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ABSTRACT

Environmental pollution caused by the activities &wekoro Cement production facility of the
West African Portland Cement (WAPC, Plc), Ogun StaNigeria was studied at some terrestrial
and aquatic receptor locations within the catchmerdrea of the production plant which has
been in operation for over 40years. Air, water arsdil samples of the adjoining villages
(Ajobiewe, Olapeleke, Alaguntan and Wasinmi) weneadyzed. High particulate matter deposi-
tions were recorded for all the sampling location®usts emitted from the cement factory were
rich in heavy metals. Heavy metals concentration/Ajobiewe, Olapeleke and Alaguntan were
significantly (p<0.05) higher compared with thosebtained at Wasimi — the farthest location
from the pollution source, which served as contfor particulate and soil sampling. The distri-
bution of heavy metals in the soil sampled followeéh decreasing order of
Mn>Ni>Fe>Cr>Zn>Cu>Co>Pb>Cd. Heavy metals concerticms were significantly different
(p<0.05) at the closest locations around the plasdmpared to Wasinmi (the control). Basic
cations and anions in the water samples from thei&rs draining the area were within interna-
tionally recommended values for irrigation excegiet electrical conductivity (EC) and nitrate
(NOg) in Alaguntan River which were found to be abovieet maximum permissible limits by
5.41% and 64.30% respectively. Comparatively, lyemetals concentration were significantly
higher (p<0.05) in samples from Alaguntan River than corresponding sample from Elebute
and ltori Rivers. Heavy metals concentration indke rivers were high compared to similar riv-
ers at other places with no cement production. Taetevated heavy metal levels may be a limita-
tion to using the rivers for irrigation.

Keywords: Cement production, Pollution, Heavy metals, Pattibei deposition, irrigation.

INTRODUCTION chemical and biological dynamics of the envi-
Environmental pollution is a direct result ofronment. Generally, industrial activities rank
human, social and industrial activities whichhigher among contributors to environmental
often initiates undesirable changes in the ecalegradation. Metal mining, smelting and meat
system, creating some imbalances in physicaprocessing, oil and gas exploration, petro-
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chemical manufacturing and such other induslate matter, cooling water, leachates from stock
trial activities have severe impact on the fragileiles raw material and effluents from quality
ecosystem. These negative impacts on the eoentrol laboratories. These sources are among
vironment are from direct results of productionthose identified by El Fadeét al (2005);
activities or by the release of waste and byVorld Bank (1998) and Perfitiret al (1989).
products which often are toxic in their un-Pollutants in water can remain in solution or
treated states. deposited to form part of drainage sediments.
Water quality is dependent on the total dis-
Cement manufacturing is known to emit abougolved substances and these substances when

500 — 1700kg of particulate matter daily (ETpLdissoIve_d_ in water react to change its chemical
1991). A study in the United States of AmericaCOMPposition. Gaieret al. (1997) stressed that
reported a dirt level ranging from 26-114mg/heavy metals in river sediments are considered
m®. (U.S. Census Bureau, 2000). Studies hav®0re sensitive than dissolved contamination as
shown that soil, ambient air and surface watefn indication of pollution.

within the vicinity of a cement factory are seri-

ously degraded (Farmer, 1993). Andrey (19877 his study evaluates the impact of cement pro-
reported an incidence of elevated concentratioduction in a local community of Ewekoro,
of Fe, Mg, Pb, Zn, Cu, Be, Tetraoxosulphate VOgun State in South western Nigeria with a
and HCI among cement plant wastes. Simiview to quantify the status of air, soil and water
larly, Sivakumar and Britto, (1995) and Jalkerwithin the neighborhood.

et al. (2000) reported an elevated deposit of

alkali earth metal and heavy metals such as ARAATERIALS AND METHODS

Pb, Ni, Co, Zn, Cu and Phosphorous from ce-

ment dust and other particles with attendanf Ne Ewekoro Cement plant, one of the leading
environmental risks. cement manufacturing factories in Nigeria was

chosen for this study. Cement production ac-

There is a statistical significant relationshipdivities have been on for over four decades in
between symptoms of respiratory effects irfhis location. The factory utilizes wet and semi

humans to their proximity to cement kilns with"Wet production technology with the annual

