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FOREWORD

It is with great delight I welcome you to volume 4 issue 2 of Federal Polytechnic – Journal of

Pure and Applied Sciences (FEPI-JOPAS). It is a peer-reviewed open-access multi-disciplinary

Journal of global recognition which is referenced and indexed in African Journal Online (AJOL).

It is a highly commendable Journal that publishes excellent research contributions and exhibiting

also special attention to experience papers coming from the many application areas of pure and

applied  Sciences.  FEPI-JOPAS  publishes  full-length  research  work,  short  communications,

critical reviews and other review articles. 

The aim of FEPI-JOPAS is to provide intellectual bedrock for both indigenous and international

scholars with quality research outputs to express and communicate their research findings to a

broader populace. It serves as a valuable platform for the dissemination of information to 21st

Century  researchers,  professionals,  policymakers,  manufacturers,  production  staff,  R  &  D

personnel as well as governmental and non-governmental agencies. It also aimed to provide a

platform  for  academics  and  industry  practitioners  to  share  cases  on  the  application  of

management concepts to complex real-world situations in pure and applied sciences and related

fields.

This volume 4 issue 2 of FEPI-JOPAS is loaded with quantum and well-featured diversity of

trending topics in applied and basic research. These hot and trending topics are: Sustainable Art

and Design: Activating Sighting as the Phenomenon of Representational Drawing; Assessment

of Heavy Metals in Processed Meat  (Tinko) Sold within Igbesa Community; The Hypoglycemic

Effect of Musa Sapientum in Alloxan Induced Diabetic Albino Wistar Rat;  Rainwater Quality

Evaluation for Agricultural Use: Case Study of a Portland cement Producing Area; Analytical

Approach  to  Investigating  the  Influence  of  Blood  Group  and  Blood  Genotype  on  the

Performance of Students of Federal Polytechnic, Ilaro; Dough Mixing Time: Impact on Dough

Properties,  Bread-Baking  Quality  and  Consumer  Acceptability; Chemical  Composition  of

Harvested Rainwater Around a Cement Factory in Ibeshe, Yewa North, Ogun State.

Furthermore, other topics to be encountered in this issue that have added colour and beauty to

this  edition are:  Physicochemical  properties and sensory evaluation of milk candy ‘toffee’ (a



NIGERIA  candy)  enrich  with  coconut,  tigernut  and  groundnut;  Informal  Settlements  in

Developing Countries: Issues, Challenges and Prospects; Comparison of Sensory Properties of

Meals Produced from Cowpea and Pigeon Pea; Automated Lecture Timetable Generation Using

Genetic  Algorithm;  Septic  Tanks Contamination  in  Groundwater  Quality  around Elementary

Schools in Ibadan, Oyo State Nigeria; and Waste Disposal Systems in Some Selected Abattoirs

Located in Ilaro Metropolis. FEPI-JOPAS has been centered on discerning the changing needs of

the academic world and is committed to advancing research around the world by publishing the

latest research in various academic fields and ensuring that the resources are accessible in print,

digital, and online formats. 

In addition, I would like to thank many people who worked so hard to ensure that publishing this

issue 2 of volume 4 is a reality. I would like to thank the Editorial Board for their guidance and

the publishing team for the continued support and effort in streamlining the publication process. I

am  grateful  to  the  reviewers  who  provided  timely  and  constructive  reviews  for  the  papers

assigned to them. The authors are solely responsible for the information, date and authenticity of

data provided in their articles submitted for publication in the Federal Polytechnic Ilaro – Journal

of Pure and Applied Sciences (FEPI-JOPAS). 

I am looking forward to receiving your manuscripts for the subsequent publications. You can 

visit our website (https://fepi-jopas.federalpolyilaro.edu.ng  )    for more information, or contact us 

via e-mail us at fepi.jopas@federalpolyilaro.edu.ng

Thank you and best regards.

Prof. Olayinka Oyewale AJANI

(Editor-in-Chief)

https://fepi-jopas.edu.ng/
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Chemical Composition of Harvested Rainwater around a Cement Factory in
Ibeshe, Yewa North, Ogun State

Oguntade B.K1* Ajibode C.P1 

Department of Science Laboratory Technology, School of Pure and Applied Sciences, Federal Polytechnic, Ilaro 

✉ bukunola.oguntade@federalpolyilaro.edu.ng

Abstract

This study assessed the physicochemical  properties of rainwater  in Ibeshe,  an area around the Dangote Cement
factory in Ogun State. Rainwater samples were collected as bulk precipitation from April – September 2022 at
weekly  intervals.  Collected  rainwater  samples  were  analyzed  for  basic  composite  variables  (pH,  electrical
conductivity, temperature, and total dissolved solids using a portable pH meter and conductivity meter respectively),
and major cations (magnesium, sodium, calcium, iron, arsenic, lead, and silicon).  The AGILENT 720 ICP-OES was
used for Mg2+, Na+, Ca2+, Fe2+, K+, and Pb2+. All the results obtained show that rainwater in the study area was basic
(6.73 – 7.63) and all the parameters were within the WHO limit. Also, it was observed that the activities of the
cement mining plant had little or no influence on the chemistry of the rainwater in the study area.

