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Heavy Metal Concentrationsin Some Vegetables Grown in aFarm Treated With Urban
Solid Waste in KuruJantar, Nigeria.

Abstract

The use of dumpsite soils as organic manure is wfitead in developing countries like Nigeria.
This study investigates the concentration of somavih metals in vegetables grown in a farm
treated with dumpsite soils in KuruJantar, Jos-Bougoil samples and vegetables from the farm
were collected and prepared using standard anallytiocedures. The concentrations of metals in
both soil and vegetables were determined usingiatabsorption spectrophotometer (AAS). The
results showed that the farm was polluted with tietals (Cd, Cr, Cu, Mu, Fe, Pb, Zn, Ni)
determined. The Enrichment Factor (EF) showeddbate metals had minimal enrichment while
Cd(13.93) had significant enrichment at the farrhe TPollution index (Pl)calculations showed
that at the farm,the contamination pollution randexnn very slight to very severe.The overall
order of the metals at the dumpsite was Fe>Mn> €n> Cr> Ni>Pb> Cd while the order of the
metal concentrations at the farm was Fe>Mn> Zn> Qd>Pb.The data obtained in the study
were analyzed using Pearson correlation analysis.résults showed perfect positive correlation
values above 0.9 between the farm and the dumpsitesh indicated that there was a strong
association or similarity between them. The methcentrations in the vegetables analyzed
showed that spinach decreased in the order Fe>Zr&dwPb while in Cabbage, the order
wasMn> Fe> Zn>Cu>Cd; in Radish, the order was Fe>@GAr>Cr>Zn while in pepper, the order
was Fe>Cu>Mn>Ni. In general, the metal concemmativere below the recommended limit of
USEPA and FEPA standards for agricultural soils wegetables exceptfor Cd in vegetables. The
concentrations were however higher in the farm thathe control. Thus, the farm was polluted
with heavy metals from the dumpsite soils.

Keywords: Heavy metals, dumpsite, vegetables, poiiyorganic manure, Enrichment Factor
Introduction

The use of dumpsite soils as organic manure isspiged in Plateau state, Nigeria. This
practice has been shown to improve soil propesdiesh as organic matter, nutrients, porosity,
aggregate stability, bulk density and water retemtand as a result, increase plant productivity [1
2]. It is however a known fact that some of the t@gwoducts contain hazardous metals such as
Ni, Pb, Cd, Zn, and Hg [3], which perturb the dimition and concentration of these metals in the
environment. Recent studies have also revealedthieatvaste dumpsite can transfer significant

levels of these toxic and persistent metals ingosthil environment [4,5].
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Heavy metals are toxic pollutants that therefaeyerely limit the beneficial use of
dumpsite soil as organic manure. Heavy metals a®y \harmful because of their non-
biodegradable nature, long biological half- lifedaheir potential to accumulate in different body
parts [6]; even low concentrations of heavy metals also be toxic because there is no good
mechanism for their elimination from the body. Tieaccumulation of metals as a major route
through which increased levels of the pollutants ansferred across food chain web has been
reported [7]. The presence of heavy metals in tosystem therefore, has far reaching implication
directly to the soil and indirectly to man. Metgitake by plants can be affected by several factors
including metal concentrations in soils, soil pltian exchange capacity, organic matter, types
and varieties of plants, and plant age [8]. Itéserally accepted that the metal concentration in
soil is the dominant factor and the concentratiofisheavy metals are higher in soils than
vegetables grown on the same soils [9]. It has laé=m reported that vegetable crop plants have
high ability to accumulate metals from the envir@emt) which may pose risks to human health
when they are grown on or near contaminated landscansumed. Thus, accumulation of heavy
metals in the edible parts of vegetables represedisect pathway for their incorporation into the
human food chain [10, 11 The health risk will depend upon the chemical cositigm of the
waste material, its physical characteristic, typésvegetables cultivated and the consumption

rate[12, 13].

This study assessed the uptake of metals by pkgetables grown on a farm treated with urban

solid waste in KuruJantar, Jos-South.

