O 00 NO UL WN -

W W W N N N N N N N N NN P P P P R P RB R p R
N P O VW O N O U1 B W N P O W 00 N OO0 1 B W N P O

w
w

Original Research Article

Assessment of Heavy Metal Concentration and Fraation in Selected Dumpsite Soils within
Ibadan Metropolis, Nigeria

Abstract
Dumpsites are gradually turning into farm land wviitle belief that they must have accumulated

necessary nutrient element required for plant gnaavid thus making some farmers to use refuse
dumpsite material for composting not minding theetyf waste that are involved and what they
are actually made up off. This study therefore stigated the concentrations of heavy metals in
selected dumpsite soils and various forms to detertieir mobility with the view to crystallize
their extent of contamination to the soil when uded farming activities. Two dumpsites
(Bodija dumpsite (BD) and Olukunle dumpsite (ODgrer purposively selected from Ibadan
South Western Nigeria based or different wasteidigions at the depth of 0-20cm. The metals
investigated include: Cd, Pb, Cu, Zn, As, Cr and9¢quential extraction method was used to
assess the redistribution of heavy metals from wkatal heavy metals were earlier determined
by acid digestion with aqua regia solution. Treatis were laid out in a completely randomized
design with four replicates. Data collected weralgred using descriptive statistics andest.
The mean concentrations (mg/kg) of total HM wer8.9048.9, 57.8, 16.6, 49,022.0 and 3,627.3
for As, Cr, Cu, Ni, Pb and Zn respectively with ffmgent of variance ranging from 1.31% for
Ni to 141.2% for Pb. There was no significant diéigce (t=1.70; p>0.05) in metal concentration
in both BD and OLD saoil.

The residual fraction was the most predominantha goils with the exception of Pb and Zn.
The average metal concentration over soil sampts B807.6, 2,390.8, 1,666.8 and 4,448.8 for
the exchangeable, reducible, oxidizable and rekittaations respectively. Only Zn had an
appreciable amount (54.3%) associated with the angdable fractions while the oxidizable
fraction was highest for Pb (79.1%) in soil BD afd (78.4%) in soil OD. It is therefore
paramount to create awareness on the health hedaaent in planting on refuse dumpsite soill
without ascertaining its heavy metal status becaisthe possibility of metal uptake in the

edible parts of crops. This could be detrimentdiuman health and the ecosystem at large.

Keywords: Dumpsite, Heavy metals, Fractionation, contaneidaioils, sequential extraction
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1.0 INTRODUCTION

Heavy metal pollution is a major problem acrossgiobe due to its great consequence on human health
plant and the ecosystem. Increase in populatioruarehization had contributed to enormous generatio
of both industrial and municipal waste in urbanteesnin Nigeria. An estimate of 7.6 million tons of
municipal solid waste was dumped per day in dewetppountries as reported fj. Furthermore, some
of these wastes contain heavy metals which evdntaig adsorbed onto soil surface and found their
ways into plant and finally end up in the humaneyg2]. Generally, heavynetals can accumulate in
human cells and disrupt the functions of vital mgyand glands like the heart, brain, kidney, and
bone and the liver. They also in addition disphaital nutritional minerals from their origin,
hindering their biological functions [ 3]. Speciayns of toxicity are displayed by individual
metals, the following symptoms had been generajiyprted to be associated with Cadmium,
lead, mercury, zinc, copper and aluminum poisonimggstrointestinal (Gl) disorder, diarrhea,
stomatitis, tremor, hemoglobinuria causing a rest-golor to stool, ataxia, paralysis,) vomiting
and convulsion, depression and pneumonia whenikeolapours and fumes are inhaled

[4 and5] The nature of the effect of metal Contamiottould be toxic (acute, chronic or
sub-chronic), neurotoxic, carcinogenic, mutagemideratogenic §. Heavy metal in plant
induces oxidative stress which causes celtlldanage and disturbance of cellular ionic
homeostasis [6].

