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Abstract

The concentrations of lead, cadmium and coppevirasd leafy vegetable from roadside
gardensin Lagos were investigated. Soil and pksamiples were collected from gardens
along three major highways where roadside farmsg common practice at a distance of
10 meters away from the roadside. The control smihples were collected 200 meters
away from the roadside at each of the three locedioThe concentrations of the three
metals in the samples were measured using Flammiéd#bsorption Spectrophotometry
(FAAS). The concentration of lead was the highesil and plant samples from the
roadside gardens at the three locations, and vaftedh 21.35+0.18 to 24.79 £0.22 mg
kg?tin garden soils, while its mean levels in the alggortion of the vegetable varied from
14.36+0.40t0 15.22 +0.30 mg Kglry wt. The control soils however had significgntl
low levels of lead which varied from 1.89 +0.023t@!3 +0.09 mg kg, while the mean
levels of copper ranged from 6.92 +0.02 to 7.3@.@1 mg kg. Concentrations of the
three metals in the vegetable were more in the issue than the shoot. It was
established in this study thatthe high levelhefe metals in soil and plant samples from
the roadside gardenswas directly related to tHaaear traffic on the highways at these
study sites.

Keywards. Roadside gardens; Leafy vegetable; Heavy metalliyion; Accumulation;
Safety

Introduction

Heavy metal contamination in soilwater-plant egioll system is of great mportance
because of the possble influences on the foodnchad the potential health hazards for
Ivestock and humans. Sois near highways wih rdgimsity of traffic are poluted by
heaw metals emited from automobies (Onanwa adtdghe 1997). These metals are
released into the roadside environment during rdiffie operations of road transport such
as transporting industrial chemicals and other nadse combuston of gasolne, wear-
and-tear of tyres, and vehicle engines, leakageduboicatng ol and corrosion of metal
components. A great part of these metal pollutants deposited on the road and adpcent
soil from where they are transported farther awagy the environment either through the
air or rain runoff thereby exposng the roadsidé aad vegetation to the risk of heavy
metal contamination.

19



A Case Study of Heavy Metal Concentrations in&uil Leafy Vegetables from Roadside Gardens in |.adigeria. Odiegba et al

Lagos is densely populated and the number of meatbicles in ths city s quie high,
consequently, emision from automobies which @otes to elevated levels of
contaminants in the environment is a common phenomeThe problem is further
compounded by the fact that Nigeria is a third vabuntry and a major importer of used
vehicles from Europe and North America. Most ofséhevehicles are od and as a result
emt gases and partickes that pollute the air, &od water.

It is a common practice among the Hausa setleisagos to maintain roadside gardens
where they cultvate leafy vegetables that sengedghair source of income. These gardens
are quite common at some specific locations alorlg #1— Badagry, Lekki — Epe, and

Mie 12 — Ikorodu highways. Due to the peculiar@y the locations of these gardens,
heaw metals may enter the food chain as a refubhe¥ uptake by these vegetables.
Hence, determination of heavy metals in soil armhtpsamples from roadside gardens is
very important. Some of these metals have signifigaoxic effects on human heath. It

is known that lead (Pb) has serious heakh effentdwumans and this include anemia and
neurological disorders (Flora 2002). Cadmium (@&dp toxic metal and it is known to

cause renal, pumonary, hepatic, skeletal and depioe disorders (Nordberg 2003).

Copper (Cu) is an essential element that is refjuie most lving organisms in minute

guanties, and become toxic when its concentrafbna Iving system exceed the

threshold limit. Kidney and liver damage are sonfethe health effects associated with
copper toxicty n humans (Yargt al 2002).

Considerng the health effects of these metalg important to monitor the levels of lead,
cadmium and copper in the environment, especialjareas where they can easly enter
the food chan (as n the case of roadside garddbs}ermination of heavy metals in
vegetables provides valid nformation about thewalty in terms of toxicology and
nutritional values (Carlosenat al 1999). Although, few studies have been condutted
evalate the concentraton of toxic heawy metalsrondside vegetables here in Nigeria
(Onasanyaet al. 1993; Olajre and Ayodele 1997, Fakayode and Qiel@bi 2003), no
such study has been done in Lagos, the most paputiy in Nigeria.

It is therefore the aim of this study to determthe levels of lead, cadmium, and copper in
roadside garden sois and vegetables in Lagostamadsess the safety level of the current
practice of growing lkafy wegetables for commergairpose on lknds adacent to
highways.

Mate rials and Methods

Collection of samples

The three sites selected for ths study, basedhendénsty of traffic and the presence of
roadside gardens, were Mie 2 — Badagry (BDG), LekkEpe (LEK), and Mie 12 —
Ikorodu (KRD). Each of these highways carries ayeraf 10 vehickes per day. At each
study site, three samplkes each of soils and vdgetsgdmaranthus hybridyswere
collected from the garden at a distance of 10 metgray from the edge of the main road.
The soil samples were taken from the upper sddrlay 0-10 cm, while vegetables of the
same age were carefuly uprooted and wrapped élelbpaper bags before taking them
to the laboratory. The soil samples that servedhascontrol were collected from each of
the corresponding sites ata distance of 200 m thamedge of the main road.
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Sample preparation and analyses

The pH and electrical conductvity (EC) of the saimples were determined by shaking 5
g of sol in 50 ml distlled water overnight usingnechanical shaker. After firation
through Whatman fiter paper, the parameters weemsored using the pH and the
Conductivity meters (Fsher Accumet Excel XL20).

