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ABSTRACTS

Soil samples from ten locations within the town eveampled and assessed for pH, organic matterategt
phosphates and some trace metals (zinc, lead, eexdndopper and chromium) during two dry seasonsufe of

the analysis indicate mean pH values to range betw&20 - 7.10, organic matter content was obsetwednge
between 2.39 - 4.74 (%). The mean nitrate contetitensoil was observed to range between 10.0826(tngKg?).
Phosphate content was found to range between 0ZB-(mgKd). The mean levels of zinc in the soil was found to
range between 0.24 -1.12 (mgRgand 0.35 - 2.60 (mgKQy for the first and second year respectively. Leaals

in the soil during the first dry season ranged kesw 0.01-0.19 (mgKYy, while in the second dry season, the means
values obtained, ranged between 0.06-0.18 (K range of 0.0 - 0.36 (mgKd) was observed for Cd in the
first dry season and 0.02 - 0.05 (mgKgvas during the second dry season. 0.06-0.15 ¢TyKnd0.05-0.29
(mgKg') were observed for copper in the first and secdnyl seasons respectively. Chromium levels ranged
between 0.03-0.10 (mgKpand 0.05-0.17 (mgKY in the first and second dry seasons respectivefe results
indicate high accumulation of nitrates and phosphiat farmlands than in mechanic workshops and comiaie
areas. Among the heavy metals determined, zincfetasd to be highest in all cases. The results ef study
indicate that soils on the bank of the river arerensusceptible to pollution than mechanic workshapsl
commercial areas, since the river bank act as amesir for sedimentation of most pollutants.

Keywords. Soil, Heavy-Metals, contamination, pollutants, veastMakurdi

INTRODUCTION

The rapid urbanization of major cities in Nigeriashled to a serious environmental degradationngri§iom
domestic and industrial wastes managem@fdste management is the collection, transfer, rireat, recycling or
disposal of solid waste with the intention of pramg environmental cleanness and maintaining goedlth.
According to Enete [1], proper management of myaiciwastes besides reducing the emissions of gnease
gases and improve the quality of life, promote mubkalth, prevent water and soil contaminatiomsesve natural
resources, and provide renewable energy benefitstéVarising from electronic goods, electro-platipaginting,
used batteries, etc., increased heavy metals doimemunicipal refused dumpsites. The slow leachifighese
heavy metals under acidic environment during thgral#ation process leads to leachates with high Imeta
concentrations. This may pollute ground water sesiand crops that may be cultivated on contamirsites [2].

Plants grown on polluted soil continuously absasbypant molecules. Since they cannot get rid esSthmolecules;
the pollutants accumulate in the plant to levet thay be higher than the levels in the soil. Adithat depends on
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these plants may acquire the pollutants; this stnanay lead to transfer of pollutants within fie@d chain up to
man.

Makurdi, the Benue State capital, is located oiuldé 7 44'N and longitude®®2 E. It is situated in a valley in
North Central Nigeria with an elevation of 100m ebcea level [3]. Makurdi has an estimated popuhatif about

500,797; and like any other urban town elsewhereranteveloping countries, it is faced with the peai of waste

management arising from domestic, industrial, consmakand other human activities. Refuse dumpsitesfound

along the major streets, residential and commeaceds in the town.

Over the years, several attempts had been madeeb$tate Government to address this ugly trend.Skate task
force on environmental sanitation which has nowgfarmed to Benue State Environmental Sanitatioendg was
established to ensure a healthy environment ofaive, through the collection of solid wastes witktie metropolis
and the proper disposal of the wastes. The ageasyalso saddled with the responsibility of insperthe general
sanitary conditions of the town. The State Govemmnie 2003 employed the services of consultantsutvey and
advised government on how solid waste could be gethén the town. According to the report of the sudtancy,
the rate of solid waste generated in Kgper day was found to be 0.54, 0.018, 0.014 and fbdHomestic,
commercial, institutional and small medium scaldustries respectively [4].

