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ABSTRACT

The study was conducted to determine the heavyl owteentration in the soils and cassava (Manihstudentus)
leaves within the vicinity of a cement factory iorti Central, Nigeria. The concentrations of Cd, Gli, Pb and Zn
were determined using Atomic Absorption Spectros¢8@S) technique. Samples of soil and cassavadeaere
collected from sites located at a maximum 0.5- Ifdam the factory while control samples were cdbelcon sites
located 3 km from the factory. Mean Cd contentthésoil and control soil samples were 1.22 +0a3l 0.78 +
0.16 ug/ g respectively. Mean values for Cu, NiaRt Zn concentrations in the soil samples wer& 2.@.70, 0.07
+0.02, 8.40 £2.48 and 0.04 +0.01ug/ g respedtivehile for the control sites, the mean valuesev@r72 +0.09,
0.02 £0.07, 0.91 £0.04 and 0.02 +0.01respectvéllean values for Cd, Cu, Ni, Pb and Zn concertretin the
cassava leaves were 0.02+0.01, 0.93 £0.02, 0.8916€, 0.30 £ 0.36 and 0.05 +0.02 ug/ g respedtyiwvehile for

the cassava leaves from the control site, the nvahres were 0.01 +0.01, 0.02 +0.01, 0.36+0.1@20+ 0.01 and
0.02 £0.01 pg/ g for Cd, Cu, Ni, Pb and Zn concatidn respectively. With the exception of Ni arig fhere were
positive correlations between the soil and planhpges for all the metals in the investigated arBaese relations
were only significant for Ni which showed a negatberrelation (r = - 0.78) (p< 0.05). Metal levals both soil and
cassava leaf samples were below the WHO/ FAO reemahed limits.
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INTRODUCTION

Human activities such as industrial production, ingn agriculture and transportation, release higioants of
heavy metals into surface/ ground water, soils @ltichately to the biosphere. Environmental pollatiby heavy
metals has been on the rise in recent times. Cemantufacture is one of such activities that contebto
environmental pollution through the emission ofsgmsand cement dust [1]. Cement dust is largelyenugd of
cement-kiln that is a by-product and it is usualtgred as waste in open-pit and unlined landfillsis dust can
spread over large areas through wind and rain enda@umulated in and on soils and plants [2]. Sohtke metals
usually found in the dust emissions from cementtslanclude arsenic, cadmium, lead, mercury antiduha[3].
Aluminum, beryllium, chromium, copper, manganesékel, lead and zinc among others [4]. Excessive
accumulation of these heavy metals in agricultaddls, resulting in elevated heavy metal uptakddmog crops, is

of great concern because of potential health dgkan and animal [5].

Obajana is a small area in Kogi State, North cénlitigeria, where a cement factory is situated #rths been in
operation for more than a decade. The people oj&dbare engaged in medium scale agriculture whezesweet
potatoes, maize, millets, pepper, cassava and eageethe commonly cultivated crops. Within thanitg of the

cement plant which is the study area, cassavaisibst common and important crop cultivated. Owinthe close
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proximity of these cassava farms to the cemenbfgicthere is a possibility of the cassava cropnbmntaminated
with heavy metals. A large variety of products (gdufu, abacha e.t.c) can be processed from dlildes portion of
the cassava tubers for human consumption. Thasnititutes one of the major ingredients in thalastaple of the
people of Obajana and by extension, Nigerians. Well established that high exposure to trace Iméie, As, Cr,
Ni and Pb in cassava could result in an array séases to both human and animals. Apart from cassdlver
vegetables can take up and accumulate heavy nietglsntities high enough to cause clinical proldémhumans

[6].

Food safety is an important aspect of a nation@nemic stability and due to previous reports on diegree of
pollution of some food items [7], [8], this studyasvaimed at assessing the soil and cassava crtips thie vicinity
of the cement factory for the presence/ concepmmati some heavy metals (Cd, Cu, Ni, Pb and Zrthagoxicity
of these elements have been reported extensivglji[y.