CO, Cl, F, SQ and other sulphur oxides c€ment production varying between 254,000
sources. (Legatoet al. 1998). Volatile or- and 479,000 metric tons (WAPC,2000). It is

ganic compounds and micro pollutants are usgocated Skm from Ewekoro town @N,

ally released from cement factories (Vans Os3 12°E) in the Ogun State of South western

and Padovani, 2003). Ponsket al (2000), Nigeria. A number of farm settlements pre-

W.H.O (1999) and Wangt al. (1997) have all existed the company and the cement production
shown the negative impact of cement manufadactory. These include Wasinmi and Itori to the

turing activities on humans and the environ0th, Elebute and Alaguntan to the east and

ment. Similarly, studies on the effect of cemenf!apeleke to the west of the factory within
dust on biosynthetic processes in plant alséOkm radius. (Figure 1). The catchment of the
revealed reduction in chlorophyll and carotec€ment factory is drained perennially by Ala-
noid content, impairing carbon IV oxide ex-guntan, Elebute and Itori rivers. The farm set-
change and plant photosynthesis rate. (Lepedd§ments were named after these rivers because
et al, 2003; Cesar and Lepedus, 2001). of their importance to agncultural activities in
the area. Although, the rivers are ungauged and
Also, cement production have been known tdh€ capacity undetermined, local farmers have
contribute to pollution of streams and riverstelied on the discharges of these rivers to sup-
from the degraded runoff discharges from atbort their irrigation farming activities durlng
mospheric deposition of contaminated particutn® dry season. They are major tributaries to

Journal of Science and Technology © KNUST August 201



Pollution impact of cement... 48

Ewekoro river which drains into the Ogunriver courses at a depth of 15cm from the sur-
River, the major river of the Ogun-Osun Riverface. The collected samples were mixed into a
Basin. composite for each stream and appropriately
labeled for laboratory analysis within the

72hours of sampling. The sample bottles were
previously soaked in soap solution treated with
5% HNGQO; for 24Hours and rinsed severally

humidity 65+10% and average rainfall Ofwith distilled water prior to use (DWAF, 1992;

1500mm+120mm (Oguntoyinbet al, 1983). DWAF, 1999).

The average wind speed at a height of 10m

above ground level was 1.0m/s between Jand\ir Sampling

ary - March and 0.72m/s between May-Samples of air in Ajobiewe, Olapeleke, Ala-
November (lITA, 2000). The deposition of guntan and Wasinmi villages were sampled for
cement dust and other particulate matter ovgsarticulate matter deposition. Ten clean Petri
the catchment was therefore very noticeabldishes, 12-20cm diameter previously weighed
and of serious concern to the local community.and labeled were carefully placed on rooftop of
residential buildings for three weeks at each of
the sampling locations. The Petri dishes were

reviously soaked in soap solutions treated with

Various eres were c0n3|der\_ed swtgble for sa 06HNO; for 24hours rinsed severally with
ple collections based on their location upstrear. .. o :
istilled water and dried in oven prior to use.

and downstream of the cement factory. Th%imilarly, treated clean brush and scoop were

Alaguntan, Elebute and Itori Streams (Fig.1) .
were selected for surface water pollution studl—JS‘e<j to remove the deposited dust from the

ies. For the soils and air pollution, Ajobiewe;?;grifrhgzcwff fhedl((a) ir;t?c;;stlgﬂg r\)l\lgfgcacorno-_
vilage (0.1km South), Olapeleke (1.0km PP

West), Alaguntan (1.5km East) and Wasinm riately labeled for analysis. The Wasinmi vil-

(9.5km North, and the farthest from the factory)age is the farthest from the factory location and
Wére selectea as sampling sites therefore considered as the control in this study.

