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ABSTRACT

Vegetable growing along major highways with heasfyisular movement has been a serious concern t $afety
specialist in large cities. The contributions ofakig metals in selected vegetables through atmogpHeposition
were quantified using atomic absorption spectrophmatter. The level of some heavy metal (.Pb, Cuake,Cr)
were examined in the edible portion of Telfciriecidentals, Corchorus olitorius, Celocia argenteadaThymus
Vulgaries, grown along Nigeria-Republic of Benirrder Seme. The results showed that the levels afyhmetal
ranged from 21.69 + 7.3@&g/g Cu t0172.87 #62.0xg/g Fe in Telfaria occidentalis, 21.74+13.Q@/g Pb to
304.50+72.77ug/g Fe in Corchorus olitorius, 16.75+10.54)/g Pb to 260.74+215.34g/g Fe in Celocia argentea
and 23.53£3.52:g/g Cu to 406.33£225.06g/g Fe in Thymus Vulgaries were recorded in sitd e value heavy
metal contamination obtained from site B rangednrb8.91+11.98:g/g Pb to 166.49 + 86.22g/g Fe in Telfaria
occidentalis, 16.57+ 9.22:g/g Pb to 292.36+196.33g/g Fe in Corchorus olitorius, 19.9948.54g/g Pb to
354.034302.80 Fe in Celocia argentea and 21.731:4/4y Pb to 388.20+226.38g/g Fe in Thymus Vulgaries. The
order of contamination in the vegetable sample was> Cr > Cu > Pb. The data were analyzed with sttand
ANOVA. There were no significant different betwden(p< .05) between the level of heavy metal getable at
each sampling site. The high levels of metal insrmpled vegetable may be attributed to excesgighkcation of
fertilizers and other agro chemical, as well the uwd use of waste water for washing the vegetalilles.obtained
results were higher than the threshold value of WHBPA and China stipulated standards for matur@nplissue
except for copper in all the analyzed vegetableer@tore, the consumption of these vegetables ak rfaay pose
possible health hazards to human.

Keywords: Telfaria occidentalis, Corchorus olitorius, Celociargentea and Thymus Vulgaries fertilizer,
bioaccumulation, leafy vegetable, heavy metal