Investigation had shown that some of these duegpste gradually turning into farm lands
where vegetables are cultivated for the cities tbael7-8]. Furthermore in an attempt to avoid
the exorbitant price being charged for the purclaskertilizer, some farmers have resorted to
the use of composted material to fertilize theirlssdo improve crop production thereby
introducing heavy metals into their crops not knogvihat heavy metal are embedded in their
compost. Plant on the other hand takes up thesalsnea the root into the harvestable parts.
This becomes possible because metals come in tie farm which makes it easy for uptake
through plant root and easy translocation intostieen and the aerial parts of the plant.

The mobility and bioavailability of heavy metal deg absolutely on their speciation or
chemical forms. These forms are determined by s#@lextraction technique, this method give
vivid information about metal affinity to the s@bmponents together with the strength to which
they are bound to the soil matrj]. Also heavy metal fractions can gidetail about soil

origin, biological and physicochemical availabilittheir mode of occurrence, mobility and
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transportation of trace metdls0]. Several extraction scheme had been employed esatided

in literature but the Tessier et al., 1979 has beelely used. This procedure has been able to
identified six chemical or geochemical forms of Weaetals[11-13]. This method however had
given way to a method that only involved four chemhior geochemical forms using the
modified Community Bureau of Reference (BCR) ascdbed by [14]. Three different
extraction procedures were used to establish ttraaability and to predict the phytoavailability
of heavy metals in the soils. The following fracisowere identified with the BCR methods;
Exchangeable and acid extractable, reducible fdfeiMn oxide bound), the oxidizable forms
(organic matter and sculpture bound) and the residum (residual/silicate)

This study therefore aimed at determining the eatration of Ni, Cr, Pb, Zn, Cd, Cu and As in
selected dumpsite in Ibadan and investigate their@nmental contamination risk between the
different chemical speciation forms. The resultho$ study is vital as it will provide information
on the metal status of dumpsite for farmers who i@}y use the land for farming activities
and for those who are in the habit of using refuaste material for compost

2.0 Material and Methods

2.1 Description of Study Site

This study was carried out at two locations: AgmgoDepartment, University of Ibadan, Oyo
State, Nigeria and Purdue University, West Lafayelttidiana State, United State of America.
Four soil samples were collected for this studyrfrdumpsites located in Ibadan. lbadan has a
mean annual rainfall of 1289 mm and mean annuapéeature of 26.3C [13]. Sampling site

description is shown in Figure 1.
2 .2 Soil sampling and preparation

A total of two surface polluted soils (0-20cm) wererposively selected at different locations
within Ibadan municipal area in the central regainSouth Western Nigeria. These represent
major dumpsites in the study area. Sampling waee dvith the aid of soil auger and spade.
Triplicate soil samples were collected randomlyrfreach location at different points, mixed and
bulked to form a composite sample, out of whichrespntative samples were air-dried, crushed
and sieved through a 2 mm sieve and for each tmtatiter which they were bagged in clean
polythene containers to prevent further contamamatiSamples were further ground and passed
through a 0.5 mm sieve for organic carbon and totedgen analysis
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2.3 Routine soil analysis

All glassware used in this study were pre-washat #WNO; and rinsed with deionize water and
all the chemicals used were of analytical gradelpased from Sigma Aldrich, USA Chemical
analyses were carried out using the recommendeticaksoil test. Procedures for the North
Central Region, U.S.AL6] were used. The pH and electrical conductivity af samples were
measured with a soil: water ratio of 1:2 using pEten. Total Nitrogen was measured by an
automated carbon and Nitrogen analyzer using thaciptes of oxidative combustion-
chemiluminescence. Concentrations were then detedrby comparing to known standards.
Total carbon was determined by combusting the samapb converting all carbon to carbon
dioxide. The carbon dioxide is measured usingradispersive infrared gas analyzer. Available
P was extracted with Melich 1ll and regressed t@kvbray P data. Exchangeable cations were
extracted with IM NHOAC and CEC was obtained by summing the meq exd#otg bases per
100kg (cmol/kg) and meq exchangeable acidity p&gl@mol/kg). Exchangeable acidity may
be estimated from. The SMP buffer pH measurement:

meq acidity per 100 g = 12 (7.0 - SMP buffer pH) .