Ewekoro town is located within the tropical
rainforest vegetation belt of Nigeria with an-
nual mean temperature of ®@*10°C, relative

Sampling Sites

. . The samples were subjected to Flame Photome-
Soil Sampling _ _ try and Atomic Absorption Spectophotometry
Soil samples from four farming villages (AAS) analysis (APHA, 1992). The analysis
(Ajobiewe, Olapeleke, Alaguntan and Wasyere done within 72hours after sample collec-
inmi) were collected. Twenty random samplesjon, thus there was no special need for pre-
taken at a depth of 0-20cm from different locayreatment for storage (Chapman and Kimstach,
tion were taken bulked together and thoroughlyig%)_ All the analyses were done at the Ana-
mixed in a composite for each of the locationytical Laboratory of the International Institute

The composite samples were put in clean ailyt Tropical Agriculture (IITA) Ibadan.
tight plastic container for laboratory analysis.

Water Sampling RESULTS AND DISCUSSION

The Alaguntan, Elebute and Itori Streams wer@articulate Matter Deposition

sampled weekly for 3 weeks during the usuaparticulate matter deposition constituted major
period of high irrigation activities. Ten (10) 1 atmospheric pollution issue in the cement plant
litre samples of water were taken using cleagnd the auxiliary environment. This can be at-
dry 1-litre wide mouthed transparent glass botgributed to dust released during quarry activi-
tle at interval of 20m apart along each of thgjes, dust re-mobilization from vehicular traffic
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Fig. 1: Map of the study sites

Table 1: Particulate Matter Deposition Rate  distances to the pollution source in order of
closeness were Ajobiewe, Olapeleke, Alagun-

Location (Rat/em?fdgﬁposition tan and Wasinmi. It was discovered that the

HY -aay concentration of the investigated heavy metals

Ajobiewe 699 in the particulate deposits decreased with in-

creasing distance from the pollution source

Olapeleke 134 (Table 2). In all the cases (Mn, Fe, Zn, Cu, Pb,

Alaguntan 96 . .

L Ni, Cr, Co ,Cd), the impact of the produced
Wasinmi 58 k L

dust on the environment decreased with incre-

on paved and un-swept paved road, wind actiopsed distance from the pollution source. Was-
on open piles of clinker and kiln stack lossesinmi which was the control recorded the lowest

High values of particulate matter depositionconcentration of heavy metals in particulate
were recorded with the highest being 699 pgfeposit while Ajobiewe the closest recorded the

cnfday at Ajobiewe and the least being 58ughighest in all cases. Generally, concentration of
cnfday at Wasinmi (Table 1). These valuedi€avy metals at Ajobiewe (the closest location

indicate a differential deposition rate whichto the pollution source was
may be due to location and distance from th&€>Zn>Mn>Cr>Co>Cu>Pb>Ni>Cd while at
cement factory, wind action, and gravity. TheVasinmi  (the farthest-control),
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Table 2: Concentration of heavy metals in the samptl particulate deposited

Elements (pg/g) Locations
Ajobiewe Olapeleke Alaguntan Wasinmi

Mn 70.2 53.11 45,92 915
Fe 1147.19 756.89 726.31 715.5
Zn 345.08 297.64 270.9 198.01
Cu 38.17 29.66 21.58 2.55
Pb 36.9 18.91 10.82 .159
Ni 33.05 25.1 18.22 5.75
Cr 55.12 26.04 17.54 1.11
Co 385 29.12 14.05 137.
Cd 28.45 21.75 11.07 2.08

Fe>Zn>Mn>Ni>Cu>Cr>Pb>Co>Cd. At all the However, the heavy metals concentration in
locations Cd concentration was the least whilgoil studied are of the order of pg/g. The rea-
Fe was the highest recorded concentration. Bgon for this is because the particulate deposition
simple proportion from (Tables 1 and 2), thes hgavily Iadep with polluted metals Which are
rate of deposition of Pb was 0.0058mg/at easily and quickly moved by runoff into the
Ajobiewe while at Wasinmi it was 0.0530g/ receiving rivers from the soil surface. Never-
m® or 0.000053ug/fm This is equivalent to theless, it is clear from this study that the close
deposition of 0.0530g of Pb in every squardo the pollution source the greater the risk of
kilometer per day. Pb and Cd have been foungélevated concentration of pollution (Gilbert,
to be carcinogenic. 2006; Meybeclet al 1996), thus the less envir-

onmentally fit such location may be especially

Similar trends have been reported in particulatfr agricultural purposes.