The recommendation of the report was the estabbsiiof a solid waste management plant. AlthougheBawent
is yet to implement the full recommendations of teport, provisionally, a disposal site along Umsity of
Agriculture Road was established. Waste on thésagie either incinerated or left to decompose.&Sthe site is on
a sloppy land that led to a nearby stream, duriagsgasons, runoff water carry most of the dispesestes or the
incinerated products into the stream and finallyh® river or deposited on the banks of the riverandry season
farming is usually practiced. Some chemicals likavy metals etc may leach through the soil andgstrbed by
crops grown near the disposal sites or on the bahkke river. According to our earlier report, Amange [5],
vegetables grown on the banks of the river arearpimated with varying concentrations of trace nsetalthough,
the concentrations were found to be below the Whi@shold values. It is a fact that continuous aadation of
the metals in the plants and the subsequent depeafianimals and even man may upshot into sombhhisaead
to both animals and man.

This study therefore considers the analysis of aloihg the banks, major mechanic workshops and sa@teeted
commercial area in the town. The study is aimedsatssing the levels of pollution of the topsoithef selected
areas and estimating the possible effects on bicdbgystems and man.

MATERIALSAND METHODS
Collection of Soil Samples
Soil samples were collected from ten (10) differsites (Tablel1.0); Two major mechanics sites (Agid north

bank), five locations along the river bank and ¢hmmmercial areas (e.g. Wadata market, Modern ehark
Wurukum market).

Table 1.0 Soil samplesites.

S/n | Samples Sites Number of samples|(n)
1. Air Force Base (AFB) 5

2. Benue Brewery Limited (BBL) 5
3. New Bridge (NB) 5

4. Saint Joseph Technical College (SJC) 5
5. Rice Mill (RM) 5

6. Apir Mechanic Village (AMV 5

7. North Bank Mechanic Village (NMV 5
8. Modern Market (MM) 5

9. Wadata Market (WM) 5
10. | Wurukum Market KM 5
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Figure 1.0 M akurdi township showing sample sites.

The samples were collected during two dry seasbetsyeen January — February, 2009 and 2010. The afea
sampling include; farmland (those along the rivanB), mechanic workshops and major commercial angén

the metropolis as mentioned above. Samples werentakkound refuse dumpsites (markets and mechanic
workshops). At each site, five samples were rangiaiaken at 10 -15 cm depth of topsoil by scoopisingl
stainless steel knives into polyethylene contaiaedstaken to the laboratory for analysis.

Preliminary treatment of soil samples

The samples were air dried for one week to remowess moisture, while the large soil clods weresloedl to
facilitate drying. The air dried samples were gmbwsing a porcelain mortar and pestle and sievezbtain fine
particle size that could pass through a 2mm medtkapt for analysis.

Deter mination of soil pH

The pH of samples was measured with a soil to watiiw of 1:2 using the Crison micro, 2000, pH melég of
sample was weighed into a plastic container andr@0of deionised water was added. The mixture wasestirr
severally for thirty (30) minutes. The suspensiovere allowed to stand for 30 minutes undisturbede PH
electrode was then inserted into the settled sissperand the pH of the soil was measured. Befoee the pH
meter was calibrated with standard buffers of pkdtians of 4, 7 and 9 [6].

Determination of organic matter, nitrates and phosphates
Organic matter content of the soil was determingdhle weight loss on ignition in a muffle furnades®dC for
lhour [7, 8]. Nitrates and phosphates were detexthirsing the direct reading spectrophotometer (DEGR

Sample Digestion

0.5g portion of the ground sample was weighed atd0cni Kjeldahl digestion flask; 5ml of concentrated iaitr
acid (HNQ) was added followed by 1ml each of concentratdphsuic acid (HSQ,) and perchloric acid (HCI).

The flask was heated in a fume cupboard until devisiee fumes were observed. The flask was coolatl the
content was diluted with distilled water and fiidrinto 100cmvolumetric flasks. The content was made up to the
mark with distilled water and transferred to 128gfastic bottles and stored for metal analysis ByBA

The AAS was operated in the air-acetylene flame enadd the hallow cathode lamps were operated at the
following wavelengths in (nm) Zn 213.8, Pb 283.80,324.80, Cd 229 and Cr 357.90 according the naatwier’'s
instructions. Standards samples were also prepatretifferent concentrations for each element aalibi@tion
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curves prepared from where concentrations of thelnrethe sample was estimated [9].