INTRODUCTION

The main sources of our essential metals are faddaater which are also the medium through whichcame in
contact with various toxic metals. Heavy metals aithout difficulty accumulated in the edible paus$ leafy
vegetables, as compared to grain or fruit crops\{&Epetables take up heavy metals and accumulata th their
edible [2] and inedible parts in amount high enotgltause medical troubles both to animals and hubgséngs
consuming these metal-rich plants [3]. Heavy metas ever-present because of their extreme uséef t
compounds in industrial applications and are vegyrichental because of their non-biodegradable eationg
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biological half-lives and their potential to accuate in different body parts. Most of the heavy abletare
extremely toxic because of their solubility in watBven low concentrations of heavy metals havenhareffects
to man and animals because there is no good mechdori their removal from the body [4,5] Additiohalthe
consumption of heavy metal-contaminated food cayatieely deplete some essential nutrients in thdydeading
to decrease in intrauterine growth retardation, imatogical deficiencies, disabilities associatethwnalnutrition,
impaired psycho- social behaviour, and a high gemae of upper gastrointestinal cancer[6]. It iowkn that
serious systemic harms can develop as a resuticodased accumulation of dietary heavy metals asdead and
cadmium in the human body[7]. Major contaminatidrseeds, plant products with toxic chemical elemeahte to
contaminated soil and water has been observedemsiti of release of these toxicants into the seers, and lakes
as well as into irrigation channels. The practifgrowing vegetables within and at the edges tiésis extremely
aged and most of these cultivated lands are gollutith heavy metals via vehicular emissions, pits,
fertilizers, industrial effluents and other anthogpnic activities[8-11] The yield of vegetable éluced due to the
presence of heavy metal in soil because metabalicegses of plants are disturbed [12,13] Generdig,
concentrations of heavy metals are higher in $bds vegetables grown on the same soils. This abekicthat only a
small portion of soil heavy metals is transportedhte vegetables and the root acts as a fence tiahslocation of
heavy metals within plant [14]. A convenient waygefantifying the relative differences of bioavailap of metals
to plants is the transfer quotient. The higherdfanquotient of heavy metal indicates the strorageumulation of
the respective metal by that vegetable [7,15]. {ffluesfer quotients for Cd and Cu were higher thaerometals and
Fe[15] . The outcome of heavy metals pollutionetiffrom one vicinity to the other as the applmwatof fertilizers
and other human activities differ at each sitdals been reported that phosphate fertilizers arentjor source of
soil heavy metals contamination. This contaminatiodue to the presence of cadmium as an impuriphiosphate
rocks. Because of the massive application of tied#izers, the contamination of heavy metals d@il sccurs [16]
The majority of the heavy metals are the naturahmonents of earth’s crust and from there they asoided by
plants and hence transferred to food chain. Thextalrnoncentrations differ from soil to soil. Metaloncentration
of vegetables mainly depends on the texture of@ofhedia on which they grow but this also depemshe type
and nature of plant[17] . Other sources of heaviatedor plants are: traffic density, rainfall itmespheric polluted
areas, atmospheric dusts, use of oil or fosslsfder heating, plant protection agents and fegils which could be
adsorbed through leaf blades[18-21]. These platerals could also be polluted from various sosiiceluding
trace metals as farmers wash them with waste virgfere bringing them into the market [22]. Disttilons of
heavy metals in plants are based upon availakility concentrations of heavy metals as well asqudati plant
species and its populations [23]. It has beenrteddy humerous researchers that some commonaldgetare
capable of accumulating high levels of metals fribra soils [24, 25]. Certain species of Brassicdljege) are
hyper-accumulators of heavy metals into their editdsues [24]. The utilization of polluted waitethe immediate
surroundings of big cities for growing vegetablesai widespread practice in Nigeria. Even though tmter is
considered a rich source of organic matter andtplatrients, it also contains sufficient amountsoluble salts and
metals like Fe, Mn, Cu, Zn, Pb, Ni, Sn, Hg, Cr,al Al. When such water is employed for irrigatadrcrops for a
long time, these heavy metals may accumulate inasgi may be toxic to the plants and also causeridestion of
soil [24, 26]. Various classes of vegetables amvgrin many parts of Nigeria. In Lagos State, wesfgart of
Nigeria, vegetables are heavily cultivated and oored as food. Lagos is the commercial hub andrttastrial
nerve center of Nigeria with an estimated popufattbmore than 15 million people and environmentaicerns are
normally focused on Lagos State [4,5]. Conversély,enhance the yield of these vegetables, appitatif
fertilizers and manures are occasionally done ¢osthil. There are therefore, the possibilities wdraapplications of
these fertilizers and manures. Thus, the uptakestordge of some heavy metal pollutants from thesstewater,
fertilizers and manures by the vegetables are Mezly since these heavy metals are soluble andilen@bground
water.

This study is designed to examine the levels ofheaetals ( Pb ,Cu, Fe, and Cr) in edible portioh®ur different
vegetables namel@cimum gratissimum, Telfairia occidentalis, Corch®mlitorius, Colosia argentegrown along
Lagos Seme border and ascertain the suitabilibttrwise of the vegetables for human consumption.

MATERIALS AND METHODS

Sampling and pre treatment

Two sites were selected on the highways. NigeriméSéorder is a dual carriage way. Sampling periodse
designed such that peak hours were covered. Féferatit vegetables were selected and collectedorahdsuch
that those grown very close to the highways atstadce of 5 meters from the highway designateditasASand
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those grown in the interiors 200 meters away frammain road designated as site B. The samples codlexted
from the two sides of the road (i.e. Nigeria to BeRepublic, Benin Republic to Nigeria). Edible pions of the
fresh of Thymus vulgaris, Telfaria occidentals, €mrus olittorius and Celosia argentea were catbcandomly
from the farm land and they were carefully and toighly washed with distilled water to eliminate peisded
particles. The vegetable samples were collectetgusisharp plastic knife into new, clean polyethgléags. The
collected samples were transported to the labgraiiod drained

Analytical procedure for heavy metal Determination

Samples for analysis were dried using the overmizthod at 105°C for 24 h [27,28] to obtain the mwois content.
The dried vegetable sample were powdered with ialets steel blender and passed through a 2 mmskiize.