MATERIALS AND METHODS

2.1 Study Area
Obajana town is situated in Koton karfi, Kogi statégeria. Its geographical coordinates are 7°068%North and 6°
26' 0" East. It is about 45km from Lokoja and 220 &outhwest of the Federal Capital Territory (FOQDhajana
town is bounded by nearby towns such as Zariadip]ag Oshokoshoko and Kabba. Though the place wtasrto
barely known, but with its present status as theéd@f the Dangote cement, it has since assumethatienal
recognition [11].
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Figure 1: Location of Obajana Cement Factory

According to 1991 census, the population of Obajanaarly 2003 was expected to be 500 people buabyary
2003 respondents put this value at about an averag®0 people. By June 2004, the population irsedao about
1500 made up of 63.2% strangers and 46.8% indigaoesding to a survey and by September 2004 relgms
put the population of Obajana at 3,000 and 3,50hduhe day, and between 1400 and 1800 at nig2it [The

reported higher population during the day is duartanflux of factory workers and job speculatasiding outside
Obajana, but despite the fact that no recent cerauld ascertain the current figure, field obseorashows that the
population would have grown to about 20,000, esglgoivith the influx of thousands of truck driversthe village

on a weekly basis [13].

The people of Obajana are involved in a number agupations which include cattle rearing, rain-fednfing,
hunting and petty trading. The agricultural systienmore of an intensive smallholder rain-fed adtime which
consists of small plot farms (0.5 to 2ha) growingstly rice, sweet potatoes, maize, millets, peppassava and
cowpea. Tree crops such as cashew and palm trealsardound in swampy areas. The people of Obags@a
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engage in Fadama agricultural system (flood plagpging) in some parts of the study area. Irrigafiarming is
not practiced in this area since the only sourcsaier — the River Oinyi- dries up during the deason.

Road transport is the most predominant means oememnt in Obajana town. The intra city road strueguare not
well paved while the town is linked to the majortfa — Lokoja expressway for its intercity movemeiitse road
transport system is mainly by the use of bicyclastor bicycles, motor cars, buses, trucks, andetsai These
vehicles travel to various parts of the state andntry. Dangote Obajana cement airstrip facilityvee as the
gateway for air travelers from and to the town. Tdwen is not linked by railway and waterways seegfd 3].

2.2 Sample Collection/ Preparation

To provide a satisfactory environmental repres@ntatf the study area, the soil samples were obthfrom eight
(8) sampling sites representing the north (SITEdxth-east (SITE Il), east (SITE Ill), south-e€SITE V), south
(SITE V), south-west (SITE VI), west (SITE VII) ambrth-west (SITE VIII) directions of the factoryhile the
cassava plant samples were also obtained from @ylfeirms around the factory in the same directias above.

In July, 2014, a total of 32 soil samples wereexiktd from the sites with a small plastic shoveffithe upper 5 cm
of the soil and scrapped into labeled plastic ayiital containers of approximately 90 trharge stones and foreign
objects were removed from the soil specimens anddidéd for seventy-two hours, ground in a morfassed
through a 0.005 mm sieve and stored in clean aeatdd polythene bags. Also, thirty- two (32) caagalant M.
esculentus samples were collected from 4 locations eackight (8) different farms around the factory atri0
interval by cutting at a height 5 cm from the sogaf the soil using a stainless steel knifee plant specimens
obtained were washed with deionized water, airddtéea constant weight at a temperature of’CO® an oven.
Samples were ground into powder, passed througl®z @m sieve, mixed to homogenize and stored irlaim
plastic containers as the soil samples until amalys

The reference soil used was obtained from a spapsglulated area which is 3 km away from the fact®his area
has low traffic and no industrial activity takintape.

2.3 Sample Analysis

Tessieret al.[14] method for total metal analysis was carried lwy digesting 1g (<0.005 mm) of soil sample vdth
mixture of 5 ml HF and 1 ml HCIQ The extract was analyzed using AAS. Same proeedas carried out on soll
reference sample. Soil pH was determined usinglavater ratio 1:2.5 (w/v). Soil organic matter wdstermined
using the Walkey-Black wet oxidation method [15pilSparticle size distribution was done using hydeder
method and soil carbonate was determined by theertrated HCI acid method [15]. For the cassavat @amples,
the method of 4:1 mixture of HNGnd HCIQ by [16] was used for plant digestion. Reagent lblaas prepared in
similar manner.