Keywords: rainwater, cations, cement, chemical, composition.

_____________________________________________________________________________________________

INTRODUCTION

One of  the  fundamental  human  rights  is  access  to
clean and affordable water. Water is essential to life
and  is  also  a  life  foundation  for  the  social  and
economic development of any country  (Adeniyi and
Olabanji,  2015).  Among  the  natural  resource
available  to  mankind,  water  constitutes  one  of  the
most precious resources, without it there will be no
form of livelihood (Ikotun et al., 2012). Rainwater is
one  of  the  many  sources  of  water.  The  chemical
component  of  rainwater  is  characterized  by  the
environment where it falls. It has been reported that
about 36 % of the world’s population experiences a
water  crisis.  Also,  it  has  been  documented  that
countries whose water resource is below 200 m3 per
capita per year may face difficulties in meeting their
population water demand while those below 1000 m3

per  capita  per  year  are  considered  to  be  a  water
deficit (Orlińska-Woźniak et al., 2013). 
In  most  rural  and  urban  areas  of  Nigeria,  the
availability of potable water is a major challenge and
a  poverty-related  phenomenon.  Around  the  globe,
there is an evident similar scenario  (Ashbolt, 2004).
Nigeria as a country is already faced with a shortage
of water supply despite all of the available land water
resources  in  all  the  climatic  zones  of  the  country.
This is because of the increase in human population,

urbanization, poor implementation of water policies,
pollution,  and  inadequate  infrastructure (Olowoiya
and Omotayo, 2010).  
Rainwater harvesting is a procedure widely used to
provide and supply portable and non-portable water
to consumers most especially in developing countries
like Nigeria where the potable water is insufficient to
meet the increasing needs of the people due to rapid
industrialization  and  development  as  well  as
population  growth  or  to  supplement  the  supply  of
water by easing the burden of collection from other
points  or  sources (Olaoye  and  Olaniyan,  2012;
Vikaskumar  et  al.,  2007).  Of  all  the  ways  that
rainwater is harvested, the collection from household
roof runoff  is  the most common way of harvesting
rainwater.  The  many  advantages  of  rooftop  runoff
like cost effectiveness, less contamination, and ease
of  maintenance  for  effective  long-term  system
operation  in  comparison  to  the  other  methods  like
ground catchment system makes it the most common.
The roof catchment method also supplies water at the
consumption  point (Gould  and  Nissen-Peterson,
1999).  The  rooftop  runoff  harvest  is  also  very
relevant in areas with a significant amount of rainfall
but lacks conventional water supply sources. Despite
its  many  advantages  over  other  water  sources,
rainwater  use is  often rejected  because of concerns
about water quality (Chang et al., 2004).

https://fepi-jopas.edu.ng/


Chemical Composition of Harvested Rainwate FEPI-JOPAS 2022:4(2):44 -52      Oguntade &Ajibode 

Several factors influence the chemical composition of
rainwater,  some  of  which  include  natural  and
anthropogenic emissions. Other factors include some
of the chemical and physical reactions that take place
in and below the clouds. A lot of factors like the local
and  long-range  transport  of  gases,  meteorological
conditions,  the  geographical  distribution  of  the
emission  sources  and  their  emission  profiles,  and
removal of chemicals by rain are related to the acidity
and concentration of the chemical species present in
rainwater (Celle-Jeanton et  al.,  2009; Strayer et  al.,
2007). Household roofs give or provide a very good
and ideal  surface  for  a catchment  in the harvest  of
rainwater  provided that the roof materials are clean
and without contamination. Rainwater contamination
may occur from a number of the materials that the
rainwater comes in contact with, the first of which is
the atmosphere. Rainwater could dissolve gases and
wash  off  chemicals  from  contacting  dust  particles
(Quek and Forster, 1993).

