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ABSTRACT

The study of rainwater quality was carried out in Obio/Akpor Local Government Area, Rivers State, Nigeria. Free fall rainwater and
their sample station coordinate values were collected from seven stations in the study area and analyzed to investigate its quality within
the region. Six water quality parameters were considered and analyzed in the laboratory using specified standard method for each
rainwater sample. The laboratory results were compared to permissible water quality level as recommended by World Health
Organization and interpolated using the IDW algorithm. The comparative parameters analyzed shows that rainwater samples collected
were within the permissible limit except for pH which was slightly acidic while the interpolated distribution shows variation in spatial
distribution of the different parameters. The low pH found in the samples indicates a possible high presence of CO in the atmosphere

since the presence of Nitrogen Oxides and Sulphur dioxide would have made it more acidic.
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1. INTRODUCTION

Water is a colourless, tasteless, and odorless substance that is
essential to all forms of life. It exists in many places and forms:
mostly in oceans and polar ice caps, but also as clouds, rain
water, rivers. Right from the existence of man, rainwater has
been of great importance and significant across culture and
achievement of needs.

Rainwater is a form of water that is in form of droplets or ice
that have been considered from atmospheric water vapour and
then precipitated. Rain is formed through transpiration and
evaporation of water to atmosphere. It is a major component of
water cycle and is responsible for depositing most of the fresh
water on the earth. It provides suitable conditions for many
types of ecosystems, crop irrigation and as well as water for
hydroelectric power plants.

It is a necessary part of the water cycle on planet Earth and
vital to a balanced ecosystem. Rain falling from the sky allows
water to reenter lakes, rivers and oceans after being cycled via
evaporation. It is harvested for use on gardens and provides
drinking water for humans and other animals.

The water supply systems and drinking water inaccessibility
in the developing countries is a global concern which calls for
immediate action. Currently, 884 million people in the world
especially in developing regions still do not get their drinking
water from improved sources (Cobbina, S. J et al., 2013).
Providing quality drinking water to all citizens of the world
who are deprived access to water will serve as the breaking
point of poverty alleviation in most developing countries
especially in Nigeria, where substantial amount of national
budgets are used to treat preventable waterborne diseases
(Cobbina, S. J et al., 2013).

Rainwater is an alternative source of water mainly for domestic
uses where surface water, pipe borne and bore-hole water are
not available (Chukwuma E. C et al., 2012).

Obio/Akpor is one of the Local Government Area in Rivers
state and plays host to numerous industries. The activities of
these industries result into release of different gases and
particles into the atmosphere. These emitted gases and
particles react and dissolve in saturated water which
precipitates. This process over time compromises the quality
and portability standard of free fall and harvested rainwater.
Considering the importance and domestic use of rainwater
mostly the harvested ones in the study area, the need to analyze
and determine the quality of rainwater has become imperative.
In addition, understanding the parameter constituent will aid
effective management and sustainable utilization of rainwater.

This research is to assess the level of quality of rainwater in the
various communities of Obio/Akpor LGA and check the
portability of the rainwater within the study area in comparison
to World Health Organization (WHO) standard. Obio/Akpor
LGA, where population and demand for water are increasing
daily, most of the residents have resulted to different
alternative source of water. In addition, the cost of drilling a
water borehole to an acceptable depth and its maintenance are
high, coupled with the inadequacy of surface water and public
supply scheme have resulted to use of rainwater harvested and
stored for various domestic needs and consumption. Water
quality is the standard of purity that is necessary for the
protection of aquatic and wildlife populations, for recreational
uses in and on the water and for human activities. Physical and
chemical standards are set for maximum acceptable
concentrations of pollutants and other parameters in water.
Drinking water quality standards particularly those set by
World Health Organization (WHO) and national food
regulatory bodies such as National Agency for Food Drug
Administration and Control (NAFDAC) describe the quality
parameters set for drinking water. Different countries have
their standards for their drinking water but even where
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standards do exist, and are applied, the permitted concentration
of individual constituents may vary. These variations have
been observed to be obvious in harvested rainwater in relation
to location and time. In respect to this, the need to constantly
observe, measure and determine the quality of rainwater of
different locations over time is imperative and necessary
considering the domestic importance of rainwater in the study
area and other geographical locations.