Materials and M ethods
Soil and Plant Sampling

The soil and vegetable samples for this analyssewollected randomly from a farm

located about 200m from KuruJantar dumpsite onitadg 08 53'E and latitude 09042’ N. The
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vegetables including spinach, cabbage, radish, tmnsnd pepper, were harvested at the same
spots where the soil samples were collected. Thetables harvested werewashed with distilled

water to remove soil particles. The soil samplesevegr-dried, crushed and sieved to pass through
a 2mm sieve. Similarly, the vegetables were cub wiastic knives before drying in oven af@0

until stable weights were obtained. The dried sasplere ground in mortar and sieved. .
Analysis of theHeavy Metal Content inSoiland Vegetable Samples

Triplicate samples of 1.0g of the sieved soil skamwere digested with 25mLof a mixture
of hydrochloric acid (HCI ) and trioxonitrate (Wid (HNGs) in the ratio of three to one parts by
volumerespectively at 120 on a water bath in a fume cupboard. The soluas heated to
dryness and the residue was re-dissolved in 5n2.@¥ HCI [14 — 16]. Digested samples were

filtered into a 100ml volumetric flask and madetaghe mark with distilled water.

Triplicate (1g) of the sieved vegetablesamples wesgghed into different conical flasks
and digested with conc. HNQo a clear solution. Digested samples were fitteérégo a 100mL
volumetric flask and made up to the mark with dedi water [17]. The concentrations of the
metals in the digested soil and vegetable sampées determined using Buck scientific VGP 210
Atomic Absorption Spectrophotometer at wavelengibecific to each metal. The metals analyzed

in both samples were:Pb, Cu Cr, Ni, Zn, Fe, Cd, Mn.
Calculation of Enrichment Factor (EF) and Pollution Index (PI)

The enrichment factors of the heavy metals in s@ife calculated with the formula as
reported by other researchers [19]

_ C(M—5)/C(Fe —S)

il C(M—C)/C(Fe—C)
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WhereC (M — S)concentration of metal in the sample,C (Fe — S)concentration of reference
metal in the sampl«C (M — C) concentration of metal in the contrC (Fe — C) concentration of

reference metal in the control.The control represarfarm not treated with the solid waste.

The contamination/pollution indéRl) was calculated as the ratio between metals effdygti
measured by chemical analysis to the referenceeVi@0].The conversion formula [19] for the
pollution index was also used and the referenaedsta used in the calculation was the Federal

Environmental Protection Agency [22] target value.

Concentration of metal in soil

Pollution ind PI) =
elliziniern bneiees (1) Standard recommended maximum value in soil

pH Determination

Triplicate quantities (20g) of air-dried of the lssamples were weighed into a 50mLbeaker
and 20mLof distilled water was added. The mixtwes allowed to stand for 30 minutes with
occasional stirring using a glass rod. The eleerof the calibrated pH meter, MI 806
pH/EC/Temperature Portable Meter inserted intophsly settled suspension and the pH value

read [14].

Organic Matter Determination

The soil samples were ground to pass through 0.Srewe after which they were weighed
in duplicate and transferred to 250mLErlenmeyeskda Exactly 10mL of 1M potassium
dichromate was pipette into each flask and swigedtly to disperse the soil followed by addition
of 20mL of concentrated, tetraoxosulphate (IV) ackhe flask was swirled gently until soil and
reagents were thoroughly mixed. The mixture was thllowed to stand for 30 minutes on a glass
plate to allow for the oxidation of potassium dmmate to chromic acid. Distilled water (100mL)

was added then 3-4 drops of ferroin indicator, rafthich the mixture was titrated with 0.5M
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ferrous sulphate solution. A blank titration wasikarly carried out [14]. The percentage organic

carbon is given by the following equation:

(M1elK2Cr207 — M2e2FeS04) x 0.0031 x 100 X F
Mass(g) of air dried soil

Percentage organc carbon =

F= correction factor (1.33), Mmole of KCr,0;, &= volume of KCr,0O; M, = mole of
FeSQ, e,= volume of FeSQ

Total Nitrogen

The total Nitrogen was determined using the kjelahdjestion method. The ammonia in
the digest was absorbed into boric acid mixed eigic solution and then titrated with standard
0.01M HSOy. The soil samples (2g) were digested into 50mltsm, and then 20mL of the

digest were used for the determination of totabigiéen.

