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Abstract: Environmental quality deterioration resulting framerease in the level of potentially toxic metal$ecoming
more pronounced, thus raising the question onysafatus of our environment. Impact assessmentharchcterization of
trace metals in the environmental media includingugdwater, top soils, and tree barks in the Jigsiof West African
Portland Cement Company factory mill, Ewekoro, O@iate, Nigeria was undertaken. The environmemtadpdes were
analysed for trace metals employing flame atom&ogition spectrometry (FAAS). The concentratiorCof, Cd and Fe
detected in the groundwater ranged between 0.02832, 0.0038 - 0.004 and 0.003- 0.035 (mg/L) retbpaly. A decrease
order in the level of metals level observed inttyesoil is Fe > Pb >Ni > Cr > Cu > Cd, while thétree barks samples is Fe >
Cu > Cr > Pb > Ni > Cd. The saturated index (SHaoted (through phreqC model) of the groundwatenmgas showed
saturated to undersaturated with respect to Gd®® FeSQ7H,0, while Sl was saturated to supersaturate witheesto
CdCGQ;, and FeC@ Quality indices employed in analyzing soil datalide enrichment factor, contamination factor and
pollution load index. There is a buildup of tracetals in the environment (soil) particularly Pb.eTlevels of metals
investigated are within the threshold limit setthg WHO health-based guideline for drinking waBgnificant correlations
were found to exist between Cd and Ni, Cr and Rb bothe tree bark and top soil samples, sugggstiimmon source.

Keywor ds. Ewekoro, Enrichment Factor, Pollution Load Indegn@nt, Impact Assessment, Phreeqc

activities[1], as well as the use of synthetic prcid such as
pesticides, paint, and batteries [2] . The indakprocesses
The level of industrial activities in a nation isnark ofits &€ lso responsible for the wider diffusion ofsthelements

development. The planning of such is with objectisach N the environment [3]. Heavy metal is a term uéeda

as: economic benefits, creating employment, therep{fide group of metallic elements with density equal
reducing crime rate and poverty as well as imp@vingreater than 5g /cm3. Such metals include cadmiopper,

general standards of living. However, these imdalst Chromium, lead, nickel and iron. They are tracemelets

activities are not without adverse consequencesthen when their occurrences in the environment is Ibz_as 0.02 _
environment. Therefore, setting up an industry f&ero part per m|II|on.. .They are generally assomated_hwn
guided by standards so as to make the environraémasd  Pollution and toxicity [4]. Trace metals occur mafly in
sustainable. These standards include majorly, ksttaent  SOiIS (but rarely at toxic levels), sedimentary afifs and

of Environmental Impact Assessment (EIA) on theppsed water bod_|es; therefore, there are normal backgtoun
industrial activity. Among other things, the ElAdidsses concentrations of these metals. These metals alsodf
possible environmental consequences of a project af€ir Way (anthropogenic sources) into soils, vagets,
recommends ways to mitigate against such condititme. water bodies and sediments via airborne particutster

levels of heavy metals in the environment has been N the form of dust and vehicular emission. Many
increase in the last few decades due to varioJ§S€archers [5,6] have reported elevated concemiraf

anthropogenic activities, notably manufacturing ariding ~ ace metals from roadsides, food waste, lubrigabils,
sewage systems among other sources. Cement pimduct

1. Introduction
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is characterized by particulate air pollutants, alhiare
produced during blasting of raw materials, grindiofy
cement, packaging or loading of finished cemenm&of
the numerous components of cement include alursilizg,
polychlorinated dioxins, furans and heavy metalshsas
mercury, antinomy, calcium, zinc, lead, chromiurseaic
and manganese, majority of which are potentiallgntfal
elements (PHEs) to
environment [7]. Metallic elements such as Fe,Ma, Cu,

levels in natural waters may cause morphologicahgk in
tissues, suppression of growth and developmentr poo
swimming performance, change in enzyme activity and
reproduction in aquatic organisms. Heavy metalytiolh in
soil has been assessed by Liu [11] using pollutidex (Pi),
which was obtained as a ratio of metal concentiatio
contaminated soil to its concentration in natudKkground