In this study, rainwater samples collected from Obio/Akpor
LGA were analyzed and interpolated using geospatial
techniques in order to show analyzed parameter spatial
distribution and comparative variance from the WHO standard
for drinking water. Based on the fact that the study area has
some activities such as oil and gas operations, vehicular,
industrial etc the parameters selected and analyzed are as
follow; pH, Conductivity, Total dissolved solid, Sulphate,
Chloride and Nitrate. The resultant values of these parameters
after laboratory analysis were compared with WHO standard.

2. MATERIALS AND METHODS

2.1. Study Area

Obio/Akpor LGA of Rivers State, Nigeria covers about 260
km? (100 sq mi). It is located between latitudes 4° 45°N and 4°
60’N and longitudes 6° 50°E and 8° 00’E. According to
population census in 2006 (National Bureau of Statistics,
2006) the total population size of Obio/Akpor LGA was
464,789. The population of the city therefore increases on a
daily basis.

The study area is well drained with both fresh and salt water.
The salt water is caused by the intrusion of seawater inland,
thereby making the water slightly salty. The vegetation found
in this area includes raffia palms, thick mangrove forest and
light rain forest.

The study area enjoys tropical hot monsoon climate due to its
latitudinal position. The tropical monsoon climate is
characterized by heavy rainfall throughout the year ranging
from 2000 to 2500 mm with high temperature all the year
round and a relatively constant high humidity. The relief is
generally lowland which has an average of elevation between
20 and 30m above sea level. The soil is usually sandy or sandy
loam underlain by a layer of impervious pan and is always
leached due to the heavy rainfall experienced in this area.
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Fig 2: Study Area Map
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3. DATA COLLECTION

The data sources for this study were both primary and
secondary. The primary data comprises of the 30 meter,
Landsat 8 OLI image for January, 2015 which was downloaded
from Glovis website (www.glovis.usgs.gov) and imported into
GIS software where it was layer stacked, subset / composed,
classified and visualized and rainwater samples and the
coordinate points of the locations collected using GPS. The
sample area was stratified into grids in which seven sample
stations were established from rainwater sample collected.

The rainwater samples were collected in February, 2015.Being
the time of early rain, it means that there should be more
concentration of pollutants in the atmosphere. The samples
were taken to a laboratory where they were analyzed using
appropriate standard method. The following physico-chemical
parameters were analyzed; pH measurement, Total Dissolved
Solids, Conductivity and major ions; Chloride (CI),
Nitrate(NO?*") and Sulphate(SO4%).

The analytical determinations of the physico-chemical
parameters of water quality analyzed were carried out within
the holding time of each parameter, following applicable

standard methods (Golterman, et al., 1978; APHA et al., 1995;
Ademoroti, 1996).

Sample pH, electrical conductivity and TDS were measured
using the PCE-PHD 1 pH meter (by PCE Instruments). The pH
probe was standardized from time to time using appropriate
buffer solutions and the conductivity/TDS probe standardized
using a set of potassium chloride (KCI) standard solutions
(Golterman, et al., 1978; APHA et al., 1995).

Chloride ions (CI") contents were determined by titrimetric
methods with 50 mL of samples titrated with 0.01M Hg(NO3)2
(Mercuric-nitrate) and with 5 drops of mixed indicator
(Diphenylcarbazone-bromophenol ~ blue) as indicator
(Golterman, et al., 1978) while sulphate (SO4%), and nitrate
(NO3) ions were determined by spectrophotometric methods
(Ademoroti, 1996).

All the recommended quality control (QC) and quality
assurance (QA) measures were taken for each determination.

The secondary data collected was the topographic map of the
study area. The figure below is a graphical representation of
the method used in carrying out this work.

Landsat
image

Shapefile o

e GPS Data Collection
Rain water collection

Image Processing

e Layerstacking

e Band composite
e Subseting

A
Classification
Post Classification
Confusion Matrix
Statistical Class/
Analysis

Database

4

4

Laboratory
Analysis

Conversion to
database Format

¢  Multicriteria
e Weighted Overlay

Interpolation

H

Classified Map of the study area overlaid
with rainwater sample points

v
Parameter
Distribution

Fig 3: Workflow Chart

IJST © 2016~ IJST Publications UK. All rights reserved.

341



International Journal of Science and Technology (IJST) — Volume 5 No. 7, July, 2016

The rainwater samples X and Y coordinate values joined

and related with the laboratory analysis result were entered

into geo-data basein the GIS environment, from where 4, RESULT
various geospatial analysis and parameter interpolations

were carried out.

