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ABSTRACT

Seasonal studgf some potentially environmental toxic heavy metats Cr, Ni Ph
Zn, and Cuin soil wascarried outin five different vegetation zoseof Oli Camp
Kainji Lake National Parlat two different depths (D 15 cm and 15 30 cm) in the
wet and dry seass of 2011 and 2012 he vegetations alsoberliniawoodland(S1),
Terminalia macropterawoodland (S2), Burkea African/Detarium microcarpum
woodland (S3),Riparian forest (S4) andDiospyrus mespiliformigS5). The il
samples were analysed for physicochemical parameters and the mean heavy metal
contents using atomidaaption Spectrophotometryor the wetseasorof 2011at 0-
15 cm depth levelsf metal in(mg/kg) werein the order S1: Cd (10.73 200), Zn
(14.63 + 0.90)Pb (20.08 + 3.40), Ni (29.14 + 2.9@uy (34.21 + 0.00)andCr (39.39+
2.30), andS2: Cd (11.56 #.00), Ni (12.03 + 3.45), Pb (18.97 450), Cu (24.11 +
2.78);Cr (47.34+ 6.70),andZn (85.07 £1.40) The values foB3: Cd (7.17 2.45),Zn
(12.51 + 0.90), Pb (19.73 + 1.00), Ni (24.67 + 1.2Z0)(37.48+ 2.22), andCu (47.52 +
2.10);S4: Cd (8.00 #.30),Ni (10.93 + 1.00), Zn (19.44 + 2.30), Pb (19.74 + 1.00), Cu
(35.21 + 0.00)and Cr (37.96+ 3.00).In S5 the order Cd (1.95 +0.00),Cu (7.92 +
0.40), Ni (25.27 + 1.80), Pb (10.74 + 1.20Y;, (40.35+ 2.60),and Zn (211.35+4.30)
was obtainedGenerally,the heavy metal level obtaindor the subsoil (157 30 cm)
was less than the 4soil counterparin the wet season of 201IThe mean valuef
metals in the soils durintpe wet seasoaf 2011at 157 30 cm depth followthe order
of Zn > Cu> Cr > Ni > Pb> Cd forthe different vegetation zones studi&tie levels
of the metak during the dry seasonof 2011 were generally loweat theO - 15 cm and
157 30 cmdepths compared to the wet season valu€ke lowest value for the dry
season wa€d (0.74 £0.02 to 2.26 #.01);and the highest wagn (160.06x 0.56 to

323.08+ 2.10) mgkg. During thewet season of 2012 similar trend in thdevel of
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metalslike in 2011 was obtainedyith no significant differere (P < 0.05). Thesoil
samplesin the wet and dryseasos of 2011 had thephysi® - chemical parameters
values pH of 6.65 to 6.95 and 5.3 to 6.@pnductivityof 10.00 £2.50 to 101.50 £2.12
uScni®; organic matterl.79 +0.30 to 2.64 #.51 in thedifferent vegetatiorzonesat
the0- 15cm and 15 30cm depths respectivelthe ordemwassimilar forthewet and
dry seasonof 2012 atthe twodepths.The result of the sequential extraction ofi Ol
Forestsoil atthe different vegetation zones shows that, @t, Ni, Pb, Zn and Cu
existedin the fractions in order;esidual > carbonate > Ad¢nO > Exchangeable >
Organic > Water solubldractions. High abundance of the metals in the residual
fraction implies that the mdt&are of lithogenic origin ankbw mobility of the metals

in the studied sailThe average potential mobility for the metsladed is inthe order:
Cr> Cu > Zn > Pb > Ni > Cd. Thaetals generally havew mobility factor(MF). An
enrichment facto(EF) < 1.5 was obtainedtbr the metalsindicating possible crustal
materials or natural weathering processes as major source of the metals in the studied
areas.In addition, geo - accumulation index < 1.@vas obtained for the metals
indicating that the soils from thedifferent vegetation zonesf Oli Forest have
background metal concentratiorhis studyserves to create awareness e pollution
indicesof heavy metalsn Oli Forestof Kainji Lake Natioral Park and calls for the

attention ofstakeholders in the mititjan of metal pollutant as this m&rely monitored.
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CHAPTER ONE

1.0 INTRODUCTION

If there is anything on earth that seems simple and ordinary, it is the soil beneath our feet.
Other than farmergeople hardly think of it and when we dee merely view it as little

more than a place where grasggrowand earthworms crawl. Yet the soil is a complex
mixture of minerals and organic materials, built up over billions afgjeand without it life

on planetearthwould be impossible (So0i012).

However background concentration tfese organic materialsace elements, phosphorus,
series of anions and cations in soils are important due to recent interest in contamination
potential and toxic étct of these elements on humarnldlife and the environment. High
background concentratiasf trace elements, whether natural or anthropogenic, could result
in mobilization and release into surface and subsurface water and subsequent incorporation

into the food chain.

Soil factors such as organmatter, type and amount of clay, pH, and cations exchange
capacity (CEC) influence the quantity of trace elements available for mobilization and
release or sorption in a soit.is believed that many savannah soils are prone to leaching
and high risk okrosion under the prevailing tropical rain stonvigch may equally affect

the mineral nutrients in soiKainji Lake NationalPark soil is not an exceptiofhis is
confirmed by the report of Migan (1979) that nutrierévels of nitrogen and phosphorus
are low despitethe relatively high organic carbawontentreported byPullan and de Leuw
(1964) The nutrient valuedecreases regaily with depth as observed Byderius( 1974).

This studyassessd and evaluaté the variousfractions ofsome selected heauyetab
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content, physical and chemical speciatiorthe soil ofOli forest atKainji Lake National

Park(KLNP), Borgu sectqrNigeria.

1.1Game Reservein Nigeria

1.1.1The Place of Kainji Lake National Park

There are several National PamNigeria that were eablished by Decred he concept of
evolution of National Parks in Nigeria was first introduced in 1®76ugh Decree Nd6
of 1979and later followed by Decree N#6 of 1991. A total of six Nationd®aks were
established: The n at i premies National Park(Kainji Lake National Park) was
establishedn Kwara Statdy Decree N86 of 1979 Others aré€Chad Basin irBorno Yobe
State, (Decree No036 of 1991)with landmass of 2, 258 Km Gashaka Gumti iTaraba
Statewith atotal land areas of 6,731 KrnfDecree Na36 of 1®1)., Natioral Pak in Cross
River (Okavango sectiorand Oban sectioaving aland mass of 4,000 Kn{Decree NO
36 of 1991)and in 1992, Yakari Game Reserve was upgraddbecstatusof a National
Park and hereafter handed over tthe State Government &auchi Sate in 2006. Two
additional Parks, Kamuku National Patkaduna $ate,and Okomu National Park were

established by virtue of Decree 46 of 1999 (now, an Act).

One of the staitory responsibilities of th&ligeria National Park 8rvice, amongt other
functions is to preserve, enhance, protect and manage vegetation and wild animals in the
National Parks. In order to achieve these goals enumerated aletaiéunderstanding of

the physical andhe chemicalpropertiesof the soils that act as habitat to the waldimals

and vegetations becomery important

Kainji Lake National Parkvas established in 197&he Park is made up of two sectors

namely the Zugurma sectand the Borgu sectoilhe totalrangdand cover for Borgu
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sector is approximately 3,970.8&7, while that of Zugurma sectds 1,370km? (Aremuet
al., 2007).The entire Rrk lies between latitudes’ 80N and 16 23& and longitudes °3
300N and % 50 (Amusaet al., 2012. The vegetation of the Borggector is transitional
between the Sudan and Northern Guinea Savannah types, while that of the Zsgaton
is typically Northern @inea Savannah woodland (Chiltl974 DRB, 2004 Milligan,

1979)

Thevegetation of Brgu sector is differentiatdaly hydrological as well as soil factors into
five different types viz:the Isoberlinia woodland, theTerminalia macropteravoodland,
the Burkea africana/Detarium microcarpunwoodland savannalrjparian (Child, 1974)
and a distinct vegetation type of limitedize, Diospyros mespiliformigiry forest. The
ecosystentonsist of aliverse fauna resources which includien (Panthera leo L), Bush
buck (Tragelaphus scriptus pa)l Gambia mongooseMungos gambianus },. Western
hartebeest Alcelaphus buselaphus palletc. Annual rangeland soil hathe capacity to
support high primaryproductivity and accumulate significéntbelow ground organic
matter and sequester carbon, which supports climate regulation andriahctutient

cycles.

In addition, the @ River flows from the Republic of Benin through the Borgu sector into
the Niger Riverwhich breaks into pools during dry season and serves as the only source of
water for the wild animals. Long term average ahmnaiafall is between 900 and 1100 mm
(Aremuetal., 2007)with a peak inJuly - August. Rairrarelyfalls between November and
March. The aanual evapo transpirationin the study areaanges from 1400 to 1560 mm

with rainfall/evapotranspiration ratioriging from 0.64 to 0.89The nean annual relative

humidity is 53%.
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The study area is a region described by DRB (2004) as andalgricultural andis the

most importat economic activity engagingare than 75% of the active labour foioethe
community. Beside crop production, the people of the area also engage in fishing and
livestock production(Amusa et al., 2007). Increasing population and unrestrained
anthropogenic activities are impacting negatively on the rich- lniiversity of thestudy

area. llegal grazing, poachindgyushburning, farming, fishing and general encroachment
into reservedareas are human activities threatening the protection of soil, flora and fauna in

the area.

1.1.2 Soil Quality Indexand Ecological Implications

Soil qualityindex is increasingly proposed as an integrative indicator of environmental
quality (NRC, 1993), food security and economic viability (Lal, 1999). Therefoneutd
appear to be an ideal indicator of suiséble land management. Soil quality indetps to
assesshanges irthe dynamic of soil properties caused by external factors. It identifies
problem areasnd assesses differences between management systems and is valuable to
measure thesustainability of land and soil management systems nawimrthe future
(Doran 1994). Soil quality indexs used for assessing the overall soil condition and
response to management, m@silience towards natural and anthropogenic forces. Soil
guality index may be inferrefilom various soil indices derived frophysical, chemical or
biological attributes thateflect its condition and respons®oil quality is thecapacity of a
specific soil to function, within natural or managscbsystem boundaries, to sustain plant
and animal productivity, maintain or enhaneater and air quality, and suppt human

health and habitatiofKarlenet al.,1997).
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Soil quality is a dynamic interaction between various physical, chemical and biolegjiical
properties, which are influenced by many external factors such as landaose,
management, the environment and semonomic priorities.Therefore,soil quality is
considered akey element of sustainable agriculture (Warkentin, 1997) because it is
essential tosupportand sustain crap range and woodland production and hetps
maintain othernatural resourcessuch as water, air and wildlife habitdtherefore an
integrated soifuality index based on the weighted contribution of individual soil property
to maintainthe soil quality may servas abetter indicator of soil quigy for different land
uses. Soitexture drainage conditionandslopeaspect are not well correlated with climatic
parameters, but vary with land uses and control soil organic carbon (SOC) fate (Aewasthi
al., 2005; Taret al., 2004).Howeverijt is rdated largely to vegetation aridpographical

features (Franz Meiesat al,, 1985).

1.2 Statement of Problem

Rangelands arealuable natural resources that provide forage for livestock as well as
wildlife habitat and recreational opportunities. It regulates the quantity and quality of water
for the surrounding watersheds. Rangeland soil contributes to water quality by
immobilizing and transforming nutrients and contaminants, arsdhac groundwater filter.

It has been identified bylalan andvan Niekerk (2005)that rangeland soil degradation can

be caused by overgrazing, drought, improper recreational use, anduaitm@pogenic and
natural stress. lofmation about the Kainji Lake Nationglark (Oli Forest soil is

important for the protection of theeaturalresources.
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Degradation of this served area can negatively impabe surrounding watersheds
through soilerosion and desertification. Théee, thereis an urgent need fonatural
resource conservators this park and others across thation to periodically accesshe

soil statusof the rangeénd. Development of data collection systems and ecological
assessment methods are required to evaluate and monitor these resources (National

Research Council, 1994).

Livestock overgrazing, climate changedacertain types of land use couldcd to a decline

in rangeland condition. Arid and sefaiid ecosystems are especially prone to degradation
due to climaticconditions. Anderson and Hol{@981) had observed th#te time scales

and vegetatlynamics associated with the recovery process is not fully undérstothese
ecosystemsAkinyemi (2007) had reported that this semi arid zone is prone to leaching and
high risk of erosion under the prevailing tropical rain storms and agricultural practices.
Depletion of soil organic matteKédeba, 1978 and Akyemi, 2003 and low nutrent
throughout the region dumainly to environmental conditions and cultural practices have
been reported.Therefore this studyis carried outo assesshe physical selected heavy
metalsandthe organic fractions othe soil in Oli Camp range landt Kainji Lake National

ParkBorgu Sector in Nigeria.

1.3. Justification

In general, alteration in soil structure and nutrient levels affect tlablisbiment, growth

and survival of plantspecies and in turfead to a change in woodlrstructure and
composition. Akityemi (2007) have reported the strong relationship between soil, plants,

fauna composition and density some ecosystenthusthe bio- diversity of the park is
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highly dependent on the soil properti€Snce plants whichserve as producers greatly

depend on the seithus assisting in maintain the food chais.a resultthis studybecome

imperative as it willpresent an update on the seasonal variation irphggicalproperties,

total elemental compositiorspeciationstudy of some tracametalsin the soils and the

organic fractions

1.4Aim

The studyaim at assesmg the soil physicochemicabnd chemicakpeciation of selected

metalsstatus ofOli forest soilsKainji Lake National Park.

1.50bjectives of theStudy

The specific objetives towards achieving the aame to:

Classify thesoils of oli forestinto differentvegetatiorzones;

Determine thehysical propertiesf the soils of the different vegetation zones as a
function of season;

Determine levelof the selectedmetals present in soil of the various vegetation
zonesas function of season

Carry out peciation study obome tracanetals in soil of the various vegetation
zones

Use soilenrichment factor andeg-accumulation indx to assess thgollution level

of the soilsof Oli forestat the different vegetation zones
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Rangeland Soil Quality

Rangeland plag/important roles in determining the so@oonomic condition of rural
people (HMGPN/NPC, 1993T.hestudy arealoesnot only support a large numbefrpant
and animal species, ialso provids a livelihood for Borgu peopleWell managed
rangelands have diversified grass species and higlweying capacity (Hermanand
Vereiujkan, 1995). Use of rangeland for enhan@ngnal production is viewed as a means
of improving the quality of rural life (UNEP, 1979)ivestock overgrazing minimizethe

availability of forage to wildlife leading toedjradation of grazing land (Kunwar, 2003).

2.11. Soil aggregate stability

Soil forms the basis for all vegetation growth and plays a key role imttological,

carbon and nutrient cycles of ecosystemseflLal, 2007). Soil organienatter(SOM) has

been adapted as an indicator of soil fertility based on the rationale tbamtributes
significantly to soil physical, chemicalnd biological propertieshat affectvital ecosystem
processes of rangelands (Hopmanal, 2005).

Soil aggregate stality (SAS)is widely recognized as a key indicator of soil aadgeland
health (Herricket al, 2001). It is related to a humber of ecosystem propegiiesesses,
and functions, includinghe quantity and composition ofie organic mattersoil biotic

activity, infiltration capacity, and resistance to erosion. Soil aggregationptizstial

benefits on soil moisture status, natri dynamicsanderosion reduction (Sainj2006).
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Soil aggregate stability is a good indicator of organic matter contengt(kil, 2007),
biological activityand nutrient cycling in the soil (Amezkef#99). The amourdf organic
matter increases after the decomposition of litter and dead roots. &tgjoegates result
from this process because soil biota produces material that padEles together
(Shresthaet al, 2007). Changes in aggregate stability may serveaaly indicators of

recovery or degradation of ecosystems (AmezKeia9).

The sability of aggregates is affected by soil texture, the predominant type of clay,
extractable irorand extractable cations (kt al, 2007), the amount and types of organic
matter present, and type and size of the microbial population (Caravema 20(2).
Calcium ions associated with clay generally promote aggregation, whereas sodium
promotes dispersion. Soils that have a high content of organic matter have aggedgate
stability, primarily after decomposition begins and microorganisms haeelucel
chemical breakdown products (Shresthal, 2007). Any practice that leads &odecrease
in soil organic matter tends to decrease the water stability of aggregatesall,uL998).
Disturbance of the soil siace by grazing animals hagneficial andletrimental effects on
aggregate stability. It incorporates litter and standing desgktation into the saill,
increasing the content of organic matter. It also breaks thesait, exposing the organic
matter glues to degradation and loss by erosi@rg¥aceet al., 2002). Over-grazingthat
significantly reduces plant production disrupts filmenation of aggregates by reducing the
inputs of organic matter. Grazing is more likety increase aggregate stability in areas
where an unusually large amouritstanding deadnaterial is on the soil surfacend the
risk of erosion is not increased by removal of plaraterial and disturbance of the soill

surface (Shresthet al, 2007).
31



2.2 Factors Affecting Metal Mobility in Soils

Soil is the main source dface elements for plantsoth as micronutrients and pollutants.
Some exceptions are in situations of heavy atmospheric deposition of pollutants or from
flooding by contaminated waters (Kab#&andias, 2004 Soil conditions play a crucial role

in trace element behaviour. Several factors control the processes of mobility and
availability of elements irthe soil. These includepH, electrical conductivity, and soil

texture.

2.2.1Effect of pH on metal mobility in soils

pH is generally acknowledged to be the principal factor governing concentration of soluble
and plant available metals (Bralliet al, 1996). Several studies have shown that mobility
of heavy metals is pH dependent (Iwegleti@l, 2006;GonzalezFernanez et al., 1982).

Metal solubility tends to increase at lower pH (Tills and Alloway, 1983; Géiaiagaya,

1984; Ram and Verloo, 1985; Sancitgamazanoet al, 1994; Chuanet al, 1996;
Thornton, 1996). Spent luleating oil in soils as statedy Vwioko et al, (2006 and
Achubaet al, (2008 depresgH. According to lwegbuet al,( 2006 soil pH serves aa

useful index of availability of nutrients, the potency of toxic substances present in the soil
and the physical properities of the sdil. the study of heavy metals in soil profiles of
automobile mecinics waste dumps in Nigeridwegbueet al, 2006)recorded a pH range

of 4.807.06, thestated values ithe study sites indicated a generally high tendency for
high availability of these metals hence, this is a natural mechdarsimcreasing the risk

of, metaluptakeby plants

The importance of pH in the solubility of metals has been demonstrated irrausme
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laboratory studies. For example, Tyler (1987) predicted from leaelipgrimenthat, at a

pH of 4.2, 70- 200 years would elapse be#al0% of the Pb in an orgarhiorizonA would
have leached out of the spicompared tol7 - 20 years at pH 2.8The corresponding
figures for Cd were reported as @0 years and 1.31.7 yeargespectively. Xiong and Lu
(1993) observed that the solubility of Zn in soil decreasedf@dor each unit increase in
pH.