the biotic components of theample. Toxicity of heavy metals is related to rthesiisting

species; hence, speciation of these cations igasirgly

Co and Cr are known to be essential elements. Pliy attracting more attentions [1]. The soil, plantd amter in the
vital roles in various metabolic activities in ptanand neighborhood of the cement company are being tmedtby
animals at trace level, however, at high conceptmathey pollution from the company. Prevention is still thest
may be potentially toxic [6]. Copper is an esséntiamethod to protect the environment from contamimaiid

substance to life, it is a part of several enzyimetuding
Tyrosinase which helps in formation of melanin pa It
also helps in utilization of iron. Copper normadigcurs in
drinking water from copper pipes, as well as fratditives
designed to control algal growth, however,
concentration, it can cause anemia, liver and kidizanage
as well as stomach and intestinal irritation. Esoesintake

heavy metal, more so, that cleaning of contaminatadis
difficult and expensive. This study therefore, istigated the
concentration levels of potentially harmful toxicetals in
groundwater, tree barks and top soil in the vigeitWAPCO

at highof cement production. It will help in establishitlte safety

level of the environment and a data base for futhelies.

of Cu may also cause death with symptoms such 3 N aterials and M ethods

hypertension, coma and jaundice [8]. People witlsd¥i's
disease are at greater health risk from overexposor
copper. Deficiency of Cu is also dangerous, charamtd by
microcytic anemia resulting from defective hemoghob
synthesis. Heavy metals such as Pb, Cd and Nioaie
even at trace level and they adversely affect lifeler

varying health conditions. For instance, cadmium, a

inevitable bye product of Zinc refining is acutédyic, with
chronic exposure. It affects the kidney and it Ssaiated
with an increased incidence of cancer of the ptesta
Cadmium may interfere with the metallothionein’digpto
regulate zinc and copper concentrations in the lsydtem.
Metallothionein is a protein that binds to excesseatial
metals to render them unavailable, when cadmiuraded
metallothionein activity; it binds to copper andnai
disrupting the homeostasis levels. Lead (Pb) is ahthe
most abundant, ubiquitously distributed toxic elatse
Lead and its organic compound are accumulativenoxi
which enter the body system through inhalationust dflumes
and vapour or by ingestion [9]. Lead contaminatieaults
from mining and smelting activities, lead-contamipaints,
paper and pulp, gasoline, explosives, and the iopesr
disposal of municipal sewage sludge containing .ldad
animals, lead at high concentration adversely tff¢he
reproductive, nervous, immune, cardio-vascular, atier
systems. Growth and photosynthetic processes afspae
affected by Pb through inhibition of enzyme acidgtand
alterations in membrane permeability leading toewand

2.1. Study Area

Ewekoro works, one of the mills of West African Bamd
Cement Company (WAPCO) is situated in Ewekoro tawn
Ogun state. Ewekoro town is a sleepy neighboririgwn to
Papalanto, a name known for Sugar cane plantdtidies
between latitude 63" North, and longitude®34'East. It is
bounded in the north by Abeokuta, in the east bgpf&ni
Owode, in the West by Yewa South and by Ado-Odoifdta
the South. The geology of Ogun State covering Eweko
town, comprises of sedimentary rocks which underlie
approximately three quarters and the remainingoquaster
covered by basement rocks [12]. The sedimentarsrot
Ogun State consist of Ewekoro formation and Abeakut
formation. The Ewekoro formation is fossil ferroasd
consists of economic deposits of lime stones thatesently
quarried by WAPCO [13].