Quality Assurancefor Metal Analysis

30 ml of multi-element standard solution was dramith a graduated pipette and used to spike 0.8p@ftample
element into a 100chKjeldhal digestion flask; 5ml of concentrated ititacid (HNQ) was added followed by 1ml
each of concentrated sulphuric acid,$ay) and perchloric acid (HCI{p. The flask was heated in the fume
cupboard until dense white fumes were observed.flalsk was cooled and the content diluted withilist water
and filtered into 100cfwolumetric flask. The content was made up to tlekmvith distilled water and transferred
into plastic bottles. The percentage recovery émhemetal was calculated after the AAS analysis.

RESULTSAND DISCUSSION

Table 2.0 Per centage (%) recoveries of trace metal concentrations from spike samples

Metal Per centage (%) recovery
Zinc 98.45
Lead 97.45
Cadmium 91.53
Coppe 97.2¢
Chromiun 93.52

Table 2.0 shows the results of the quality asswdest conducted on the samples. The results shewrter of
recovery of the metals to be Cr < Cd < Co < Pb <Tre high percentage recovery is an indicatiothefvalidity
of the sample treatment procedures used. Okuablal [10], reported slightly different percentage reagve
(97.30%, 88.9%, 96.7% and 95.7% for Zn, Pb, Cd@mndespectively), this could be due to differenceagents’
grades.

The pH of soil along the river bank was found to(bable 3.0) 7.10, 6.20, 6.47, 6.42 and 6.88 foBABBL, NB,
SJC and RM respectively during the first dry seasehile in the second dry season, the mean valfigsHo
obtained were; 7.58, 7.30, 7.54, 7.56 and 7.32f8, BBL, NB, SJC and RM respectively (Table 5.0here was
no significant difference (p<0.05) in the valuegpsf for the two dry seasons.

The mean values of pH obtained from the refuse ditegp(Table 4.0); Apir mechanic village (AMV), NlerBank
mechanic village (NMV), Modern Market (MM), Wadataarket (WM) and Wurukum (KM) were 7.47, 7.03, 7.10,
7.84 and 7.38 respectively for the first yea drgssm. In the second dry season (Table 6.0), theesalecorded
were; 5.68, 5.46, 5.68, 6.00 and 5.70 respectiviHgre was significant difference in the pH valoéshe two year
dry seasons. The results indicate lower valueg-binpthe second dry season. This could be due ¥o@mental
factors.

The pH of the soil is a dynamic quality that canéha tremendous effect on the ability of plantgrmw and thrive
in it. It had been known that both acidity andadilkity of soil can be problems in all areas of therld. The pH of
a soil is the function of the soil ability to beealsas a medium for the cultivation of plants. §bllaffects the uptake
of essential nutrients by plants, soil microbidivaty as well as the health of plants in genefar example, soil
with a pH value of above 7.50 will cause iron, mamgse, copper, zinc and boron ions to be lessaiaito plants.
(That is, pH values slightly above 7.0, less tha@fo5of the Fe is available to plants. At pH 8.0,Feis left in
solution due to iron hydroxide precipitation Fe(@Hyhich eventually converts to rust). As long as pieis kept
below 6.5, over 90% of the Fe will be availablepiants. pH values below 6.00 will cause the soitybibf
phosphoric acid which may result to a drop in eaftiand magnesium levels of the soil. pH values eetw3 and 5
and temperatures above 26 encouraged the development of fungal diseasesic Blements like aluminum and
manganese causes the failure of plants in acid.sdihis is because these elements are highly lsohtbdow pH.
Therefore, when the pH of soil is low (below 58 presence of aluminum or manganese ion becoargsigh.
This situation may lead to a disease conditionlanfpknown as “root pruning.” That is, the deteaitbon of the
plant’s roots and sometime growth of the root mapsWhen these happens, the plant is unable torlalygater
and nutrients normally and in most cases the péompear stunted and exhibit nutrient deficiency spms,
especially those for phosphorus, the consequenadich is poor yields [11].
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In Table 3.0, soil organic matter was found to t8924.74, 4.84, 3.58 and 3.45 (%) in the first skegson while, in
the second dry season (Table 5.0), the valuesraataiere; 3.10, 3.50, 4.39, 3.91 and 3.51 (%) f6BABBL, NB,
SJC and RM respectively. The relatively high organatter content observed at BBL and NB may propbéldue
to the high rate of organic materials like wastedoicts from the brewery industry and animal dungyber
materials used in the roasting animals at the aibatt