Particle size analysis was determined using Bouy®technique as outlined bi/q

4|Page



125

126
127
128
z"_n_r- T -
[ \'\—'"'.--\1_ F e
;
i
[ .
¢ i
._I.- .I,_J.
I et i
; 7
{ e i
I: ;.-' % li-_:
‘ -| __.-/ﬁ_h'i-. § g
\\1.. | E; {/_.—"
129 M »
130
2UTE $2930°E SIS0E
1 i i
:)
FETN- =580
W raanw
LEGEND
States in Sonth-
West Nigeria
{ BD. Bodija Market
Dumpsite
/| @OLD.Olukunle
) Dumpsite
g 0 1530 60 90 120 -
O e Kilometers 3 s
Delta 2
e
13 1 UDE 190 I50E
132 Figure 1: Map of South-western Nigeria showipglluted soil sample site in
133 metropolis.

Ibadan

5|Page



134

6|Page



135

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

151
152
153
154
155

156

157

158
159
160
161
162
163

2.4 Total heavy metals (Pb, Cd, Ni, Cr, Cu and Zmand Fractionation experiment

Acid digestion with aqua regia solution (Hydroaidoacid and Nitric acid in ratio 3:1)
was used to evaluate the total heavy metal cordgénihe soil [L8]. Inductive couple
plasma —Mass spectrophotometer was used to redot#henetal concentration. The
acid digested soil-metal analysis was performedpticates.

Metal fractions in the soils were determined useguential extraction technique [iy]
with a little modification in the volume of the amuegia reagent used. The following
fractions were determined ; (Fractions A) Exclemisle and acid extractable- (0.11M
CH3;COOHe-extractable); (Fraction B) Reducible form0-1M NH,OH-HCI-extractable)

; Fraction C the oxidizable forms — (8.8M®)/ 1M CH;COONHs-extractable) of the
metals and the residual form (Fraction D) whids computed as the sum of fractions
A,B& C and subtracted from the total content. Heawtal contents in the digests were
analyzed using ICP-MS. Appropriate metal standatdt®n and controls were prepared
and read with the machine before determining th&ahwontents of each sample. This

was done for both total metal and metal fractions.

2.5 Statistical analysis
The data collected were evaluated using excel ltulede mean, standard deviation and
coefficient of variance for each sets of value$edt was also used to test for significant

difference in metal concentration at the two sites.

3.0 RESULT AND DISCUSSION

3.1 Physical and chemical properties of the experiemtal soils

The physical and chemical properties as well ashttseyy metal concentrations of the
soil used for the study are contained in Tableedlza The pH of Bodija refuse dumpsite
(BD) soil was 7.7, while that of Olukunle dumpgi@LD) soil was 6.3. Cation exchange
capacity (CEC) was greater in BD (23.1cmol/kg) ¢bdn in OLD (1.5cmol/kg). Soil
organic matter was high across the soil sampletal Tdtrogen in OLD (3.7g/kg) soil
was more than in OLD (0.6g/kg). The exchangeahbkeb in the soil varied, with (BD)
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soil having the highest K, Ca and Mg with the fallog values respectively; 3.53, 17.3
and 2.3cmol/kg while OLD soil had these valuesams order; 0.2, 0.3 and 0.2cmol/kg.
Available phosphorus (P) was 1mg/kg in soil (OLDJd97mg/kg in soil BD. The soils

are generally in the sandy loam textural class.