matter deposited in areas surrounding the Jor-

dan cement factory in the city of Fuhais, Jordasoil Quality Parameters

(Ziadatet al 2006). In addition to the contribu- The particle size distribution of the soil sample
tion from raw materials, the elevated concentracolected from the study area is shown in Table
tion of Fe and Mn in the particulate depositec3, The soil quality parameters are reported in
may be attributed to metal from wear machineraple 4. The soil pH values were found to be
parts. Zn elevated concentration may be linkegetween 10.96 at Ajobiewe and 7.39 at Was-
with remobilization of dust by wind from disin- jnmj. This is indicative of alkaline soil. The
tegrated galvanized rooftops in the area whilgther two locations have 8.03 and 7.46 in the
the exhaust emission from traffic and powelgrder of their closeness to the pollution source.
generation from fossil fuel may have influencedrhe general observation is that the pH of the
the concentration of Pb as can be seen in Ajatydy locations is Alkaline. The levels of Nitro-
biewe apd Wasinmi which were very close ten (N) and Organic Matter (OM) in the soil
the major Lagos-Sango-Abeokuta road. Thehow same trends. Ajobiewe soil has the high-
Duncan Multiple Range Test (DMRT) showedest concentration of N (0.87g/kg) while Was-
that the obtained concentration of heavy metalgymi soil recorded the least concentration
in Ajobiewe, Olapeleke and Alaguntan wereg.21g/kg). This may be because of intense
significantly (p < 0.05) higher when comparedtarming activities in Wasinmi and Olapeleke
with the values obtained at Wasinmi (the COnyjllages. Percentage OM was also highest in
trol) location. The value of Fe at Alaguntan waspjobiewe samples and least in Wasinmi be-
not significantly different (p < 0.05). cause of limited agricultural activities in the
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former as compared with the latter. (EC) and Sodium Adsorption Ratio (SAR) of
the soil solution do not differ in trend an@ ar

The concentrations of Phosphorous (P) in thifidicative of a fertile soil.

soils were generally high. The degree of varia- . ) )

tion of the P concentration at different locationd\ Inverse relationship was observed between
is shown in fig. 3. The high values of P concent!® concentration of heavy metals and the dis-
tration in all the soil may be due to phosphol@nce of the sampling locations from the pol-
rous accumulation in the soil over a period”ted source. Similar to what obtained in the
of time. The soil pH (alkaline) causes phospamculate deposition, Ajoblewe which is the

phorous compound to have a form that th&losest recorded the highest concentration for
plant is unable to absorb (Ocak al, 2004). all the heavy metals while Wasinmi which was

Although P was about 200 times the concentrdhe farthest had the least recorded concentra-
tion of Ca in all the locations. the predomi-tion- The observed heavy metals concentration

nance of lime in the area as raw material ma{°!'owed the same pattern

have accounted for the high differences in ciIn>Ni>Fe>Cr>Zn>Cu>Co>Pb>Cd. The con-
observed in all the locations. This may be &£entration of heavy metals in soil samples from
reflection of abundance of lime as raw materiaf'ioPiewe, Olapeleke and Algauntan show sig-
for cement production in the area. Increase iffificant difference when compared with the
the amount of lime is related to the increase if#€2vY_metals concentration from Wasinmi at
pH of the polluted soil (Fabbrét al, 2004; p<0.05 using the Duncan Mult!ple Range Test.
Bayham et al, 2002). However, the electrical G€nerally, the level of organic matter (OM)

Table 3: Patrticle size distribution of soil samplegrom studied locations

Sample Location Sand % Silt % Clay % Textural Class
Ajobiewe 92.6 5.4 2 Sand
Olapeleke 82.6 9.4 8 Loamy Sand
Alaguntan 70.6 15.4 14 Sandy Loam
Wasinmi 93.6 4.4 2 Sand