The organic matter content of the dumpsites; Apgchanic village (AMV), North Bank mechanic villaggMV),
Modern market, (MM), Wadata market (WM) and Wurukomarket (KM) was found to be 4.08, 2.66, 3.31, 3.69
and 3.09 (%) respectively in the first dry seasbab(e 4.0), while in the second dry season, 3.91R,2.90, 3.66
and 4.12 (%) were recorded as the mean organientfatt AMV, NMV, MM, WM and KM respectively (Table
6.0). There was no significant difference (p<0.0%)rganic matter levels of the sites and betwdentwo dry
seasons.

Soil organic matter is a vast array of carbon commgis in the soil. It is usually created by plamsgrobes, and
other organisms, these compounds play varietiesle$ in nutrient, water, and biological cyclesr Egsample, soll
organic matter is known to increases the nutriemdihg capacity of soil and also acts as a poohufients for
plants. It chelates or binds nutrients, preventivegn from becoming permanently unavailable to ga8bil organic
matter also acts as food for soil organisms (b&gt@rorms etc). It improves water infiltration amtreases water
holding capacity, especially in sandy soils. Itoalncourages the development of plant roots, besidproving
aggregation, preventing erosion and increasesdteeaf pesticides decomposition in the soil [12]ilsSwith high
clay content generally have higher organic mattartent, due to slower decomposition of organic emattligh
organic matter content of soil is an indicatiorh@h water holding and cation exchange capaciidsile soil with
low organic matter content indicates high bulk dgrend the soil is more prone to nutrient leachamgl low rate of
biological activities.

The nitrate content of the soil along the river lb&hable 3.0) was observed to be 43.62, 46.71,86&38.77, and
64.38 (mgKg) and 67.62, 67.47, 57.46, 51.18 and 56.87 (myKgr first dry season and second dry seasons
(Table 5.0 ) at AFB, BBL, NB, SJC and RM respediiv8 he result of nitrates obtained at the mecharind
markets dumpsites (Table 4.0) were; 10.07, 11.283 34.24 and 27.07 (mgKyfor AMV, NMV, MM, WM and

KM respectively in the first dry season while iretbecond dry season (Table 6.0), the values oltaweee; 22.43,
19.33, 43.33, 24.53 and 20.14 (mgKdgor AMV, NMV, MM, WM and KM respectively. Statigts analysis
indicates significant difference at p<0.05 in rigr&ontent of the sample locations whereas thetkeie was no
significant difference between the two years.

The high content of nitrates at the river bankbdoth dry seasons are in agreement with Adeyetra [13], who
reported that high levels of nitrate are usuallyithup in the soil during dry seasons and can drdyobserved in
water at the beginning of rainy seasons. Studie® lshown that crops take up most of their nitroggpuirement
during the vegetative growth stage. The uptakededps off quickly when the plant reaches the rdpotive stages
leading to nitrate accumulate in the soil. Nitrateumulations are common during dry seasons omarrrigated
crops, or even when the crops are irrigated, eitcan accumulate above normal level as a resutbbfveather
which accelerates the mineralization of nitrogereatls above crops nitrogen removal, and as sthehexcess
nitrate accumulates in the soil. Also the high Isvef nitrate (34.24mgKgQ recorded at Wadata market (WM)
dumpsites in the first dry season and 43.33mb#gserved at modern market in the second dry seaswmysbe due
to accumulation of nitrate from nitrate based fiedrs sold in the markets since nitrate remaintgh upper soil
profile simply because little or no leaching occdusing hot, dry conditions [14].