About 2.0 g of each sample was weighed and digestadnixture of 10 ml of concentrated HCI, 5ml centrated,
H,SO, and 15 ml of concentrated HN@ a beaker under a fume hood. The content ofitsk was mixed and
heated at 150°C for 45 min on a hot plate. The unixtvas heated constantly until a dense fume esloliieis was
further heated strongly for about half an hour. Tégulting solution was cooled and filtered throdyhatman 42
filter paper before making up to marking in 50 malumetric flask with distilled water.

Determination of heavy metal

The determination of heavy metals was achievedtbmia absorption spectrophotometer (AAS), usingaiadh
Spectra atomic absorption spectrophotometer, Butén8fic 210 GVP model. All determination was dandfive
times and a spike sample was used to verify theracg of the procedure

RESULTS AND DISCUSSION

The levels of heavy metal investigated in the leadfgetable study were based on dry weight anddbelts are
presented in Tables 1 to 3. The values are givemean + std. The results are means of six repicalbe
concentrations of lead (Pb) and copper (Cu) wesered to be the lowest for all the samples ctdl&from both
sites while the level of iron (Fe) and chromiunt)(@ere the highest. Due to the influence of hemngtal on the
nutritive values of agricultural material as wedltheir negative effect on human beings maximurmpsssible level
of toxic metal in human food were set by Nationgktnational bodies [21,27,28]. For this reasorea@r more
important feature of food quality must be to cohth@ concentrations of heavy metals in food[25, Z8e result of
the analysis revealed that the level of Pb inladl sample from both sites were between 1&g in Celocia

argentea (shokopnd 24.07 pg/g in Thymus Vulgariegcurry) with a range of 9.00-35.99 and16.99-39.@8g

respectively. The highest level of Pb in site Aswabserved inThymus Vulgaries, Telfciria occidentaésd

Corchorus olitoriugn that order in the leafy vegetable. Highest coragtion was observed froithymus Vulgaries,
Celocia argentea and Telfciria occidentatssite B.

Tablel: Mean levels fig/g) of Pb, Cu, Fe and Cr in some leafy vegetablessite A grown along the Nigeria- Seme Highway

Site A Pb (ng/g) Cu (ng/g) Fe f19/9) Cr (nglg)

Mean+SD Range Mean+SD Range Mean+S[ Range| Mean+SD angeR
Ugwu | 22.32+11.38] 11.50-41.47 21.69+7.36 154489 172.87 £+62.05| 104.99-259.94  37.328+20.21 18867
Ewedu | 21.74+13.00 10.01-42.49 22.76+9,69 12.5888 304.50+72.77| 114.94-518.17 51.09+40.18 28.54983
Shoko | 16.75+10.54 9.00-35.94 20.95+12/08  2.45-32,0260.74+215.37| 79.96-574.77  101.22+ 100{15 27.3825
Churry | 24.07+8.21| 16.99-39.98  23.53+3.52  18.44-27.1406.33+225.06 169.87-734.13  111.95+72.88 41.997288

Table 2: Mean levels gg/g) of Pb, Cu, Fe and Cr in some leafy vegetablgssite B grown along the Nigeria-Seme Highway
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Site B Pb (ng/g) Cu (ug/g) Fe fig/g) Cr (ng/g)
Mean+SD Range Mean+SD Range Mean+S[ Range| Mean+SD  angeR
Ugwu | 18.91+11.98 10.14-28.64 21.09+7.43 10.1448. 166.49 + 86.22 69.97-279.9 67.75+£52|68 2768491
Ewedu | 16.57+9.22] 6.50-30.48 20.73+5.05  14.44-28.6292.36+£196.33] 114.93-534.71  47.56+18.95 33.3983.5
Shokc | 19.99+48.5 | 10.9¢-35.4¢ | 20.11+7.5 | 10.41-27.9% | 354.03+302.8 | 69.9€-754.7: | 90.75+90.7 | 33.1:-267.2.
Churry | 21.73+8.4. | 13.9¢-37.8¢ | 22.15+3.5. | 16.2425.1F | 388.20+226.3 | 159.7¢-715.1¢ | 111.56+74.2 | 38.55-192.1:
3
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Table 3 Comparison of mean concentration in leafyegetables from site A and B with recommended standds