3.2 Total heavy metal concentrations in experimentaoils

The soils were analyzed for the following metals, £d, Cr, Cu, and Ni, Pb and Zn as
shown in Table 2Some of their concentrations were higher than #h® nd USEPA
critical levels for heavy metals. The concentmatad the Arsenic was highest in soil
OLD (157 mg/kg) and the least were recorded inBDBIl(44.65mg/kg).

Cr concentration was 38.78mg/kg in BD soil and 318§/kg in soil OLD. Copper (Cu)
was 37.60 mg/kg in soil BD and 77.91mg/kg in soilLBD Nickel
concentration(16.80mg/kg) in BD soil was slightlyigher than in soil OLD
(16.47mg/kg). Lead (Pb) concentration was extrenhé in soil OLD (97,951mg/kg)
than in soil BD (92.25mg/kg) Zinc concentration wasy high in soil BD (6,708 mg/kg)
when compared to its concentration in soil OLD (846éng/kg) . There was no
significant difference (t=1.70; p> 0.05) in metahcentration in both BD and OLD soil.
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Table 1 Some basic chemieald physical properties of the experimental soils

Soils

Locations

Soil BD (Bodija market Soil OLD

dump site) ( Olukunle dumpsite)

Soil properties Values

pH(H.0) 7.5 6.3

CEC(cmol/kg) 23.1 1.5

OM(g/kg) 35 31

N(g/kg) 3.7 0.6

Ca (cmol/kg) 17.25 1.0

Mg(cmol/kg) 2.33 0.29

K(cmol/kg) 3.53 0.2

Available P (mg/kg) 197 1

Particle Size distribution

(9/kg)

Sand 753 649

Clay 69 55

Silt 178 296

Textural class Sandy loam Sandy
Loam
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183

Heavy Soil BD Soil OLD
metals
As 44.65+1.64 157.08+27.64
Cr 58.97+2.71 38.78+2.47
Cu 37.60+1.78 77.91+4.38
Ni 16.80+1.0 16.49+2.00
Pb 92.25+8 97951.73+9156.70
Zn 6708.12+635 546.11+34.77

Tstat =1.70
P= 0.107 NS
P significant at 0.05

184  Key

185  Soils

186  BD- Bodija refuse dump site

187  OLD- Olukunle Dumpsite

188

189

190

191

192

193

194

Table 2: Total heavy metal concentrations (mg/kghe experimental soil samples
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3.3 Heavy metal Fractions (g /g) in the experimeat soils

The chemical fractions of Arsenic (As) Chromium)@opper (Cu), Nickel (Ni), Lead (Pb) and
Zinc (Zn) shown in Tables 3 and 4 were similarlyrdieated by the residual and the reducible
fractions, except for Chromium which only had tikeleangeable and acid extractible form in the

least proportion and its reducible forms were reiedted in all the Soil Samples.
3.4 Exchangeable Fractions/acid extractable

The exchangeable fractions of all the metals weve ds shown in Table 3. However Zn had
about 55% of its concentration associated with fréstion in soil (BD). There were no
detectable level of Cr in this fraction in soils DL

3.5 Reducible Form (Fe/Mn oxide bound)

The reducible fractions of sampled metals in the $eils were below 50% of all the total metal
content. However, about 30% of total Zn in soil B@s associated with this fractions while
minimal concentrations of As, Cr, Cu and Pb wereoréed in same soil. In soil OLD, Cu

concentration found in the reducible form was miti@n the other metals having about 38% of
its total value. Chromium had about 30% of its ftatathis fractions and Pb about 27% of its

total concentration as shown in Table 3.
3.6 Oxidizable form (organically bound +Sulphur bound)

The oxidizable fractions of Arsenic, Chromium andckel were not detected in all the soill
samples. In BD soil, Pb had the highest concentrgff9%) of its total content associated with
the oxidizable fractions; the least was recordedzio (8%). Even though Zn in soil OLD was
predominantly associated with the oxidizable fiattivith 78% of its total value. Lead was
followed with 49% of its total contents and Cu ltad least of about 29% of its concentration

associated with the oxidizable fraction (Table 4).
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Table 3: Exchangeable and Reducible fractions (Fe/Moxide bound) of metals in soil samples