Available Phosphorous

This was extracted using bray P1 and P2 extrtatdrP in the extract was measured with

spectrometer (model spectronic 20D) using the nu#wom blue colour method.

Exchangeable Bases

This were extracted with 1M NJ@AC (pH 7) solution. The concentrations of K andiNa
the extract were determined using Flame analysexdé1FP640) while Mg was obtained by

versenate titration.

CationExchanged Capacity (CEC)

Cation exchange capacity by the 0.01Msilver-thiaureethod [23].

Statistical Analysis
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The data obtained in the study were analyzed ustegrson correlation analysis.
Correlations were calculated to measure the degfdmear relationship between plant metal

concentrations and soil properties/soil metal cotre¢ions.

RESULTSAND DISCUSSION
The physicochemical properties have been repodelave profound influence on the

mobility and bioavailability of heavy metals andtaige by plants [18, 19].Therefore, the
properties of the soils collected from the dumpaitd farm such as pH, cation exchange capacity
(CECQ), electrical conductivity (EC) and organic tea{OM) were determined. The results of the
physicochemical properties are presented in Tabldel results showed that the pH at the
dumpsite was slightly alkaline with a pH of 8.3tig may be attributed to the buffering effect of
soil organic matter against pH changes in additmrthe release of basic cations during the
organic matter decomposition [5].

The pH of the soil collected from the farmwas 6which indicated that the soil was
slightly acidic. This could be attributed to th@iganic fertilizer and other chemicals used on the
farms. This was also expected as most soils inrdpcs have their range from acidic to slightly
neutral pH [5]. The pH levels that are acidic témdhave an increased micronutrient solubility and
mobility as well as increased heavy metal concéotran the soil [20].The results of the available
phosphorus in the dumpsite soil were very simitartiiat in the farm ranging from 0.03 —

0.12mg/kg. The concentration of phosphorus conte#to the growth of plants [22].

The cation exchange capacity is the amount of exgieble cation per unit weight of dry soil that

playsvery important role in soil fertility. The cogmrations of the exchangeable cations (CEC) in
cmol/Kg at the dumpsite werel.86 (Na), 21.60 (K205Mg) and 11.12 (Ca) while at the farm the
values were 0.30, 0.76, 0.50 and 4.65 respecthielyever, the concentration at the farm was
higher than the control, which indicated that themgsite could be implicated with the

amendment of soil properties of the farm.The CE@irisctly related to the capacity of adsorbing
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heavy metals since the adsorption behaviour depemdsmbination of the soil properties and the

specific characteristics of the element [24].

The organic matter (OM) content of the dumpsité was 5.8% while the farm had 2.40%
and the control had 1.12%.The OM content of tharobsite was significantly lower compared to
the farm and dumpsite soils (Tablel).This might &kributed to the activities of the
microorganisms involved in the organic matter degosition from the dumpsite thereby,
accumulating more organic matter in the soils [T8jus, the results showed that the use of the
urban solid waste as manure influenced the orgaaiter in the farm. The organic matter is one
of the factors that may reduce the ability of metalbe phytotoxic in the soil due to metal-organic
complexation [18]. The organic matter content af goil plays an important role in absorption
reaction in the soil and total cation exchange [gid. The organic matter is also an important

indicator of the soil as a rooting environment [20]

Table 1: Physicochemical Properties of the Dumpsite andFarm Treated with the Dumpsite

Waste.
pH 8.30 6.71 6.15
Organic Matter ( %) 5.80 2.40 1.12
Total Nitrogen (%) 0.63 0.35 0.35
Exchangeable Na (cmol Kg1) 1.86 0.30 0.24
Exchangeable K (cmolKg1) 21.60 0.76 0.87
Exchangeable Mg (cmol Kg'1) 5.20 0.50 0.45
Exchangeable Ca (cmol Kg'1)  11.12 4.65 1.80
Available P (mg/Kg) 0.11 0.11 0.03
CEC (cmol Kg'1) 40.50 6.53 3.68
Texture Sand Sand Sandj 7777777 ‘ Comment [yr1]: Please remove the purple color.