SITE A Pb (ng/g) Cu (ng/g) Fe fi9/g) Cr (ng/g)
Mean+SD Mean+SD Mean+SD Mean+SD
Telfciria occidentalfUgwu) 22.32411.38 21.69+7.36 172.87 +62.05 38+20.21
Corchorus olitoriug Ewedu) 21.74+13.0Q0 22.76 £9.60  304.50+72.f7 5140918
Celocia agenteg(Shoko 16.75+10.5 | 20.95+12.0 | 260.74+215.3 | 101.22+ 100.1
Thymus VulgariesGhurry) 24.07+8.21 23.53+3.52]  406.33+225.06  111.95+72.88
SITEB
Telfciria occidental§Ugwu) 18.91+#11.98 21.09+7.43 166.49+86[22 75%52.68
Corchorus olitoriugEwedu) 16.57+ 9.22 20.731#5.05 292.36+196|33 471865
Celocia argentegShoko) 19.99+8.54 20.1147.51  354.03+302{80 90.0540
Thymus VulgariesChurry) 21.7348.4 22.15+3.5 | 388.20+226.3 | 111.56+74.2
Recommended maximum limit for vegetal 0.3( 73.2 42t 2.3C
150
406.33
400 1882
354.03
450
044
300 292.36
m -
‘Qg 250.74
c 250 mPh
8 B Cu
[
= 200 Fe
c
g 17287 156.49
o mCr
“ 150
ﬂ 111.95 111,56
100 101.22 a90.75
67.75
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Figure 1. Bar chart showing the comparison in heavynetal concentration from site A and B

Lead (Pb) has been reported to be a serious cumaulady poison which penetrates into the bodyesystia food

air and water respectively and cannot be detacheualshing the vegetables[22, 30]. The high levéBin some
of these leafy vegetables may be attributed tougentits in irrigation water, farm soil or vehicukamission from

heavy traffic on the road as lead is present irfilbkeas an anti-knocking agent [31]. The levePbfreported for the
leafy vegetable in this study is lower than thosported and higher than the WHO, FEPA and Chinadsta

recommended limits of 048y/g and 0.21g/g reported for some leafy vegetables [25,27 332, This is an indication
of high pollution load of Pb in the vegetable fréime studied area . Copper is an important micragnitivhich acts
as a biocatalyst, required for body pigmentatiomdidition to iron, maintaining a healthy centratvous system,
prevents anemia and interrelated with the funatibdn and Fe in the body [34]. Most plants contzéntain amount
of copper which is inadequate for normal developneerd is regularly guaranteed through artificialomganic

fertilizers application [33]. It has been reportedt copper toxicity induces iron deficiency, ligi@roxidation and
membranes destruction [35]. In this present stdidg, concentration of Cu in all the analyzed sanigen the

sampling sites varied between 21.09 and 23.88 with Telfciria occidentalsfrom site B having lower
concentration an@hymus Vulgariefrom site A recordingthe highest value. The results in this work whicdyrbe

attributed majorly to atmospheric deposition webseyved to be higher than other earlier reports 251 lower

than what was reported for some cultivated leafyetables in Ethiopia[36].
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Iron (Fe) is an important mineral. It is neededétp our red blood cells deliver oxygen to the méghe body. Iron
is essential for many proteins and enzymes thatteiaigood health, transporting oxygen in the bltmdll parts of
the body as well as essential for proper functigniri the liver. The concentration of iron (Fe) metsamples
analyzed varied between 166.49 and 40688 with the lowest observed @orchorus olitorius (Ewedu)elfciria
occidentals(Ugwu) andCelocia argentea (shokd) both sitesThymus VulgariesQhurry) plant contained higher
amount of Fe with a value of 388.20 and 44¢g in site A and B respectively. Furthermore th&e of Fe in both
site was found to be lower than what was reporveddme leafy vegetables obtained in some agriallfarmlands
in Ethiopia as well as the recommended maximumt Ifori vegetable[32, 33, 36]. It has been reporteat high
level above the permissible level may lead to dsashlorosis due to iron toxicity whereas in huntatan cause
vomiting, upper abdominal pain, pallor, cyanosigrithea, dizziness, shock, haemochromatosis, diapdiseases
of liver, lungs and kidney, haepatoma and cardirmpayhy[36, 37]. Chromium is a trace element thamigortant
in the body. It is able to stabilize blood sugarels, which could prevent diabetes, by using imselficiently. It
also aids the breakdown of fats in the body arghid to increase the good cholesterol in the bodijewowering
the bad cholesterol. Cr in all the tested sampdeed between 37.33-111.98/g with Telfciria occidental{Ugwu)
having the lowest andlhymus VulgariesGhurry) having the highest. The result in this study shobtet the level
of chromium in all the vegetable were above the@mamended maximum limit for vegetable indicatingtttize
consumption of this vegetable grown along this hig may have deleterious effect on human when coadJy33,
38]. The side effects from taking high doses abafium include irregular heartbeat, upset stoméchijng and
flushing. As far as non-essential elements areemnchromium can cause ulceration, kidney and tileenage.