2.4 Quality Assurance

To ensure accurate determination of concentratipthb AAS, various standards of the heavy metalmtfrest
were used and blank samples made from only reagétitsut sample were analyzed to get rid of anykgasund
concentration metals in the system.

2.5 Data Analysis
Concentrations of heavy metals were expressed as meSD (Standard Deviation). The calculation ofae,
standard deviations and all other statistical asesdywere carried out with GraphPad version 5.0 withes for p <
0.05 considered significantly different.

RESULTS AND DISCUSSION

3.1 physico-chemical properties of soil
The physico-chemical properties of the studied amél shown on Table 1. The soil is mainly sandghsly acidic
and moderately high in carbonate with low percemtafgorganic matter.

3.2 Concentration of heavy metals in the soil andassava leaves

Heavy metals have maximum permissible level inssaild plants specified by different bodies. In #iisdy, the
standard used by WHO/FAQO was adopted. Therefomrgarison and interpretation of the results of ysed soils
and vegetables is based on the control valuestandards set by WHO/FAO.
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Cadmium (Cd)

The estimated concentration of Cd in the soil saspanged from 0.95- 1.83 pg/g (Table 2) with armedue of
1.22 pg/ g (Table 4). The recorded Cd concentratidhe soil was below the maximum permissible emtiation
of 3.0 pg/ g set by W.H.O but higher than the aargite with a mean value of 0.78 pg/ g (TableRy. the cassava
from farms around the factory, the estimated commagon of Cd ranged from 0.01- 0.03 pg/ g (Tabjer&h a
mean value of 0.02 pg/ g (Table 5). This concemabbserved is higher than that of the cassawaetefom the
control which has a mean concentration of 0.01gu@Vable 4) but below the maximum permissible cotregion
of 3.0 ug/ g set by WHO.

The estimated concentrations of Cd in the soil gagbava samples even though below the WHO perieidiibit,
were slightly higher than those from the contréési With this observation, there is no fear oftadaoxicity when
the plants are consumed since the concentratitwel®sy the WHO permissible limits. In the long tertoxicity
might however, arise from chronic accumulation dfi€these plants are continuously consumed. THadsis and
liver store about 50 to 85% of Cd in the body wadthto 60% being stored in the kidneys [10]. Cd hasknown
biological functions in the body but it interferasth some essential function of Zn, thereby infiflgt enzyme
reactions and nutrient utilization. It catalyzesdation reactions, generating free-radical tissamalge [17]. Zinc,
an essential trace element is more toxic in sathfthan in elemental form. Its ingestion causedrgadestinal
toxicity, pulmonary toxicity, nephrotoxicity and wmetoxicity [18], [19]. Though there has been pauadf
information on reported carcinogenicity by oral tegumost classifications are based on occupatiexabsure to
cadmium with inhalation as the primary route of @sgre. A study also reported an association between
environmental exposure to cadmium and cancer \halation exposure (Nawrat al. [20]. These authors also
compared cancer incidence in an area contaminaiidgdcadmium (geometric mean cadmium soil conceiatnat
7.97 mg/kg) with incidence in an area with low esyne@ to cadmium (geometric mean cadmium soil canagon
0.81 mg/kg). Nawrogt al.[20] also found a significant relationship betweaadmium concentration in the soil, or
residence in a high-exposure area, and lung canaar after adjustment for age, sex, smoking antusion of
cadmium-exposed workers.

Copper (Cu):

Cu concentration in the soil samples ranged frob9-24.18 pg/g (Table 2) with a mean value of 3.42qu(Table
4) which is below the maximum permissible concdiaraof 100.0 pg/ g set by W.H.O but higher thae tiontrol
site with a mean concentration of 0.72 pg/ g (TableThe estimated concentration of Cu in the sampif the
cassava leaves ranged from 0.79- 1.01 pg/ g (T3bMth a mean value of 0.93 pg/ g (Table 5). Tduacentration
is below the maximum permissible concentration ®07ug/ g set by W.H.O and slightly higher than toatrol
with a mean concentration of 0.02 pg/ g.