Control: Soil collected near the dumpsite and farm

The concentration of the exchangeable cations (CBQhe dumpsite soil was 40.50
cmolKg'which which was much higher than 6.53cmolighich from the farm.The

concentrations of the exchangeable cations wereebew higher than the control which
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implicated the use of the dumpsite soil to havea#d the farm positively. This could be due to
difference in the heterogeneous nature of waste[bich is expected to impact differently on soil
properties. The available phosphorous in the famch @umpsite were the same 0.11mg/kg which

was higher thanthe value for the control farm (h@8<g). The percentage of nitrogen was0.35%.

The physicochemical parameters indicated that trgarmic matter, cation exchange
capacity, nitrogen and phosphorus content of tha faere moderate with moderate values of C:N
ratio implicating the urban solid waste to be fertiThus, the results of the physicochemical
parameters revealed that the soils were fertiufiport plant growth but this cannot be compared
to the adverse effect of using this solid wastemasure. This may serve as a source of metals into

the food chain.

The heavy metal concentrations in soil samples tihendumpsite, farm and controls were
determined and the results are presented in Me&tatdard Deviation(Table 2). The results
showed that the mean concentrations of copper ifCth)e dumpsite and farm soil samples were
130.19 and 63.23mg/kg respectively. Therefore véilae at the dumpsite was above the normal
range 2-100 mg/kg [9] in the mineral soil enviromnand is significantly above the data obtained
for the control samples. Copper is very toxic tostnplants, and highly toxic to mammals [13].
Copper concentration levels above normal rangdigtdy dangerous and pose health risks to the
environment.The concentration of Cu in this studasviower than the values reported at Lagos

metropolis, Nigeria [13].

The concentration of manganese (Mn) at the dumig4R&.72mg/Kg) was much higher
than the farm treated with the waste from the dutmpshich had a value of 219.60mg/kg.
However, the concentration of Mn at the farm wasImiigher than the control. The higher levels
of Mn found in the farm could be closely relatedhe pollutants from the dumpsite. The values

of Mn in this study were much higher than the valteported by other researchers [25]. However,
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the values were withinWHO/FAOrecommended maximuine/§2000mg/kg) for agricultural soil

as reported by [17, 24].The results obtained ferdiiferent soil samples from the dumpsite and
the farm show that they are highly contaminatedhwitn when compared with the control values.
The mean concentration value of 2436 mg/kg atdin@psite and 408 mg/kg were within the
normal range of mineral soil environment of 300-800 mg/kg reported for naturally occurring

heavy metal concentrations for soil [22, 23]

The concentration of zinc found in the soil sammé¢she dumpsite (246.39mg/Kg) and farm
(66.23mg/Kg) were within the normal range 10-30Qkgdor agricultural soil. The results of the
dumpsite and the farm showed that theywere conttednwith Zn when compared with the
control values.Zinc constitutes an essential elér@icronutrient),but it is toxic to crop plants

especially vegetables at the level of 400 mg/kipésoil[14].

The concentrations of Cd in the dumpsite soil senf@8.06mg/Kg) was higher than the
WHO/FAO maximum permissive limits while the congatibn in the farm soil sample
(2.30mg/Kg) was lower than the maximum permisginvet. Similarly, the concentrations of Ni
in the dumpsite and farm soil samples were lowan tthe maximum permissive limit ( Cd = 3;
Ni= 75) [14]. However, the concentrations of thesetals at the dumpsite and farm were higher
than the control values. Therefore, there are ampandications of the adverse effects of the
dumpsite on the values of metals as compared tar teues in the control. Similar
observationshave been reported [20 and21]. Thisltrés also consistent with previously

published data [14].
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Table2: Concentration of Metalsin Soil Samples Collected from the Dumpsite

andFarm.

Cu
Mn
Fe
Cd
Ni
Zn
Pb

130.19+2.30
422.72+28.6
2436%105.95
28.06+2.03
26.32+2.85
246.39+10.75
23.3045.70

2.45%0.05
28.99+9.11
249.00+7.43
ND

ND
8.92+3.12
9.13+3.25

63.23+£25.36
219.60+57.88
408.20+78.38

2.30+0.14

15.60+0.12
66.23+8.96
25.33+0.38

6.07+0.04
45.2049.55
74.18+42.22
0.03+0.01
3.03+0.62
23.08+5.02
4.58+1.01

*Control: Soil collected near the dumpsite
**Control: Soil collected from a farm not treatedtivthe dumpsite

conducted using Pearson correlation coefficienv@lpes to determine the level of association.
The results showed perfect positive correlatiorueal above 0.9 between the farms and the
dumpsites, which indicated that there was a sicgnifi association or similarity between them
both at p<0.05 and p<0.01 level. This implies thatsimilarity in the concentrations between the

farm and dumpsite was quite high. The concentratminthe metals in the farm (F) decreased in

The metal concentration correlation analysis betwtde farm and the dumpsite was

the order Fe >Mn> Zn >Pb> Cu > Ni > Cd.

