copper, manganesnd vanadium occur naturally in the environment emdld serve as plant nutrients depending
on their concentrations. Mercury, lead, cadmiutwesj chromium and many others that are indirediygributed as

a result of human activities could be very toxiemat low concentrations. These metals are notegimdable and
can undergo global ecological circles [2].

The use of dumpsites as farm land is a commonipeaitt urban and sub-urban centers in Nigeria beead the
fact that decayed and composted wastes enhancéeddity [3]. These wastes often contain heavgtals in
various forms and at different contamination leve®ome heavy metals like As, Cd, Hg and Pb artcpéarly
hazardous to plants, animals and humans [4]. Mpaiaivaste contains such heavy metals as As, CdF€uHg,
Mn, Pb, Ni and Zn which end up in the sink wherythee leached out from the dumpsites. Soil istal vesource
for sustaining two human needs of quality food sygmd quality environment. Plants grown on a laotiuted
with municipal, domestic or a land polluted with mitipal, domestic or industrial wastes can abs@aviyg metals
inform of mobile ions present in the soil througlkit roots or through foliar absorption. Theseoabed metals get
bioacumulated in the roots, stems, fruits, gram laaves of plants [5].

The present study is aimed at assessing the mollstiatus of the farm lands around the dumpsitdsafia, the
extent to which the crop plants grown on these lanas were exposed to heavy metals, and hencsafbty levels
of the plant leaves and crops produced for humaswaption.

MATERIALSAND METHODS

Collection of samples

The sampling sites are two main dumpsites, ondddcat some few kilometers from the State Polytecampus,
site A ; the second location is the dumpsite al8hgndam road, site B and control samples were thkem few
kilometers from College of Agriculture Campus, laafiwhere there was no dumpsite or any form of human
activities that could generate wastes. Five sargpots at a distance of 50 m from each other wexgped out for
soil samples collection within the sampling sitesing clean stainless steel shofreim 0-15 cm depth. A soll
sample to serve as control was also collected. citiected dried soil samples were thoroughly mixectlean
plastic bucket to obtain a representative sampleshed and sieved with 2 mm mesh before storecbeléd
polythene bags prior to analysis. Five edible pkarhples — maize graindga may} roselle Hibiscus sabdarifg
okro fruits Abelmuschus esculenjuspinach leavesAfnaranthus dubigsand groundnut seed8r@chis hypogea
grown within the vicinity of the refuse dumpsitegn randomly collected with a stainless steel tiame knife.
Plant samples of the same species were also @llext control from farms around the control sitanPleaves
were rinsed with distilled water and dried to astant weight in an oven at a temperature 8£700ther samples
(fruits, grains and seeds) were similarly drie¢dostant weight. The dried samples were pulverimiag an agate
pestle mortar and kept in polythene bags.

Sample treatment

Two grammes (2.0 g) of prepared soil sample wasstiggl with 15.0 ml nitric acid, 20.0 ml perchloaicid and 15.0
ml hydrofluoric acid and placed on a hot plate3br On cooling, the digest was filtered into a 00@l volumetric
flask and made up to the mark with distilled wd@tSimilarly, dry powdered crop samples were dtgdswith

60% HCIQ, concentrated HN®and HSO, [1]. Blanks were prepared to check for backgrooadtamination by
the reagents used.

Metal analysis

The digest samples were analyzed for heavy metats Cd, Co, Cu, Fe, Ni, Pb and Zn) using atomisoaption
spectrophotometer (AAS VGB 210 System) in ATBU, 8ay Nigeria. The instrument setting and operationa
conditions were done in accordance with the manufars’ specifications.

RESULTSAND DISCUSSION

Tablel shows the heavy metal concentrations inasdll plants grown around two dumpsites in Lafiaropatlis,
Nasarawa State, Nigeria. The concentrations of Imeetermined are less than one (<1.0 mg/kg) instikand
plant samples. The concentrations obtained fontatals are 0.66, 0.48, 0.58, 0.91, 0.63, 0.31, 8&%b0.38 mg/kg
in soil sample from site A and 0.55, 0.84, 0.68200.64, 0.42, 0.53 and 0.40 mg/kg in soil sanfygm site B, for
As, Cd, Co, Cu, Fe, Ni, Pb and Zn respectively sehealues obtained for both sites are all far belwsvvalues
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reported for these metals in soil samples from fanehs in the vicinity of the refuse dump site ofa@dmi Awolowo
University, lle-Ife, Nigeria which were investigdteluring two major seasons of Nigeria [1]. The eslare also
below the elemental concentrations of a typicdleaiept for Cd (0.48 and 0.84 mg/kg) which arenbigcompared
to 0.35 mg/kg [7].