An important aspect of the effect of pH on alenobility is the buffering capacity of soils
for acidity. (Helios 1 Rybicka et al, 1994) reported that a high carbonate content of
smelteri impacted soils enhanced the soils buffering capaaitiythat, as a consequence of
constant and elevated plhe highconcentrations of metals spils woud not be rapidly
leached.(Young et al, 1993) found that the ability of clay soils to retain metals as pH
decreases was directly dependent on the initial soil pH and on the baiifering
capacities.

(Riewverts et al, 1998) asserted thabsorption of metals may become significant at
approximately pH & for Pb and Cu and around pH6% for Zn and Cd. However,
absorption of Cd has been observed at pH values of 3.7 and 4. Precipitation of insoluble
solids appears to become important at approximately pHfér Pb, Zn, Cd and Cu. In
theory, at pH values around 6 or Very little metal is likely to be found in solution.

Salinity and especiallalkalinity can cause major impacts on plant production. Extreme
values of soil pH, whiclaffect the solubility of most of the elements necessary for plant
growth, is an insidiouproblem in some regions. Soil pH affects the solubility of nutrients
and uptake by plantRezaei and Gilkes 2005). Soil pH often affectsnpleommunity

composition becausplants differ in nutrient requirements and soil acidity or basicity
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tolerance. Soil pH isnfluenced by elevation because soil parent materials of higher pH

occur at the loweelevation (Laughlin and Abell2007).

2.2.2 Electrical conductivity and soil metal ions content

Electrical conductivity (EC) is influenced by salinity, water content, bulk derasity
texture, andhese aramportant properties related to the quality of soils (Corefral.,
2003). It has been reported th&alinity andalkalinity are ofmajor influence on plant
production including the yield of rangelands (Rezaei and Gilk&905). Soil electrical
conductivity is influenced among other factors by salinity, water content, clayntamie
organic matter. The predominant mechanism causing the accumulation of salta$ loss
water through evapo - transpiration, leavinghe everincreasing concentrations of salts in

theremaining water (Corwin and Les@005).

Salinity is a dynamicsoil property, andvaries temporally and spatially with depaimd
acrosdandscape. Salinity varies primarily due to the process of leaakitigtopographic
effects contributing to this variation (Corwet al. 2003). Surfacdopography plays a
significant role in influencing spatial EC variation. The differencecation exchange
capacity ofsoils is influenced by organicarbon and clay content. The cation exchange
capacityvaluesindicate the capacity of soil to retain nutrient cations against legchi

(Ludwig et al, 2001).

2.2.3. Soil Texture and Soil Metal ion Solubility
The influence of soil texture othe solubility of metal in soils is best expressduy

assessinghe division of soils into clay, silt and sand fractions. These terms are in turn
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defined by particle size fractions of the soil with respeathassifications of <2 um, 250

pm and > 50 pnfQianet al, 1996).

The strong affinity of Pb and other metasclay fraction is demonstrated by the ranking,

in terms of absorptigrelay >silt > sand (Anderson, 1979). Erikss(®89) found that for a

given total Cd concentration, Cd was more soluble and plant available in sandy soil than in
clay soil. In anothestudy the extractability of Pb, Zn, Cd and Cu by ammonium acetate

was always lower in loamy soils than in sand soils (Scehat, 1983).

Qian et al, (1996) studied soil texture irelation to extractable (0.1MIClI and DTPA)
corcentrations of Pb an@u stating that mtals were genergllenriched in the clay fraction,
whilst relatively large amounts of available Cu and Pb were recorded in the fine sand
fraction, available Pb were also high in the clay fraction. Accumulation of metal in the clay
fraction was attributedo the high surface area forsmption and tdhe presence of clay
minerals, organic matteFeMn oxides and sulphides.

Metals are probably adsorbed on clay minerals or are occluded in the clay(Qiticet

al., 1996) The suscdpbility of Pb to extraction from the clay fraction was attributed to a
high propotion of the metal in adsorbedri, which is easily extracted compared to that
present in the crystal lattice. A high degree of extractability was also observed in sand
fractions of the sojlthis was attributed to the low binding strength of these fractions.

Soil texture isalsoa fundamental property whidargely determines the water balance and
the potential biomass carbon productiand in turn carbon input and stabilization. Soil
moisturecontentis detemined by soil texture, which magfluence the composition of the
plant community (Laughlin and Abe|la007). Soil texture also hagpeedominaneffect on

biomass production anait organic carbon in rangeland soils (Scholes and Ardg€7).

35



There is a positive relation between texture and soil organic caildos. could be
attributed to the stabilization of organic compounds by clay particleshenohfluence of
texture on he water availability for biological activities (Noellemeyet al., 2006).
Standing biomasis lower in soils dominated bsand ad not significantly different fosilt

and clay dominated soils (Laughlin and Abglf07).

Plant cover changand oftsite removal of biomassould decrease organic mattarsoil,
deterioratingimportant soil physical panaeters and consequently increasswl erosion

(Li et al, 2007). The soils that are dominated by sand class are highly limited in nutrient
and water retention. Soil productivity is reduced also by the large proportion of gravel and

stones in the soil due to the limited root growth (Saktkal., 2006).

2.3 Soil Nutrient Dynamics

2.3.1. Organic matter content and soil metal mobility

Soil organic matter is comprised of hignsubstances or humus, and #amic substances.

The humus comprises of humiulvic acids and huminghese are the fraction of soil
organic matter which has been extensively decomposed and is resistant to further alteration
(Foth, 1978). Organic matter accumulates at the soil surface, mainly as a result of
decomposing plant materialsThoughthe organic matter content of soils isesftsmé
compared to that of clayorganic fraction has a significant influence on metal binding

(Zimdahl and Skogerboe, 1977).

The mechanisms involved in the retention of metals by organic matter appear to include

bothcomplexation and adsorption. Thatinner sphere reactions may take place as well as
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ion exchanges (Evand,989). This is reflected in reportdescribing theinteractions
between metals and organic matter in terms of ion exchange (Singh and Sekhon, 1977,
Elliott et al, 1986) in termsof complexation (Zimdahl and Skogerboe, 1977; Jones and

Jarvis, 1981Elliot et al, 1986).

Several studies have investigated the infleent soil organic matteon plant uptake of
metals.Inferring thatorganic matter content showed no correlativith Pb uptake (John,
1972),showedpositive association with Zn uptake (MacLean, 1976; Maatial, 1982)

and negative associatiamth Cd uptake (Maclean, 1976; Stresttal, 1977). Miller and
Friedland(1994) reported an association between the moveaidttt down the soil profile

and the organic matter content of forest soils. Some of the solid piygsec matter othe

soils appeared to be mobile and a significant quantity of Pb appears to be transported

through soilsalongwith the organic matter.

Most petroleum componendése generally nonionic and therefore, associate more readily
with the organic than witithe mineral particles irthe soil (Testa and Winegardner, 1991).
According to Fezynski et al, (2000), soil organic matter may sorb toxins, thereby,
reducing their bioavailability. This was concludeoim the studyon the effects of oil spill

and cleansip on dominant US Gulf coast marsh marophtes.

There is a positive relanship between soil organic carbon and the capacity afahdo
supply essential plant nutrientscluding nitrogen, phosphorund potassiunjRezaei and
Gilkes, 2005). Soil nitrogercontent follows soil carbon content gnassland soils (Conant

and Paustial 1998). The relationship between organic carbonlandscape attributes, to
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positive relationship between organic carbon and nutetarhents Existence oforganic
carbonservesas a reliable and sensitive indicafor rangeland health (Rezaand Gilkes

2005).

Soil under rangeland managemeiat containhigh level of organi@ll (Lu et al.,1998).In
addition, Li et al, (2007) reportedhat soil organic carbon plays an important role in
improving soil physical, chemical, amiblogical propeties for sustained plant growth. The
soil carbon balance is maintained jpant litter inputs, which enter the soil as particulate

organic carbon.

Rangelandsustainability is related to soil carbon and nutrient balance and the capability to
maintainadequate soil conditions for water availability and root development (Noellemeyer
et al, 2006).The soil under shade such as tree coverage community accumulates more soll
organic carbon due to the influence of tree canopy on the soil temperature regeme. T
different carbon dynamics aes aresult of a high proportion of woody debris under shade
and different removal rates of aboveground biomass by grazing in the open communities

(Simionet al, 2003).

Changes in soil carbon can occur in response toide wange of management and
environmental factors (Schuman al, 2002). Grazing management provides enough time
between occupation periods and in turn stimulates growthhefbaceous species and
improves nutrient cycling in grassland ecosystems (Schwahah 2002). Disturbance of
rangelands has a negative impact on soil structural properties and water holding capacity,

these areelated to losses of soil organic carbon poolsflal, 2007). Deterioration isoil
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structural properties decreases gaiiltration and water retention and accelerasesl

erosion.

2.32 The role of phosphorusin soil nutrient dynamics

Phosphorusis an essential macronutrient because of the relatively kamgsunts of it
required by plantandit is also essential to living organisihosphorus is one of the three
nutrients generally added to soils in fertilizers. One of the main rol€ho$phorusn

living organisms is in the transfer of energy. Organic compounds that c#&ttagphorus

are sed to transfer energy from one reaction to drive another within cells. Adequate
availability for plants stimulates early plant growth and hastens maturity. Although
Phosphoruss essential for plant growth, mismanagement of Bbibsphorusan pose a
threat to watemuality. The concentration éthosphoruss usually sufficiently low in fresh
water so that algae growth is limited. When lakes and rivers are polluteého8phorus
excessive growth of algae often results. High levels of algae reduce Veaityraod could

lead to decrease issolved oxygen as the algae decays] suchconditioncan be very
detrimental to game fish populations.

Phasphorus does not occur by itself in nature, it is always combined with other elements to
form many differenphosphates, some of which are very compRisasphoruss receiving

more attention as a naenewable resource (Corde#tal., 2009; Gilbert, 2009) One
unique characteristic of P is its low availability due to slow diffusion and highidixan

soils.All of this impliesthat itcan be a major limiting factor for plant growth

In soils P may exist in many different forms. In practical terms, hetef in soils is

thought toexistin threepools solution P, active P and fixed P
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The solutionP poolis very small and will usually edain only a fraction of a kilogramme

per ace. The phosphorous in solutianll usually be in theorthophosphate form, but small
amounts of organic P may exist as well. Plants will only take up P in the orthopteospha
form. The solution P pool is important because it is the pool from which plants take up P
and is the only pool that has any measurable mobility. Most of the P taken up by a crop
during a growing season will probably have moved only an inch or lesgythtbe soil to

the roots. A growing crop would quickly deplete the P in the soluble R iptiué pool was

not being continuously replenished.

The active P poolis P in the solid phase which is relatively easily released to the soll
solution, the water surrounding soil particles. As plants take up phosphate, the
concentration of phosphate in solution is decreased and some phosphate from the active P
pool is releaed. Because the solution P pool is very small, the active P pool is the main
source of available P for crops. The ability of the active P pool to replenish the soil solution

P pool in a soil is what makes a soil fertile with respect to phosphate. Aofdarel may

contain several kilogramm® a few humdred kilogrammeof P in the active P pool. The

active P pool will contain inorganiphosphate that edsorbedo small particles ithe soil

and thereaftereactswith elements such as calcium aluminium to form somewht

soluble solids, and organic phosphiduat is easily mineralized.

Adsorbed phosphate ions are held on active sites on the surfaces of soil particles. The
amount of phosphate adsorbed by soil increases as the amount of phosphate in solution
increases and vice versa. Soil particlesaareither as a source or a reserabphosphate

to the surrounding water depending e conditions. Soil particles with low levels of
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adsorbed P that are eroded into a body of water with relatively high levels of dissolved

phosphate may adsorb phosphate from the water, and vice versa.

The fixed P poolof phosphate will contain inorganic phosphate compounds that are very
insoluble and organic compounds that are resistant to mineralization by microorganisms in
the soil. Phosphate in this pool may remain in soils for years without beingavaitkble

to plants and may have very little impact on the fertilityhefsolil.

The inorganic phosphate compounds in this fixed P pool are more crystalline in their
structure and less soluble thénose compounds considered#oin the active P podkome
slow conversion between the fixed P pool and thiee® pool does occur in soil&ilbert,

2009).

2.4. Soil Chemistry in Relation to the Potential Risks of Heavy M etals

Many heavy metals act as lmgical poisons even at parnper billion (ppb) levels. The
toxic elements accumulated in organic matter in soils are taken gyowing plants (Dara,
1993). Metals are not toxic ihe condensed free elements but are dangerous in the form of
cations and when bonded to short chainsasbon atoms (Bairds, 1995). Many metals with
important commerclauses are toxic and hence usnable for indiscriminate release into

the environment (Bunce, 1990).

The uncontrolled input of heavy metals in soils is undesirbleleause once accumuldite

the soil, the metals are generally very difficult to remove (Setithl, 1996). Sibsequent
problems may be toxicity to the plant growing on the contaminated soils and uptake by the
plants resulting in high metal levels in plant tissues. Generally, at the biochemical levels,

the toxic effects caused by excess concentrations of heaaysimeliving tissuesinclude
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competition for sites with essential metabolites, replacement of essential ions, reactions
with 1 SH groups, damage to cell membrances and reactions with the phosphate groups
(Alloway and Ayres, 1997). KabatBendias(2004) cowrluded that the excess of these

metals in soils is a stronger stress to plants than their deficiency.

Toxic effects of metals suds cadmium, lead, mercury asd onto man and wild life are

well known. This category of metals is not required by mamen small amounts (Tyler,

1981 and Borgmann, 1983jlowever, metals such as copper amlc are classified as
essential to life due to their involvement in certain physiological processes. Elevated levels
of these metals have however been found to kie {&pear, 1981). The presence of toxic
heavy metals in the environment continues to generate a lot of concern to enviednmen
scientists, government agencies and health practitioners. This is due to the health
implications of their presence since thag non essential metalthat arenot required for

any function either by plants or animals (Greenland and Hayes, 1981), hence they are

usually monitored for health purposes.

The most common heavy mefalnd at contaminated sites, in order of abundance are Pb,
Cr, As, Zn, Cd, Cu, and HQJSEPA, 1996) These metals are important since they are
capable of decreasing crop production due to the risk of -beccumulation and
biomagnifiation in the food cha. There isalso the risk of superficial and groundwater
contamination. Knowledge of the basic chemisegyironmentaland associated health
effects of these heavy metals is necessary in understandaig Sibeciation, bio-
availabilityand remedial ojtns.

The fate and transport of a heavy metal in soil depends significantly on the chemical form
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and speciation of the metal. Once in the soil, heavy metals are adsorbed by initial fast
reactions (minutes, hours), followed by slow adsorption reactidags, years) and are,
therefore, redistributed into different chemical forms with varying biavailability,
mobility, and toxicity (Shiowatanaet al., 2001 and Buekers, 2007)This distribution is
believed to be controlled by reactions of heavy metalssoils such as(i) mineral
precipitation and dissolution, (ii) ion exchangelsorption and desorptiofii) aqueous
complexation, (iv) biological immobilization and mobilization, and (v) plant uptakey

et al., 1992)

2.5. Some Heay Metals of Environmental Concern

2.51. Lead

Lead is a metal belonging tor@p X1V and period 6 of the Periodicable with atomic
number 82, atomic mass 207.2, density 14cm 2 melting point 327.4°Gind boiling
point 1725°C. It is anaturally occurring, bluisigrey metal usually found as a mineral
combined with otherlements, such as sulphur as iPH§S, PbSg) or oxygenas in
(PbCQ) and ranges from 10to 38g1 kg i n t he e ®SDHHAS) $999Typical t
mean Pb concentratidor surface soils worldwide averagesi3fgi kg' ‘and ranges from

10 to 671 mg'l kg ‘(Kabata and Pendias, 2001)

Lead ranks fifth behind Fe, Cu, And Zn in industrial production of metals. About half of
the Pb used in the U.S. applied ttte manufacture foPb storage batteries. Other uses
include solders, bearings, cable covasymunition, plumbing, pigmentand caulking.

Metals commonly alloyed with Pb afsmtimony (in storage batteries); Calcium and Tin
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maintenancefree storage batteries)jh\&r (for solder and anodesytrontium and i (as
anodesin electrowinning processes); éllurium (pipe and sheet in chemical inttions
and nucleashielding); Tin (solders), and Antimony anthTsleeve bearings, priing, and

high-detail castings(Manahan, 2003)

lonic lead, Pb(ll), lead oxides and hydroxides, and-leatal oxyanion complexes are the
general forms of Pb that are released into the soil, groundwater, and surface waters. The
most stable forms of lead are Pb(ll) and Hagdroxy ®mplexes. Lead(ll) is the most
common and reactive form of Pb, forming mononuclear and polynuclear oxides and
hydroxides (GWRTAC, 1997) The predominant insoluble Pb compounds are lead
phosphates, lead carbonates (fedwhen thepH is aboves) and lead hydxides( Raskin

and Ensley, 2000 Leadsulphide(PbS) is the most stable solid form within the soil matrix

and forms under reducing conditions, when increased concentratiosslpbfde are
present. Under anaerobic conditions a volatile organolead (tetramethyl lead) can be formed
due to microbial alkylatiofGWRTAC, 1997)

Lead(ll) conpounds are predominantly ioniwhereas Pb(IV) congunds tend to be
covalent (for exampléetraethyl lead, Pb((Els),). Some PQV) compounds, such as PhO

are strong oxidants. Lead forms several basic salts, such as R{2@BOQ, which was

once the most widely used white paint pigment and the source of considerable clagbnic le
poisoning tochildren who eapeeling from white paint. Many compounds of Pb(ll) and a

few Pb(IV) compounds are useful. The twmst common of these are |¢Ad oxide and

lead sulphate, which are participants in the reversible reaction that occurs during the charge

and discharge of lead storage battery.
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In addition to the inorganic compounds of lead, there are a number of organolead
compounds such as tetraethyl lead. The toxicities and environmental effects of organolead
compounds are particularly noteworthy becaudethe former widespread use and
distribution of tetraethyllead as a gasoline additive. Althougbre than 1000 organolead
compounds have been synthesized, those of commercial and toxicological importance are
largely limited to the alkyl (methyl and ethyeadcompounds and their salts (for example

dimethyldiethyllead, trimethylleadldoride and diethyllead dichloride).