Copper is an essential trace metal, vitally impurfar both physical and mental development in homesually
found in many food types particularly vegetariands such as nuts, seeds and grains. It is impdidaregnergy
production in cells and is required for women'stifity in relation to estrogen metabolism amonggtess. This
study did not reveal any risk of acute Cu toxidityt there is a possibility of chronic toxicity. @acumulates easily
in the body hence, chronic low level intakes haamadging effects on human beings and other anirsialse there
is no good mechanism for their elimination. Coruti associated with increased copper body burdearéritis,
fatigue, insomnia, scoliosis, osteoporosis, heiggake, cancer, migraine, heart seizures, gumsgiseskin and hair
problems. Reported also are mental and emotiosardiérs such as depression mood swings, feargtgnganic
attacks, violence and memory loss [19], [21].

Nickel (Ni)

The W.H.O maximum permissible concentration of iNthe soil is 50 pg/ g. The estimated concentratifo@u in

soil samples obtained around the factory rangech 6o 04- 0.09 pg/ g (Table 2) with a mean valu®.677 pg/ g
(Table 4). This is less than the WHO permissiblecentration stated above. It is however, abovedhtte control
site which stands at a mean concentration of 0gi2y|{Table 4). For the cassava, the estimatederdration of Cu
in the samples ranged from 0.25- 0.52 pg/ g (Tapkwith a mean value of 0.39 ug/ g (Table 5). Tddacentration
is below the maximum permissible concentration gi@ g set by W.H.O and slightly higher than thatod with

a mean concentration of 0.36 pg/ g.

Nickel is also an essential trace element. It istaimed in many body tissues but its role is noll wederstood.
Ordinarily, nickel is not known to be toxic to thedy as the body does not readily absorb it [22jwkler, nickel
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can combine with carbon monoxide (CO) to form a plex, nickel tetracarbonyl (Ni (CQ), which is extremely
poisonous, even more than CO, which is one ofrigsyrsor. Elevated dietary intake of the metakisoaiated with
increased thyroid problems, cancer and heart disg2]. Though this study did not reveal any ridkagute
toxicity, the slight increase in the concentratarNi in the soil and cassava plants around théofgaepresents a
risk in the future.

Lead (Pb)

The permissible limit of Pb in the soil recommendgd/VHO is 100 pg/ g. In the soil samples the catregion of
lead was recorded below the permissible limit. €stmated concentration of Pb in the samples rafrgped 5.09-
11.08 ug/ g (Table 2) with a mean value of 8.04 gugfable 4). This concentration of Pb around thetdry is
however, above that of the control site with a meamcentration of 0.91 ug/ g (Table 4). The estadat
concentration of Pb in the cassava samples rangedd.03- 1.00 pg/ g (Table 3) with a mean valu€.8D pg/ g
(Table 5). This concentration is the same withrtteximum permissible concentration of 0.30 pg/ gbye¥V.H.O
but higher than the control with a mean concertnatif 0.20 g/ g.

This study revealed that the concentration of Phihim cassava plants is the same with WHO recomndende
permissible limit. This concentration however, & anough to cause acute toxicity. High Pb conegiotn in edible
plants that are cultivated in areas that are coimi@ed can potentially pose a health risk to coresmThe
absorption of Pb is influenced by food intake whifgher rates of absorption after fasting than wiés ingested
with a meal. Age is also another factor that infices Pb absorption. The absorption rate in infenfs/e times
greater than that of adults. After Pb absorptiod distribution in blood, it is initially distributbto soft tissues
throughout the body. Eventually, bone accumulateso¥®er much of the human life span and may servanmas
endogenous source of Pb. The half-life for Pb wotland other soft tissues is about 28-36 daysjthsitmuch
longer in the various bone compartments. The péagenretention of Pb in body stores is higher iidobn than
adults. Lead that is not distributed is mainly eted through the kidney [24].

Lead is a classical chronic or cumulative poisonhlimans, Pb is known to cause a lot effects irbtity system
depending on the level and duration of exposurenyMaf the effects observed in humans ranges from
hematological, neurological, behavioral; renal srdiovascular effects. Due to the rapid rate ofogit#on in
children, they are often more vulnerable to thef of lead than adults. Pb has been implicatéldeinmpairment

of neurobehavioral functioning in children and tisishought to be the most critical effect [22].