2.2. Samples and Sampling Techniques

A total number of fifteen (15) groundwater samples,
(10) top soil samples (0 —15 cm) and ten (10) plzark
samples were collected. The sampling locationsewer
carefully chosen after a pre-sampling site surrgstic
containers for groundwater samples were thoroughly
washed with detergent, rinsed with water and théth w
distilled water before soaking with 10% of HNO3 mvight
[14]. The containers were finally rinsed with ddied

mineral imbalances [10]. Pb is actively pathogemibrain  water prior sample collection. Groundwater samgitem
development in children [11]. Lead, when in highshallow wells in the villages within the vicinityf @wekoro
concentration, substitute for calcium in the bdDieildren are  cement works were collected into two different plas
especially susceptible to this form of lead poismtause containers; 1.5 L and 0.5 L for Physico-chemical aretal
developing skeletal systems require high leveltsatdfium. analyses respectively. The 0.5L water was spiketi Wi0
The toxicity of heavy metals in aquatic envirominiss ml of concentrated HNO3 (Analar) so as to presdhes
largely a function of water chemistry and sedimensamples. The soil sampling spots were cleanedebfisl
composition in the water body system. Slightly ated metal and composite top soils with depth between 0 cmldimin



American Journal of Environmental Protection 203(2): 83-89

were collected at different selected sampling poitd
provide a representative coverage of the studysitgy soil
auger and transferred into clean acid-washed puofigte
bags. This layer of soil constitutes the absorptione of
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HC10,at room temperature for 10 minutes until the sohuti
was brought to a final volume of about 5ml on alate in
fume cupboard. The digest was allowed to cool dtetdd
into a 100 ml volumetric flask using whatman Noillef

the roots of most food crops such as cassava (Mtanihpaper. It was then made up to mark with the deamhizater.

esculenta) and sugar cane Saccharum officinale®wrg
within the Ewekoro town, the host of West Africaorffand

The control samples were also treated with the same
procedure as above.

Cement Company (WAPCO) mill, southwestern Nigeria,

Composite controls sample for top soil were coéiddrom
Ifo and Oju -ore (about 5 km and 20 km respectiedyn
the study area) so as to confirm the consistencgdaction
of metal concentration with distance away from siady
site. Composite tree bark samples were collected a
height of 3 m above the ground level [15] usinganle
acid-washed stainless knife and further washed afteh

sampling with 10% HNgXo avoid cross contamination. The

barks were designated-Ps. Control for bark samples was
collected from Oju -ore and placed in clean acicsivesl
polyethylene bags. All samples were transportedht®
laboratory, the water samples were stored in tiregegzator

2.3.4. Metal Content of Yhe Tree Bark Samples

The tree bark samples were air dried at room teatpes,
crushed with clean laboratory mill and then sietredugh
500 um aperture to obtain fine bark particles.g2dd each of
tree bark sample was weighed into 250ml beakelixtura
of 20ml HNGQ; and 8ml HC1Q was used to digest the
samples on a hot plate in a fume hood to a finhime of
5ml. The digest was cooled, drops of demonized wagee
added and the solution filtered into a volumetiisk using
whatman No.1 filter paper. The flask was then mapldo
the 100ml mark with demonized water. The same ghaee
was carried out on the control tree bark samplaf.digest

at £C, top soils and plant barks were air dried at roorkoCil: tree barks and groundwater) was analyzedhéavy

temperature until analysis.
2.3. Sample Chemical Analyses

2.3.1. Hydrochemistry
The pH and temperature of the groundwater sampdes w
determined in-situ. The pH was carried out with pidter

metals using flame atomic absorption spectrophoteme
(Buck 210 VGP). All analyses were duplicated ta fes
reliability of the method and instrument. Recovsiydy on
groundwater samples was also carried out.

2.4. Statistical Analysis

(pHep HANNA HI 98107) and temperature was estimated Descriptive statistics of water quality data getedtavas

using thermometer. Determination of alkalinity wésne
titrimetrically [16], Total Hardness by complexortrg{16],
Total suspended solids, Dissolved solids and Eathdis by
gravimetry [16, 17], Chloride by Mohr's method [1&ihd
Sulphate by turbidimetric method [16]. Determinatiof
cations: Cr, Pb, Cd, Ni, Fe, and Cu was also chwig, in
line with methods of chimuka et al., (2005), emigy

Flame Atomic Absorption Spectrophotometer.( (BuckV

scientific 210 VGP model).

2.3.2. Ph of the Top Soil Samples

The pH of top soils samples was determined usiexgsi
soil samples. 2g of each top soil samples was \e€igito
clean beaker; deionised water was added gradaefyin a
slurry solution and the mixture was allowed to dtdar
30minutes with occasional stirring using a glask fidhe pH
was then taken using calibrated pH meter (pHep HANN
98107).