Inhalation and ingestioare the tw routes of exposuref toxic metalsand the effects from

both are the same. Pb acauates in thebody organs such as braithis may lead to
poisoning (plumbism) or even death. Tdeestrointestinal tract, kidneysd central nervous
system are also affected by the presence of lead. Children exposed to lead are at risk for
impaired development, lowerQl shortend attention span, hyperactivitgnd mental
deterioration, with children under the age of six being at a more substantial risk. Adults
usually experience decreased reaction time, loss of memory, nausea, insonmeaano

and weakness of the jagwhen exposed to leddSC, 2009)

Lead is not an essential element. It is well known to be toxic and its effects have been more
extensively reviewed than the effects of other trace metals. Lead can cause serious injury to
the brain,nervous system, deblood cellsand kidneys(Baldwin and Marshall, 1999)
Exposure to lead can result in a wide range of biological effects depending on the level and
duration of exposure. Various effects occur over a broad range of doses, with the
developing young and infigs being more sensitive than adults. Lpatoning, which is so

severeto cause evident illness, is now very rare. Lead performs no known essential
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function in the human body, it can merely do harm after uptake from food, air, or water.
Lead is gparticdarly dangerous elememas it can accumulate in individual organisms, but
also in entire food chains.

The most serious source of exposure to soil lead is through direct ingestion (eating) of
contaminated soil or dust. In general, planbsndt absorb oaccumulate lead, however,

soil testindicateshigh level of leadin soil. Studies have shown that lead does not readily
accumulate in the fruiting parts ekgetable and fruit crops (for exampiern, beans,
squash, tomatoes, strawberreesd apples). Higér concentrations are more likely to be
found in leafy vegetables (elgttuce) and onhe surface of root crops (egarrots). Since
plants do not take up large quantities of soil lead, the lead levels in soil considered safe for
plants will be much higer than soil lead levels where eating of soil is a concern (pica).
Generally, it has been considered safe to use garden produce grown in soilsaividadbt
levels less than 300mg/kg The risk of lead poisoning through the food chain increases as
the il lead level rises above this concentrationeit at soil levels above 300g/kg most

of the risk is from lead contaminated soil or dust deposits on the plants rather than from

uptake of lead by the pla(Rosen, 2002)

25.2. Chromium

Chromium is a firstow transition metal of @up VI in the Reriodic Table with the
following properties: atomic number 24, atomic mass 52, densityl g'16m 3 melting
point 1875°C, and boiling point 2665C. It is one of the less common elements does
not occur naturally in elemental form, but only in compounds. Chromium is mined as a

primary ore product in the form of the mineral chromite, RF&crMajor sources of €
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contamination include releaskom electroplating processes and thespdsal of Cr
containing wastesSmithet al, 1995) Chromium(VI) is the form of Cr commonly found at
contaminated sites. Gbmium can also occur in the €&Xidation state, depending on pH
and redox conditions. Chromium(V1) is the dominant form of Cr in shallow aquifers where
aerobic conditions exist. Chromium(VI) can be reduced to Cr(lll) by soil organic matter,
S 'and Fé" ions under anaerobic conditiooften encountered in deeper groundwater.

Major Cr(VI) species include chromate (GfF) and dichromate (G®:'2) which
precipitate readily in the presence of metal cations (especiaffy, B&*, and Ag).
Chromate and dichromate also adsorb on soifases, especially iron and aluminum
oxides. Chromiun(lll) is the dominant form of Cr at low pH (4). CP#* forms solution
complexes with Nil OH', CI', F, CN', SQy1 2 "and soluble organic ligands. Chromium
(V1) is the more toxic form of chromium and is also more molebility of Chromium

(1N is decreased by adsorption to clays and oxide minerals below pH 5 and low solubility
above pH 5due to the formation of Cr(OHl)(Chrostowskiet al., 1991) Chromium
mobility depends on sorption characteristics of the slail, content, iron oxide conteand

the amount of organic matter present. Chromium can be transported by surface runoff to
surface waters in its soluble or precipitated form. Soluble amrddsorbed chromium
complexes can leach from soil into groundwater. The leachability ¢¥/Frincreases as

soil pH increases. Mo<Er released into natural waters is particle associated, however, and
is ultimately deposited into the sedimg8mithet al, 1995) Chromium is associated with

allergic dermatitis in humar{($cragg, 2006
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2.5.3. Arsenic

Arsenic is a metalloid in Bup XV and period 4 of the Periodiclble It occurs in a wide
variety of minerals, mainly as AS; and can be recovered from processing of ores
containing mostly Cu, Pb, Zn, Ag and Au. It is also present in ashes from coal combustion.
Arsenic has the following properties: atomic number 33, atomic mass 75, density
5.721 gl cm' 2 melting point 817°C, anddiling point 613°C, and exhibits fairly complex
chemistry It is present in several oxd at i on st at €Ssithetlall, 1995) I0 , (I
aerobic environments, sV) is dominant, usually in the form of arsenate (A$®) in

various protonatiostates: HAsO,, HoAsOg'l ', HASOy'l 2 Tand AsQ'l 3!

Arsenate and other anionic forms of arsenic behave as chelates and can precipitate when
metal cations are presefBodek et al, 1988) Metal arsenate complexes are stable only
under certain conditionsArseniqV) can also ceprecipitate with or adsorb onto iron
oxyhydroxides under acidic and moderately reducing conditionspr&upitates are
immobile under these conditions, but arsenic mobility increases as pH incf8astset

al., 1995) Under reduing conditions As(lll) dominates, existing as arsémdAsQy'l 3,

and its protonated formss®sOs, H,AsOs'l ' and HAsQ' 2 °

Arsende canabsorbor coprecipitate with metal sulphidend ha a high affinity for other
sulphur compounds. Elemental arsenic adine, AsH, may be present under extreme
reducing conditions. Biotransformation (via methylation) of arsenic creates methylated
derivatives of arsine, such as dimethyl arsine HAs§&ldnd trimethylarsine As(Cik
which are highly volatile. Since arsens often present in anionic form, it does not form
complexes with simple anions such a$ @hd SQ12" Arsenic speciation also includes

organometallic forms such as methylarsinic acid {@H0O,H, and dimethylarsinic acid
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(CHg3)2AsOH. Many As compounds adsorb strongly to soils and are therefore transported
only over short distances in groundwater and surface water. Arsenic is associated with skin

damage, increased risk of cancer, and problems with circulatory s{Steagg, 2006)

25.4. Zinc

Zinc is a transition metal with the following characteristitss a member of Period 4,
Group Il with an atomic number 30, atomic mass 65.4, density 'Tdl4cm ¥ melting

point 419.5°Cand boiling point 906°CZinc occurs naturally in soigbout 70 mg' kg' fin

crustal rocks(Davis and Jones, 1988but Zn concentrationsises unnaturally, due to
anthropogenic additions. Most Zudded to soil occurduring industrial activities, such as
mining, coal, and waste combustion and steel processing. Many foodstuffs contain certain
concentrations of Zn. Drinking water also contains certain amounts of Zn, which may be
higher when it is stored in metal tanksdustrial sources or toxic waste sites may cause the
concentrations of Zn in drinking water to reach levels that can cause health problems. Zinc

is a trace element thes essential for human health shortagean cause birth defects.

The wor fkoduétien isZstill orpthe rise which means that more and more Zn ends up

in the environment. Pollution of water bodiesvith Zn, result from presence of large
guantitiesof Zn in wastewater of industrial plants. Thensequence is that Aolluted
sludgeis contnually being deposited by rivémanks. Zinc may also increase the acidity of
waters. Some fish can accumulate Zn in their bodies, when they live-Gordaminated
waterways. When Zn enters the bodies of these thgy, areable to biomagnifyZn up in

the food chain. Plants often have a Zn uptake that their systems cannot handle, due to the

accumulation of Zn in soils. Finally, Zn can interrupt the activity in soils, as it negatively
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influences the activity of microorganisms and earthworms, thasdieg the breakdown of

organic matte(Greany, 2005)

2.55. Cadmium

Cadmium is located at the end of the second rowhetransition elements with atomic

number 48, atomic weight 112.4, density 8.8 cm' ° melting point 320.9°@nd boiling

point 765°C. Together with Hg and Pb, Cd is one ofttigethreeheavy metal poisons and

is not known for any essential biological function. In its comsurCd occurs as the
divalent ion. Cadmium is directly below Zn in the periodic tabled dmas a chemical
similarity to that of Zn, an essential micronutrient for plants and animhis.nfay account

in part for c¢admi unabd essentialtrace dlemagnt, its lsubstitatiorsby Z n

Cd may cause the malfunctioning of metabolic prees&ampbell, 2006)

The most significant use of Cd is in Ni/Cd batteries, as rechargeable or secondary power
sources exhibiting high output, long life, low maintenance, and high tolerance to physical
and electrical stress. Cadmium coatings provide gomdosion resistance coating to
vessels and other vehicles, particularly in hififess environments such as marine and
aerospace. Other uses of cadmium pigments, stabilizers for polyvinyl chloride (PVC),

in alloys and electronic compounds. Cadmiwsmalso present as an impurity in several
products, including phosphate fertilizers, detergents and refined petroleum products. In
addition, acid rain and the resulting acidification of soils and surface waters have increased
the geochemical mobility of Cdind as a result its surfaseater concentrations tend to

increase as lake water pH decreagéampbell, 2006) Cadmium is produced as an
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inevitableby-productof Zn and occasionally lead refining. The application of agricultural
inputssuch adertilizers, pesticideand biosolids (sewage sludge), the disposal of industrial
wastes or the deposition ohabspheric contaminants incredake toal concentration of Cd

in soils. The bioavailaldity of Cd determines whether plant Cd uptake occurs to a
significant degregWeggler et al., 2004) Cadmium is very bigersistent but has few
toxicological properties and, once absorbed by an organism, remains resident for many
years.

Since 1970s, there has been sustained interest in possible exposure afshtan@d
through their food chain, for example, through the consumption of certain species of
shellfish or vegetables. Concernsgarding this latter route (agricultural crops) led to
research on the possible consequences of applying sewage sludgeh(kQid-solids) to

soils used for crops meant for human consumption, or of using cademtcned
phosphate fertilizeCampbell, 2006) This study led to the stipulation othe highest
permissible concentrations for a number of food c{dpdaughlinet al.,2000)

Cadmium in the body is known to affect several enzymes. It is believed that the renal
damage that results in proteinuria is the result of Cd adversely affecting enzymes
responsible for reabsorption of proteins in kidney tubules. Cadmiumrethaes the
activity of deltaaminolewlinic acid synthetase, arylsulgtase, alcohol dehydrogenase, and
lipoamide dehydrogenase, whereas it enhances the activity ofadahalevulinic acid
dehydratase, pyruvate dehydrogenase, and pyruvate decarbq®&asehan, 2003)The

most spectacular and publicized occurrence of cadmium poisoning resulted from dietary
intake of cadmium by people in the Jintsu River Valley, near Fuchu, Japan. The victims
were afflicted byitai itai disease, which meamaich, ouchn Japanese. The symptoms are

the result of painful osteomalacia (bone disease) combined with kidney malfunction.
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Cadmium poisoning in the Jintsu River Valley was attributed to irrigated rice contaminated
from an upstream mine producing Pb, Zn, and Cd. Thpmthreat to human health is
chronic accumulation in the kidneys leading to kidney dysfunction. Food intake and
tobacco smoking are the main routes by which Cd enters the (déalyahan, 2003)
Cadmium is one of the most toxic elements with reported reagenic effects in human
(Goeringet al, 1994). It accumulates mainly in the kidney and liver and high concentration
has been found to lead to chronic kidney dysfunction (Awofolu, 2005 and Okoragtkwo

al., 2005). Cadmiunnduces cell injury and death by interfering with calcium regulation in
biological systems. It has also been implicated as an endocrine disrupter. Apart from the
health problems it poses, the met al, toget |
often acts synergistically. That is, the effect of single elements is often multiplied by the
presence of other elements. Cadmium is chemically very similar to zinc and are found in
the +2 oxidation state. It is believed that much of the physiologi¢enaof cadmium

arises from its chemical similarity to zinc. Specifically, Cd may replace Zn in some
enzymes thereby altering the stereochemistry of the enzyme and impairing its catalytic
activity. Disease symptoms ultimately results. Cadmium can alsoe caasnful

osteomalacia (bone disease) and destruction of red blood cells (Okoren&ly@005).

2.5.6. Copper

Copper is a transition metal whidfelongs to period 4 and group | of the Periodabl€
with atomic number 29, atomic weight 63.5, den8it981 g'l cm' ° melting point 1083°C
and boiling point 2595AC. The metal 6s aver e

are 8.1 x 181 kgl m' ®and 53 mg1 kg' ‘respectivelyDavis and Jones, 1988)
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Copper is the third most used metal in the wqW€l1, 2011). Copper is an essential
micronutrient required in the growth of both plants and animals. In humans, it helps in the
production of blood haemoglobin. In plants, Cu is especially important in seed production,
disease resistance, and regulation of w&epper is indeed essential, but in high dpges

can causermemia, liver and kidney damaged stomach and intestinal irritation.

Copper normally occurs in drinking water from Cu pipes, as well as from additives
designéd to control algal growth. Thougb o p p terécson with the environment is
complex, research shows that most Cu introduced into the environment is, or rapidly
becomes, stable and results in a form which does not pose a risk to the environment. In fact,
unlike some mamade materialSCu is not magnified in the body ordoi accumulated in

the food chain.

In the sd, Cu strongly complexes torganicmatterimplying that only a small fraction of
copper will be faind in solution as ionicopper in the form o€u(ll). The solubility of @

is drastically increased at pH Y®lartinez and Motto, 2000)which is rather close to the

ideal farmland pH of 6.0 6.5 (Erikssonet al, 1997)

Copper and Zn are two important essential elements for plants, microorganisms, animals,
and humans. Theonnection between soil and water contamination and metal uptake by
plants is determined by many chemical and physical soil factors as well as the physiological
properties of the crops. Soils contaminated with trace metals may ptsalitect and
indirect threats. DOrect, through negative effects of metals on crop growth and yield, and
indirect, by entering the human food chain with a potentially negative impact on human
health. Even a reduction of crop yield by a few percent could lead to a signifiogiiétm

loss in production and income. Some food importers are now specifying acceptable
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maximum contents of metals in food, which might limit the possibility for the farmers to

export their contaminated crofjuhr, 2007)

2.5.7. Mercury

Mercury belongs to same group of the Periodide with Zn and Cd. It is the only liquid
metal atstandard temperature and pressiirbas atomic number 80, atomic weight 200.6,
density 13.6 gl cm' 3 mel ting point T13. 6At,susualldy boi l
recovered as a byroduct of ore processin@mithet al, 1995) Release of Hg from coal
combustion is a major source of Hg contamination. Releases from manometers at-pressure
measuring stations along gas/oil pipelines also contributeytoodtamination. Aftebeing
releasd to the environment, Hg usually exists in mercuric {Higmercurous (Hgl %),
elemental (H, orin thealkylated form (methyl/ethyl mercury). The redox potential and

pH of the system determine the stable forms oftlid would be present. Mercurous and
mercuric mercury are more stable under oxidizing conditions. When mildly reducing
conditions exist, organic or inorganic Hg may be reduced to elemental Hg, which may then
be converted to alkylated forms by biotic orattw processes. Mercury iee most toxic in

its alkylated forms which are soluble in water and volatile iriSinithet al, 1995)

Mercury (II) forms strong complexes with a variety of both inorganic and organic ligands,
making it very soluble in oxidized aquatic systefBsedeket al.,1988) Sorption to soils,
sedimentsand humic materials is an important mechanism for the removal of Hg fro
solution. Sorption is pH dependent and increases as pH increases. Mercury may also be
removed from solution bygo-precipitationwith sulphides. Under anaerobic conditions,
both organic and inorganic forms of Hg may be converted to alkylated forms lybralcr
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activity, such as by sulfereducing bacteria. Elemental mercury may also be formed under
anaerobic conditions by demethylation of methyl mercury, or by reduction of Hg(ll).
Acidic conditions (pH < 4) also favor the formation of methyl mercury, wasehegher pH

values favor precipitation of Hg®mithet al, 1995)

25.8. Nickel

Nickel is a transition element with atomic number 28 and atomic weight 58.69. In low pH
regions, the metal exists in the form of the nickelous ion, Ni(ll). In neutraligbtly
alkaline solutions, it precipitates as nickelous hydroxide, NigDMhich is a stable
compound. This precipitate readily dissolves in acid solutions forming Ni(lll) and in very
alkaline conditions; it forms nickelite ion, HNj(Othat is solublén water. In very oxidizing

and alkaline conditions, nickel exists in form of the stable nicka&lkelic oxide, NiOa,

that is soluble in acid solutions. Other nickel oxides such as nickelic oxigl®;, Nind
nickel peroxide, Ni@Q, are unstable in alkaknsolutions and decompose by giving off

oxygen. In acidic regions, however, these solids dissolve producifigReiurbaix, 1974)

Nickel is an element that occurs in the environment only at very low levels asdestial

in small doses, butan be dagerous whenpresent in amount abovihe maximum
tolerable This can cause various kinds of cancer on different sites within the bodies of
animals, mainlyn those that live near refineries. The most common application ofdd is

an ingredient of steel arather metal products.
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The major sourceof nickel contamination isoils are metal plating industries, combustion

of fossil fuels, and nickel mining and electroplatifihodadoustet al., 2004) Nickel is
released into the air by power plants and trash incinerators and settles to the ground after
undergoing precipitation reactions. It usually takes a long time for nickel to be removed
from air. Nickel can also end up in surface water when it is a pavastewater streams.

The larger part of all Ni compounds that are released to the environment will adsorb to
sediment or soil particles and become immobile as a result. In acidic soils, however, Ni
becomes more mobile and often leaches down to the atjgceandwater. Micro-
organisms can also suffer from growth decline due to the presence of Ni, but they usually
develop resistance to Ni after a while. Nickel is not known to accumulate in plants or
animals and as a result Ni has not been found to biafgagmthe food chain. For animals

Ni is an essential foodstuff in small amourfhodadouset al.,2004).

2.6 Soil Concentration Ranges and Regulatory @idelines for some Heavy Mtals

The specific type of metal contamination found in a contaminated soil is directly related to
the operation that occurred at the site. The range of contaminant concentrations and the
physical and chemical forms of contaminants will also depend on actiaitgslisposal
patterns for contaminated wastes on the site. Other factors that may influence the form,
concentration, and distribution of metal contaminants include soil and grvoated
chemistry and local transport mechanig@8VRTAC, 1997).

Soils may conta metals in the solid, gaseous or liquid phased this may complicate
analysis and interpretation of reported results. For example, the most common method for
determining the concentration of metals contaminants in soil is via total elemental analysis

(USEPA Method 3050). The level of metal contamoratdetermined by this method is
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expressed as mg metal 'Kgsoil. This analysis does not specify requirements for the
moisture content of the soil and may therefore include soil water. This measurement may

also be reported on a dry soil basis.