Zinc (Zn)

Zinc is one of the important trace elements thay @l vital role in the physiological and metabgiocess of many
organisms. Nevertheless, higher concentrationsraf ean be toxic to man. The concentration of Zrthia soil
samples ranged between 0.04 to 0.05 pg/ g (Tabl&® permissible limit of zinc in soil according WHO
standards is 300 pg/ g. In all the collected smihgles, the concentration of Zn was recorded béh@ypermissible
limit. For the cassava samples, the concentratfoBnoranged between 0.02 to 0.07 ug/ g (Table 8 Mmean
concentration of 0.05 pg/ g estimated for the amlund the factory is below the permissible linfitl00 pg/ g set
by W.H.O but higher than the concentration (0.02g)dn the control sample (Table 5).

Among all heavy metals, zinc is the least toxic andessential element in human diet as it is requio maintain
the functioning of the immune system. The deficieotZn may be more fatal to human health thaneteess of it
[25] In human, high levels of zinc cause acute @ffesuch as vomiting and gastrointestinal irritatimausea,
cramps, diarrhoea), weakness, anorexia, anaemi@idhed growth, loss of hair, lowered food utitina, changes
in the levels of liver and serum enzymes, morphickigand enzymatic changes in the brain, and ligtoal and
functional changes in the kidney. Chronic elevatgdke of Zn could also result to impaired Cu uptak humans.
This implies that some of the effects of Zn maysbeondary to impaired copper utilization [26].

Table 1: Average Physico- Chemical Parameters dfi¢ Soil around the Cement Factory

SITE | SAND% | SILT% |[COs> % | CLAY% [TOM% [P "
Studied 86.¢ 9.8¢ 3.2¢ 11 2.9¢ 5.8
Control 78.2¢ 7.2¢ 4.7 14.4¢ 3.17 8.3

TOM = Total Organic Matter
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Table 2: Concentration of Heavy Metals in the SoiSamples obtained from the Surrounding of the Cemerfactory

SITE Cd(ug/g) | Cu(ug/g)| Ni(ug/g)| Pb(ug/ig) Zug/Qg)
| 0.98 4.18 0.08 5.09 0.04
Il 117 3.20 0.06 8.07 0.03
Il 1.08 3.16 0.09 10.07 0.05
v 1.0¢ 4.1: 0.0¢ 9.07 0.0¢
\ 1.83 2.19 0.08 6.06 0.02
\! 1.66 3.14 0.07 6.10 0.02
Vil 1.03 3.15 0.04 11.08 0.04
Vil 0.95 4.17 0.09 10.90 0.05
MEAN 1.22 3.42 0.07 8.40 0.04
S 0.3¢4 0.7¢C 0.0z 2.4¢ 0.01
CONTROL 1 0.92 0.71 0.0z 1.01 0.0z
CONTROL 2 0.61 0.81 0.01 0.97 0.01
CONTROL 3 0.81 0.63 0.03 0.93 0.02
MEAN 0.78 0.72 0.02 0.97 0.02
SD 0.16 0.09 0.01 0.04 0.01

Table 3: Concentration of Heavy Metal in the CassavLeaves Samples obtained from the Surrounding ohe Cement Factory

SD= Standard Deviation

SITE Cd(ug/g) | Cu(ug/g)| Ni(ug/g)| Pb(ug/ig) Zfug/g)
| 0.01 0.9t 0.08 0.5C 0.C5
Il 0.03 1.01 0.50 0.60 0.06
I} 0.01 0.97 0.25 0.03 0.04
[\ 0.01 0.89 0.33 0.05 0.02
\Y 0.02 0.79 0.39 0.07 0.07
\! 0.01 0.82 0.52 1.0C 0.C3
Vil 0.03 0.96 0.48 0.08 0.04
VIl 0.01 1.01 0.31 0.07 0.06
MEAN 0.02 0.93 0.39 0.30 0.05
SD 0.01 0.08 0.10 0.36 0.02
CONTROL 1 0.01 0.03 0.45 0.01 0.02
CONTROL 2 001 0.02 0.39 0.08 0.01
CONTROL 3 0.01 0.02 0.25 0.01 0.02
MEAN 0.01 0.02 0.36 0.02 0.02
SD 0.00 0.01 0.10 0.01 0.01