Results of phosphate content of soil at the rivarkdfTable 3.0) as obtained from AFB, BBL, NB, Sid &M was
4.03, 7.09, 4.69, 4.51 and 4.16 (mgigespectively in the first dry season, while tkeand dry season (Table 5.0)
had 5.51, 6.70, 5.70, 5.51, 4.45 and 4.81(mbyKmgspectively for AFB, BBL, NB, SJC and RM. Resutf the
refuse dumpsites (Table 4.0) indicate 1.06, 1.43),00.95 and 1.04 (mgKy during the first dry season at AMV,
NMV, MM, WM and KM respectively. Higher values of22, 6.6.45, 5.42, 6.30 and 7.26 (mg#gvere observed
for the same sample locations in the second dryose@l able 6.0). There was significant different¢hie variation

of phosphate content between the two dry seasdreshigh levels of phosphate observed at the duesgpsiiay be
from organic materials which include plant residuasinures and microbial tissues; and inorganiccgsuwhich
may be complexes of iron and aluminum phosphate, gimosphate bind to soil particles. Most phosphate
compounds have very low solubilities and as suck small amount of soil phosphates are in solutiderefore,
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leaching of phosphate in the soil is also very IGhe implication of this is that it turns to accuate in the
surrounding soil. The result obtained compared disably with those of Fagbot al[15].

Zinc was observed to be 0.27, 0.24, 0.37, 0.240a88 (mgKg') at AFB, BBL, NB, SJC and RM respectively in
the first dry season of analysis, while the resilzinc in the second season was found to be 1.04 rifgKg
1.27mgKg',1.02 mgKg', 0.35 mgKg and 0.20 mgKgfor AFB, BBL, NB, SJC and RM respectively. The dév
of zinc in refuse dumpsites was 0.58, 0.87, 1.127 @nd 0.70 for AMV, NMV, MM, WM and KM respectike
during the first year of analysis, in second drgssm, the levels of zinc found at AMV, NMV, MM, Wihd KM
was 2.32, 0.93, 3.07, 2.11 and 2.60 respectivestisiics analysis of the mean values using two amya without
replications indicate significant difference at p3®between the two dry seasons.

The results indicate relatively high content ofczon the bank and in refuse dumpsites in the sedondeason. The
highest levels of 1.12mgKgand 3.07mgKg were observed in refuse dumpsites located at madarkets. This is
can be traced to the fact large amount of zinc zind coated sheets sold in the market. Also a 1dtuildings
especially at the village market are made up diyrasc-sheet roofs that may be carried by rainfab soil. It may
also be due to improper disposal of galvanizedpsciand electric utilities from the mechanic workstiand
markets. In soil, most of the zinc stays bounch golid particles. When high levels of zinc aresgnt in soils, it
can seep into the groundwater.

Rain and snow also can remove zinc dust from thimta lakes, rivers and streams, since it doedissolve in this
form, it settles to the bottom and this may leadétels in the soil. Zinc can enter the body wfaads, water and
beverages contaminated by zinc are eaten or byhimgats dust or fumes. Zinc is an essential eatrineeded by
the body for growth, development of bones, metabholand wound-healing. Deficiency of zinc in thet diy lead
to adverse health effects such as loss of appefitereased sense of taste and smell, loweredyatuilifight off
infections, slow growth, delay in healing of wourats skin sores. Whereas a short-term illnessctatietal fume
fever’ may result when high levels of zinc dustumes are taken through breathing. Exposure to lengis of zinc
through the intake of contaminated food lead toeasly health effects, such as stomach cramps, naumka
vomiting. Eating large amounts of zinc for longeripds may cause anemia, nervous system disoidiarsge to
the pancreas and lowered levels of “good” cholesté&here is no evidence that zinc causes candautimans [15].
Lead levels in soil along the bank of the river vi@sd to be 0.13 mgKy 0.16 mgKg', 0.12 mgKg', 0.13 mgKg'
and 0.19 mgK{dfor AFB, BBL, NB, SJC and RM respectively in thesfidry season. Its levels in the second dry
season were found to be 0.16mMglk0.17mgKg, 0.07mgKg, 0.06mgKg" and 0.06mgKd respectively for the
same sample sites. Lead content of refuse dumpsissobserved to be 0.15, 0.05, 0.07, 0.04, 0.@K() and
0.15, 0.26, 0.20, 0.18, 0.13 (mgKgfor AMV, NMV, MM, WM and KM respectively in theifst and second dry
seasons. There as no significant difference atQa<ih lead content of the soil between the two skgsons. The
presences of high levels of lead from dumpsitetatad at the mechanic workshops may be tracedippicly and
flaking of car paints, welding and cutting of leméterials, automobile exhaust and battery work.|g\its sources
in refuse dumpsites found in the markets may bketinto the presence of pluming materials and ldaded
ceramics.