The level & contamination may also be reported as leachable metals as determined by leach
tests, such as the toxicity charact#d leaching procedure (TCLBSEPA Method 1311)

or the synthetic precipitatieleaching procedure, or SPLP test (USEPA Method 1312).
Thes procedures measure the concentration of metals in leachate from soil contdcted wit
an acetic acid solution (TCLEDPR-EGASPIN, 2002)pr a dilute solution o$ulphuricand

nitric acid (SPLP). In this case, metal contamination is expressed ih ‘oigihe leachable

metal.

Other types of leaching tests have been proposed including sequential extraction procedures
(Finzgar 2007, Ure et al, 1979 and extraction of acid volatile sulphide (DiT@bal,
1992).Sequential procedures contact the sulith a series of extracting solutions that are
designed to dissolve different fractions of the associated metal. These tests may provide
insight into the different forms of metal contamination present. Contaminant concentrations
can be measured directly metalscontaminated water. These concentrations are most
commonly expressed as total dissolved metals in mass concentrationk' (fog gL' j or

in molar concentrations (moL' J.

In dilute solutions, a mgL' tis equivalent to one part per milliopgm), and gL' *is
equivalent to one part per billion (ppRiley et al., (1992) and NJDER1996) have

reported soil concentration ranges and regulatory guidelines for some heavy metals. In
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Nigeria, in the interim period, whilst suitable parameters anmgbeleveloped, the
Department of Petroleum Resources (BIPRASPIN, 2002) has recommended guidelines

on remediation of contaminated land based on two parameters intervention values and

target values.
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CHAPTER THREE

MATERIALS AND METHOD

MATERIALS AND METHODS

Materials

List of Apparatus and Equipment

Fume cupboard

pH meter/conductivity meter (HANNA)

Analytical balances

Atomic Absorption Spectrophotometer ().
Centrifuge.
Hydrometer

Oven

Preparation of Solutions

3.1.2.1List of Reagents

1.

2.

Concentrated trioxonitrate (V) acid
Hydrofluoric acid

Concentrated hydrochloric acid
Perchloric acid (60%)
Tetraoxosulphate (VI) acid
Hydrogen peroxide

Lead nitrate
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8. Cadmium nitrate

9. Nickel nitrate

10.  Copper metal

11.  Zinc oxide

12.  Potassium nitrate

13.  Potassium dichromate

14.  Ammonium acetate

15.  Hydroxylamine hydrochloride
16. Magnesium nitrate

17.  Disodium ethylenediamine tetraacetmc
18.  Potassium chloride

19.  Barium chloride

20.  Iron sulphate

21.  Sodium hydrogen carbonate

25. Calcium chloride

3.1.22 Stock ®lutions

Cadmium(ll) solution: This wasprepared by dissolving 2.74360f Cd(NQ),. . 4H,0 in

a 100cm® beaker in a minimum amount of distilledeionized water. The dissolved
solution was then transferred into a 100@° standard flask and diluted to rRawith

distilled deionzed water to give 10péhm Cadmium stock solution.

Chromium (Il) solution: This wasprepared by dissolving 5.65%7 K-Cr,O; in a 100cm®

beaker in a minimum amount of distilled deionized water. The dissolved solution was
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transferred into a 1000¢mstandard flask and diluted to mawfith distilled deionized water

to give 100Qommchromium(ll) solution.

Copper(ll) Solution: This wasprepared by dissolving 1.000§ Cu metal in a 10@m®
beaker in minimum amount of 1:1 HNOThe dissolved solution was then transferred into
a 1000cm standard flask and diluted to maulith distilled deionized water to give 1000

pmm copper(ll) solution.

Iron (1) solution: This was pepared by dissolving 4.9648Fe(SQ),.7H20in a 100cm’
beaker in a minimum amount of 1:1 HAOThe dissolved solution was then transferred
into 1000cm® standard flask and diluted to mawkth distilled deionized water to give

1000pmm Iron(ll) solution.

Nickel(ll) solution: This was pepared by dissolving 4.95280f Ni (NO3),.6H,O in a 100
cm’ beaker in a minimum amount of distilled deionized water. The dissolved solution was
transferred into a 1000m° standard flask and diluted to mark with distilled deionized

water to give 1000pmm nickel(Il) solution.

Lead(ll) Solution: This was peparedby dissolving 1.5985 Pb (NQ), in a 100cm®
beaker in a minimum amount of distilled deionzied water. The dissolved solution was then
transferred into 1000m° standard flask and diluted to mawith distilled deionized water

to give 100Qomm Lead(Il)solution.

Zinc(ll) Solution: This wasprepared by dissolving 1.2444Zn0 in a 10@m® beaker in a
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minimum amount of 1:1 HN® The dissolved solution was then transferred into 1960
standard flask and diluted to mawkth distilled deionzied water tgive 1000 pmm Zinc(ll)

solution.

Potassium Solution: This was pepared by dissolving 2.583 KNO; in a 100cm beaker
in minimum amount of distilled deionized water. The dissolved solution was then
transferred into 1000m® standard flask and diluted toamk with distilled deionized water

to give 1000 pmnpotassiunsolution.

Magnesium(ll) solution: This was pepared by dissolving 10.66g0Mg(NGs),.6H,0 in a

100 cm® beaker in a minimum amount of distilled water. The dissolved solution was then
transferred into a 1006m°® standard flask and diluted to mawkth distilled deionized
water to give 100@mm magesium solution.

Calcium(ll) solution: This was pepared bylissolving 2.775@ CaCh in a 100cm® beaker

in minimum amount of distilled deionized water. The dissolved solution was then
transferred into 1000m° standard flask and diluted to maskth distilled deionized water

to give 1000 pmm calcium solution.

3.1.2.3Standard Working Solutions

These were obtained by serial dilution.

3.1.2.4Preparation of aher solutions
Preparation of 1.0 mol dm™ Magnesium ritrate

A 1.0 moL* Mg (NOs), wasprepared by dissolving 148¢Mg(NOs), in a 500cm® beaker
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in a minimum amount of distilled deionized water. The dissolved solution was then
transferred to a 1000m° standard flask and diluted the mark with distilled deionized

water.

Preparation of 8.8mol dm™ hydrogen peroxide,H,0.
This was pepared byneasuring 874.86m° of 30% HO, and transferreéhto a 1000cm®

standard flask and thehluted tothemark with distilled deionized water.

Preparation of 0.02 mol dmtrioxonitrate (v) acid HNOs
This was pepared by measuring 1.8° of concentrateddNO; and transferreit into a

1000cn standard flask thediluted tothe mark with distilled deionized water.

Preparation of 3.5 mol dm™mmonium acetate, CHCOONH,
This was pepared by dissolving 269 CH;COONH, in a 500cm® beaker in a minimum
amount of distilled deionized waterThe dissolved solution was then transferred to a

1000cni standard flask and diluted tiee mark with distilled deionized water.

Preparation of 0.05 mol dm™ disodium Ethylenediamine tetraaceticacid, N&,EDTA
This was pepared by dissolving 18.610f Na,EDTA in a 100cn?® beaker in a minimum
amount of distilled deionized water. The dissolved solution was then transteimez a

1000cn standard flask and diluted the mark with distilled deonized water.

Preparation of 0.1 mol dm™hydroxylamine hydrochloride, NH,OH.HCI

The solution wagprepared by dissolving 6.949% MNBH.HCI in a 100cm® beaker in a
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minimum amount of distilled deionized water. The dissolved solutas then transferred

to a 1000cristandard flask and diluted toe mark with distilled deionized water.

Preparation of Ferroin indicator:

This was pepared by dissolving 7.42p0f O-phenanthrohe and 3.475 FeSQ. 7H,O in

a separate 10@m> beakerin a minimum amount of distilled water. The dissolved
solutions were then transferred quantitatively into &@® standard flasknixed thoroughly

and diluted tahe mark with distilled water.

Preparation of 50% w/v Calgon (sodium hexametaphosphate)

This was prepared by dissolving 50§ calgon in a 50&m’® beaker usingg minimum
amount of distilled water. NaHGOwas then added to bring the pH dhe dissolved
solution to 9.0. The dissolved solution was then transferred quantitatively intoc&800

standard flask and diluted tbe mark with distilled water.

Preparation of 0.02mol L™ Potassium dichromatesolution

This was prepared by dissolving 49.0¢¢ K,Cr,O; previously dried at 10€ to constant
weight in a 10&cm® beaker in minimum amount of distilled water. The dissolved solution
was then transferred quantitatively into a 160 standard flask and diluted the mark

with distilled water.

Preparation of 0.25mol dm®ammonium ferrous sulphate (NH;),SOs.FeSQ.6H,0)
This wasprepared by dissolving 19$ of ammonium ferrous sulphate in a 296° beaker

using minimum amount of distilled water arttien 10 cm® of concentratedH,SO; was
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added. The resulting solution was stirred thoroughly with a glass rod to éave
homogenous mixturdt wasthen transferred inta 1000cm?® standard flask and diluted to

the mark with distilled water.

3.1.3 Description of Study Area

The study area is Kainji Lakedflonal Park (KLNP)Borgu sectar KLNP is the premier

park inNigeria @vering a total area of 5340.8hkand composed of two nesontiguous
sectors, the 8rgu and Zugurma sectors (Amusial., 2010). The Borgu séar cover an

area of 3,970.02rk* while Zugurma sectors, covers an area of 1,3%0’% The two sectors

are separated by the Kainji Lake, a lake impounded on the Niger River for hydroelectric
powergeneration. The entire park libstween latitude® 0 6 N &2mMBd E1 Gand | ongi
33006N °@0dES5 ( Tdifen @onsMitantNARDES, 1983). The vegetation dfiet
Borgu sector is differentiable by hydrological as well as soil factors into five major types
viz: theisoberliniawoodland terminala macropterawoodland,Burkea dricana/Detarium
microcarpumwoodland riparian forestand theDiospyrus mespiliformiglry forest (Child,

1974; Afolayan, 1978).
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Figure 1: Map of Oli Forest, Kainji Lake National Park, Borgu Section
Source: Adapted and modified from the administrative map of Nigeria and Google Earth, 2013
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Figure 3.2: A generalised vegfation map of the Borgu sector, Kainji Lake National Park Nigeria
L1 Deteriamum merocapumwoodland ¥ Riparian woodland foress

B |soberlinia woodland m Termilania macropterawoodland

Diospyrosmegilifor misDry woodland —3  Oli river complex
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3.1.4Sampling sites @scription

The entire sample sites are reserved regibthe parkRandom sampling was usedédect

the sample sites. This was done based on the vegetation pateberlinia woodland,
Termilania macropteravoodland Burkea anafricana woodland, Riparian forest woodland
and Diospyrus melispiformis dry forest iown in Fig3.2. The sampling sites F&jl were
selected at different vegetation zones of Oli camp, Borgu sector of Kainji Lake National

Park.

Isoberliniawoodlandis located at longitude®%4.49N and 3 56.79E with bearing 186
Terminalia microptera woodiad is located at longitude®95.30 N and3®54.267 E, with
bearing of 1823, Burkeaafricana/detarium macrocarpum woodlahds a bearing of 185
andlongitude 954.086 N and %9.294 E Diospyrus mespiliformis dry forei limited in
size has a bearing of 18R&ith longitude 951.593 N and %7.781 E, whileRiparian forest

and woodlands located at longitude®94.496 N and %6.790 E respectively.

The averagerainy seasor(May to October) for the five vegetation zones in Oli forest
varies from 1, 100 mm in the eastern part to 1,150 mm in the westeof gagtpark. The
lowest temperature of the vegetation zones is abdi@ b2tween December and January,
andthe mean maximum temperature obtained during the months of February, March and
April is 35°C (Aremu, 2007). Some of the animals common to the differegetation
zones studied includeRoan antelope Hippotragus equing), Western hartebeest
(Alcelaphus baselaphysOribi (Ourebia oureb), Grey duiker $ylvicapra grimmiy Patas
monkey Erythrocebus patgds Kob (Adenota kop , Lion (Panthera pardus and

HippopotamousHippotragus amphibysvhichis commony found in Riparian forest
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3.15 Sample ollection

Five plots were identified for the studly each ofthe five vegetation zonaa Oli forest
Each plot was separated by a fire trace of & prevent fire occurrenc8oil samples were
collected from each site during rainy and dry seasdr)11 and 2012 at two dept®-(
15 cm and 15 30 cn) using a metal auger from the randomised observation pdiritdal
number of thirty (30) soil samples were collecteétha0i 15cm and 15 30cmdepths in
thedry and wet seasons of each yeh2011 and 201ito transparent polyethylene bags.
These werdabelled andhe taken to the labmatory for treatment and analys&nalyse of
eachof thesoils sample were caed outin triplicate. Thetotd number of samples analysis

werethree hundred and gixsamples (180 samples pear).

3.1.6 Sample pretreatment
Each set of theoil sanples was homogenised and -adried, it was thersieved via 2nm
mesh and another portiothrough 0.5mm mesh (Akinyemi, 2007) to remove rock

fragments, surface plant litre and coarse root materials.

3.2  Methods

3.2.1 Determination of physicochemical parameters ofdails

3.2.1.1Particle szedistribution

The method described by Bouyouc¢$951) was used to determine particle size
distribution. A 50 g amountof 2mm sieved soibf five vegetation zones (015 cm)was
weighed into a 25@m?® plastic beakerAfter which 100 cm® of 50% calgorwasadded and

then stirrel with a glass rod and theé®0 cm?® distilled water wasadded and stirred. The
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beaker washen left to settle for about 30 mimth occasional stirringand then transferred

into a 250cm’ plastic container and shaken on an end to end shaker for ten minutes.

The mixturewas thertransferred into a 1006m® measuring cylinder and made to the mark
with distilled water. The suspension in the cylinder was mixed vigorously using a long
handle plungermaking sure that the sediment at the bottom was thoroughly disturbed
before the hydrmeter reading was taken. Readingshe hydrometer at 40 s and 2 h were
taken respectively.

A blank cylinder was prepared by making 168 of the 50% calgon solution up to the
1000cm® mark with distilled water. The blank hydrometer reading wesntaken at the
respective time interval. The temperature of the suspension and blank were also taken.
The corrected hydrometer readinggdZl) were obtained by subtracting the blank reading
R. (g/1) from the hydrometer readings in the soil suspensioftgglRand adding 0.36/1 for

every degree above 2T

C=R-R_+(0.367)

Where T = Room temperature at°gD

_ (Corrected2 h - Blank)

% Clay _ _
Weightof soil taken

X 100

(Corrected40s— Blank)
Weightof soil taken

% silt = X100

% Sand=100— €oclay + % silt %
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The procedure 3.2.1.4 was then repeated for the soil collected &01&m depth for each

of the five vegetation zone in triplicate. For the entire determination n = 360 samples.

3.2.1.2Determination of pH

A 10.0 g amount of the aidried soil samplef each sampling site wageighed into a 50

cm® beaker and 2@m® distilled deionized water added. The mixture wasnallowed to
stand for 30 mirwith ocasional stirring with glass rodftar which te electrodes of a pre
calibrated HANNA pH meter (model 111991000) were inserted into the partly settled

suspensionf each soil sampland the pH of the soil takefHerdershotet al; 1993).

3.2.1.3Determination of electrical onductivity (Herdershot, et al.,1993)

The electrical conductivities afach of thesoil sample wasmeasured according tihe
method ofHerdershotet al, (1993 as follows.A 10 g amountof the 2 mm airdried soil
samplef each collection waseighed intca plastic containeand 20cm?® deionized water
added; so that soil to water ratio was 1t tixture wadhenstirred several times for
about30 min Then the soil suspension$ each soil by vegetation zone and depth was
allowed tostand for 30 mirundisturbed. The electrode$ the conductivity meter was then
inserted into the settled suspension and the &lattonductivity of the soil recorded in
uScm™. The electrical conductivity nter was calibrated using 0.1MCI before useand

the conductivity read g8amgbosest al, 2005).

3.2.1.4Determination of organic natter (Walkey and Black,1934)
The method ofWalkey andBlack (1934) was employed for the determination of organic

matter. In this method, organic carbon is oxidized B0, in the presence of 430,
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leading to the formation of G{according to the operation given below:

2K,Cr07 + 6H,SOy — 2K,SOp + 2CR(SQy)3 + 30,

3C 130, & 3CO,

A 1.0 g amountof eachof the soil samplecolleted from each of the five vegetation zame
Oli forestat 0 - 15 cm depthwas weighed in triplicates into 25€m® conical flask.
Thereafter,10 cm® of 0.02 mol/dm® K,Cr,O; was pipettedinto each flask andswirled
gently to disperse the spfbllowed by addition of 2@m® concentrated pS0,. The flask
wasthenswirled gently until soil and reagents were thoroughly mixed.

The mixture was then allowleto settlefor 30 min on a glass platé&hen100cm?® distilled
water was addedith 4 drops offerroin indicator. This was titrated with 0.25 maim™
ammonium ferrous sulphate. Blank titration was similarly carried ®é same procedure
was carried out for theoil samples collected at 1530 cm depth at each of the five
vegetaibn zones in triplicate (3§C0or all. The percentage organic carbon is given by the

equation.

(BlankTitre — ActualTire X 0.3 X f)
Weightof air — dried soil taken

% Organiccarbon=

Where f correction factor = 1.33

m = Concentration of ferrous sulphate

Then % organic mégr in soil = % organic carbon X 1.729
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3.2.1.5Exchangeable cationsatermination(Henderson,et al. 1993

The exchangeable cations were determined by the method described by Hereteathot
(1993). The cation exchange capacity (CEC) was determined by the sum of exchangeable
cations (Shrivastava and Benerjee, 20842 g amountof each soil sample wa®llected

from Oli forest into 30 cm® centrifuge tube.After which 20 cm® of 0.1 mol dm?®
BaCh.2H,O was added and shaken foh2 The tubes weréhenremoved from the shaker
andplaced in a centrifuge and centrifuged at about 10pG0for 30min. The supernatant

was then carefullgecantedandfiltered into plastic bottlesach sample was théaken for
analysis of exchangeable cations using a flame photontesehdetermination was carried

out intriplicate and the mean calculated + standard deviation.