2.3.3. Metal Content of the Soil Samples

The top soil samples were air dried and pulverizgidg
clean laboratory mill, then sieved through 500 parture.
2.0 g of pulverized soil sample was taken in a 25@aker
and moistened with few drops of deionized watesrevent
loss by spattering during digestion. The sampledigssted
with 10ml of concentrated HNOon a hotplate in a fume
cupboard to volume of about 3 ml. The residuesinbth
were further digested with a mixture of concentlaaeids
containing 5 ml each of concentrated HCI, HNénd

using mean and standard deviation. Correlation§aercy
was performed in a pair wise fashion employing Baar
correlation procedure, so as to establish any plassi
chemical association within the various qualitygraeters
determined and probable source of pollution. Chestédar
chart was also produced to show element concerirati
top soil, tree bark and groundwater. Some qualitices
ere also employed to further analyse the resuiainéd
from the study:

i. The enrichment factor (EF)The EF helps more
importantly to differentiate between metals oridging from
anthropogenic activities and those from naturatesses, as
well as assessing the degree of anthropogeniasllyence
[18]. The EF is calculated by

EF = [CnetaI/Cnormalize] soil / [Cmetal /Cnormalize] control

Where Geta @and Gormaiizer@re concentration of heavy
metals and normalizer in soil samples and cont@oies
respectively. The normalizer in this study is elatrieon.

ii. The pollution load Index (PLIPLI helps to evaluate
the extent to which the study area under investgais
polluted with metals. Various methods of calculathave
been reported in literatures by various researclig@s 20,
21]. The PLI is calculated as follows:

PLI = (CR, x CF, XCF; X...CF,) ¥

Where CF is contamination factor and y is the nundbe
metals analysed.



86 Majolagbe A. Oet al. Trace Metals Characterization in EnvironmentabieA Case Study of Cement Production
Area Ewekoro, Southwest, Nigeria

3. Resultsand Discussion and therefore incapable of dissolving more of thinemnal.
) ) The SI results of this study shows that groundwater
The mean values of physicochemical parametersaoel t g5 mpjes were saturated to undersaturated with cegpes
metals i.n groundwater analysed were compared vaitiu_m{s Cd(OH)2, CdSO4, Melanterite (FeSO4:7H20), while
international standards such as World Health Oggdiain samples were saturated to supersaturated with aespe

(WHO), United State Environmental Agency (USEPA)qite (CdCQ) and Siderite (FeC£p. The mean values of
National Standards for drinking water Quality (NSQW SI caroryar Slcasos Sl Fesoatizo

and National Environmental Standards .and Regulation SI cqco3aNdS| recozare -6.28, -8.65, -6.16, 1.31 and 0.65
Enforcement Agency (NESREA) as shown in Table Th
concentration of most of the quality parametergined
are within the permissible limits. Forty two pertét2%) of  3.1. Soil Analyses
the groundwater samples analyzed had TDS valudgehig i
than the NESREA and NSDWQ acceptable limits of 100 1€ PH of the soil samples analyzed ranged froma’.6
mg/L in drinking water. Although, the mean chloridglue ~ 8-4 With average value of 8.1 (Table 2.0), whicklightly
was below allowable limits of 250 mg/L in drinkingater, 22SiC. pH plays an important role in metal bioaaillty,
about 64.3% of the water samples studied was \itbricle toxicity and leaching capacity of soil to surromrg;_ilaregs
values higher than 40.0 mg/L suggesting input freait [6]. Trace met_als_ are known to_form c_o_mplexe_s wittpanic
water intrusion from neighboring water body. matt_er and this mflgence_s _thelr mobility in thel shletals
All trace metals analyzed are also below permiedibiit ~ "€dily leach out in acidic pH [25].The results tfe
of various regulatory bodies employed except Cadmiu concentratlon_of the trace metals measured in wp s
(0.004 mg/L) which was higher than the WHO alloveabl S&MPples are given in Table 2.0. o
limit of 0.003mg/L. Cadmium is one of the pollutaoit The levels of Fe, Ni, Cr and Cd are higher in tbé s
priority in groundwater assessment and monitoring bS@MPles in the vicinities of cement factory than tie
environmental protection agency [22]. The averagdyd CONtrols samples. This may indicates the impacthef
intake of cadmium is estimated as 0.15 pg fronaagt 1.0 Production activities on the environment. Fe wasiig
ug from water. Although Cd is eventually excretegivever, e highest means concentration of 9106341g/g of all the
it is biopersistent, and once absorbed by an osgani metals analyzed. The h|gh concentration of the Infeda
remains resident over decades in human systemnigfer ~ P€€n well documented in literatures [26, 27].
sources of Cd, are atmospheric deposition and gfrou _The mean values for Cu and Pb in controls sampte we
fertilizer application in agricultural soil. Theviel of other ~ Slightly higher than the Ewekoro samples, sugggstite
Physico- chemical parameters investigated furtieeal the POSSibility of other sources, which include autoif®b
portability of the groundwater in the study aremxit ©€Mission, urban surface run off and bush burnirty.is?
metals from cement factories are capable of agerinpart'CUIa”y considered to be an air pollutant theadily