Exchangeable metal fractions

Reducible fractions (Fe/Mn oxide bound)

Metals BD OLD BD OLD

As 0.35+0.02 ND 0.88+0.84 (1.97%) 36.07+2.21
(0.79%) (22.96%)

Cr 1.14+0.17 ND ND ND
(1.93%)

Cu 1.14+0.17 1.78+0.40 ND 30.32+5.76
(1.93%) (2.28%) (38.92%)

Ni 2.41+0.25 ND ND 1.74+0.68
(14.35%) (10.55%)

Pb 1.14+0.30 ND 8.78+3.7 26447.57+737.8
(1.24%) (9.5%) (27.00%)

Zn 3677.55+53.4 5.86+1.21 2061.19+117 103.34+2.83
(54.82%) (1.07%) (30.73%) (18.92%)

Key

ND- Not detected
BD- Bodija dumpsite,

OLD- Olukunle dumpsite
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3.7 Residual fractions in soil samples

Arsenic, Cr and Ni had larger portion of their totancentration associated with the
residual fraction in BD soil. The least concentratwas about 7 % of total Zn while Pb had 10%
of its total in this fraction. In OLD soil, Chrommu was predominantly associated with the
residual fractions. Appreciable amount of As (7484)(89%) and Pb (54%) were in the residual

fractions, notwithstanding, Zn had the least vasgsociated with this fraction (Table 4).
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Table 4: Oxidizable and Residual fractions of meta in soil samples

Oxidizable fractions

Residual fractions

Metals BD OLD BD OLD
As ND ND 43.41 34.20
(97.22%) (74.30%)
Cr ND ND 57.83 38.78
(98.06%) (100%)
Cu ND 22.64+20.6 57.83 23.17
6(29.06%) (98.06%) (29.73%)
Ni ND ND 14.39 14.75
(85.65%) (89.45%)
Pb 72.98+2.10 18942.18+81.0 9.35 52561.98
(79.11%) (19.34%) (10.14%) (53.66%)
Zn 529.87+103.57 433.51+148.58 439.51 3.40
(7.90%) (78.38%) (6.55%) (0.62%)
Key

ND- Not detected
BD- Bodija dumpsite,

OLD- Olukunle dumpsite
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4.0 DISCUSSION

The physico-chemical properties of soils charasties show that BD soil was slightly alkaline

while that of OLD was slightly acidic. An alkalirs®il may not favor metal mobility due to high

sorption of these metals in them while low pH cdiodi may enhance metal solubility and

possible movement into water column and subseqgleaching into underground water. The

chemical properties of metals in the soil and thetiention in soil solid phase are affected by pH.
Metals become soluble and available with increase¢he pH of the soil and are therefore
available for plant uptakgd9-20] The pH of these soils also falls within the optimrange for

soil nutrient availability for plant uptake accardito[21].

The organic matter content of the soils was higtoeding to[22] which is an indication that
these soils could have a great impact on the sorpif metals that are present in them. Also
organic matter is important because of its relaimm with metals most especially Copp#&ail
organic matter had been reported to be a majopsojlerty that greatly affects sorption of heavy
metal because they contain functional groups thatcapable of complexing metdg83-24]
Higher Organic matter content had been reportedodopeculiar characteristics of waste
contaminated soil25]. The high total nitrogen content in soil BD is ppably because of the
nature of the various wastes in this dumpsite whmtmprises mainly of municipal and domestic
wastes. However, Total N from OLD dumpsite is law a result of the industrial waste
deposited over a long period of time which may haweadverse effect on the soil Nitrogen.
More so thiselement is one of the limiting nutrient elememstropical soils. Soil BD could
have greater ability to hold and retain both megald nutrient elements because of its high CEC
(23.1) (cmol/kg) than OLD soil that is charactedaeith low CEC.