The variations in the concentrations of the heaeyats in the sampled from both site vegetables Ipeagttributed
to the heavy metals concentrations of soil, air iamghtion water of their production sites andcats the adsorption
of heavy metals from aerial depositions during $partation and marketing. It can be shown fromadbiained data
that concentrations of all the heavy metals in tedgles were recorded maximum at the sampling sitecated very
close to the highway with heavy traffic load. I thie vegetable samples the concentrations of hastal were
above the maximum permissible level for vegetalebesept copper which is below the recommended maximu
limit. The accumulation of these heavy metal carascribed to air deposition and the order of guirtation in the
sampling sites was Fe>Cr>Cu>Pb. The elevated I®fdl®e metals in the vegetables could be asctibexcessive
usage of fertilizers and other agro-chemicals, el &s the incessant use of waste water in irmgathe soils as
well as high traffic load in the area.

Statistical test of significance using the Studetdst and analysis of variance (ANOVA), (Tableshowed no
significant differences at 95% level of confidenoghe concentration of the heavy metals (Pb, Guaid Cr) in
vegetables is obtained from the sampling sites.

Table 4. Duncan’s one way analysis of variance thieeavy metal concentration in the analyzed vegetalde

Pb (ug/g) | Cu (ug/g) | Fe fig/g) | Cr(ng/g)
Site A| 0.300 0.647 0.57 0.879
Site B[ 0.407 0.602 0.120 0.137

Table 5 Correlations of variation between the heavynetal in the sludge sample

Pb (ug/g) | Cu (ug/g) Fe fig/g) | Cr(pg/g)
Pearson Correlation 1 227 0.597 0.53T
Pb (@g/g) Sig. (2-tailed) A21 .000 .000
N 48 48 48 48
Pearson Correlation 0.227 1 .185 .256
Cupng/g) Sig. (2-tailed) 0.121 0.208 .079
N 48 48 48 48
Pearson Correlation 597 185 1 677
Fe (ug/g) Sig. (2-tailed) 0.000 .208 0.000
N 48 48 48 48
Pearson Correlation 0.531 256 0.677 1
Cr (ng/g) Sig. (2-tailed) 0.000 0.079 0.000
N 48 48 48 48
**_Correlation is significant at the 0.01 level{ailed).
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Pearson correlation coefficient analysis (Tablatt99% level of confidence showed a positive stroogelation
between Pb and Fe, Pb and Cr as well as Fe amitle vegetables sampled with r value of 0.5973Ddnd 0.672
respectively. This shows that there is a commomcsoof these metals in the study vegetables.

CONCLUSION

The results obtained in this study on concentratibheavy metals in some leafy vegetables compastwith
earlier reports. Generally, the levels of heavyaisetvere observed to be higher than the recommelidédfor
vegetable except copper that exhibited lower valtres recommended standards.is worth noting that
consumption of these vegetables from this studied as food may constitute possible health hazarlsmans at
the time of the study. The elevated level of hemstal in the vegetable may be attributed to exeesssage of
fertilizers, manures as well as crop irrigationhnél sort of polluted water hence farmer shoulcetdacated on this
problem to shun the practice by exploring good faractices. Furthermore, the results obtainedighgtudy would
go a long way in fortifying the scanty baselineadfdr the assessment of the distribution of heaeyais in leafy
vegetables.
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