Mn(0.88), Fe(1), Ni(0.94), Zn(0.52) and Pb(0.884 mainimal enrichment while Cd(13.93) had

Enrichment Factor (EF) of theheavy metals in sainf farm showed that Cu(0.49),

significant enrichment ( Table 3).

Table 3: Enrichment Factor (EF) and Contamination /Pollution (C/P) Index of Heavy
Metalsin Soil samplesfrom the Farm (F).

16.32
408.20
6.07
74.18
0.49
0.90

219.60
408.20
45.20
74.18
0.88
0.50

408.20
408.20
74.18
74.18
1.00
0.08

2.30
408.20
0.03
74.18
13.93
0.77

15.60 66.33
408.20 408.20
3.03 23.08
74.18 74.18
0.94 0.52
0.45 0.22

22.27

408.20
4.58
74.18
0.88
0.09

Comment [yr2]: Please remove dark color.
Please adopt stand three-line table format.

Comment [yr3]: Please remove dark color.
Please adopt standard three-line table format.
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C (M =S)concentration of metal in the sam@e(Fe- S)concentration of reference metal in the
sampleC (M-C) concentration of metal in the cont®Il(Fe-C)concentration of reference metal in

the control.

The results of the calculated enrichment (EF) ia thsearch showed that Mn, Ni, andPb
had enrichment factors close to unity, Cd was gretaan 10, while Cu and Zn are lacking (Table
3). The use of urban solid waste as manure coulchpkcated with the high enrichment of Cd at
the farms. The soil Cd could also be due to thdiegmn of phosphate fertilizers [26]. This
therefore poses serious concern as crops grownese farms could bioaccumulate the metal. The
Pollution Index (P/1) of the metals at the farmgad from 0.08 to 0.90 which showed that the

farm had very slight contamination to very seveystamination with the metals.

Metal Content in Vegetables grown on the Farm

The concentration of the metals obtained in théyleagetables (spinach and cabbage),
root vegetable (radish) and fruit vegetables, (tonend pepper) are presented in Table 5. The
main sources of heavy metals to vegetable cropghaie growth media from which these are
taken up by the roots. A better understanding aiviiemetals sources, their accumulation in the
soil and subsequent uptake by plant species seepe tparticularly important in present day
research on risk assessment [27]. The uptake dfliogis has been shown to be influenced by the
metal species and plant parts [26].The resulth®ihtetal content in vegetables grown on the farm
in this studyshowed that spinach, bio-accumulated metalsFe ,Mn, Zn, Cd, Ni andPb in the
order Fe >Mn> Zn >Cd >Ni>Pb (Table4).This couldaeeflection of the concentrations of the
metals in the soil.Leafy vegetables have been shdwnaccumulate relatively higher
concentrations of heavy metals than fruit vegewlj4]. The observed concentrations of the

metals in thevegetables were compared with themmemnded limit as established by the
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FAO/WHO in 1999 to assess the levels of food comtation.The concentration of Cd
(3.21mg/kg)was much higher than the recommendedmoam levels in vegetables (0.20mg/kg)
[28]. Cadmium is relatively easily taken up by t#oed crops especially by vegetables in the
addition to foliar absorption of Cd from atmospbedeposition on plant leaves [29].Several
studies have indicated that vegetables grown invyheaetals contaminated soils have higher
concentrations of heavy metals than those growanicontaminated soils [29]. Cd is relatively
mobile in soil under range of pH, O.C and CEC ctiods. This shows that some other soil factors
in addition to the total soil contents of the metalso influenced metal uptake. The other metals
were within the recommended maximum limits in vagéts with Mn and Fe (500.30mg/Kg) and

Zn (99.40mg/Kg) [30].