Table 1: Metal concentrationsin soilsand plants (mg/kg)

Location Sample As Cd Co Cu Fe Ni Pb Zn

Site A Soil 0.66 0.48 0.58 0.91 0.63 0.31 0.49 0.38
Roselle  (leaves) 0.26 0.22 0.33 0.30 0.32 0.01 0.02 0.04
Groundnut (Grains) 0.37 0.21 0.13 0.71 0.31 0.02 0.10 0.02
Maize (Grains) 0.28 0.11 0.05 0.48 0.20 0.01 0.03 0.03
Spinach  (Leaves) 0.36 0.21 0.32 0.28 0.24 0.02 0.07 0.03
Okro (fruits) 0.17 0.12 0.28 0.36 0.23 0.03 0.02 0.04

Site B Soll 0.55 0.84 0.63 0.82 0.64 0.42 0.53 0.40
Roselle (leaves) 0.10 0.31 0.34 0.49 0.30 0.020.05 0.02
Groundnut (Grains) 0.23 0.26 0.22 0.07 0.28 ND 0.12 0.03
Maize (Grains) 0.02 0.14 0.07 0.24 0.34 0.010.23 0.05
Spinach (Leaves) 0.08 0.43 0.36 0.33 0.23 0.02 0.03 0.04
Okro (fruits) 0.03 0.27 0.26 0.47 0.28 0.030.20 0.03

Control Soll 0.23 0.32 0.33 0.34 0.27 0.210.10 0.30
Roselle  (leaves) 0.05 0.03 0.09 0.06 0.07 0.01ND 0.01
Groundnut (Grains) 0.01 0.06 0.03 0.08 0.03 ND 0.03 0.04
Maize (Grains) ND 0.04 0.01 0.03 ND ND 0.02 0.01
Spinach  (Leaves) 0.03 0.02 0.05 0.07 0.02 0.02 ND 0.06
Okro (fruits) ND ND 0.020.01 ND 0.04 0.01 ND

ND = Not detected

The values of all metals determined were belowttterable limits recommended by World Health Oigation
(WHO) and European Union (EU) except for lead (GaAfl 0.53 mg/kg) in soil samples from both sitendl aite B
respectively which were above the standard maxihtaGd mg/kg [8]. On the other hand, the conceiuraof lead
was lower than EU upper limit of 300 mg/kg [9] amds at lower concentration than the maximum tolerédvels
proposed for agricultural soil, 90-300 mg/kg [1Bowever, concentration of lead in the soil whicluldobe as a
result of its sources from automobile exhaust fuasesvell as dry cell batteries, sewage effluenisoff of wastes
and atmospheric depositions could cause its bigagtation in plant via uptake from the soil and ewah entry
into the food chain. Lead is known for lead poisgnin humans as well as chronic neurological diecs
especially in feotuses and children. The sequehceaurrence is Cu > Cd > As > Fe > Co > Pd > ZNizn soil
samples from site A and Cd > Cu > Fe > Co > As >M > Zn in soil sample from site B.

Tablel also shows the level of heavy metals (As,dq Cu, Fe, Ni, Pb and Zn) in plant leaves (lesahd spinach
leaves) and okro fruits, all vegetables as welbtl®r crops, maize grains and groundnut. The cdrat@ns of
these metals in roselle leaves, spinach leaveokrwdfruits from sites A and B are all below thasatained for
these plants from the control site. This is alsdew in the case of the soil which could be atiiéal to the mobility
of metals from dumpsites to farmlands through leagland runoffs. The results showed that for mistedls in
vegetables the highest level of Cu (0.49 mg/kgpselle leaves from site B and the lowest levelliof0.01 mg/kg)
in roselle leaves from site A were recorded. TEwels of As, and Co in roselle, spinach and dkom both sites
A and B are above those of the control samplesaaadoelow the values of these metals recordedaveke of
Manihot esculenta, Xanthosoma mafadfad Talinum triangularegrown within the vicinity of the refuse dump site
of Obafemi Awolowo University, lle-Ife, Nigeria [IHowever, the levels of Cd, Cu, Fe, Ni, Pb andirZnoselle,
spinach and okro studied were below the levelsmeaended by WHO/FAO and NAFDAC for metals in foodsl a
vegetables and are also within the normal rangeetéls in plants (Table 2).
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Table2: FAO/WHO guidelinesfor Metalsin foods and Vegetables

hlztsls (meke) WHOFAD MAFDAC EC/CODEX Mormal Rangs in Plant
Cd 1 _ 0.2

Cu 30 24 0.3

PFb 2 2 0.3

Zn &0 30 <30

F= 45

Ni

The results also showed the highest level of Culffig/kg) and the lowest value of Ni (0.01 mg/kg) tlee other
crops, groundnut and maize grains respectively.l@éhels of As and Co in maize grains and groundecorded in
this research are far below those reported for engiiains and groundnut from farmlands in the vigiof the refuse
dump site of Obafemi Awolowo University, lle-Ife,igéria and Azara derelict baryte mining area in exiig

respectively [1, 11]. The concentrations of all tlkeer metals in these crops (groundnut and ma&eg) analyzed
are all above those obtained for the control siteviere however, within the normal range of metalplants [12].