Table 4: Soil Quality Parameters of the Soil Sampke

Parameter Unit Ajobiewe Olapeleke Alaguntan Wasinmi
pH 10.96 8.03 7.46 7.39
N a/kg 0.87 0.25 0.56 0.21
oM % 8.42 2.45 5.41 2.28
P g/kg 201.96 228.02 66.56 111.08
Ca o/kg 1.97 1.92 1.77 1.09
Mg o/kg 0.93 0.91 1.05 0.51
K a/kg 0.4 0.38 0.37 0.22
Na a/kg 0.21 0.2 0.19 0.12
EC g/kg 0.57 0.41 0.32 0.12
SAR g/kg 0.18 0.17 0.16 0.13

Journal of Science and Technology © KNUST August 201



Pollution impact of cement... 52

content for an agricultural land is classified agollution. TDS values in Alaguntan, Elebute
low (<1.5%) medium (1.5% — 2.5%) and highand Itori rivers are 473.60mg/1, 268mg /I and
(>2.5%). Therefore, Table 4 shows that all the839.20mg/l respectively.

soils were adequate in terms of fertility status.

Also, the heavy metals in the soils were hownjtrate (NQ'N) and phosphate (R®) levels
ever found to be very high. High accumulationpptained in Alaguntan River were 83.93mg/l

Table 5: Heavy metals in the soil of the study lo¢@ns

Element (mg/l)

Ajobiewe Olapeleke Alaguntan Wasinm
Mn 501.53 490.52 446.51 294.31
Fe 35.53 33.54 32.56 20.13
Zn 26.52 24.56 22.01 14.74
Cu 11.04 9.5 8.53 5.7
Pb 3.71 3.35 3.05 2.01
Ni 43.56 41.52 37.54 2491
Cr 34.58 325 29.01 19.5
Co 6.55 6.52 5.54 3.92
Cd 2.01 1.57 1.03 0.94

of heavy metals in the soil can cause undesiand 190.80mg/l respectively. In Elebute River,
able accumulation in the plant tissues and thigitrate and phosphate levels were 7.05mg/I and
may be harmful to the plants and the consumeri4.21mg/l respectively and in ltori River nitrate
and phosphate concentration were 18.80mg/l
Water Quality Parameters and 38.20mg/| respectively. The higher values
Table 6 shows the Physico-chemical water paof nitrate and phosphate recorded in Alaguntan
rameters from the three rivers within the catchmay be traceable to enhanced nutrient status of
ment area. The pH of the river water samplethe River which was probably due to impact
range between 6.68 — 7.79. This agrees witltom direct effluent received from cement
the findings of Kalff and Knoechel (1998), plant. Omatsola and Adegoke (1981) have
which reported that water from the limestoneequally observed that, water quality impairment
belt are perpetually rich in Ca, carbonate andre direct result of land use characteristic
bicarbonate ion and have pH range from 6.8 within the catchment of a receiving stream or
9.6. The concentration of Ca and Mg are diriver on the one hand and the geological forma-
rectly related to the geological formation of thetion of the area on the other.
area which is in the Basement Complex.

The heavy metals concentrations in water sam-
The TSS comprises inorganic salts (primarilyple from the three rivers are shown in Table 7.
Ca, Mg, K, Na, Bicarbonate, Chlorides andAlaguntan River recorded the highest concen-
Sulphates) and some amount of organic matteration while Elebute river recorded the least
that are dissolved in water. TSS and EC areoncentration for all the heavy metals except
indicators that give the amount and conductinge. The higher concentration of heavy metals in
potential of the ionic species in the water samAlaguntan River may be attributed to the direct
ple. These two parameters were generally lowffluent received from the cement factory and
and normal for freshwater stream flowing thro-its closeness to the pollution source (Fig. 1). On
ugh terrains with no recorded history of severethe other hand, Itori River may be linked
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Table 6: Physico-chemical parameters of rivers witim the study locations in relation to qual-
ity standard for irrigation