Cadmium level in soil along the river banks wasnibto be 0.13, 0.08, 0.09, 0.12 and 0.12 (rfylkend 0.03, 0.06,
0.05, 0.05 and 0.11mgKdgor AFB, BBL, NB, SJC and RM respectively for tfist and second dry seasons. The
mean values of cadmium levels in the refuse dumpsitere found to ranged between 0.01myK@.36mgKg' in

the first dry season and 0.02 - 0.05 mgKig the second dry seasons respectively. There neasignificant
difference (p<0.05) in cadmium levels between twe seasons. In the first dry season, the highelstevaf
0.36mgKg" was observed at Wurukum market which may be tideea disposal of unsold vegetables especially
spinach and fruits, meat organs like liver, kidrmey lungs. Trace amount of cadmium can also banautrom
plates, jewelries, stained glass. The disposaigafrette filters could also be implicated in thegence of cadmium

in the market dumpsites. The second dry seasontlcighest value of cadmium in north bank mechanic
workshop. This can be linked to battery works, exaipe etc.

Copper level in the soil along the banks was fotmtange between 0.06-0.12mgKgnd 0.05-0.24mgKyin the

first and second dry seasons respectively. Heeehithest value of 0.26mgKgwas recorded at NB where tyres
and kerosene are used in the roasting of animals.rmean values of copper levels was found to réegeeen
0.06-0.15mgK{ in refuse dumpsites in the first dry season, evhilthe second dry season, it was found to ranged
between 0.07-0.29 mgKg The highest level of copper (0.15mgRgwas observed at north bank mechanic
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workshop while the lowest level (0.06mgRgnas recorded at Apir mechanic village and moaeanket in the first
dry seasons. In the second dry season, 0.29fhgks recorded as the highest value at modern markete was
no significant difference in levels of copper betwahe two dry seasons. The presence of coppefuae dumpsite
around markets will not be unconnected to the meseof electrical wires and fittings, metal sheethjle in
mechanic refuse dumpsite it may be as a resulitoihwobile exhausts discharges.

Chromium level in the soil along the bank was otseérto range between 0.03-0.07mgkand 0.14-0.17mgKyin
the first and second dry seasons respectively higteest value was 0.22 mgKgvas again observed at NB. Refuse
dumpsites had the following ranges; 0.06-0.10mykgd 0.05-0.14mgKyrespectively in the first and second dry
seasons. Here also, the highest value of 0.14mMgkas observed at Wurukum Market (KM). Statisticslgsia of
variance indicate significant difference at p<Oi@3he level of chromium in the soil between thetdry seasons
The disposal of stainless steel, chrome plating rarathl ceramics could be implicated in high levietloromium
observed in refuse dumpsites around the markatslaBiy, automobile brake lining and catalytic centers could
be responsible for its presence in refuse dumgmited around mechanic workshops.

Table 3.1 Result of chemical analysis of soil along the River bank during thefirst dry season

Sites AFB BBL NB SJC RM
Parametel
pH 07.10+0.16 06.20+0.10 06.47+0.08 06.42+0.16 &8N

Organic Matter (%)  02.39:0.26 04.75:0.17 04.84+0.103.58+0.09 03.45:0.03
Nitrate (mgK¢®)  43.62+0.6! 46.71:05 66.48:0.11 63.77+1.0. 64.38£0.7.
Phosphate (mgKl ~ 04.03:0.20 07.09:0.18 04.69:0.26 04.51:0.11 4016k

zinc  (mgKg) 0.27+0.31  0.24:0.09 0.37:0.35 0.25:0.12  0.38+0.06
Lead (mgKd) 0.13+0.40  0.16:0.11 0.12:0.42  0.13:0.04  0.19:0.01
Cadmium (mgKg)  0.13#0.40  0.08#0.03  0.09:0.04  0.12+0.05  0.13+0.09
Copper (mgKd) 0.07¢0.01  0.06:0.03 0.08+0.36  0.12:0.04  0.12+0.05