3.2.1.6Determination of Available Phosphoroug/Agbenin, 1995)

15 cn? of 1000 mol/drmi NH4F and 25cm® of 0.5 mol/dni KCI were mixed with 460cm®

of distilled water and the mixture stored in a glass bottle giving the extraction solution.
Then 0.219% of KH,PO, was oven dried at 16& for 1 h and dissolved in distillagater

and diluted to 1000chin volumentric flask (Icm®= 0.05ppm of P). Working standards

were preparé Absorbances were read with colorimeter at 60 35cm® of the extracted
solution was added and then agitated fonith and filtered into drypeaker. Filtration was
repeated until filtrate was clear. 6 of the filtrate was taken and Oc#n® of ammonium

mol ybdate reagent (Deni geds reagent) and
Absorbance was measure after 11 min for all samples at 690nm and concentration

recorded from the curve.
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conc ( from curve) X extractingvolume
aliquot of volumeX sampleweight

mgPQ”° kg™ =

3.2.2 Digestion of il samples

A 5.0 g amountof the soil sampleswvas collectedfrom the ive vegetation zones at Oli
forest(0 - 15 cm) depth waweighed intoa 250 cm?® conical flask and moistened with few
dropsof water to prevent sputterinhereafter3 cm® of 30%, HO, was aldedand left to
settlefor 60 min, until the vigorous reaction ceaséthen75 cm® of 0.5 mol dm™ solution

of HCI wasadded following whictthe contentvas heated gentlgn the hot plate for 2,h
deionized water was added to avoid drying of the mixturkee digeston was allowed to
cool, and then filtered inta50 cm® standardlask. Thecontentwasthen diluted to 5@m®
markin a volumetric flaskvith the same acid solution. Triplicate digestions of each sample
together with blank were carried otithe levels of Cd, € Cu, Ni, Pb and Zin the digest
were determined using atomic al®ion spectroscopy (Fast Sequential AAS Variance
240) in wet and dry season of yei11l. Soil samples collected at 1830 cmdepth for
each of the vegetation zones were algbjected to the same procedure above in triplicate,
n = 360. The analysis was done fahe dry and wet season ogfear 2012. The same
procedure was repeated for control soil sample collected from Zugurma sectanjin Ka

Lake National Park.

3.2.3 Sequential extraction (chemical fractionation) of soil amples
Sequential extraction was carried out on the principle of selective extraction, proposed by

Tessieret al (1979)and Shrivastaa and Benerje€004)with the following modifications:
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Mg(NOs), was used instead of MgClo extract exchangeable fractions because the
chloride ion can complex metals (Shrivastava and Benerjee, 2004) and increase the

solubility of several heavy metals within the soil.

To carry the sequential exiction of the soils of Oli forestthe following steps were

undertaken:

Fraction | (Water Soluble)i The method of Ma and Rg@997) was usedir dried soil
samplel.0 gfrom each vegetation zoweas pouedinto a beakeand 15 cm of deionized
wateradded with continuous agitation for 2lhwascentrifugel andthe supernataniiquid
decantedandthenmade up tahe 50 cn? markwith deionized watein a volumetric flask.

The supernatant was thtaken for analysis.

Fraction Il (Exchangeable Fraction) The residual fronthe water sd¢uble extraction (FI)
was shaken at room temperature withch® of 1.0 mol dm™ Mg(NOs), at pH7.0 for 1 h
This was centrifuged and the supernatantid decanted anthenmade up to 4@m® with

double dstilled water prior to aalysis (Tessieet- al., 2004)

Fraction Ill (Acid extractable i Carbonate Bound Fraction). To the residuebtained
from the exchangeable fraction above, 1G ol mol dm™ NaOAc was added arH 5
adjusted with HOAc) with continuous agitation for 5. HThis was centrifuged and the
supernatantiquid decanted and then made up to 56 with deionized water after which it
was taken for analysisNaOAc solublises carbonates (calcites, dolomae{l releases

entrapped metals (Shrivastava and Benerjee, 2004).
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Fraction IV (Reduciblei Fei Mn Oxides and Hydrogen FractionsYhe residue from
FlIl was leached with 20 cfrof 0.1 moldm® NH,OH.HCI (Adjusted to pH 5 with 25% v/v
HOAc) at 96C for 6 hwith occasional agitation. This was then centrifuged and the
supernatantiquid decanted and made up to 50%mith deionized water and then taken for
analysis. NHOH.HCI reduces Feand Mn oxides to soluble forms (Shrivastava and

Benerjee, 2004).

Fraction V (Oxidizablei Organic Matter Bound Fraction). To the residue from fraction

IV (reduciblei Fei Mn oxides and hydroxidé&action), 10 cn? H,O, (8.8 moldmi®) was
addedthen 3 cm®0.02 moldm™ HNO3 and agitation for 5 kat 98C. Amount of10 cn?
CH;COONH; (3.5 mol dm® was added as an extracting agemisTmixture was
centrifuged and the supernatdiguid wasmade up to 40 cfrwith deionized water and
taken for analysis. HNOand HO, oxidise organic matter and solubilise sulphides.
Oxidised organic matter releases comphtéxadsorbed and chelate metals (Shrivastava and

Benerjee, 2004)

Fraction VI -- Residual fraction (bound to silicates and detrital materials)

According to(Shrivastava and Benerjee (200d¥idue fronFraction Vwas digested using
HCI-HNOs/HF (0.35:12 w/v) Soil/solutiomatio) in acid digestio Teflon cups. Thisvas
dried to ashfor 2 hand evapmted to dryness. The residuas diluted to 4@&m® with
distilled water prior to analysis. After eaol the successive extraction, the samples were
centrifuged at 4500 rpm for 1%in (Shrivastava and Benerjee, 2004). The supernatants

liquid were removed with pipette and filtered with Whatman No. 42rfi@per. The
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residus werewashed with deionized water followed bywerous hand shaking ari®é min
centrifugation befor¢he nextextraction. The volume afater usedor rinsingwas kept to

a minimum to avoid excessive soilitation ofthe solid materialsThe process was carried
out in triplicate for a particular sample from each of the vegetation zones for tlanave
dry season of 2011 (n ¥80 samplegsand also for th wet and dry season of 201251180
sample¥ The control soil sampsavere equally prepared and analysed for each extraction
type. All extracts were analysed for the ralkst (Cd, Cr, Ni, Pb, Zn and Cu) using Atomic

Absaption Spectrophotometer (mod&A240FSfast sequential AA%

3.2.4 Enrichment Index
Enrichment index(El) for each element was calculated to evaluate anthropogenic
influences on the studied metals in different vegetation surface soils using the following

formula (dris, et al,20086.

¢./c,
N

El =>

Where Cm = concentration value for the metals
Cp = permissive level of the metals in the soil

N = numbers of metal selected

Generally an El valueof about 1.0suggests thathe source ofa given metal may be
entirely from crustal materials or natural weathering processes (Zhang and Liu, 26802). Al

El values > than 1.5 suggestst a significant portion of a given metal is delivetedhe
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soil from noncrustal materials or nenatural weathering processes, and then

anthropogenic sources become mpaortant contribution (Fenet al, 2004).

3.2.5 Geo-accumulation Index (lgeo
This index was equally used to assess metal polllgiel in the soils of Oli forest,beside

enrichment index. Igeo is defined usiihg equation:

_ G,
oo —'092( Assn)

Where,

Cn = measuredoncentration of heavy metals in the soil,
Bn = Geochemical background value,
1.5 is the background matrix correction in factor due to lithogenic effects.

And the values for various metals at different vegetationes are presented in Table

3.2.6 Quality Assurance

Quiality control test was performed tre soil samples in order to validate theperimental
procedures. Thiswas carried out by spiking the pre digested soil samples with
multielement metal standard solution (@§L™" of Cd and Cr ad 5mgL* for Cu, Fe, Ni,

Pb and Zn), ecording to Awofolu (2005)Glasswares, sample containers and crucibles
were washed with liquid soap, rinsed in distilled water and soaked in 10% teN2%h to
remove any contamination by heavy metals, they were then washed thoroughly with
distilled deionized water (Momareit al; 2002) and dried to ensureathno contamination

was introduced
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3.2.6.1 Spiking Experiment

Representativesoil samples from theivie vegetation zoneswere digested in triplicates
together with the blanks and run on the Atomic Absorption Spectrophotometemibuat

of metal concentrations present in the samples adedsrmined from calibration curve.
These gave the amount of metatire unspike samples and provided the basis for the

spiking experiment.

3.2.7 Statistical analysis

The results of the metabmpositios in the sois of the five vegetation zones of Oli camp
were subjected tatatistical analysis using SPSS versiorl7.0. The Pearson correlation
coefficient statistical functionvas carried outo comparerelationship between the metals
The standard deviation féne concentration of metal ions in the soils of tle fregetation
zones of Oli forestSt u d etast vigasused to expresthe significantdifference baveen
each metahs a function of the variation in vegetation zofiee metals werexamined for

dependence upon some soil factors through the use of correlation analysis.
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CHAPTER FOUR

4.0 RESULTS

4.1 Physical Properties

4.1.1 Particle size Distribution

The physical characteristics thfe soils of the five vegetation zones of Oli capfpr both
thewet and dry seasoof 2011 are presented ifiable4. 2andTable4.3 respectively The
soil was essentially sandoam at depth (6 15cm) and loamy sand at depth (1530 cm)
for Termnalia macrocarpumwood land andsoberliniawood land,Detarium microptera
wood land,Riparian wood land,and Diospyros mespiliformislry forestrespectively.The
resultof the different sois analyseds revealedin Table4.2 - 4.5 showedthat sand is the
most variable among the soil depth both in the wet and dry seasdsilt the least. Sand
proportions decreased while those of silt increasigl soil depth. The clay content is low
but more variable than silt afdincreases with soil deptenerally, average percentage of
sand at O- 15 cm and 15- 30 cm soil depts were68.70 £3.066 and 78.50£0.8%%

respectively.

4.1.2Soil pH

The soilpH in water was between 6.8yrkea dricana/Micropterawoodland and 7.5
(Diospyrus mespiliform)sduring dry seasowof both year 2011 and012 while the wet
season values for the year 2011 and 2012 weteeen 6.61éoberliniawoodlang to7.5
(Terminalia macropterawoodland) However these values ar almost of the same

magnitude.

80



4.1.3Electrical Conductivity

Considering) - 15 cm depth, the highest value (101.50 + 2.12) was recordesfratnalia
macropterawoodland and the least (10.00 + 2.50 pS'gmat Diospyrus mespiliformis
forestduring wet season of 2011. In the dry season the values; 0.09 I€b0#rlinia
woodland); 0.08 + 0.01 (Terminalianacroptera woodland) 0.09 + 0.0 Burkea
africanaDetarium microcarpun); 0.02 = 0.00 Riparian) and 0.12 = 0.04 Oiospyrus
mespiliformigores) were recorded at the surface soil. The same trend was recorded at 15
30 cm depth in 2011 and for both @5 cm and 15 30 cm during wet and dry season of

2012.

4.1.4 Organic Matter

The organic matter is lovthe seasonal range is between 1.35% and 5.48%0- 15 cm)

depth; 1.36% and 2.99% at (130 cm) depth in wet season of 2011 Table 4.2. During dry
season of 2011, organic matter range was between 1ai€98.06% at (0 15 cm) depth;
1.32% and 2.11% at (3530 cm) depth, (Table 4.3). In 2012, the values of organic matter
recorded at Oli forest for the five different vegetation zones in dry and wet season were
slightly lower than those recorded for 20(llables 4.4 and 4.5). The range is between
1.59% and 2.96% at (015 cm) depth; 1.12% and 1.85% at (130 cm) depth in dry
season, while the range are between 1.8% and 5.80%-at50cm) depth; 1.60% and

(3.75% at 15 30 cm) depth during wet season.

4.15 Cation Exchangeble capacity
The cation exchange capacity (CEC) is low in the various vegetation soils analys#dtewith

highest valueX7.40Q cmol/kg during wet season of 201ieingat Diospyrus mespiliformis
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zone and the least valud.{5) cmolkg at Terminalia macropteravoodland The highest
value recorded indry seasonof 2012, was (6.50 cmolkg being at Burkea
africana/Detarium microcarpumand the least value (3.55¢molkg was recorded for
Terminalia macropteravoodland During wet seasonf 2012, the highest valug6.95
cmolkg was recordedat Diospyrus mespiliformizone and the least 3.78molkg at
Isoberlinia woodland The reslt equally revealed that the cation exchangeable capacity
decreased with depths it shownin Table4.1- 4.4. In wet season of 201tpntrol values
are in the ordeiCEC(0.88 + 0.09); 15 cmand (0.86 £ 0.013 30 cy OM (0.64 £ 0.0.0)-15
emand (0.95 * 0.02) 30 cm EC (6.50% 2.700¢ 15 cmand (5.00 £ 1.8Q} 30cm PH (7.15 +
0.11) 15 cmand (7.15 £ 1.0%} 30 cm Silt (2200 + 0.4Q0 ¢ 15 cmand (26.00 + 0.00)15
30cm; Sand (72.00 £ 0.0)15 cmand (26.00 = 0.0@3- 30 ¢y Clay (6.00 £0.00) 7 15 cmand
(5.00 £ 0.01)s5 30 cmand AP (6.25 £ 1.0Q) 15 cmand (4.01 £ 1.0Q3 3ocm During dry
season of 2011 the control values are presented in Table 4.2 and the trend iCB®@er:
(4.50 £ 0.14 91 15 cmand (4.30 £ 0.0Q} 30 cs OM (2.39 £ 0.019.15 cmand (1.86 + 0.24y;
30em EC (0.10 + 0.Q); 15 cmand (0.08 + 0.0013¢ 30cm PH (7.15 £ 0.1%); 15 cmand (7.15 +
1.05) s 30 e Silt (11.00 A.41)0+ 15 cmand ©.00 +1.41)157 30 cm; Sand 79.00 +1.41),;

15 cmand 80.00 £ 0.00)s. 30 cm Clay (10.00 + 0.009; 15 cmand @100 +1.41);51 30 cmand
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Table 4.1: Physicochemical parameter®f the soils of Oli forest different vegetation zonesin wet seasorof 2011

(%)

SampleLocation Clay Silt Sand bHio  DPHece EC(UScmi) OM(%) CEC(cmolkg) ~P(PPM)
Isoberlinia Woodland
07 15cm 7.50t0.71 11.00t1.41 81.50t2.12 6.650.21 6.350.07 61.5Gt2.12 1.350.00 6.650.07 66.50:t5.50
157 30 cm 8.00t0.00 10.0Gt0.00 82.0Gt0.00 7.15:0.07 6.50t0.14 82.00:2.83 1.36t0.01 4.45:0.07 12.25:2.50
Terminalia macroptera
Woodlland
07 15cm 10.0G:0.00 10.0G3:0.00 45.00:9.50 6.95:0.07 6.35:0.07 60.5G:0.71 2.92+0.00 5.30+0.14 36.75:1.20
157 30 cm 9.00t1.41 7.00t1.41 84.03:0.00 7.80t0.00 6.50t0.14 101.532.12 1.50t0.01 4.60t0.14 31.50:3.80
Burkea dricana/Detarium
microcarpum woodland
07 15 cm 8.00:0.00 21.0Gt1.41 71.0G:1.41 6.95:0.07 5.150.07 60.5G:0.71 1.64:0.00 8.80:0.14 15.732.40
157 30 cm 11.0Gt1.41 20.0:0.00 69.00:1.41 6.90t0.00 6.15%0.07 51.0t1.41 1.950.00 8.6+0.00 17.752.50
Riparian Forest
07 15cm 10.06t0.00 14.0t0.00 76.00t0.00 6.85%0.07 6.25:0.07 50.0Gt0.00 2.540.00 11.4(#0.14 15.7%1.00
157 30 cm 8.00t0.00 13.00Gt1.41 79.0Gt1.41 7.00t0.14 6.45:0.07 51.00:1.41 1.380.04 9.55:0.07 21.0G:0.00
Diospyrus mespiliformis
Forest
07 15an 14+0.00 16+0.00 70+2.00 6.81.20 6.4+0.09 29+0.00 5.48:1.00 17.43.00 8.751.00
157 30 cm 20+0.00 16+1.00 64+1.41 6.740.45 6.1+1.00 10£2.50 2.9%0.05 11.2+0.80 12.252.00
Control
07 15cm 6.00+0.00 22.00+0.40 72.00+1.41 7.50+0.70 7.15+0.11 6.50+2.71 0.64+2.66 0.88:0.98 1.5A#2.00
157 30 cm 5.00£0.01 26.00+0.00 69.0G:t0.01 7.90+1.50 7.15%1.05 5.00+1.81 0.952.00 0.86t0.10 1.7#0.00

S1:lIsoberliniawoodland; S2Terminalia macropteravoodland; S3Burkea africana/Microcarpurwvoodland; S4Reparian

Forest;ss

S5: Diospyrus mespiliformis
EC : Electrical conductivity
OM: Organic matter

CEC: Cation exchange capacity
AP: Available phosporus
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Table 4.2: Physicochemical parameters of thgoils of Oli forest at different vegetationzonein dry seasonof 2011

(%)
Sample Location Clay) Silt Sand PHuz0 PHeace  EC(UScm?)  OM(%) CEC(cmol/kg)  AP(ppm)
Isoberlinia Woodland
01 15cm 10.00+0.00 11.00£1.40 79.00+1.40 7.30+0.10 6.70+0.50 0.09+0.01 2.29+0.30 4.75+0.35  15.00+1.41
157 30 cm 10.00+0.00 11.00+1.40 79.00+1.40 7.40+0.20 5.90+0.20 0.08+0.01 1.32+0.25  4.35+0.21  85.88+0.18
Terminalia macroptera
Woodlland
01 15cm 9.00+1.40 19.00+1.40 72.00£0.00 7.20+£0.50 6.50+0.70 0.08+0.01 2.50+0.71  5.20+0.42  18.20£0.99
157 30 cm 8.00+0.00 11.00+1.40 81.00+1.40 7.50+0.70 6.4+0.8 0.09+0.02 2.04+0.66  3.75+0.21  15.44+0.79
Burkea Africana/Detarium
microcarpumwoodland
07 15cm 12.00+0.00 20.00+0.00 68.00+0.00 6.80+0.30 5.80+0.30 0.09+0.01 3.06+0.20 6.75+0.35  12.63+0.53
157 30 cm 15.00+1.40 19.00+1.40 66.00+0.00 7.40+0.90 5.30+0.80 0.06+0.03 1.72+0.40  6.40+0.42 8.09+0.30
Riparian Forest
07 15cm 10.00+0.00 9.00+1.40 81.00+1.40 7.50+0.70 6.30+0.60 0.02+0.00 1.79+0.30  5.05+0.64  10.75+0.35
1571 30 cm 10.00+0.00 8.00+0.00 82.00+0.00 7.50+0.70 6.30+0.80 0.04+0.02 1.75+0.35 5.60+0.57 6.57+0.62
Diospyrusmespiliformis
Forest
07 15cm 9.00+1.40 11.00+1.40 80.00+0.00 7.50+0.50 6.70+0.50 0.12+0.04 2.64+0.51  4.75+0.35  11.25+1.06
1571 30 cm 10.00+0.00 10.00+0.00 80.00+0.00 8.10+1.30 7.10+1.30 0.09+0.01 2.11+0.56  4.40+0.14  15.00+1.41
Control
01 15cm 10.00+1.30 20.00+051 70.00+1.50 7.80+0.30 7.80+130 0.00+Q01 1.00+0.@ 2.05+1.6 6.25+0.50
1571 30 cm 8.00+1.40 19.00+1.40 73.00+1.32 8.40+0.90 7.30+0.09 0.01+0.00 1.50+Q40 1.40+0.2 4.01+1.@