chemical loads of water, thereby affecting the iadf SOJ/ourn a long distance through dispersion fromrawf
water supply of the local community for drinkingdan €Mission [28], therefore, cement factory (actigfieould be

irrigation purposes [7]. The groundwater studiech ¢ a remote source of theses metals. Thi_s a_ssertitu’rther
classified based on the concentration of total altissi corroborated trend of metals concentration inw@dontrol

solids as a fresh moderately hard. The alkalirgyel of Iocati_ons which refle_ct t_he concentration of metats a
water under investigation belongs to a class inctwhi function of increase in distance from the Ewekaaotdry.
alkalinity hazard require proper treatment beford¥eSults obtained were subjected to correlation ficoert
consumption [23]. A very weak negative correlativas ~(12ble 3.0). Cr was found to have significant clatien ( p
observed in the matrix of metals in groundwaterisTh < 0-05) with Ni, Pb, Cu and Fe, strong correlatieas also

indicates possible varying anthropogenic sourcemethls ©Pserved between Cu and Pb, Pb and Ni, Cd andd\alan
in the aquifer. between Ni and Fe, Mg. this indicated that all ¢hesetals
PhreeqC , a computer program was used to gener&t& probably from the same source (C_ement works).

saturation index (SI), which helps in evaluatingrde of _ 1he EF and CF values are shown in Table 4.0. Based
equilibrium between water and minerals. Changes inutherland [18] classification, all enrichment tacvalues
saturation state are useful to distinguish diffestages of ©Ptained show minimal enrichment of respective iseta
hydrochemical evolution and help identify which€Xcept Pb with  moderate enrichment. However,
geochemical reactions are important in controllimgter ~Ccontamination factor showed a clearer picture wipper
chemistry [24] A saturation index less than zero, indicate@"d 1€ad having low contamination in the studiet adile
that the groundwater is undersaturated with respethat chromium, cadmium, nickel and iron displayed motera
particular mineral. Such a value could reflect tharacter IMPact on the environment. The calculated PLI fier study

of water from a formation with insufficient amouat the location is 0.86, implying non —contamination. Thf®ws
mineral for solution or short residence time. Adgn human friendly state of the soil environment under
greater than zero, specifies that the groundwatngb consideration. This goes further to imply that podiutants

supersaturated with respect to the particular rainghase ?enerated from the cement production might bespefsed
orm.

respectively.
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3.2. Tree Bark Analyses

The mean value of the metals investigated in tra b
samples is shown in Table 5.0. The results obtashedved
more abundance of Mg, compared to other metalyaaad)
with cadmium having the lowest concentration. Thdaxe
structure of a tree bark has considerable influemcihe rate
of accumulation of metals. Literatures of pasttexlavorks
have established that, a tree bark, with a coamegh
surface more readily absorb atmospheric pollutambse
than a smooth surface [28]. Bark is exposed touparits
either directly from the atmosphere or from steoaflLevel
of bark metals in this study was found to be lothem the
normal toxicity range given by Bowen [29] as shoimn
Table 5.0. Generally, all the environmental samplesdyzed
showed considerable level of Mg. The high leveldviaf
might as a result of contributions from other segrsuch as
agricultural run-off and geological formation oéthrea. Mg
however shows weak correlation (p < 0.05) with@ur, Pb
and Fe in all the samples analyzed. Positive catiogls
were observed in Ni versus Mg, Ni versus Cr, MgsusrCd,
Pb versus Cd, and Fe versus Pb (Table 6.0), inpliiat
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4. Conclusion