Table 2: Results of Water Analysis

SIN Parameter Unit Station
1 2 3 4 5 6 7
1 pH pSem™ 6.02 6.20 6.54 6.42 571 6.21 5.87
2 Conductivity at mgL ! 12.8 20.2 722 26.7 16.0 35.1 10.9
25°C
3 TDS mgL 7! 8.7 13.7 48.2 17.6 10.6 233 7.3

4 Sulphate (SO+*") mgL 7 0.38 0.09 0.17 0.13 0.17 0.30 0.26

5 Chloride (CI") mgL 7 131 2.85 5.94 131 131 131 131

6 Nitrate (NO*") mgL 0.15 0.00 0.40 0.25 0.15 0.25 0.25

Fig 6: Rainwater Sample Points Overlaid on Obio/Akpor LGA Classified Image

Each of the analyzed rainwater sample’s parameter for the variations on the parameter values across the study area (see
seven stations was interpolated for the study area in order to figure 7). However, these variations are minimal and are still
show the spatial distribution of the parameters. From the within the WHO standard.

interpolated surface the visualization showed that there are
Parameter Distribution Maps
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Fig 5e: Sulphate Interpolated Map
5. DISCUSSION

Rainwater harvesting is of great socio-economic importance in
areas where water sources are scarce or polluted (Zhu et al.,
2004). One of the main advantages of rainwater harvesting is
the provision of water at or near the point of consumption
without operation and maintenance problems and running
costs. Moreover, direct rainwater harvesting has few negative
environmental impacts compared to other water supply
technologies.

Relating the rainwater sample locations to the study area, it
shows that the samples collected fell within the built-up area,
(see fig 8 and since there was little variation in each parameter
from different locations of the study area it means that there
was minimal or no impact caused by the built-up in the study
area.
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Fig 6: Classified Image of Obio/Akpor Overlaid with the Rainwater Sample Points
In this study, the analyzed rainwater samples met the collected in the study area were found to contain elements in
requirements for safe drinking water in terms of physico- relatively adequate concentrations (see table 3 and fig 7).

chemical composition. Based on this, the rainwater samples

Table 3: Comparative Table of WHO Standard and Rainwater Analysis Result

SIN Parameter Unit WHO Station
Standard 1 2 3 4 5 6 7
1 pH uScm1 6.5-8.0 6.02 6.20 6.54 6.42 5.71 6.21 5.87
2 Conductivity at | mgL 1 1000 12.8 20.2 72.2 26.7 16.0 35.1 10.9
25°C
3 TDS mgL "1 600 8.7 13.7 48.2 17.6 10.6 23.3 7.3
4 Sulphate mgL "1 250 0.38 0.09 0.17 0.13 0.17 0.30 0.26
(SO4*)
5 Chloride (CI)) | mgL "1 250 1.31 2.85 5.94 1.31 1.31 1.31 1.31
6 Nitrate (NO*) | mgL 71 50 0.15 0.00 0.40 0.25 0.15 0.25 0.25
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Fig 7: Comparative Graph of WHO Standard and Rainwater Analysis Result

However, the pH values, which ranged from 5.71 to 6.54
showed a minimal deviation from WHO standard. Based on
this result, the rainwater is said to be portable when compared
to WHO standard except for pH value which showed slight
acidity.

Obio/Akpor LGA is a place with so much activities and
industrialization yet the rainwater was not really contaminated
which might be attributed to the fact that the water was directly
collected from an open space without any interference.

6. CONCLUSION

Rainwater harvesting appears to be one of the most promising
alternatives for supplying freshwater in the face of increasing
water scarcity and escalating demand even in a polluted area
hence it is collected from an open space. The chemical quality
of open space harvested rainwater in Obio/Akpor LGA is quite
satisfactory with no parameter being detected above the
corresponding maximum allowable concentration for drinking
purposes according to WHO standard. Since this research
focused on physico-chemical analysis, microbiological
composition cannot be ascertained. In general, examination of
the physico-chemical composition of the rainwater is a
prerequisite before its utilization for drinking purposes.

The physico-chemical quality of the rainwater samples
examined in this study indicates that at least Obio/Akpor LGA
is unpolluted in terms of rainwater. Even though there are gas
flaring, industrial and vehicular activities e.t.c going on daily
in study area and its environs, the findings indicate that the
rainwater was still not affected which shows that pollution or
gas emissions might travel far away from its source or can
settle on zinc, leaves etc and do not always remain on the air.
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