S1:lIsoberliniawoodland; S2Terminalia macropteravoodland; S3Burkea africana/Microcarpurwvoodland; S4Reparian

Forest;

S5:Diospyrus mespiliform

EC: Electrical conductivity
OM: Organic matter

CEC: Cation exchange capacity
AP: Available phosporus
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Table 4.3: Physicochemical parameters of theoils ofOli Forest atdifferent vegetation zones in Dry seasowf 2012

CECcmol AP (ppm)
(%) PHuzo ~ PHcacz ECwuscm? OM (%) kg)
Sample Location Clay Silt Sand
Isoberlinia Woodland
01 15cm 9.50+0.71 10.50+2.12 80.00£2.83 7.25+0.21 6.30+0.00 0.08+0.00 2.04+0.05 4.50+0.00 14.00+0.00
1571 30 cm 10.00+0.00 10.00+0.00 80.00+0.00 7.20+0.00 5.80+0.14 0.07+0.01 1.12+0.03 4.20+0.00 84.38+1.94
Terminalia macroptera
Woodlland
07 15cm 8.00+£0.00 20.00+0.00 72.00£0.00 7.55+0.07 6.25+0.35 0.07+0.01 2.25+0.35 4.95+0.07 16.75+1.06
1571 30 cm 9.00+1.41 10.00+0.00 81.00+1.41 7.90+0.14 5.90+0.14 0.07+0.00 1.54+0.05 3.55+0.07 14.44+0.62
Burkea Africana/Detarium
microcarpum woodland
01 15cm 11.00+1.41 20.00+0.00 69.00+1.41 6.55+0.07 5.70+0.14  0.08+0.01 2.96+0.06 6.50+0.00 12.13+0.18
157 30 cm 16.00+0.00 19.00+1.41 65.00+1.41 6.70+0.00 4.85+0.21  0.04+0.00 1.52+0.12 6.15+0.07 7.69+0.27
Riparian Forest
07 15cm 10.00+0.00 10.00+0.00 80.00+0.00 8.10+0.14 5.90+0.14 0.01+0.00 1.59+0.02 4.50+0.14 10.25+0.35
1571 30 cm 10.00+0.00 8.00+0.00 82.00+0.00 7.75+0.35 5.85+0.21 0.03+0.00 1.50+0.00 5.35+0.21 6.32+0.26
Diospyrus mespiliformis
Forest
07 15cm 10.00+0.00 11.00+1.41 79.00+1.41 7.45+0.49 6.25+0.07 0.10+0.01 2.39+0.16 4.35+0.21 10.75+0.35
151 30 cm 11.00+1.41 9.00+£1.41 80.00+0.00 8.10+1.27 6.10+0.14 0.08+0.01 1.86+0.21 4.30+0.00 14.25+0.35

S1:lIsoberliniawoodland; S2Terminalia macropteravoodland; S3Burkea africana/Microcarpurwvoodland; S4Reparian

Forest;

S5:Diospyrus mespiliform

EC : Electrical conductivity

OM: Organic matter

CEC: Cation exchangmapacity
AP: Available phosporus



Table 4.4: Physicochemical parameters thsoils ofOli Forest at different vegetationzonesin wet seasorof 2012

(%)
CEC(cmol AP(pmm)
Sample Location Clay Silt Sand PHuoo  PHcace EC(US cm?) OM (%) ko-1y
Isoberlinia Woodland
01 15cm 8.50+2.12 11.00+£1.41 80.50+3.54 6.50+0.00 6.00+0.00 0.05+0.00 2.00+0.00 6.30+0.42 42.50+3.54
1571 30 cm 10.00+2.83 9.00+1.41 81.00+1.41 6.70+0.14 6.50+0.14  0.07+0.00 1.90+0.14 3.70+0.99 15.00+0.00
Terminalia macroptera
Woodlland
07 15cm 10.00+0.00 10.00+0.00 45.00+2.50 6.80+0.00 6.00+0.14  0.06+0.00 3.00+0.00 4.60+0.85 36.38+0.53
151 30 cm 10.00+£0.00 6.00+0.00 84.00+0.00 7.65+0.21 6.30+0.14 0.12+0.01 1.60+0.14 4.25+0.35 30.75+1.06
Burkea Africana/Detarium
microcarpum woodland
01 15cm 10.00£0.00 20.00+0.00 72.00+0.00 6.55+0.07 5.15+0.07 0.07+0.00 1.85+0.07 8.35+0.49 15.38+0.53
1571 30 cm 12.00+0.00 20.00+0.00 68.00+0.00 6.80+0.14 6.00+0.71  0.05+0.00 2.15+0.21 8.80+0.28 16.75+1.06
Riparian Forest
07 15cm 11.00+1.41 15.00+1.41 76.00+0.00 6.65+0.07 6.35+0.21 0.06+0.00 3.05+0.07 11.15+0.21 15.38+0.53
151 30 cm 10.00+£0.00 12.00+0.00 78.00+0.00 6.70+0.00 5.90+0.14 0.05+0.00 1.65+0.07 9.25+0.35 21.00+0.00
Diospyrus mespiliformis
Forest
01 15cm 13.00£1.41 14.00+2.83 73.00+4.24 6.70+0.14 5.90+0.14 0.04+0.00 5.80+0.28 16.95+0.64 9.75+1.06
1571 30 cm 20.00+0.00 16.00+0.00 64.00+0.00 6.60+0.14 6.05+0.07 0.02+0.00 3.75+0.35 11.10+0.14 13.00+0.00

S1:lIsoberliniawoodland; S2Terminalia macropteravoodland; S3Burkea africana/Microcarpurwvoodland; S4Reparian

Forest;

S5: Diospyrus mespiliform

EC :Electrical conductivity

OM: Organic matter

CEC: Cation exchange capacity
AP: Available phosporus
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4.16 Availabe Phosphorous

Available phosphorus concentrations in the surf@8&5+1.00 to 66.50 +5.50and
subsurface soi{12.25+2.00 to 31.50 £3.80examinedin wet season of 2011 and in dry
season 10.75 +0.35 to 18.20 +0.99 and 6.57 +0.62 to 85.88 +0.18 were recorded for surface
and subsurface soil respectiveuring dry season of 2012, available phosphorus at
surface and subsface soil are 10.25 +0.35 to 16.75 +1.06; 6.32 +0.26 to 84.38 +84.38
+1.94 respectively. In wet season of 2012 9.75 +1.06 to 42B®4+was recorded at
surface soil and 13.00 £0.01 to 30.75 at subsurfébese values argenerally low but

higher thanhe soil outside the park. There was variation in phosphorus concentrations with

soil depths (@ 15cm and 15 30cm) and also between the siteables 4.2 to 4.5.

4.2 Statistical Analysis of the Physico chemical Paameter of the soils of Oli Forest
The physico- chemical parameter dat@ere subjected to statistical analyssng SPSS
version 17.0 and multivariate correlation between some various soil physicochemical
parameters acroske seasons ahown inTables 4.6 4.13. Some of the parametavere
found statistically correlated with each other.

In wet season of 201(Table 4.6)the trend of positive correlation at-015 cm depth
between the physicohemical parameters is in the order:

CEC versus clay, silt and organic;

OM versus clay, silt angH;

EC versus sand and pH

There was no significant differenbetween tts parameter at this depth @0.05)

In wet season of 2011 at 1330 cm depth the correlation obtain&able 4.7s in the order:

CEC versus clay, silt and OM
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OM versus clay andilt

ECversus sand and phh the dry seson of 2011 at @ 15 cm deptlpositivecorrdation as
shown Table 4.8 in the order:

CEC versus clay, silt, EC and OM

OM versus clay, silt and EC

EC versus Silt and pH

AP versus sand and Ed

Negative correltion occurred among:

EC versus clay and sand

CEC versusand and pH

OM versus sand and pH

In the dry season of 2011 correlation between physiwemical parameter, Table 4.9 at
157 30 cm follows the order:

CEC versus clay and silt

OM versus sand, pend EC

EC versus sand and pH

Silt versus clay.

The same physicochemical parameter were considered in the wet and dry season of 2012
(Tables 4. 1G 4. 13). There was positive correlation between the soil parameter 450
cm and 15 30 cm in the order:

For O7 15 cm in wet season of 2012,

CEC Vs. Clay, silsandand OM

OM Vs. Clay, silt and pH
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EC Vs.Sand angpH

Silt Vs. Clay

pH Vs.Clay and Sand

AP Vs. Sand, pH and EC.

Similar trend of relationship occurred in wet season of 2012 at depth305cm with
positive correlatiorfTable 4.11)n the order:
CEC versus clay, silt, sand and OM

OM versus clay and silt

EC versus pH and sand

Silt versus clay

pH versus sand

AP versus pH and EC

Negative correlation asrecorded aboth Oi 15 cm and 15 30 cm dumg wet season of
2012 in the ordedror 07 15 cm

CEC versusandpH and EC

OM versus sSand, pH and EC

EC versus Clay and Silt

pH versus Clay and Silt

Sand versus Clay and Silt

AP versus Clay, silt, OM and CEC

For 157 30 cm; the order is:

CEC versus pH, and EC

OM versus sand, pH and EC.

EC versus Clay and Silt
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Sand versus Clay and Silt

AP versus clay, Silt, Sand, OM and CEC.

In the dry season of 201ppsitive correlation at O- 15 cm depth follows the trend as
shown in Table 4.12.

CEC vesus claysilt, EC and OM

OM versus clay, silt, EC and OM

EC versus clay, silt and pH

pH versus sand. Not significant at P O 0.01
In the dry season of 2012 at 1530 cm there wasposiive correlation (Table4.13)
between:

OM versus clay, pH and EC

ECversus sand, pH

CEC versus clasilt, sand and OM

Negative correlation was also observed at depthl8 cm during dry season of 2012 in
order: CEC OM and ECversus Sand and pH

pH versus Clay and Silt

Silt versus Clay

Sand versus Clay and Silt

AP versus Clay, Sand and pH

Negative correlation also occurred atil30 cm depth in dry season of 2012 in the order:
EC versus clay and silt

OM versus sandnd

CEC versus clay (POO0.05) and silt content (
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Table 4.5 Correlation matrix among soil physicochemical parameterg0i 15 cm) in

wet seasonof 2011

Parameter

Clay Silt Sand pHuo PpHcace EC oM CEC
Clay 1.000
Silt -0.211 1.000
Sand -0.632 0.200 1.000
PHH20 0.500 0.105 -0.949 1.000
pHcacz | -0.056 -0.949 0.105 -0.389 1.000
EC -0.833 -0.316 0.316 -0.333 0.500 1.000
OM 0.949 -0.400 -0.800 0.632 0.105 -0.632 1.000
CEC 0.105 0.800 0.400 -0.211 -0.738 -0.632 -0.200 1.000

*, Correlation is significant at the 0.05 level-{diled).

**_Correlation is significant at the 0.01 level-2iled).

OM - Organic matter

EC - Electrical conductivity
CEC- Cations exchangeable capacity
AP - Available phosphorus

91



Table 4.6: Correlation matrix among soil physicochemicalparameters (15 30 cm) in
wet season 2011

Parameter  Clay Silt Sand pHuxo PHcacz  EC oM CEC

Clay 1.000

Silt 0.316  1.000

Sand | -0.316 -1.000° 1.000

pPHuo | -0.316 -1.000° 1.000°  1.000

PHcace | -0.500 -0.949 0.949 0.949  1.000

EC -0.056 -0.949 0.949 0.949 0.889  1.000

oM 0.949 0.400 -0.400 -0.400 -0.632 -0.211 1.000

CEC 0.105 0.600 -0.600 -0.600 -0.738 -0.738 0.400 1.000

*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.0level (2tailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.7 Correlation matrix among soil physicochemical parameters (6 15 an) in

dry season 2011

Parameter Clay Silt Sand pHuo PHeacz  EC OM CEC AP
Clay 1.000

Silt 0.400  1.000

Sand | -0.573 -0.980° 1.000

PHmo | -0.779 -0.868 0.944  1.000

PHcac | -0.873 -0.577 0.703 0.765  1.000

EC -0.111 0.280 -0.227 -0.213 0.273  1.000

OM 0.429 0.748 -0.761 -0.749 -0.409 0.754 1.000

CEC 0.869 0.750 -0.857 -0.911 -0.950 0.016 0.660 1.000

AP -0.279 0547 -0.430 -0.289 0.227 0.180 0.148 -0.062 1.000

*, Correlation is significant at the 0.05 level-{@iled).

**_Correlation is significant at the 0.01 leveH@iled).
OM - Organic matter
EC - Electrical conductivity
CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.8 Correlation matrix among soil physicochemical parameterg15- 30 cm) in
dry season 2011

Parameter Clay Silt Sand pH H20 pHCaCIZ EC OM CEC AP

Clay 1.000

Silt 0.857  1.000

Sand | -0.944 -0.979° 1.000

pPHuo | -0.241 -0.347 0.317  1.000
PHcace | -0.708 -0.752 0.762 0.843  1.000

EC -0.425 -0.049 0.200 0438 0.435 1.000

oM -0.258 -0.143 0.194 0.668 0.647 0.317 1.000
CEC 0875 0575 -0.714 -0.312 -0.630 -0.800 -0.239 1.000

AP -0.197 -0.132 0.163 -0.274 -0.177 0318 -0.767 -0.386 1.000

*, Correlation is significant at the 0.05 levi@-tailed).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.9 Correlation matrix among soil physicochemical mrameters (07 15 cm) in
wet season 2012

Parameter Clay Silt Sand pHwo pPHcacz  EC OM CEC AP

Clay 1.000

Silt 0.297  1.000

Sand -0.748 -0.829° 1.000

pHi2o  -0.100 -0.651 0.475  1.000

pHeace  0.172 -0.655 0.426 0.329  1.000

EC -0.708 -0.605 0.841° 0.653 0.146  1.000

OM 0.542 0.257 -0.467 -0.069 0.184 -0.543 1.000

CEC 0.495 0.602 -0.662 -0.309 -0.089 -0.637 0.803° 1.000 ’
AP -0.559 -0.543 0.635 0.207 0.110 0.419 -0.407 -0.657 1.000

*, Correlation issignificant at the 0.05 level {2iled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.10: Correlation matrix among soil physicochemecal parameters (15 30 cm)

in wet season2012

Parameter  Clay

Silt Sand pHuo PpHcace  EC oM CEC AP
Clay 1.000
Silt 0.393  1.000
Sand -0.156 -0.021  1.000
pHuo  -0.133 -0.440 0.081  1.000
PHcace  -0.073 -0.344 0.184 0.382  1.000
EC -0.546 -0.492 0.178 0.819° 0.258  1.000
OM 0.498 0.094 -0.172 -0.360 -0.175 -0.582 1.000
CEC 0.484 0.418 0.193 -0.370 -0.331 -0.620 0.787°  1.000
AP -0.483 -0.551 -0.259 0.227 0.034 0.279 -0.422 -0.590 1.000

*, Correlation is significant at the 0.05 level-{diled).
**_Correlation is significant at the 0.01 level-2iled).

OM - Organic matter
EC - Electrical conductivity
CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.11 Correlation matrix among soil physicochenical parameters (0i 15 cm) in

dry season2012

Parameter  Clay Silt Sand pHuo PpHcace  EC OM CEC AP
Clay 1.000

Silt -0.166  1.000

Sand  -0.044 -0.978 1.000

pHuwo  -0.450 -0.564 0.667  1.000

pHcace  -0.712 -0.328 0.484 0.332  1.000

EC 0.013 0.249 -0.256 -0.661 0.393 1.000

OM 0.369 0.691 -0.779 -0.914 -0.325 0.712 1.000

CEC 0459 0.779 -0.887 -0.799 -0.749 0.165 0.790 1.000

AP -0.791 0575 -0.415 -0.152 0.460 0.266 0.126 0.085 1.000

*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter
EC - Electrical conductivity
CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.12 Correlation matrix among soil physicochemecal parameters (15 30 cm)
in dry season2012

Parameter Clay Silt Sand PHH20 PHcaci2 EC oM CEC

AP
Clay 1.000

Silt 0.930  1.000

Sand  -0.973° -0.990° 1.000

pHwo  -0.753 -0.835 0.817  1.000

PHeace  -0.903 -0.963° 0.956 0.901  1.000

EC -0.407 -0.333 0.367 0.440 0.555 1.000

oM 0.135 -0.049 -0.022 0.548 0.189 0.153 1.000

CEC 0.820 0.660 -0.734 -0.656 -0.781 -0.815 0.026 1.000

AP -0.289 -0.187 0.230 -0.255 0.176 0.412 -0.781 -0.369 1.000

*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cationsexchangeable capacity
AP - Available phosphorus
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4.3 Total metal concentratiors in soils of different vegetation zones in Oli foresin
2011

The total metal concentration values in various soils investigated for both wet and dry
seasos at two depths(0 - 15 cm and 15 30 cm) are presented iraflles4.14 and 4.15

The total metalconcentratios were found to vary greatly ifierminalia macrocarpum
woodand with the maximum value of metabncentration beingecorded for Zinc athe

two depthsin dry season. While the least valuas recorded for & mium (1.4mg/kg) at
deptls (0 - 15 and 15 30cm). The meanancentration values of Cd, Cu aNdhave little

or no variation inTerminalia macrocarpumwoodland soil but for Cr, Pband Zn

concentration values varied widelystsownin Table4.13.

The metal concentrations in the soilRdirkea africana/Detarium microcarpumoodland
followed the same trend asund in Terminalia macrocarpunwoodland Although the
mean Zn concentration (323.08 mg/kg) and (416.35 mg# in Burkea
africana/Microcarpumwoodlandat 0- 15 cm and 15 30 cm depth respectively weethe

highest among thethermetalconcentrationsand also among the vegetation zosteslied.