For metal quantification, soil samples were agdjriground n porcelan mortar to pass
through 2 mm sieve. After that, 1.0 g of sol wasighed into 100 ml conical flask and 10
ml of HNO4H202 mixture (2/1) was added and left to stand overniginereafter, the
flask was heated on a hot plate at@@ for 1 hr and allowed to cool. Filtration through
Whatman fiter paper was done nto a 100 ml voumdiask and made up to the mark
with distlled water. The fitrate was analyzed fastal Pb, Cd, and Cu using Flame
Atomic Absorption Spectrophotometry (Perkin EimeAralyst 100). The equipment was
calibrated with standards of the metals, whie Kshwere used for qualty control
(Chirenje et al 2003).

Harvested vegetabes were thoroughly washed nnaingitap water to remove adhering
soil partcles. They were separated into root dmmbtsbefore placing them separately into
labeled paper bags and oven dried at°@0for 2 days. Dried plant materials were ground
in porcelin mortar. Thereafter, 1.0 g of the glowampke was weighed nto a 50 ml
beaker and 10 ml of concentrated HMXDO, mixture (2/1) was added and allowed to
stand owvernight. It was then heated to near dryaeslsallowed to cool Then, 20 ml of

distled water was added and thoroughly mixed #meh fitered into 50 ml flask and

made up to the mark with distlled water. The metaitents (Pb, Cd, and Cu) were then
guantified using FAAS. The optmum condtions foAAS are given in Table 1. Unless

otherwise stated, all chemicals used were of higtitypreagent grade.

Table 1.Operating parameters for FAAS

Parameters Pb Cd

Cu

Wavelength (nm) 217 229

324.8

Acetylene flow rate (I/min) 06. 6.0

6.0

Air flow rate (Vmin) 4 4 a
HCI current (mA) 9 4 il
Slit (nm) 0.5 0.5

0.5

Statistical analysis:Data were analyzed usihg one way analysis of \@igANOVA)
with differences determined using Duncan’s multipemparisons test. Differences were
considered to be significant at a probability of g8 0.05).

Re sults and Discussion

The physicochemical propertes of soils from th#emnt study sites as well as their
corresponding controls are presented in Table 2 gdwrden sois generaly had a higher
pH values than their corresponding control soilsalnthe study sites. The garden soil at
BDG had the lowest pH value of 7.2 while LEK and BRad pH values of 7.4. In the

control soils however, the mnimum pH value of &8s observed at BDG whie LEK
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gave the maximum value of 7.1. The results of etait conductivity indicated higher
conductivity in the control soils compared to thardgn sois. The LEK garden soi had
the maximum conductance value of 116 ps/cm whieDKRad the lowest value of 111
ps/cm. The maximum value of 123 ps/cm was also rebdefor LEK control soil. The

slight difference in pH values between the garded the control soils could be attrbuted
to the kind of inorganic fertilizers applied to thgarden during vegetable cultivation, w hile
the high EC observed n LEK sails could be atteldutto the proximity to the ocean which
generally contains high salt content.

Table 2. Physicochemical property of sails from radside gardens and the control sites.

Site pH EC(pus/cm)
Garden sail Control Garden sail Control

BDG 7.2 6.8 113 120

LEK 7.4 7.1 116 123

KRD 7.4 6.9 111 118

A comparison of the heavy metal contents among dhely sites implcated automobies
as the source of contamination. Data from the mtestudy showed that the concentration
of metak decreased with distance from the roadslideall the study sites, the metal
contents in the garden soils were consistently enighan the control saoils, with Pb and Cd
representing the most and the least concentratetdlameespectively. Figure 1 shows the
results of heavwy metal analysis of the BDG soil plam The highest value of 24.79 + 0.22
mg kglwas observed for Pb, whie 2.36 + 0.18 mg! kgas recorded for Cd. These values
were significantly higher than 3.43 + 0.09 and 024%.01 mg kg observed for Pb and Cd
respectively in the control soil. The metal cordemt LEK and KRD garden sois also
followed the same pattern, the order was Pb > Qid>(Figures 2 and 3). This might be a
confirmation that the contamination of the sampigsthese metals was caused by heavy
traffic around the sites. The concentration of BHe most important roadside polutant in
soil was found to be highest in all the study sit&dis is exphkinable since in the past
decades, there has been a widespread use of Pd-batknock agents such as tetraethyl
lead (TEL) used as additves in gasolne used twepo most vehicles wih internal