The  chemistry  of  rainwater  has  raised  a  lot  of
environmental concerns and thus has been considered
a matter of global concern especially during the last
three  decades  because  of  the  observed  detrimental
environmental effects  (Keresztesi et al., 2020). This

has resulted in a wide investigation in both urban and
rural environments (Keresztesi et al., 2020; Pu et al.,
2017). Several research work has been carried out on
the  chemical  composition  of  rainwater  harvested
from the Southwestern part  of Nigeria,  but data on
rainfall  chemistry  in  the  location  does  not  exist
(Tobin  et  al.,  2013;  Eletta  and  Oyeyipo,  2008;
Adekola et al., 2001). Therefore, the objective of this
present  study  was  to  determine  the  chemical
composition of rainwater harvested in Ibeshe, Ogun
State.

MATERIALS AND METHODS

Study Area

The research  was  carried  out  in  Ibeshe,  a  Yoruba-
speaking  community  located  in  the  Yewa  South
Local  Government  Area  of  Ogun  State,  Nigeria
between Latitude 6° 57' 33" N and Longitude 3° 2'
15"  E.  The  vast  community  is  Yoruba,  but  other
ethnic  groups  are  represented  including  Igbo  and
Hausa.  The  community  is  home  to  The  Dangote
Cement Plant which has a capacity of about 12,000
TPD (tonnes  per  day)  of  clinker  output  (“Dangote
Cement” 2022).
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Figure  1:  Map of  Ibeshe  showing Dangote  cement
factory and the five sampling points.

Sampling

Rainwater  samples were collected from April- Sept
2022. Roof-top run-off collections were obtained at a
weekly  event.  The  materials  used  as  bulk  sampler
consist  of a 5 L high-density polyethylene (HDPE)
bottle connected to a 20 cm diameter HDPE funnel.
The collector was placed on a stand at a height of 2 m
above ground level to prevent contamination from the
ground  around  the  sampling  points.  Prior  to
collection,  sample  bottles  were  thoroughly washed,
rinsed  with  20  %  nitric  acid,  and  rinsed  severally
with distilled water.  At  the end of  each  rain event
(weekly),  the  funnels  and  collection  bottles  were

replaced  with  another  that  has  been  previously
washed  and  cleaned.  The  sampling  mediums  were
divided into two. One bottle was used for the analysis
of pH, Electrical conductivity (EC), Total Dissolved
Solids (TDS), and Temperature, while the other was
used for the metal analysis. Preservation of samples
for  heavy  metals  was  achieved  using  concentrated
HNO3 on-site  and  refrigerated  at  4oC  before  the
analysis.  The measurement  of  pH was  done in  the
unfiltered  fraction  using  a  previously  calibrated
portable HANNA pH Meter. Electrical Conductivity
(EC),  Temperature  (T0),  and  Total  Dissolve  Solids
(TDS)  were  measured  on-site  with  a  previously
calibrated  portable  MRC CD-43075D Conductivity
Meter. For the analysis of metals, a 100 mL aliquot
of well-mixed samples were measured into beakers, 7
ml  of  aqua  regia  was  added  and  heated  to  a
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temperature  in  the  range  of  90  -  950C without
allowing  it  to  boil.  The  beaker  was  removed  and
allowed to cool, and digest was washed down with
deionized  water,  filtered  and  made  up  to  100  mL
using deionized  water.  Analysis  of  the samples  for
cations,  Magnesium (Mg2+), Sodium (Na+), Calcium
(Ca2+), Iron (Fe2+),  Potassium (K+),  and Lead (Pb2+)
was done using the AGILENT 720 ICP-OES (Baird
et al., 2017).

RESULTS and DISCUSSION

The results of the physical and chemical analysis are 
presented in Table 1 below:
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Table 1: Result of Physicochemical Parameters (Mean ±SD)

Sample 
Location

pH Temp
(oC)

EC
(µS/c
m)

TDS
(mg/L

)

Ca2+

(mg/L)
Mg2+

(mg/L)
Na+

(mg/L
)

K+

(mg/
L)

Fe2+

(mg/L)
Pb2+ (mg/L)