This study presented the level and distributiortrate
metals in environmental media (soil, groundwates tree
barks) in the vicinities of cement production af@&\PCO),
Ewekoro, southwest, Nigeria. All the metals invgated
were found present at contamination level in theegh
environmental media under consideration. The stadgals
more of pollutants that are air bound than thasaf and
water. Trace metal such as cadmium and iron wesereéd
higher than the allowable limit in groundwater. § portends
a serious health threat to the inhabitants of ¢himmunity,
whose groundwater is the main source of water fimkihg
and domestic needs. Although, the PLI value is yimpl
human friendly status of the study location, b &#F is
warning of the possible build up of metals particiyl Pb.

The continuous accumulation of these metals, if not

checked could result in pollution status with pbksiethal
effect to both terrestrial and aquatic organismthiwithe

environment and beyond. Hence, the need for strict

compliance on environmental rules and regulationthsy
cement production factory,to ensure safety of maoh the

these paired metals are from the same source gdyobalenvironment.

(Cement works). Plants accumulate metals from ofle/@a
their roots system and transport to other parthefplant.
They (Plants) can also accumulate metals from gihmric

Table 1.0. Mean values of Physico-chemical parameters anzktraetals in
groundwater samples and some standards.

deposition through folia absorption or its barkinda, [28]
investigated uptake of Cd, Cu, Ni and Pb in air aail by
milfoil and barley, he however concluded that Ndabd

content in the plants correlated with depositiord aoil
content. Although the concentrations of all the metal
analyzed in the environment samples are withinstiokl
limits, continuous accumulation may result to sesitiealth
problems. Deposition of these metals from cement ¢
herbaceous plants and fruits crops can cause £fech as
blocking leaves stomata, reduced number of plaft dad
reduction in vegetative growth and reproductioncttrre [7].
The use of tree bark as herbs and drug suppleme
eating raw fruits without thorough washing appear ¢
common practices particularly in Africa, these dtoge
direct route of metals to metabolic pathway of nia8].
Trace metals indeed play important roles in biodeam
processes, being essential components of molect

Experimental WHO[ NSDWQ[ USEPA
Parameters (mg/L) 30] 31] [32]
(mg/L)  (mg/L) (mg/L)
Cd 0.004 0.003 0.01 0.005
Cr Nd 0.05 0.05 0.05
Cu 0.054 2.0 1.0 1.3
Fe 0.02 0.3 0.3 -
Pb Nd 0.01 0.01 0.01
Ni Nd 0.02 -
pH 7.0 6.5-8.5 6.5-8.5 6.5-8.5
TemperaturéC 28 - -
TSS 495 - -
TDS 421 1000 500 -
TS 917 1500 -
CI 57.2 250 250 100
So* 19.2 400 100 100
Total Alkalinity 180 100 100 100
Total Hardness 95.3 500 - -

structure, therefore, participate in processes asanzyme
regulation and gene expression. However, variousc to
effects are induced at elevated level of trace Iseta

Nd = not detected, TSS- total suspended solids, -l dissolved solids,
TS - total solids

Table 2.0. Level of trace metals concentration (ug/g) and fildadl samples.