Table 4: Concentration of Metalsin Vegetable Samples Collected from the Farm.

II-----_I

25.26+5.87 31.33#4.01 51.10+4.12  18.45+6.44 53.25+12.50 73.30
Mn 220.65+33.24 191.75+5.14 92.10+22.36 ND 29.85+8.35  500.00
Fe 103.00+8.44  85.00+3.11 93.55#3.56  77.63%5.22 80.69+8.77 425.50
cd 3.25+0.12 0.71+0.02 5.70+0.55 ND ND 0.20
Ni 13.00+0.15 ND ND ND ND 67.90
Zn 53.77422.11 33.54+4.02  0.89+0.05 ND 21.2245.98 99.40
Pb 3.21+0.05 ND ND ND ND 0.30

RMLV: Recommended Maximum Levels in Vegetables
*Source: [22 and 23]

Cabbage, bio-accumulated Cu, Mn, Fe, Cd and Zn frersoil and the concentrations of
the metals were in the other Mn> Fe > Zn > Cu > Ttk concentration of Cd in cabbage was
also higher than the recommended maximum levelggetables (0.20mg/kg) [30]. This could be
attributed to the urban solid waste used as manutés farm. The other metals bio-accumulated

in cabbage were also below the recommended maxilmoita.

The results showed that radish in bio-accumulatdd the metals Cu, Mn, Fe, Cr and Zn

in its roots in the sequence Fe >Mn> Cu > Cr > Br.Thetals bio-accumulated were also below

Comment [yr4]: Please remove dark color.
Please adopt standard three-line table format.
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the recommended maximum limits for vegetables(T@ab{y.Tomatoeson the other hand
bioaccumulated only Cu, Fe and Cd, in decreasidgrasf Fe > Cu > Cd.The concentration of Cd
was also higher than the recommended maximum immiegetables.Pepper bio-accumulated Cu,
Mn, Fe, Ni and Zn in the order Fe > Cu >Mn> Zn > Nhe metals in pepper were within the

recommended limit.

Generally, the concentration of iron was highesalimost all the vegetables. The higher
concentration of Fe could be as a result of itgexycarrier ability for chlorophyll production and
also for protein synthesis [31].The concentratiohMn and Cu only were higher in cabbage than
spinach.The results also showed that spinach, gabhad radish, bioaccumulated more metals
than pepper and tomato. This is in agreement \weshréports of other researchers [24]. The higher
levels of heavy metal contamination found in somét Bind vegetables could be closely related to
the pollutants in irrigation water, farm soil, apesticides or alternatively could be due to

pollution from traffic on the highways [31].

Based on the pattern of metal accumulation in #getables, it could be suggested that
radish and pepper could be safely grown on Cd ocointted soils. On the other hand, vegetables
like spinach, cabbage, radish, may not suitable cidtivation on Cu, Mn, Fe, Zn and Cd
contaminated soils. However, some fruit type valles like tomato and pepper could be safely
grown on Cr, Ni, and Pb contaminated soils. Rgpetvegetable like radish could be cultivated
on Cd, Cr, Ni and Pb contaminated soils. Heteregaa accumulation of heavy metals in
different crop species has been reported [7, 32ichw could be attributed to their diverse

morphological characteristics.

Conclusion

From this study, it could be concluded that the psite was polluted with the metals Cu,

Mn, Fe, Cd, Cr, Ni, Zn and Pb. The used of the pkite soil as manure, contaminated the farm
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studied. The concentration of the metals in thenfarere in the order Fe>Mn> Cu> Zn> Ni>

Cd>Pb.The vegetable grown in these farm bioaccueailaome of the metals analyzed. The
differences in respect of metal uptake could behasjzed for selection of vegetable crops for
cultivation on metals contaminated soils dependingheir metal uptake potential.The results of
the Pearson correlation coefficient (r) showed gurfpositive correlation values above 0.9
between the concentration of metals in the farmthed/egetables, which indicated that there was
a strong association or similarity between thembdth p<0.05 and p<0.01 level of significant, all

the correlations were significant. This impliestttiee similarity in the concentrations between the

farmsoil and vegetables were quite high.
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