Cadmium has the least mean lewelcordedn Burkea dricana woodlandsoil and equally
had the least values among the vegetation zones studied ft&Y)o i 15 cm and (0.74
ma/kg)isi s0cm Little variation in metal cocertration was noticed among Cr, Ni and Pb in
the dry seasofilrable4.15), but there wasvide variationin the metal concentrations when
compared to the levels of Cu (6.@®/kg)o - 1 scm @nd (4.18mg/kg)is+ s0cm- CoNcentration
values (302.54 mgfo - 15cm and (160.06 mgkis - 30 cm remained the highesecorded in

the soil samplkeinvestigated aRiparain forestin dry seasorof 201Xor Zinc. The mean
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levels ofNi, Cr, and Plrecorded fallwithin the same range. (8.43 mg/kg to 27.76 mg/kg).
The least wlues recorded for Cd and Cu 1.73 ngg/nd 2.02mg/kg respectively at

Riparain foresiTable 4.15) The highestoncentration oZinc wasfound consistent

In wet season dsoberliniawoodland the levels of metals in the surface soil-(D5 cm)
followed the order: Cd (10.73 + 2.00); Cr (39.39 + 2.30); Ni (29.14 + 2.90); Pb (20.08 +
3.40); Zn (14.63 = 0.90) and Cu (34.21 + 0.09) mg/kg, (Table 4.13). Cu had the highest
concentration while the Veest value was recorded for cadmium. During the same wet
season of 2011 at sub surface (180 cm), the order of level of metal was; Cd (10.68 +
3.90); Cr (34.53 + 4.50); Ni (27.93 + 1.00); Pb (19.22 + 3.40); Zn (19.21 + 1.00) and Cu
(40.75 £ 1.20) mg/kgTable 4.13. During dry seasonlabberliniawoodlandat 07 15 cm

depth, the values followed order Cd (1.95 + 0.50); Cr (32.33 = 1.20); Ni (18.55 + 4.90); Pb
(13.41 + 2.00); Zn (307.34 £ 17.20) and Cu (2.26 = 0.30) mg/kg. Zn hd the highest value
and theleast was recorded for cadmium. The trend at 38 cm depth followed order: Cd
(1.16 + 0.20); Cr (33.58 + 1.20); Ni (16.77 + 4.90); Pb (14.12 + 1.20); Zn (187.45 + 3.20)
and Cu (3.23 £ 1.20) mg/kg, (Table 4.14)

In Diospyrus mespiliformis foredhe trend of levels of metals during wet and dry seasons
follows the order: Cd (1.95 + 0.00); Cr (40.35 £ 1.20); Ni (25.27 £ 4.90); Pb (10.74 + 1.20);
Zn (211.35 £ 17.20) and Cu (7.92 = 0.40) mg/kg and Cd (1.72 + 0.59); Cr (36.66 + 3.20);
Ni (18.29 + 1.58; Pb (13.74 + 05); Zn (199.53 + 17.20) and Cu (5.76 + 1.00) mg/kg
respectively.The control values at ©15 cm and 15 30 cm depthss in orded Q.34 *

0.20) and0.48 £ 0.01) mg/kgespectivelyin wet and(0.20 + 0.01) and (0.41+ 0.01) mg/kg

in dry season.Zn had the highest values at both depths while Cd has the least values also at

0- 15 cm and 15 30 cm depths.
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Table 4.13 Total metal concentration inthe soils ofOli forest at different vegetation zonsin wet season 2011

Sample Location

Metal (mg/kg)

Cd Cr Ni Pb Zn Cu
Isoberlinia Woodland
07 15cm 10.732.00 39.3%2.30 29.14t2.90 20.083.40 14.630.90 34.210.00
1571 30 cm 10.68:3.90 34.534.50 27.931.00 19.223.40 19.2k1.00 40.751.20
Terminalia macroptera
Woodlland
07 15cm 11.56t4.00 47.346.70 12.03:3.45 18.9#4.50 85.0#1.40 24.112.78
1571 30 cm 10.1#1.20 31.022.00 204.3#10.89 18.632.90 17.0#1.00 23.2°A10.87
Burkea Africana/Detarium
microcarpumwoodland
07 15cm 7.1#2.45 37.4&5.70 24.6A#1.20 19.73:1.00 12.5%0.90 47.522.10
151 30 cm 9.22t1.90 35.931.20 29.9%3.00 18.480.00 10.681.50 37.211.40
Riparian Forest
07 15cm 8.00t1.30 37.96t3.00 10.931.00 19.741.00 19.442.30 35.210.00
1571 30 cm 6.94t0.89 29.351.00 26.022.50 19.75%2.54 12.56:1.20 50.92:1.00
Diospyrus mespiliformidg-orest
07 15cm 1.95:0.00 40.35%7.60 25.2#1.80 10.74:1.20 211.3%4.30 7.92+0.40
1571 30 cm 1.72+0.59 36.66t3.20 18.2%1.56 13.790.50 199.5310.15 5.76t1.00
Control
01 15cm 0.34t0.20 3.00t0.98 0.61+0.20 1.00t0.00 0.11+001  0.65t0.00
1571 30 cm 0.48:0.10 1.5#1.00 1.52+0.07 1.56t0.30 0.50t0.00  1.4740.90

S1:Isoberlinia woodland

S2: Terminalia macropteravoodland

S3: Burkea africana/Microcarpumwoodland

S4: ReparianForest
S5: Diospyrus mespiliformis
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Table 4. 14: Total metal concentration inthe soils of Oli forest at different vegetations zonesin dry season2011

Sample Location

Metal (mg/kg)

Cd Cr Ni Pb Zn Cu
Isoberlinia Woodland
07 15cm 1.95:0.50 32.331.20 18.554.90 13.4%2.00 307.3417.20 2.26t+0.30
1571 30 cm 1.16:0.20 33.581.00 16.7A#2.00 14.121.20 187.453.20 3.23t1.20
Terminalia macroptera
Woodlland
07 15cm 1.42+0.30 33.04t2.30 19.4A#1.00 9.18:3.40 193.622.40 2.79:0.20
1571 30 cm 1.42+0.90 23.55:2.00 14.030.50 18.48:1.45 264.755.89 2.85t1.20
Burkea Africana/Detarium
microcarpumwoodland
07 15cm 0.81+0.05 47.25:1.00 24.482.30 14.551.80 323.0&20.10 6.72:3.00
1571 30 cm 0.74:t0.02 44.2t0.00 27.6(t3.65 16.950.56 416.35:2.50 4.18:1.00
Riparian Forest
07 15cm 1.73t0.67 27.76t3.00 15.86:2.00 8.43t1.00 302.544.50 2.24+0.56
157 30 cm 1.16:0.98 24.188.50 17.331.53 15.021.56 160.06:7.89 2.02+1.20
Diospyrus mespiliformis Fores
07 15cm 1.00t0.50 38.04t4.90 15.85:0.78 11.56t1.20 195.5%3.50 2.13t0.69
151 30 cm 2.26t0.89 51.94t2.70 34.6%1.00 11.08:1.89 203.636.70 5.50t0.92
Control
07 15cm 0.2Gt0.01 1.21#1.00 0.9Gt0.00 0.50t0.00 0.61+0.10 0.10t0.10
1571 30 cm 0.41+0.01 0.710.02 1.30t0.20 1.10t0.05 1.28:0.23 0.23t0.00

S1:Isoberlinia woodland

S2: Terminalia macropteravoodland

S3: Burkea africana/Microcarpumwoodland

S4: ReparianForest
S5: Diospyrus mespiliformis
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4.4Total metal concentrationin soil of Oli forest at different zones in 2012

The result forthe total metal concentration in seibf the different vegetatiorzones in Ol
forest in the second yea 2012 is presented in Tabldsl5 and 4.16 respectively In
Isoberliniawood landthe concentration ometak investigatediuring wet seasois in the

order:Cu > Cr > Ni >Pb> Zn > Cd as shown in Table 4.etseason).

In Terminalia macropterawoodand soil Zinc has the highest concentrations (85.07
ma/kg)o - 15 cm @and (1701 mg/lg)isi 30 cm and least valués for cadmium (9.6# 3.27)
mg/kg at surface soil and (8.682.88) mg/kg at sub surface soifhe levels of metalat

depth 0- 15 cmis in the order: Cd (9.67x 3.27); Cr (391911.32; Ni (10.24 £ 0.23); Pb
(14.39 + 7.00¢n (80.93 + 4.17) and Cu (21.28 + 4.60) mg/kg in wet season of year 2012.
The values at sub surface (130 cm werein the order: Cd (8.68+ 2.88); Cr (24.38 +
9.87); Ni (155.67 + 69.67); Pb (14.08 + 7.00) Zn (12.91 + 6.43) and Cu (21.28 + 4.60)

mg/kg.

At the Burkea dricana/Detarium microcarpunsoil, total metal concentrati@for eachof
the metal studied are in the ord€u (36.08 £0.17mg/kg) > Cr(30.61 £0.11 mg/kg > Ni
(18.69 +0.93 mg/kg > Pb(14.86 +0.73 mg/kg > Zn (9.53 +0.50 mg/kg > Cd (5.51
+2.69 mg/kg at depth G 15 cm.and Cu (27.55+ 13.43) > Cr (27.01 + 2.90) > Ni (26.79 *

5.17) > Pb{5.90 + 3.75> Zn (9.19 + 2.63) > Cd (8.31 + 1.98ig/kg.

The trend in order of mangnitudebtainedin Isoberlinia woodlandwas the same for

Burkeaafricana/Detarium microcarpurnwoodlandsoil.
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In Riparian forestsoil, little variancewas observedh the concentratiorof metals which
follows order: Cu > Cr >Pb >Zn > Ni > C&or Diospyrous mespiliformigzood landsoill,
the concentrationf the metaldollowed the rankingrder Zn > Cr > Ni > Pb > Cu > Cd,
Zinc has the highest values at both dep(d$1.35 mg/g)o - 15cm and (199.53ngkg)1s; 30

cmand the least level was for C2l42 +0.64 mg/Kly- 15 cmand .96 £0.32 mg/KQs- 30cm.

Among the vegetan studied during wet season, cadmiwmegorded théhighest value in
Terminalia macroptera woodlansbil (9.67 +2.27 mg/kpand the least valuef 2012,in
Diospyrous woodlangoil with (rangel.72- 11.55mg/kg). The hghestmeanvalue (39.91
+1.32 mg/kg) of Cr concentration was Trerminalia macrocarpunsoil while the least
value £3.08 £1.18 mg/Kgwas in Riparain forestsoil. The concentration values for Ni
during wet seasoaf 2012 wee higher tlan those obtained in dry seasuin?012(10.24 -
155.67 mg/g)wet and (1378 - 3444 mg/lg)ay. The Hghestlevel of concentratiolf155.67
mg/kg)is v 30 cm Of Ni was in Termilinia macropterawoodland. While the least
concentratiorievels for Ni in 2012 was found Riparain vegetatiorsoil (7.99 mg/lg)i 15

emand (2015 mg/Kg)is30cm-

Pb had the leastevels of concentration iDiospyrous melispiformigorestin wet season
and dry sasons(12.37 mg/lg)oi 15 cmand .26 mgkg)isi 30 cm respectively, as shown in
Table4.15 and4.16 The highest value of ledd6.79 mg/lQ)oi 15cm and 16.45 mg#y)1s+ 30
«m In soil of Oli forestat different vegetation zon@s wet seasonf 2012was inlsoberlinia
wood landsoil and the least value (12.37 + 2.31 mggkg) cmat Diospyrusmespiliformis
forest. Diospyrous mespiliformisoil had the highestevels of concentrationof zinc

(213.93 and 202.29 mgjkat Oi 15cm and 15 30cm respectivelywhile the least values
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were (9.53 and .29 mg/lg) in Burkeaafricana/Detariummicrocarpum woodlandoil at
depths G 15cm and 15 30 cm respectivelyFor Burkea africana/Detarium microcarpum
vegetation soil, the result obtained in dry season varied slighitlythe highestevel of Zn
being (32155 + 4.88mg/kg)oi 15cm and 41299 + 6.81mg/kg)isi 30cm and the least values
were 19121 + 5.43mg/kg)oi 15cmand 5902 + 3.23mg/kg)isi 30cm:
The level ofCu obtainedin boththe wet and dry seasaof 2012 range fron¢8.801 36.08
mg/kg) at 0 - 15 cm depthin the wet seasoragainst(1.971 6.66 mg/ky) at theO T 15cm
depth in the dry season and (61638.82 mg/ky) at thel5 -30 cm depthagainst (Z/9 -
5.44 mg/lg) at the 15 30 cm depthn dry season. Among the soié the five different
vegetationzones of Oli foest being studied inthe wet season of 2012the hghest
concentration values was obtairfed copper(38.82 mg/kg)in Riparain forestsoil and the
least concentratiom Diospyrousmespiliformisdry wood landsoil for Cu (6.66 mg/kg)
The level of concentration for Cu during dry season was émd follows orderBurkea
africana/Detarium microcarpum > Terminalia macropterawoodand > Isoberlinia >
Riparain forest> Diospyrousmespiliformis The control value for each metal at diferrent
vegetation zonesialso presented in Table 4.14 for the y28t2 respectively. The trend
in wet seasots in order: Cd0.55 = 0.18); Cr (3.14 + 0.68); Ni (0.80 + 0.14); Pb (1.55 *
0.16); Zn (0.83 £ 0.16)Cu (1.13 = 0.09ing/kg at O 15 cm and CdQ.65 + 0.22; Cr (2.31
+ 0.55); Ni (2.4 + 0.52); Pb (1.65 + 0.2Zj (0.94 + 0.22); Cu (3.88 * 1.1) at 1530 cm
depth.
During dry season trend is in ord€@.44 + 0.09); Cr (2.76 £ 0.40); Ni (1.58 + 0.02); Pb
(0.83 £ 0.08); Zn (19.92 5.20); Cu (0.22 + 0.03) mg/kg ati@L5 cm and Cd (0.18 + 0.03);
Cr (2.39 + 0.31); Ni (17.15 + 1.81); Pb (1.48 £9).Zn (15.90 + 0.22); Cu 0.40+ 0.07) at
157 30 cm
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Table 4.15 Total metal concentration inthe soils of Oli forest at different vegetationzonesin wet seasorof 2012.

Sample Location

Metal (mg/kg)

Cd Cr Ni Pb Zn Cu
Isoberlinia Woodland
07 15cm 8.10+3.89 29.64+14.34 26.36+4.80 16.79+5.05 11.97+4.05 30.25+5.78
1571 30 cm 9.15+2.39 30.23£7.03 25.81+3.31 15.38+5.73 17.46+£3.19 36.45+7.25
Terminalia macroptera
Woodlland
07 15cm 9.67+£3.27 39.91+11.32 10.24+3.44 14.39+7.09 80.93+4.17 21.28+4.60
15/ 30 cm 8.68+2.88 24.38+9.87 155.67+69.67 14.08+7.00 12.91+6.43 17.72+8.56
Burkea Africana/Detarium
microcarpumwoodland
07 15cm 5.51+2.69 30.61+10.84 18.69+9.33 14.86+7.25 9.53+5.04 36.08+17.00
151 30 cm 8.31+1.95 27.01+12.90 26.794+5.17 15.90+3.75 9.194+2.63 27.55+13.43
Riparian Forest
07 15cm 5.54+3.81 31.4319.79 7.99+4.92 15.62+6.57 14.65+6.97 32.25+4.85
1571 30 cm 6.54+1.28 23.08+10.06 23.99+3.39 16.45+5.47 9.36+5.09 38.82+18.30
DiospyrusmespiliformisForest
07 15cm 2.42+0.64 41.68+1.87 27.14+2.64 12.37+2.31 213.93+3.64 8.80+1.22
1571 30 cm 1.96+0.32 38.34+2.35 20.15%+2.62 15.40+2.27 202.29+3.84 6.67+1.29
Control
01 15cm 0.55+0.18 3.14+0.68 0.80+0.14 1.55+0.16 0.83+0.16 1.13+0.09
1571 30 cm 0.65+0.22 2.31+0.55 2.40+0.52 1.65+0.24 0.94+0.22 3.88+1.16

S1:Isoberlinia woodland

S2: Terminalia macropteravoodland
S3: Burkea africana/Microcarpumwoodland

S4: ReparianForest
S5: Diospyrus mespiliformis
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Table 4.16 Total metal concentration inthe soils ofOli forest at different vegetation zones in dry seasonf 2012

Sample Location

Metal (mg/kg)

Cd Cr Ni Pb Zn Cu
Isoberlinia Woodland
07 15cm 1.90+0.04 32.24+0.66 18.50+0.93 13.25+0.64 302.79+12.04 2.24+0.30
1571 30 cm 1.12+0.04 33.46+1.19 16.64+1.22 13.86+1.03 187.04+3.49 3.11+0.55
Terminalia macroptera
Woodlland
07 15cm 1.40+0.11 33.01+1.26 18.90+2.06 9.03+0.88 191.21+5.43 2.70+0.72
1571 30 cm 1.39+0.25 23.44+0.78 13.78+1.12 18.40+2.10 261.87+5.08 2.79+0.44
Burkea Africana/Detarium
microcarpumwoodland
07 15cm 0.77+0.14 46.69+2.08 24.38+1.02 13.81+1.82 321.55+4.88 6.66+0.88
151 30 cm 0.69+0.11 43.14+2.49 27.40+1.34 16.59+1.22 412.99+6.81 4.15+0.38
Riparian Forest
07 15cm 1.70+0.45 27.56+1.20 15.75+1.06 8.26%£1.14 300.90+4.38 2.22+0.38
1571 30 cm 1.15+0.05 23.88+2.36 17.15+0.82 14.80+1.39 159.02+3.23 3.00+1.84
Diospyrus mespiliformidg-orest
07 15cm 0.97+£0.14 37.75x2.62 15.68+1.44 11.44+0.59 194.85+3.47 1.97+0.58
1571 30 cm 2.22+0.14 51.75+2.60 34.44+1.36 10.94+0.47 202.80+3.11 5.44+0.69
Control
01 15cm 0.44+0.09 2.76+0.40 1.58+0.20 0.83+0.08 19.92+5.20 0.22+0.03
1571 30 cm 0.18+0.03 2.39+0.31 17.15+1.81 1.48+0.19 15.90+2.14 0.40+0.07

S1:Isoberlinia woodland

S2: Terminalia macropteravoodland

S3: Burkea africana/Microcarpumwoodland

S4: ReparianForest
S5: Diospyrus mespiliformis
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Correlation matrix between metatsthe soils of Glforestat the different vegetation zones

and physico- chemical parameter were carried out for wet and dry seas@fldfand

2012 (Table4.17t0 4.25).