Quality Standard

Parameter Units for irrigation Locations
Alaguntan  Elebute Itori
pH 6.5-8.4 7.79 6.68 6.87
EC dS/m 0.7 0.74 0.42 0.53
TDS mg/l 450 473.6 268.8 339.2
OM mg/l 2.2 2.59 3.52
SAR mg/l 3 0.7 0.58 0.66
NOsN mg/l 5.0-30.0 83.93 7.05 18.81
PO/P mg/l 190.8 14.21 38.2
Ca mg/l 10.87 7.82 12.49
Na mg/l 70 3.86 1.65 1.84
Mg mg/l 50.68 8.59 3.17
K mg/l 35 1.29 2.46
Mn mg/l 0.2 28.48 7.66 16.37
Fe mg/l 5 3.79 2.38 1.61
Zn mg/I 2 0.98 0.21 0.42
Cu mg/l 0.2 1.02 0.23 0.58
Pb mg/l 5 0.16 0.04 0.14
Ni mg/l 0.2 2.48 0.65 1.38
Cr mg/I 0.1 1.96 0.51 1.06
Co mg/l 0.05 0.38 0.1 0.2
Cd mg/l 0.01 0.11 0.03 0.04

"Source: Ayers and Westcott, 1994

with human activities and flow of sewage. Thetration world average values carried in solution
presence of automobile mechanic workshops iby major unpolluted rivers as reported by Mey-
the area might be a source of metal inputbecket al (1996), Mn, Pb, Zn Cr and Cd were
through runoff into the river. The distribution found to be higher while Cu and Fe were found
of heavy metals in all the rivers followed theto be less than the world average.

order Mn>Fe>Ni>Cr>Cu>Zn>Co>Pb>Cd.

Comparatively, the heavy metal Concemratlon%ONCLUSION

were however significantly higher (p<0.05) in Basically, the concentration of heavy metals in

sampl_es from Alaguntan River than N COMTE |l the rivers studied are on the elevated side (in
sponding sample from Elebute and ltori River

(Fig. 5). Generally, in all the rivers the obse- the order of mgfl) ‘and 1000tmes worse  in

rved concentration is higher than the recombeavy metals than expected. Therefore, the

. Lo rural communities who depended on these riv-
mended limits for irrigation water except the o L

. ers for drinking and irrigation are exposed to
concentration of Pb and Zn. However, a com;

arison of the recorded heavy metals conce high risk of heavy metal bio-accumulation.
P vy Yhus it is important to consider the constant
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Cembureau (1999). European Cement Associa-

Table 7: Heavy metals concentration in wa- tion. Best Available Techniques for the Ce-
ter samples ment Industry. Brussels, Belgium

Element Chapman, D. and Kimstach, V. (1996). Selec-
mg/| Alaguntan  Elebute ltori tion of Water Quality Variables. In Water

Mn 28.48 7.66 16.37 Quality Assessments — A Guide to Use of
Fe 3.79 2.38 1.61 Biota, Sediments and Water in Environ-

Zn 0.98 0.21 0.42 mental Monitoring. Ed. Deborah Chapman.
Cu 1.02 0.23 0.58 2nd Edition. UNESCO/WHO/UNEP. Pp 74

Pb 0.16 0.04 0.14 -89

Ni 2.48 0.65 1.38

Cr 1.96 0.51 1.06

Co 0.38 0.1 0.2 Cesar, V. and Lepedus, H. (2001). Peroxidase
cd 0.11 0.03 0.04 Activity, Soluble Proteins and Chlorophyll

Content in Spruce_(Piceabies 1. Karst)
Needles Affected by Cement dust&CTA
monitoring of various industrial activities on  Bot.Croatia 60: 227-235

the environmental resources beyond the initial

Environmental Impact Assessment (EIA) whichDepartment of Water Affairs and Forestry
often are prerequisites to granting of license of (DWAF), (1999). Quality of Domestic Wa-
operation to industries. ter Supplies. Sampling Guide 2. Depart-
ment of Health and Water Research Com-

Some urgent action must be taken to reduce the Mission Pretoria

pollutant production especially the particulate ] .
dusts in the cement production since particulatE-Fadel, M. Alameddine, 1., and El-Mashjary,
deposition has been seen to bemary to the M. (2005). Environmental Assessment of

: . : . the Amran Cement Plant. Partners for
pollution of soil and the rivers in the study area. Health Reform plus, (USAID). Project No.

936-5974. 13_http://www.phrplus.orgic-
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