The variations of the various heavy metals conegioimn in the plants were observed to be accordingéant species
which agrees with the report of the work on seaswagations in Heavy Metal Concentrations in saild some
selected crops at landfill in Nigeria [1].

The heavy metal levels in the control soil werehimitthe background level range for farming. Amotignzetals

determined for sites A, copper (Cu) had the higlestentration of 0.91 mg/kg and 0.71 mg/kg in soidl plants
(groundnut) respectively while nickel has the lotvamncentration of 0.31 mg/kg and 0.01 mg/kg il aod plants
(maize grains) respectively. For samples from Biteadmium (Cd) had the highest concentration 8#0ng/kg

soil and copper (Cu) with 0.49 mg/kg in plants éitesleaves), while zinc (Zn) has the lowest cotraion of 0.40

mg/kg in soil and nickel (Ni) with 0.01mg/kg in pi@ (maize grains). The high levels of Copper iih were also

reported by various researchers [13, 14]. The migbacentration of metals around dump sites is tdueastes,
which originates mostly from domestic and industaictivities which generate wastes and refusedhasources of
these heavy metals [2]. This is what leads to higbecentrations of metals in farmlands arounddinap site due
to the mobility of metals from dumpsites to farndanthrough leaching and runoffs and the eventutdkepby

plants and crops resulting in bioaccumulation aaddfer to food chain.

Table 3: Transfer factor (tf) of heavy metalsfrom soil to plants

Location Samples Metals
As Cd C : Pb Zn
Sit2 A Foszlls (lzawves) 040 046 Q. 3 0.05 .11
Groundmit {Grains) 0.6 044 0. 3 0.21 0.08
hlziz= 042 023 0. A3 0.06 0.09
Spinach 0.54 043 0. 3 0.14 0.08
Okro 0.26 0.23 048 0.30 036 0.09 0.04 0.09
Sit= B Fosalls (laaves) 018 036 0.3 039 047 003 0
Groundmit {Grains) 042 030 035 008 044 WD 0
hlzizz (Grrains) 004 0.16 011 0.29 0.53 002 0.
Spinach {Lzaves) 0.14 031 057 0.39 036 003 0.
Okro (fmits) 005 032 041 0.36 053 007 0
Control Fozzllz (laavas) 0.04 012 009 024 011 ND 0
Groundmt (Grains) ND 013003009 ND ND 4@
Mlsiza (Grains) ND HWD 0. . ND 0.12 0.1
Spinach (Laaves) 0.03 040 A7 002 002 ND
Okro (fits) ND ND 1ND 0.04 0017

Table 3: shows the transfer factor (tf) of heavyatefrom the soil to plants, which is the ratiotloé concentration
of metals in plants to the total concentrationhia $oil. The tf for the same metal in the farm Enere significantly
different from those for control and according te type of plants and crops. Cu, Co and As had traytsfer
factors which are 0.78, 0.57, and 0.56 respectivEhe highest tf value obtained for roselle werd0C%/) and
Fe(0.52); groundnut Cu(0.78) and As(0.56); maiz€0&3) and Pd(0.43); spinach Co(0.57) and As(0.&4yl;, okro
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Cu(0.56) and Fe(0.53). The study gave a generatiaedfer coefficient in the soil-plant system As; Co, Fe, Cd,
Pd, Cu and Zn (0.01-0.8) and (0.01-0.1). The tilbélements are within normal range in plant. Blare known to
take up and accumulate trace metals from contaednsail [15], hence detection in plant leaves amg camples
was not surprising. Although the levels of thesdafseare within normal range for plants, howeventowal

consumption could lead to accumulation and advieesdth implication particularly for Pd, As, and {Ib]. Also

the variation in values obtained for these heavyaieen the soil and crop plant samples as agdhtse from
control sites is an indication of their mobilityofn the dumpsites to the farmlands around partigukarough

leaching and runoffs. This is in agreement withriygort of Oluyemet al, 2008.

CONCLUSION

The concentration of heavy metals determined weseguence Cu > As > Fe > Co > Pb > Cd > Zn > Ni@d >
Cu > Fe > Co > As > Pb > Ni > Zn for soil from sitA and B respectively and they are all found angd grown
around the dump sites studied with copper (Cu)dwatiie highest concentration in the plant sampléalennickel
had lower concentration. Although these metals i@nad in soils and plant around the dump siteis, worthy of
note that they were below WHO permissive levelsweler lead was found to be above the WHO standasdma
of 0.01mg/kg though is still safe i.e. the values laelow the tolerable levels of 90-300mg/kg rec@nded by EC,
1986, but in very high concentrations plants magepdanger to consumers of plants around these. akésas
continuous usage of these farmlands for growingsroould lead to bioaccumulation of these metats$ their
eventual entry into the food chain with the asdedédealth risks being manifested.
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