In wet season of 2014t 07 15 cmCd, Cr, and Znverenegatively related tsilt (r = 1.000,

P 00.01) and CEC (r = 0.800, B  0); afidspositively related to pH (r = 0.949CP 0), 05
EC (r= 0.316, P O 0.01), and OM .Nididnot0. 400,
correlated with silt but had correlation with Sand, pH and EC. The same trends were
obtained during wet and dry season of 2012 at beth3cm and 1% 30 cm depths. Cat

sub subsurfaceorrelated negatively with almost all the physicachemical parameter
except for CEC and silt where it had positive correlatiod r = 0.400 (Tablé.18). Pb had
negative correlation with Clay (r = 0.949), Silt (r = 0.200), EC (r = 0.105),(#0.800)

and positive correlation with San@d = 0.200),pH (r = 0.316)and CEC(r = 0.200)

respectively.

Inter-elemental association was also evaluatedgbgar mandés rank correl a
P and the results are shown in Table 4.26 to Table 4.31. The ireshé dry season of
2011revealed that some element pairs, for exanaplehada strongnegative correlation

with Cd andPb (P < 0.05) Table 4.2&u has significant positive correlation with b <

0.05, r =0.857) and negative correlation with Zn (P < 0.650r935). Ni did not correlate
significantly with any of the metals studied as shown in Table 4'RB6.same trend of
relationship between rteds was obtained at 1530 cm depth in dry season of 2011 (Table

4.27). Correlation matrix of the metals in wedalry seasons of 2012 afi01l5 cm and 15

T 30 cm was not different from trend obtained in 2(QI4ble 4.28 4.31).
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Table 4.17. Correlation matrix between metals in thesoil of Oli Camp and the physicochemical parameters (0 15 cm)
in wet seasorof 2011

Paramete Clay Silt Sand pHuxo pHcace  EC OM CEC
Cd 0.211 -1.0000 -0.200 -0.105 0.949 0.316 0.400 -0.800
Cr 0.211 -1.0000 -0.200 -0.105 0.949 0.316 0.400 -0.800
Ni -0.949 0.000 0.400 -0.316 0.211 0.949 -0.800 -0.400
Pb -0.833 0.316 0.949 -0.833 0.000 0500 -0.949 0.316
Zn 0.738 -0.800 -0.400 0.105 0.632 -0.316 0.800 -0.400

Cu -0.211 1.0000 0.200 0.105 -0.949 -0.316 -0.400 0.800

*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.18 Correlation matrix between metals in the soil of Oli forestand the physicochemical parameterg15i 30 cm)
wet seasorof 2011

Paramete Clay Silt Sand pHuo pHcace  EC OM CEC
Cd -0.105 -0.600 0.600 0.600 0.738 0.738 -0.400 -1.000
Cr 0.632 0.400 -0.400 -0.400 -0.316 -0.105 0.400 -0.400
Ni 0.738 -0.400 0.400 0.400 0.211 0.632 0.600 -0.400
Pb -0.949 -0.200 0.200 0.200 0.316 -0.105 -0.800 0.200
Zn -0.632 -0.800 0.800 0.800 0.949 0.738 -0.800 -0.800

Cu -0.738 0.400 -0.400 -0.400 -0.211 -0.632 -0.600 0.400
*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.19 Correlation matrix between metalsin the soil of Oli forestand the physicochemical parameterg0 - 15 cm)

dry seasonof 2011
Parameter  Clay Silt Sand pHupo PHcace  EC OM CEC AP
Cd 0.045 0.295 -0.273 -0.269 -0.025 -0.401 -0.270 0.021 0.757
Cr -0.652 0.400 -0.218 0.063 0.397 0.179 0.044 -0.281 0.826
Ni 0.295 -0.057 -0.012 -0.231 0.131 0.729 0.511 0.069 -0.145
Pb 0.498 0.271 -0.349 -0.455 -0.446 -0.607 -0.235 0.362 0.362
Zn -0.649 -0.158 0.281 0.459 0523 0.603 0.218 -0.420 -0.134
Cu 0.870 0.342 -0.493 -0.680 -0.768 -0.450 0.076 0.700 -0.007

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table4.20: Correlation matrix between metak in the soil of Oli forestand the physicochemical parameterg15i 30 cm)
dry seasorof 2011

Parameter  Clay Silt Sand pHuo PHcacz  EC oM CEC AP

Cd 0.070 0.330 -0.239 -0.940 -0.747 -0.108 -0.609 0.021  0.420
Cr 0.517 0.538 -0.549 0.414 -0.067 0.451 -0.024 0.106 0.211
Ni -0.530 -0.075 0.258 -0.205 0.116 0.438 0.412 -0571 -0.166
Pb 0.049 0.072 -0.065 -0.95I -0.675 -0.561 -0.623 0.258 0.218
Zn -0.158 -0.258 0.228 0.985  0.770 0.491 0563 -0.296 -0.154
Cu 0.245 0.044 -0.125 -0.822 -0.663 -0.809 -0.721 0.524 0.189

*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.21Correlation matrix between metak in the soil of Oli forestsoil and the physicochemical parameterg01 15 cm)
wet seasorof 2012

Parameter  Clay Silt Sand  pHu2o PHcace EC oM CEC AP

Cd -0.813 -0.558 -0.537 0.089 0.155 0.400 -0.667 -0.958 0.889
Cr 0.674 -0.374 -0.600 0847 0.160 -0.505 0.810 0.382 -0.197
Ni 0.079 0.001 0506 -0479 -0.316 -0.638 0.282 0.362 0.017
Pb -0.873 -0.122 0.316 -0.624 0.167 0.394 -0.850 -0.668 0.617
Zn 0.812 -0.208 -0.187 0.558 0.099 -0.744 0.952 0.695 -0.390
Cu -0.705 0.424 0275 -0.619 -0.250 0.797 -0.917 -0.567 0.196

*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.22 Correlation matrix between metalsin the soil of Oli forest and the physicochemical parameterg15i 30 cm)
wet seasorof 2012

Parameter  Clay Silt Sand  pHu2o PHcace EC oM CEC AP

Cd -0.918 -0.397 0.719 0453 0494 0724 -0.885 -0.802 0.453
Cr 0.891 0.345 -0.672 -0.491 0.098 -0.616 0.936 0.388 -0.711
Ni -0.344 -0.664 0.602 0.992° 0.353 0.893 -0.416 -0.565 0.914
Pb 0.033 0.608 -0.409 -0.822 -0.630 -0.733 0.062 0.599 -0.586
Zn 0975 0.319 -0.697 -0.374 -0.191 -0.622 0.967 0.601 -0.504
Cu -0.790 -0.151 0.496 -0.228 0.069 0.123 -0.741 -0.333 0.000

*, Correlation is significant at the 0.05 level-{diled).
**_Correlation is significant at the 0.01 level {&iled).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.23 Correlation matrix between metals in the soil of Oli forestand the physicochemical parameterg01 15 cm)
dry seasonof 2012

Parameter  Clay Silt Sand  pHu2o PHcace EC oM CEC AP

Cd -0.459 -0.539 0.644 0.602 0.438 -0.502 -0.850 -0.634 0.224
Cr 0558 0.587 -0.713 -0.913 -0.464 0.628 0.977 0.815 -0.073
Ni 0.341 0.771 -0.853 -0.880 -0.571 0.290 0.789 0.955 0.278
Pb 0.541 0.127 -0.244 -0.884 -0.129 0680 0.686 0.489 -0.033
Zn 0.649 -0.124 -0.012 -0.304 -0.651 -0.383 -0.011 0.426 -0.343
Cu 0.563 0.699 -0.828 -0.818 -0.782 0.172 0.791 0.992° -0.020

*, Correlationis significant at the 0.05 level-2iled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4.24 Correlation matrix between metakin the soil of Oli forestand the physicochemical parameterg15i 30 cm)
dry seasonof 2012

Parameter Clay Silt Sand PHu20  PHcack EC oM CEC AP

Cd -0.464 -0.617 0.567 0.843 0.781 0.700 0.657 -0.584 -0.109
Cr 0559 0.357 -0.442 -0.122 -0.181 0.352 0.488 0.235 -0.051
Ni 0556 0.301 -0.406 0.014 -0.148 0.198 0.688 0.329 -0.318
Pb 0.082 0.384 -0.273 -0.316 -0.442 -0.348 -0.289 0.040 -0.223
Zn 0.845 0961 -0932 -0.678 -0.884 -0.232 0.102 0.512 -0.332
Cu 0.437 0.189 -0.289 0.127 -0.015 0.331 0.709 0.185 -0.265

*, Correlation is significant at the 0.05 level-{diled).
**_Correlation is significant at the 0.01 level-ailed).

OM - Organic matter

EC - Electrical conductivity

CEC- Cations exchangeable capacity
AP - Available phosphorus
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Table 4. 25 Correlation matrix of the metalsin the soil of Oli forest (07 15 cm) in dry seasorof 2011

Parameter  Cd Cr Ni Pb Zn Cu
Cd 1.000

Cr 0.410  1.000

Ni -0.308 -0.425 1.000

Pb 0.851 -0.066 -0.258 1.000

Zn -0.701 0.327 0.110 -0.964" 1.000

Cu 0.489 -0.457 0.008 0.857 -0.935 1.000

*, Correlation is significant at the 0.05 level-{diled).
**_Correlation is significant at the 0.01 level-ailed).
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Table 4.26 Correlation matrix of the metalsin the soil of Oli forest (157 30 cm) in dry seasorOf 2011.

Parameter  Cd Cr Ni Pb Zn Cu
Cd 1
Cr -0.323 1
Ni 0.412 -0.447 1
Pb 0.851 -0.648 0.201 1
Zn -0.909 0.555 -0.286 -0.976 1
Cu 0.608 -0.531 -0.222 0.903 -0.832 1

*, Correlation is significant at the 0.05 level-{diled).
**_Correlation is significant at the 0.01 level-ailed).
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Table 4.27 Correlation matrix of the metalsin the soil of Oli forest (017 15 cm) in wet seasoonf 2012

Parameter  Cd Cr Ni Pb Zn Cu
Cd 1.000
Cr -0.205 1.000
Ni -0.401 0.055 1.000
Pb 0.603 -0.864 -0.182 1.000
Zn -0.551 0.894 0.404 -0.902 1.000
Cu 0.377 -0.920 -0.363 0.811 -0.974 1.000

*, Correlation is significant at the 0.05 leveHg@iled).
**_Correlation is significant at the 0.01 level-ailed).
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Table 4.28 Correlation matrix of the metalsin the soil of Oli forest (15- 30 cm) in wet seasonf 2012

Parameter  Cd Cr Ni Pb Zn Cu
cd 1.000
Cr -0.727  1.000
Ni 0.371 -0.415 1.000
Pb -0.200  -0.049 -0.861 1.000
Zn -0.932  0.905 -0.283 -0.045 1.000
Cu 0.646  -0.643 -0.292 0.533 -0.782 1.000

*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).
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Table 4.29 Correlation matrix of the metalsin the soil of Oli forest (07 15 cm) in dry seasorof 2012

Parameter  Cd Cr Ni Pb Zn Cu
Cd 1.00C
Cr -0.872 1.00C
Ni -0.48¢  0.782 1.00C
Pb -0.342  0.723 0.62€ 1.00C
Zn 0.192  0.135 0.448 0.41€ 1.00C
Cu -0.647  0.84C 0.941 0.54¢ 0.49C 1.00C

*, Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).
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Table 4.30 Correlation matrix of the metalsin the soil of Oli forest (15-30cm) in dry seasornof 2012

Parameter Cd Cr Ni Pb Zn Cu
Cd 1.00C
Cr 0.407  1.00C
Ni 0.462  0.955 1.00C
Pb -0.651 -0.65C  -0.63¢  1.00C
Zn -0.50€  0.30%3 0.275  0.50€ 1.00C
Cu 0581 0955 0.988°  -0.691 0.181 1.00C

*. Correlation is significant at the 0.05 level-{@iled).
**_Correlation is significant at the 0.01 level-ailed).
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4.5 Spiking Experiment

The valdity of the precision and accuracy of the atomic absorption spectrophotometer were
tested by spiking experimenthe results of thepiking of the Cd, Cr, Ni, Pb, Cu and Zn a®
shown on Table 4.1The recoveryaried between 89.6i7 108.64 for the soil. The hghest %
recovery of 108.6% was recorded for Zn in soilwhile lowest% recoveries of 89.688 was
recorded for Ni in soil. The pattenf recovery efficiency for theoil samples of Oli forestvas

foundto follow the decreasing ordeizn > Cu > Cr = Pb £d > Ni.
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Table 4.31 Percentage recovery of heavy metals in soiasples

Metals Soil Samples
Cd 90.67+1.00
Cr 93.00+1.20
Zn 108.67+1.00
Cu 98.00+2.00
Ni 89.67+1.00
Pb 93.00+1.30
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4.6 Speciation of the Metals in the soils othe vegetation zones of Oli forest

The rangemean and standard deviatiohCd, Cr, Ni, Pb, Zn, and Ceoncentrationsit 0-15cm
and 15 30 cm depthsn the soil samplesf the five vegetation zones studigdring wet and dry
seasonsf 2011 and 2012re presented in bBées 4.130 4.16 There was decreasing trend in the
mean concentration of all the metastudiedat depths Oi 15 cm and 15 30 cm. The
concentrations for the surface il 15 cmranged fom1.72 + 0.5%0 213.93 £3.64for, during
wet season and fro69+ 0.11to 412.99 +during dry season.

The concentrations of all the metals were found to decrease generally with incesaistiegth
with Cu having by far the highesbncentration followed by Pb, while Cr, Ni, Zn and Cd have
the least and in the same order of magnitude.

The result for different fractionfsom sequential extraction were presented inFgdrea to 4.6b
and Appendix I XII for both wetand dry seasoof year201Iwhile 2012 wet and dry season
were presented in Figures 4.7a to 4.12b and Appendixi X{XV. Thehighest percentags
metalsconcentrationsvere mostly resided in the residual fractions for all the vegetation zones in
both wet and dry season of 2011 and 2012. The tvbadrveds in order.RES > FMO > CB >

OB > EX > WS.Contrary observation was recorded Cadmiumin dry season of 2011 with

order: EX > RES > FMO > CB >0OB > Wd&so Chromiunhad a pattern orde®©B > CB > FMO

> RES > EX > WSPercentage range of 1 to 50(%) was recorded for Nickel andlleand) wet

dry season 02011 and 2012The values for the contrsbil samplesvere alsanostly resided in

the residual boundnd theorder is:RES > FMO > OB = EX > CB = WS for both seasons
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Figure 4.1a:Chemical fraction of Cadmium in soils ofthe different vegetations of Oli forest in wet seasorof 2011
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Figure 4.2b. Chemical fraction of Chromium in soils ofthe different vegetations of Oli forest in dry seasonof 2011

129



100.00 -

90.00 -

80.00 -

70.00 -

60.00 -

50.00 -

Percentage Fraction

40.00 -

30.00 -

20.00 - >

10.00 - i

0.00 -

SITE @ kX
I: Isoberlinia Woodland 7
T:Terminalia macroptera Woodlland
B: Burkea Africana/Detarium microcarpum woodland
R: Riparian Forest

D: Diospyrus mespiliformis

H Water Soluble

H Exchangeable

i Organic Bound

@ Carbonate Bounc
FeMnO

Residual

Figure 4.3a. Chemical fraction of Nickel in soils othe different vegetations of Oli foresin wet season of 2011

130



100.00 -

90.00 -

80.00 -

70.00 -
.S H Water Soluble
©
E 60.00 - ¥ H Exchangeable
% 50.00 - . N i Organic Bound
§ 40.00 - | 1 ¥ i ® Carbonate Bound
E FeMnO

30.00 - rehn

i Residual
20.00 - =
10004 L
0.00 - .
%
2,
£

SITE
I: Isoberlinia Woodland
T:Terminalia macroptera Woodlland Site (cm)

B: Burkea Africana/Detarium microcarpum woodland
R: Riparian Forest
D: Diospyrus mespiliformis

Figure 4.3b: Chemical fraction of Nickel in soils ofthe different vegetations of Oli forest in dry season2011

131



100.00 -

90.00 - H Water Soluble
80.00 - H Exchangeable
C .
o 70.00 - i Organic Bound
3]
g 2
iz 60.00 - ; | = Carbonate Bounc
>
& 50.00 - .  FeMnO
= L
S
> 40.00 - i Residual
o
30.00 -
20.00 -
10.00 - _ M
0.00 -
B e % % % B % % % % %
SITE S 2 R &‘& s 6\\9 £ 6\\9 s &\9 © s
. ~ ) > > 2z N R
I: Isoberlinia Woodland 7 < 2 2 7 2 3O %2

T:Terminalia macroptera Woodlland
B: Burkea Africana/Detarium microcarpum woodland
R: Riparian Forest

D: Diospyrus mespiliformis Site (cm)

Figure 4.4a: Chemical fraction of Lead in soils ofthe different vegetations of Oli forest in wet seasorof 2011

132



100.00 -

90.00 -
E Water Soluble

80.00 -
c
2 H Exchangeable
O 70.00 -
©
LL i Organic Bounc
v 60.00 - ¢
o
g H Carb te
c 1 arbonai
g 50.00 . _ Bound
e 40.00 - @ FeMnO

30.00 - - i i Residual

20.00 - M

10.00 | g ! _

0.00 - =
¢ ¢
% %
$) 2 7
SITE LY 2, 2 ) g Y 2

I: Isoberlinia Woodland
T:Terminalia macroptera Woodlland
B: Burkea Africana/Detarium microcarpum woodland Site (cm)
R: Riparian Forest

D: Diospyrus mespiliformis

Figure 4.4b: Chemical fraction of Lead in soils ofthe different vegetations of Oli forest in dry seasonof 2011

133



100.00 -

90.00 -

80.00 -

70.00 -

60.00 -

50.00 -

40.00 -

Percentage Fraction

30.00 -
20.00 - v

10.00 { o ] ]

Ll

v v

0.00 - =
%

SITE ‘o
I: Isoberlinia Woodland” ")9
T:Terminalia macroptera Woodlland
B: Burkea Africana/Detarium microcarpum woodland

R: Riparian Forest
D: Diospyrus mespiliformis

f
0\)‘

A

H Water Soluble
H Exchangeable
- i Organic Bound

H Carbonate Boun

¥ i FeMnO
M Residual
Y o % % % %
~ \/ ~ \/ N @ 0
\99 S) ")9 S) % ‘, J\:}
Site (cm)
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Figure 4.7a: Chemical fraction of Cadmium in soils ofthe different vegetations of Oli forest in wet seasorof 2012
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Figure 4.7b: Chemical fraction of Cadmium in soils ofthe different vegetations of Oli forest in dry seasonof 2012
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Figure 4.8a. Chemical fraction of Chromium in soils ofthe different vegetations of Oli forest in wet seasorof 2012
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Figure 4.9a: Chemical fraction of Nickel in soils ofthe different vegetations Oli forest in wet seasorof 2012
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