Site 1 7.15

±
0.21

30.40

± 3.39

35.40

±
8.20

23.50

± 5.23

9.15 

± 2.56

0.75 

± 0.11

4.70 

± 0.08

2.17 

±
0.16

0.04 

± 0.5

0.04

± 0.02

Site 2 6.73

±
0.25

28.65

± 1.63

54.25

±
15.91

36.35

±
10.96

15.08 

±
10.29

1.19 

± 0.63

3.28 

± 0.52

2.71 

±
0.71

0.01

 ± 0.02

0.03

± 0.02

Site 3 7.63

±
0.04

30.6

± 3.54

26.80

±
13.72

17.95

± 9.40

6.72

± 1.26

0.57 

± 0.04

2.86 

± 0.79

1.90 

±
0.16

0.21 

± 0.23

0.06

± 0.02

Site 4 7.33

±
0.04

32.15

± 0.64

97.70

±
1.70

66.05

± 0.31

24.66 

±
13.28

1.31 

± 0.62

3.72 

± 0.34

2.23

 ±
0.15

0.05 

± 0.06

0.08

± 0.01

Site 5 7.45

±
0.21

33.15

± 1.48

122.4
0

±
4.67

81.75

± 2.76

26.39 

±
10.42

1.53 

± 0.55

5.24 

± 1.87

3.18 

±
1.89

0.03 

± 0.04

0.05 

± 0.02

WHO 6.5 -
8.5

20 –
32

1200 1000 250 150 200 12 0.3 0.01

The pH of the rainwater in all samples in this analysis
ranged  between  6.73  –  7.63  indicating  the  basic
characteristics. This could be attributed to the presence
of  dust  particles  which  contain  particles  of  alkaline
compounds  such  as  calcium  carbonate  (Özsoy  and
Cemal,  2000).  However,  the  value  was  within  the
WHO  range  of  6.5  –  8.5  for  potable  water  (WHO,
2011). It would be expected that the rainwater should
be acidic because of the proximity of the study area to
a cement mining site where gases are constantly being
flared. The dissolution of these gases and other mineral
particles can induce acidity in the rainwater.  Another
factor  may  be  anthropogenic  resulting  from  bush
burning, and vehicular emissions. This is in line with
the results from Ogbeide et al., 2022 where rainwater
samples from six (6) different locations in Ebonyi State
close to a mining site  were observed to be acidic at
four  of  these  locations  with  values  ranging  between
4.35 – 4.70, a slightly acidic pH of 5.40 for the fifth
location and a pH of 6.79 for the sixth location.

The conductivity values obtained fell within the range
of 26.80 – 122.40 µS/cm and are lower than the WHO
limit.  This  is  different  from  the  values  obtained  by
Ikhioya et al., 2016 in Rivers state with values in the
range of 40 – 66 µS/cm and those obtained by Mendez
et al., 2010 with values in the range of 18 - 61 µS/cm.
However, these values are within the permissible limit
and are considered safe. It has been postulated that low
electrical  conductivity  concentrations  of  rainwater
show less pollution of the atmosphere with particulate
matter (Cobbina et al., 2013). We can infer that the low
values  for  conductivity  in  this  study  indicate  good
atmospheric environmental quality.

The results obtained for TDS ranged between 17.95 –
81.75  mg/L.  TDS in  rainwater  is  usually  caused  by
naturally  occurring  environmental  features  like
carbonate  deposits,  and salt  deposits  that  accumulate
on  roofs.  It  also  includes  pollutants  such  as  leaves,
dust,  and  animal  dung.  Pollutants  like  sulfur  and
nitrogen oxide can also dissolve in the rainwater from

5
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the air (Cruden, 2015). The values obtained for TDS
when compared to the WHO limit of 1000 mg/L are a
small  fraction  and  therefore,  the  water  is  safe  with
regards to the presence of Total Dissolved Solids. 

The results for  Ca2+ ranged from 7.33 – 34.05 mg/L
and this is far lower than the WHO permissible limit of
250  mg/L.  According  to  Oyelude  et  al.,  2013,  the
sampled rainwater may be classified as soft as a result
of <50 mg/L concentration of Ca2+. The Mg2+ content
obtained in this study was in the range of 0.57 – 1.53
mg/L and this was within the permissible limit of 150
mg/L.  Amponsah  et  al.  (2015)  and  Adetunji  et  al.
(2008) also obtained results in similar ranges of 0.18 –
2.40  and  1.5  –  1.53  mg/L  respectively.  Mg  is  an
important mineral in human nutrition, and it acts as a
cofactor and activator of a lot of enzymatic reactions in
the human body (Ahmad and Bajahlan, 2009). Mg, as
well  as  Ca,  make  water  hard.  Although,  there  is
currently no evidence of any adverse effect particularly
attributed to these two (Oyelude et al, 2013), their low
concentrations in soft water (water low in calcium and
magnesium) can cause diseases. The association of soft
water  with  mortality  and  morbidity  from
cardiovascular diseases has been reported by Donato et
al, 2003.