combustion engnes.
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Figurel. Metal concentration in soil from roadside garden at Abule Ado area along
Mile 2 — Badagry highway (BDG).
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Due to the increasing awareness about the probesssciated with Pb, the use of leaded
gasoline has been decreasing in recent years afypeacideveloped nations. Nigeria as a
developing nation has not really done much in tleigard, as Pb deposi h roadside sails
is high compared to other metals. In addition ti,tthe high density of vehicular traffic in
Lagos metropols has contributed immensely to Plissom and pollution of air, soi and
water in the city and its environs. The Pb conteinthe garden sois from the study sies
falls within the range of Pb in roadside sois fraher cities in Nigeria earlier reported by
other workers (Fakayode and OIlu-Owolabi 2003; f@lajjand Ayodele 1997,
Ogunfowokanet al 2009).
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Figure 2. Metal concentration in soil from roadsile garden at Ajah,
along Lekki — Efgghway (LEK).

Cadmum deposition into the roadside environmentehdéeen related to the composition
of gasolne, lubricating ail, vehicle tyres, as lva$ industrial materials transported on the
road to various destinations (Lagerwerff and Spet9v0). Soils from all the study sies
had Cd contents in the range of 2.06 + 0.03 to 300.08 mg kg. These values were

significantly higher than 0.38 + 0.05 and 0.45 ©10mg kg observed in the control sois.

The results of this study showed that Cd patternoregnthe sies i not significantly

different from the Pb pattern. The concentratonQGif in the garden soi was higher than
the control soil suggestng that vehicular emisgiayed a major role in the levels of Cd
in the roadside soils.
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Figure 3. Metal concentration in soil from roadside garden along
Mile 12 — Ikorodu highway (KRD)

In this study, it was observed that the overalelegf copper n the garden soils from the
three sites ranged from 13.28 + 0.12 to 14.28 H Ong kg’ It was also observed that the
background levek of Cu in the control soils weedatively high compared to Pb and Cd.
This difference could be that other sources of ammation apart from vehicular emission
exists, or it coud be that airborne dust partickssrying Cu moved further away from the
roadside before deposition on the surrounding .soils
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Fgure 4. Metal concentration inAmaranthus hytridus hanvested from roadside garden
at Abule Ado area, along Mile 2 — Badagry highway(BDG).
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The concentration of Pb, Cd and Cu n the plantpasnfrom the three study sies are as
presented in Figures 4, 5, and 6. As expected,nteéals accumulated more in the roots
than in the shoots. There was a positive corralatietween the soil metal levels and the
tissue concentrations. The order of metal accuinlah the plant tissue was Pb > Cu >
Cd regardless of the part of the plant analyzed.

The metal levels in the shoot of the vegetable $snies between 14.36 + 0.47 and 15.22
+ 0.77 mg k¢ for Pb, 1.22 + 0.24 and 2.13 + 0.08 mg'kipr Cd, and 10.33 + 0.23 and
11.63 + 0.33 mg kj for Cu. Plants absorbs metals via the roots amtl gfathe absorbed
metals are translocated to the aerial parts ofplhets. The mobilty and bioavailabity of
heavy metals are controled by soil factors suchplds redox potential, organic matter, and
the chemical form or species of the metals (Andrid®86). Airborne particles of heavy
metals, a major source of metal pollution in higgwanvironment, are also readiy taken
up by plants through foliage (Singkt al 1995). Thus, the metals that accumulated in the
vegetable tssues from the roadside gardens i dhidy probably could have been taken
up by the plants through the roots and the leaves.
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Fgure 5. Concentration of metals inAmaranthus hybridus harvested from a
roadside garden at Ajah, along Lekki Epe highway (LEK).
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Figure 6. Concentraion of metals inAmaranthus hybridus hanested from
a radside garden along Mile 12-korodu ighway (KRD).

The results of this study showed that heavy mefBl, Cd, and Cu) were present in
roadside garden sois and vegetables in high enooghcentrations to cause health
problems in humans and animalk. This agrees witkorEde and Olu-Owolabi (2003).
The concentrations of these metals in the edibk glathe vegetables were higher than the
permissible limits recommended by World Health Quiggtion (2005). The permissble
imits for Pb, Cd and Cu were given as 0.001, 0.80@ 0.01 mg/kg respectively. There
was a vald indication that vehicles on these hgysv were mostly responsible for the
buildup of these metals in soil and plant tissueghinv the highway vicinity through
emissions and wears of component parts. Consumgfiohe vegetables from these study
sites by animals and humans pose a serious heaficdation. Adverse health effects ke
diarrhea, liver and kidney damage have been assdciwith Cu (Yanget al 2002).
Cadmum could ako be shown to be associated wditurcences of Itakltai, a disease
under which patients show a wide range of symptosush as: low grade of bone
mineralization, high rate of fractures, increaseater of osteoporosis, and intense bone
associated pain (Godet al 2006). Lead can cause impaired mental develbpment
neurotoxicity and anemia (Flora 2002). To this ,ette authors thus suggest that roadside
gardens in cities with high traffic densities bescduraged because of the health
implication of consuming plants with high levels lidavy metals.
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