SD= Standard Deviation

Table 4: Average Concentration of Heavy Metals inhe Soil around the Cement Factory

SOIL Cd(ug/g)| Cu(pg/g)| Ni(ug/g)| ®(ug/g) | Zn (ug/g)
TEST 1.22+0.3 | 3.42+07C | 0.07+ 002 | 8.40+2.4¢ | 0.04+001
CONTROL 0.78+0.16] 072+0.09 0.02+0.47 0.91+0.04 26:®.01
MPL (WHO/ FAO) 3.00 100.00 50.00 100.90  300.04

Table 5: Average Concentration of Heavy Metals intte Cassava Leaves around the Cement Factory

Results Presented as Mean + Standard Deviation
MPL = Maximum Permissible Limit
WHO= World Health Organization

FAO = Food and Agriculture Organization

CASSAVA Cd(ug/g) | Cu(ug/g)| Ni(ug/g)] Pb(ug/ig) Zn (ug/g)
TEST 0.0+ 001 | 0.9¢+002 | 0.3¢+0.10 | 0.30+0.36 | 0.0:+0.02
CONTROL 0.01+0.00] 0.02+0.0f 0.36+0.10 0.02+0/01 G@01
MPL (WHO/ FAO) 0.10 73.00 67.0 0.30 100.00

Results Presented as Mean + Standard Deviation
MPL = Maximum Permissible Limit
WHO= World Health Organization

FAO = Food and Agriculture Organization

3.3 Correlation between the Concentration of Heavivetals (ug/g) in the Soil and Cassava Samples

As seen from Table 6, with the exception of Ni &1 there are positive correlation between soil @ladt for all
the metals in the investigated area. These relti@re only significant for Ni which showed a négatorrelation
(r = - 0.78), but not significant for the rest bketmetals examined. The results of positive cditglcbetween soil
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and plants have been supported by earlier findj2gk [28]. Thus, indicating that plants take ntibmal elements
from soil through their roots [29]. However, thega@ve correlation results indicated by Ni and Rlkeg credence
to the fact that some elements might be assimildtenligh other organs of the plants other tharr ttoeits or some
plants may have high affinity of assimilation ofhs® elements directly from atmospheric depositionother good

reason may be linked to the fact that only the upgoger (A soil horizon) of soil was sampled [3Qenerally, the
mean concentration levels in soil are higher theat of the plant samples (Table 4 and 5). HoweMeéryvas an

exception to this observation, indicating that thean soil concentration of Ni (0.Q®/g) is lower than mean
concentration of 0.3fg/g for the plants which might have led to the tisgacorrelation result for the metal.

Table 6: Computed Pearson Correlation Coefficient between Hevry Metal Levels in the Soil and Plant Samples irhe Investigated Area

Correlation between metals rc Value
Correlation between soil and plants for Cd 0.0Y
Correlation between soil and plants Cu 0.52

Correlation between soil and plants for Ni -0.78*
Correlation between soil and plants for IPb -0. 61
Correlation between soil and plants for Zn 0.04

*significant at p <0.05
CONCLUSION

The concentrations of Cadmium, Copper, Nickel, Lead Zinc in the soil were found to be below the @/HAO
permissible limit but above that of the controksithile for the cassava crop, all the metals wersd to be in
concentrations below WHO/ FAO recommended permisditnit (but higher than that of the control siejcept
Lead that was at the same level with the WHO/ FAqit! The soil and cassava crop may be said tslightly
contaminated with these toxic metals. The contatitinaof the soil may be due to the close proxinufythe farm
lands to the cement factory while the cassava cnoight have been contaminated by direct uptakéhefhteavy
metals from the soil via the roots and/or aeridablp.

Though, the concentration of the heavy metals Gkle Cu, Ni and Zn in the farm soil and crops werentd to be
below the FAO/WHO safe limits, safe limits of metdlased on acute evaluations alone may be misteadin
concentrations judged to be low as not to cause dmigterious effect at that point in time may aculate
incidentally thereby leading chronic toxicity. Henaegular monitoring and evaluation of the soidl @he crops
cultivated around Obajana Cement Company is engedr#o check the elevated concentrations of thestals
The data from such assessment could serve as amiekich remediation variables in modeling couldabehored.
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