The concentration of K+ levels ranged from 2.01 – 4.52
mg/L and was within the WHO limit. As reported by
Ceron et al.,  2008 and Shukla and Sharma 2010, the
presence of K might be caused by biomass burning and
fossil fuel combustion. This could be a potential source
of potassium as there are a lot of vehicular activities in
the study area. Although the levels of potassium in this
study are within the safe limits, it is very unlikely for
adverse  effects  to  occur  from  the  ingestion  of
potassium in healthy humans and this is because of its
fast rate of leaving the body through excretion in the
absence of pre-existing kidney damage (Flythe et al.,
2021).

The  concentration  of  Fe2+ in  all  the  samples  ranged
from 0.00 – 0.38 mg/L with site 3 recording the highest
value  while  the  other  sampling  locations  had  values
that were below the permissible limit of 0.3 mg/L. This
is  similar  to  the  results  obtained  by  Williams  and
Tighiri, 2015 with a Fe range of 0.078 - 0.991 mg/l.
The high value of iron recorded for site 3 could be due
to the presence of old iron sheets in the area (Rawan et
al., 2022). Fe is an essential element that is required by
all  living  organisms  in  small  quantities  (Crichton
1991). However, if it is present in a quantity more than
is required, it causes acute toxicity in the physiological
systems  of  human  beings  which  eventually  leads  to
diabetes  and  diseases  of  the  lung,  liver,  and  lungs.
Other  implications  could  also  include  a  maladjusted
immune  system  and  hormonal  abnormalities.  The
presence of Fe in water in high quantities makes water
bitter,  colored,  and  also  leaves  the  water  with  a
characteristic odor (Gurzau et al. 2003). 

The observed values for Na were in the range of 2.07 –
7.10 mg/L and were  found to be  far  lower  than the
WHO  limit  of  200  mg/L.   These  results,  although
lower are similar to the results obtained by Amponsah
et  al.,  2015 in  the  range  of  0.05  –  2.01  mg/L.  The
concentration of Na in rainwater is usually lesser than
20 mg/L but it can exceed this level in some places due
to the pollution of the environment. There has been no
adverse  health  effects  associated  with  Na  levels  in
water due to the lack of evidence. Therefore, no health-
based limit has been proposed but if it exceeds 200 mg/
L, Na may give rise to an unpleasant and unacceptable
taste (WHO, 2017).

The concentration of Pb2+ ranged from 0.03 – 0.08 mg/
L, showing a higher value than the permissible limit of
0.01 mg/L. The water can be considered unsafe in this
regard (WHO, 2011). The results obtained in this study
are in line with those obtained by Sazarkli et al. (2007)
with Pb2+ values in the range of 2.0 – 6.9 mg/L, Al-
Momani  et  al.,  2008  with  1.98  –  3.60  mg/L  and
Radaideh  et  al.,  2009  with  0.23  –  4.41  mg/L  also
having  lead  concentrations  higher  than  the  WHO
permissible  limit  value  of  0.01  mg/L.  The  possible
sources  of  lead  in  rainwater  are  usually  vehicular
exhaust and discharge from industries which have risen
a lot  due to the presence  of  the cement  plant  in the
area. Lead which ranked second on the 2015 hazardous
materials  list  has  been  identified  as  a  possible
carcinogen and this is because there is a lack of solid
proof  of  its  carcinogenic  abilities  (ATSDR 2015).  It
has been associated with various adverse health effects
such as anemia and also affects the reproductive organs
(Kumar  and  Puri,  2012;  Flora et  al., 2011;
Renner, 2010). 

CONCLUSION

In this study, the chemical and physical composition of
the rainwater collected in the study area were analyzed
for the quantification of  pH,  temperature,  and  major
ions, with the purpose to obtain and provide data on
the quality of the rainwater in the area. The rainwater
quality was expected to be influenced by the proximity
to  the  Cement  Plant  as  the  rainwater  was  harvested
directly  and  not  from  any  catchment  surfaces.
However,  the  results  of  this  study  show  that  the
analyzed  parameters  were  not  a  big  issue  as  their
concentrations  were  usually  below the  recommended
WHO permissible limits with the exception of Pb. It
has  however  been  proven that  environmental  factors
usually have a negative impact on harvested rainwater
quality.  Therefore,  the public  should be educated  on
the  harmful  effects  associated  with  the  usage  and
consumption  of  untreated  rainwater.  It  can  also  be
concluded that more attention needs to be given to the
other water quality parameters like turbidity, alkalinity,
anion content, microbiological parameters, etc. 
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