Chromium (mgKg)  0.04+0.02 0.04+0.02 0.06+0.02 0.07+0.06 0.03+0.05

Table 4.1 Result of chemical analysis of soil of refuse dumpsites during thefirst dry season

Sites AMV NMV MM WM KM
Parameters
pH 7491042  7.03:036  7.104006  7.84%023  7.38302

Organic Matter (%) 4.08+0.25 2.66+0.34 3.31+0.25 6930.63 3.09+0.46
Nitrate ~ (mgK(®) 10.07+0.1' 11.18+0.2"' 22.93+1.41 34.24+1.3. 27.07+0.0
Phosphate (mgKH 1.06+0.08 1.43+0.05 0.90+0.04  0.95+0.05 1.04+0.12

zinc  (mgKgd) 0.58:0.19  0.87+0.19  1.12:0.66 0.57020.07 0.7020.4
Lead (mgKrY) 0.15+0.0:  0.05+0.0. 007+0.0: 0.04+0.0:  0.10%0.0:

Cadmium (mgKg) ~ 0.01x0.00  0.02:0.00 0.06:0.03  0.03x0.00  0.36+0.05
Copper (mgKd) 0.06£0.02  0.15:0.05 0.06:0.01  0.07:0.02  0.08+0.03

Chromium (mgK*)  0.06+0.0:  0.10+0.0!  0.06+0.0: 0.08+0.0:  0.08+0.0:

Table 5.1 Result of chemical analysis of soil along the River bank during the second dry season

Sites AFB BBL NB sJc RM
Parameters
pH 07.58:0.33 07.30£0.14 07.54:0.42 07.56:0.14 ZM0A9
Organic Matter (%)  03.10¢0.22 03.50£0.26 04.380.203.910.18 03.51:0.23
Nitrate (mgKg)  67.62+0.58 67.47+6.86 57.46+5.87 51.18+1.28 B0
Phosphate (mgkl) ~ 05.51+0.0! 06.70+0.( 05.51+0.0i 04.45:0.1; 04.81£0.2

Zinc  (mgKg) 1.04+0.10  1.27¢0.21  1.02+0.15 0.35:0.01  0.20%0.17
Lead (mgKd) 0.16+0.04  0.17+0.11  0.07+0.01  0.06:£0.09  0.06+0.01
Cadmium (mgK®)  0.03:0.0:  0.06£0.0:  0.05:0.0;  0.05:0.0;  0.11#0.0

Copper (mgKd) 0.05:0.08  0.24+0.05 0.26:0.04 0.07£0.028 0.1120.0

Chromium (mgKd)  0.16:0.04  0.17:0.05  0.22#0.02  0.1520.02  0.14+0.13
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Table 6.1 Result of chemical analysis of soil of refuse dumpsites in the second dry season year

Sites AMV NMV MM WM KM
Parameters
pH 05.68:0.11 0546022 05.68:0.25 06.00:021 @025
Organic Matter (%)  3.9#0.01  4.02:0.03 2.9:0.01  3®62  4.12+0.01
Nitrate (mgKg)  22.43:0.06 19.33:0.33 43.33:0.02 24.53:0.12 2001H
Phosphate (mgKy ~ 07.22#0.03 06.45:0.06 05.42:0.01 06.03:0.01 QHIEL

zZinc  (mgKc?) 2.32+1.3  0.093:0.2! 3.07+1.61 2.11:0.4¢f 2.60%0.3:
Lead (mgKd) 0.15:0.06  0.26:0.04  0.20:0.88  0.18:0.02  0.13%0.05
Cadmium (mgKg) ~ 0.04:x0.02  0.05:0.02  0.04+#0.03  0.02+0.01  0.03+0.01
Copper (mgK™?) 0.17+0.1(  0.08+0.0: 0.29#0.2  0.08:0.0.  0.07%0.0:

Chromium (mgKd) 0.07:0.01  0.05:0.01  0.13#0.06  0.10£0.02  0.14+0.05

CONCLUSION

The results of the study indicate that the variaesas analysed had different levels of pollutiart,the soils on the
bank of the river which is also an area for farrdlam more susceptible to pollution than mechanicksfops and
commercial areas, since the river bank act aseaves for sedimentation of most pollutants founithim the town.
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