The high P values in soil (BD) could be attributedexcessive burning of the wastes on the
dumpsite which is a normal practice for dumpsite¢hat area. Another reason for the high P
could also be attributed to the high organic matiemtent of the soil that had been earlier
reported for this soil. In soil OLD the P contevds low. The high K content recorded for BD
Soil could be as a result of the nature of the qgareaterial. The large quantity of ashes
deposited on the soil through burning could als@ls®urce of soluble K2B]. The value of K
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recorded for soil OLD was also above the critiogdel according to 47]. Magnesium is
essential for photosynthesis in plants and itsevausoil BD is above the critical value reported
by [27] and that in OLD soil is within the critical valuésr South-Western soils in Nigeria.
Calcium content in BD soil was high while that oL@ soil was low. The texture of the soils
were sandy loam, these soil had higher sand comivamt silt and clay, reflecting the parent
material from which they were formel@8] reported thatloamy and clay textured soils as those
that have high moisture holding capacity and loaagds and sand have low moisture holding
capacity. Therefore, they could also have the patieto leach heavy metals as they will not be
able to hold them as reported [29].

The concentration of heavy metals in the experiadestil varies considerably probably because
of the source and the years of contamination. Dmeentration of As in both soils exceeded the
limit range for soils recorded for UK (20mg/kg) aBdnada (37mg/kgB[]. This could be a
problem due to the probability of plant uptakelogtmetal.

The critical permissible level for chromium in sby USEPA and Great Britain according to
[31] is 50mg/kg and only BD soil exceeded this limit lehOLD soils fall below it. This could
be as a result of the waste containing coloredtpehe bags, and discarded plastic was3@$ |
which were the major waste from BD being very cltwsa very big market in the city.

Copper a micronutrient is good for plant but higincentration can have an adverse effect on
plant growth. Its higher concentrations in OLD smluld be as a result of biodegradable waste
introducing metallic copper into the dumpsite adoog to[33]. The concentration of Nickel
was below the permissible value from USEPA. Leadcentration was extremely high in soil
OLD. This value was higher than the permissibleuggbroposed Pb value §84] and [35]
NEPCA, 2010 for agricultural soils. The reason dobé attributed to waste from the defunct

battery industries dumped at this site; howevead.ia BD soil was below this limit.

The very high concentration of Zn in BD soils (6@@fkg) could be due to the fact that the
categories of waste in this dumpsite may be higpaitutants of Zn origin. High concentration
of Zn is enough to cause phyto-toxicity in planthwsymptoms such as chlorosis, reduction in
leaf production due to wilting of plant leaves atdnted growth. Zinc from OLD soil was also
higher (300mg/kpg than the permissible level recommended by USERAough metal
concentrations from the two sampled soil do ndedisignificantly, the concentration of As, Cu
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and Pb in OLD soil were higher than those from Biilss This could be attributed to the
different waste that contain metals from variousrses being deposited on the dumpsite. While
OLD saoil is characterized with battery waste digpasixed with other industrial waste, BD soil
had domestic and municipal waste.

The potential of migration of metals in soil systdepends on the chemical form of the metals.
Chromium and Arsenic concentrations were found mastthe residual fractions in all the soill
samples. [3@&7] had reported that metals found mostly in residuadtions could be due to the
sandy nature of the soil which resulted in the ceepitation of the metals with various silicate
species consequent to their adsorption into thesrainattice. This fraction can be used as a
guide to the degree of pollution of the soil. Thealer the percentage of metals found in these
fractions, the greater the pollution that will bengrated38].There was also no detectable level
of Cr in the Fe and Mn oxide fractions. This implikat Cr in this fraction was tightly held and
its release into the soil solution will be slow aslsuch may not pose any problem of pollution