Sample Code Cr Cu Pb Cd Ni Fe pH
Soil 1 0.56+0.01 0.95+ 0.05 2.01+0.01 0.04+0.001 0.67+0.03 119+1.43 7.8040.01
Soil 2 0.42+0.03 0.10+0.45 0.64+0.04 0.01+0.002 0.48+0.01 120+1.97 7.6040.03
Soil 3 0.11+0.02 0.03+0.002 ND ND 0.08+0.002 42.9+0.1 8.0040.03
Soil 4 0.38+0.02 0.11+0.01 0.51+0.003 0.02+0.003 0.514+0.01 125+2.51 8.5040.02
Soil 5 0.54+0.01 0.51+0.01 1.75+0.01 0.053+0.004 0.78+0.02 122+3.58 8.2040.02
Soil 6 0.22+0.01 0.04+0.003 0.22+0.02 0.01+0.001 0.18+0.004 32.0+1.7 8.0040.01
Soil 7 0.48+0.03 0.12+0.021 0.57+0.010 0.043+ 0.003 0.461 £0.001 94.6x4.41 8.3040.01
Soil 8 0.85+0.01 0.20+0.01 0.65+0.01 0.031+0.004 0.406+0.01 3.00£0.12 8.5040.02
Soil 9 0.16 +0. 05 0.25+ 0.002 1.00+0.01 0.024+0.001 0.441+0.002 139+7.62 8.3040.03
Soil 10 0.71+0.03 0.21+0.01 1.07+0.01 0.051+0.002 0.815+0.02 120+2.3 8.4040.02
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Sample Code Cr Cu Pb Cd Ni Fe pH
Mean 0.44+0.02 0.2740.06 0.8440.05 0.03+40.002 0.5040.01 91.643.30 8.16+0.02
Contr. 1 0.3940.02 0.58 £ 0.09 1.96x 0.027 0.02740.003 0.4340.03 88.1+2.05 7.8040.01
Contr. 2 0.3140.03 0.49 +£0.03 1.73+0.071 0.0240.002 0.3840.03 86.242.2 8.00+0.02
Normal range in soil 5 - 1500 2 - 250 2 -300 0.01-2.0 5 - 500 7 - 550 -
ND = not detected
Table 3.0. correlation coefficient matrix of metals in soil. International. 31 :543-548.
Cr Cu Pb Cd Ni Fe Mg [4] C. Knight, and J. Kajse, (1997). Hgavy me'gals irfasmr
Cr 10 water and stream sediments in Jamaica. Envi. Getshg
c ' and health, Kingston Jamaica Chapman and hill
uo 0610 blished,Ki 19:63-66
Pb 0.7 0.9 1.0 published,Kingston.19:63-66.
CF‘ 0.5 0.2 0.4 1.0 [5] N. E. Okoronkwo, S.A. Odemelam, and A.O
e 0.8 0.5 0L 0.8 Lo Ano.(2006).Levels of Toxic elements in soil of abaad
e o g 22 2l o — dumpsite African Journal of Biotechnologyp:1241 — 1244.
Mg 0.2 -0.3 -0.02 0.4 0.6 0.4 1.0
[6] L. Chimuka and O.0. John (2005). Metals in envirraknt
Table 4.0. Enrichment factor and contamination factor of nieta soil. media: Study of trace and platinum group metals in
: Thohoyandou, South Africa. Water S.A. 31: 581-586.
Metal Cu Cr Pb Cd Ni Fe
EF 117 0.84 231 0.88 0.86 1.00 [71 A.M. Gbadebo and O. D. Bamkole. (2007). Analysis of
CF 0.47 1.25 0.45 1.20 1.22 1.05

Table 5.0. Normal and phototoxic levels (ug/ml) of metalslampbark.

Elements NesliEL Toxicity range SQETELE.

range value

Cd 0.1-24 5-30 0.014

Cu 5-10 20-100 0.390

Cr NS NS 0.332

Pb 5-10 30-310 0.276

Ni 0.02-5 10-100 0.237

Mg NS NS 7.17

Fe NS NS 1.49

NS = not stated

Table 6.0. Correlation inefficient matrix of analyzed metaigree bark

samples.
Cr Cu Pb Cd Ni Fe Mg

Cd 1.0

Cr -0.3 1.0

Cu 0.2 0.2 1.0

Fe 0.02 0.0004 0.6 1.0

Pb -0.01 -0.12 -0.3 0.8 1.0

Ni 0.8 -0.32 0.111 0.4 0.3 1.0

Mg -0.3 0.01 -0.1 0.6 0.9 -0.1 1.0
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