to the environment and groundwat8g]|

Most species of Cu like Cr was found in the residiegctions of BD and 100% of Cr in OLD
soil, while the same soil only had a little portisaluble of Cu associated with it. This is in
consistence with the findings ¢40&41]. They reported that Cu was found in the soil he t
residual forms. Copper usually have high affinigr brganic ligand and this may result in
complex formation which will greatly increases m®bility in soil. This may be responsible for
its associated with the Iron and Manganese oxidberreducible fractions and oxidizable form
in the organic fractions in soil OLD42&41] had also reported that Cu was the most abundant
metal in the organic matter fractions. As pH insesamore Cu are complexed with organic
matter and become unavailable. This could be thsore why very low concentration of this

metal was found in the exchangeable / acid extoéefaactions in all soils.

Nickel was present in all the fractions excepthe brganic forms. Large amount of Ni was
mostly found in the residual form in all the soipés. Earlier report by4B, 13, 44- 4bhad

indicated that Ni in its natural origin form is mbji associated primarily in soil with the residual
fractions. Although, only soil OLD was associatgth the Fe/Mn oxide fractions and this oxide

has been reported to control the mobility of Npoiluted soils according fd 1]
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The high organic matter Pb bound to BD soil cowdaktributed to the fact that Pb has a strong
affinity for organic matter and the formation of tomplexes may greatly increase the mobility
of Pb in soil as reported by2-4q9. Furthermore, the pH above 6 makes Pb to eiber
adsorbed on clay surfaces or form Pb carbonate.r@$idual form of Pb was highest in soil
OLD (53.66%), while BD was very low (10.14%). Tbbkserved result shows that most of the
Pb in this study existed in the non —residual feacof Fe-Mn oxide and organic matter than the
residual fraction. The slow release of Pb intogheironment can be a potential hazard to human
health and the environment through ingestions asethn the non-residual fraction can be

released slowly.

High percentages of Zn were not associated withrés&lual fraction like it was the case with
some of the metals reported in this study. The@agon of Zinc with the reducible fraction has
been reported earlier by several other scientist&47]. Appreciable amount of Zn in the oxide
form was recorded in soil samples BD and OLD. Thmithance of the Fe/Mn oxide bound Zn
have also been reported earlier b&48]. Zinc associated with organic matter fractiorerev
fairly small low (<9%) in all the soil samples eptdor OLD (78.38%). Metal bounded to the
organic matter are temporarily inaccessible but lsarsolubilized by chemical oxidation. The
fractions bounded to the exchangeable/acid extrkctborms were not negligible and they
followed this order: BD>OLD. Metals associated witie exchangeable fractions are however
bioavailable and mobile, while a change in the khe soils can also release this fraction into

the environment.
5.0 Summary and conclusion

The concentration of heavy metals from the variduspsite examined in this study exceeded
the normal level in soil according to [49] and UZERurthermore, all the metals have their
higher concentrations in the residual fractionschposed no problem to the ecosystem except
when the soil undergo reduction reaction whicth&s anly condition that makes them available .
Arsenic also has appreciable concentrations imgtacible form which could be released when
the soil undergoes reduction reactions while lowcemtrations were associated with the
exchangeable fractions just like Chromium. Chromiconcentrations were not detected in the
oxidizable and reducible forms. Highest Cu conin associated with the reducible fraction

was found in OLD soil while other soil types alsrorded substantial concentration in these
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fractions. However, all the soils had low concetires in the exchangeable fractions except Zn
and can be easily available for plant uptake. Laad Zinc were also associated with the

reducible fractions. This fraction (reducible) witme could also be available for plant uptake.

It is therefore paramount to desist from the habiplanting on refuse dumpsite soil, knowing
that metals in them bio accumulate and can be tagdny the plant ending up in the food chain
and finally in the human system causing serioublpro. Further policies which will prevent the
indiscriminate disposal of both industrial and nuipal wastes should be enacted. There is also
the need to test for the physiochemical paramédtduimpsite material to be used as compost that
will be applied to the soil to enhance its fernilit
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