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ABSTRACT: The quality of the groundwater and surface water bodies close to the location of the major
dumpsite being used for disposing the municipal solid waste produced by residents of Ado Ekiti, Nigeria was
determined. In contrast to the common method of comparing measured values of the physico-chemical and
biological properties of water with standard values, a water quality index (WQI) method was used to classify
the water. Analysis of the water samples using the WQI method indicated that the quality of both the
groundwater and surface water poor owing to the high content of lead in them. It was concluded that the WQI
method is a very effective tool for determining the quality of water susceptible to leachate pollution and
communicating it in an unambiguous manner to the stakeholders in the water industry.
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l. INTRODUCTION

“Water is life”, “Health is Wealth’ and “Waste to Wealth” are popular sayings relating to life and
wealth. However, waste that is not properly managed in the vicinity of surface water and groundwater can be
detrimental to life, health and wealth. Ever since the ‘Earth Summit’ in Rio de Janeiro in June 1992, awareness
on the environment and sustainable development has increased tremendously all over the world. More
importantly, is the greater awareness of and concern over the growing scarcity of potable water [1]. This is not
surprising as clean water supplies and sanitation remain persistent problems in many parts of the world, with
approximately a fifth of the global population lacking access to potable water [2]. Today, approximately 1.1
billion people worldwide do not have access to improved water supply sources and 450 million people in 29
countries have critical water shortages. In fact, it is projected that two-thirds of the people will live in water-
stressed areas by the year 2025. In Africa alone, it is projected that 25 countries will be experiencing water
stress (below 1,700 m>per capita per year) by 2025[2]. Currently, approximately 18 million (43%) out of the
over 44 million people living in Kenya do not have access to clean water [3]. Over 3,100 children die yearly
from diarrhoea caused by unsafe water and poor sanitation in Kenya. In Nigeria, approximately 130 million
people do not have access to adequate sanitation and approximately 57million people do not have direct access
to potable water. Consequently, approximately 45,000 children under five years old die yearly from diarrhoea,
which is caused by unsafe water and poor sanitation [4]. This is quite significant, considering a projected 2016
population of 187million [5].

The continued disposal of solid waste at open dumpsites constitutes an ever-present problem to the
health of people living in the developing countries [6-9]. This is owing to the burning of the waste and runoff of
leached contaminants from these sites to the adjoining ground and surface water-bodies. There have been many
studies on the effect of dumping solid waste indiscriminately at open dumpsites in the developing countries. In
some cases, water quality data of boreholes close to a refuse dump have been compared with the data of a
control borehole, which is very far from the refuse dump [10]. In many cases, the values of measured parameters
in the ground and surface water-bodies have been compared with international and national standards to
determine their adequacy [11-19].

The use of water quality index (WQI) in determining the quality of both surface and ground water-
bodies have increased tremendously since the initial WQI developed by Horton in 1965, and improved version
by Brown et al. in 1970 [20, 21]. This is owing to the ability of WQI to provide a number, simple enough for the
public to understand, that states the overall water quality at a certain location and time using the measured
values of selected water quality parameters. In most cases, it is used to determine the potability of surface water
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and groundwater. Over the years, several WQIs have been proposed and used appropriately by governmental
agencies and researchers. These include: (a) The Scatterscore index [22]; (b) Index of River Water Quality [23];
(c) Overall Index of Pollution [24]; (d) Chemical Water Quality Index [25]; (e) lowa Water Quality Index [26];
(f) Universal Water Quality Index-UWQI [27]; (g) Canadian Council of Ministers of Environment Water
Quality Index-CCMEWRQI [28-30]; (h) National Sanitation Foundation Water Quality Index — NSFWQI [21,
31]; (i) Oregon Water Quality Index-OWQI [32, 33]; (j) Weighted Arithmetic Water Quality Index Method-
WAWQIM [34-36].0ut of these, the CCMEWQI, NSFWQI, OWQI, and WAWQIM are the commonly used
[37, 38].

The WQI, which is calculated using the weighted arithmetic index method (WAWQIM)is commonly
used among researchers in developing countries where data collection infrastructure is not extensive for the
database of the water quality parameters to be vast, and reliable rating curves are rare [39-44]. It is especially
useful for determining the water quality at a place where data have been collected over a period of time for the
specific purpose of determining the water quality. It is also simple and easy to use by any researcher or assessor.
It has been observed that most researchers have employed the WQI to determine the water quality in surface
waters (rivers and lakes) and groundwater individually without any reference to the perennial curse of the
contamination or pollution. In this study, however, the WQI has been used as a tool to determine the impact of
the practice of dumping municipal solid waste at open dumpsites on the ground and surface water-bodies in the
immediate environment. This is important as the study area has a tropical climate and therefore susceptible to
enormous leachate runoff from the waste fill, as the dumpsite is not engineered.

1. STUDY AREA

The study area comprises a stream and groundwater in the dug wells in the vicinity of the major
dumpsite being used for the disposal of municipal solid waste (MSW) produced in Ado EKkiti, Nigeria (Figure 1)
by Ekiti State Waste Disposal Board. Ado Ekiti is a city located between latitude 7°25° and 7°47 north of the
equator, and between longitude 5°5° and 5°30” east of the Greenwich Meridian. The city experiences the wet and
dry seasons. The wet season runs from April through October while the dry season runs from November through
March. The main rock type found in the study area is charnockitic rock which has undergone an intense
weathering into reddish to dark brown medium grained lateritic layer of considerable thickness [45, 46]. The
groundwater in the wells is used by the residents of Aba Igbira as potable water while the stream adjacent to the
dumpsite is being used for washing and occasionally drinking purposes by the farmers that have farms in the
vicinity of the stream.

. MATERIALS AND METHODS

Data: The water samples were collected from four different locations-two each from the stream (SW1, SW2)
and dug wells(GW1, GW2),in the vicinity of the MSW dumpsite. The samples were collected at the peak wet
season in June, through August 2016. The samples were collected in clean 2litre plastic bottles that were rinsed
three times with the well water and stream water respectively, prior to eventual sampling. The pH and
temperature were done in-situ while the other physicochemical and bacteriological parameters were measured in
the laboratory using standard procedures and precautions [47]. Each sample was divided into three subsamples
to enable representative value of the parameters to be obtained. Distance of well water to ground level was 5m.
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Figure 1: Map of the study area.
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Model Selection: The WQI method is a powerful tool that enables easy communication of the quality of water
to the public especially the policy makers. It is an unambiguous tool that enables the integration of the water
parameters, which are deemed important to the quality of the water accordingly. In this study, the WQI, which is
calculated using the weighted arithmetic index method [21] is used to determine the effect of waste dumping on
the immediate ground and surface water- bodies to the dumpsite, as it is deemed the most appropriate, based on
the prevailing conditions.

The WQI is given as:

WQI = Z_ ?zlqiwi (1)

E:1:1:1""?1'
where
gi=quality rating (sub index) of i™ water quality parameter
w;= unit weight of i™ water quality parameter; X, w; = 1
Also, g;, which relates the value of the parameter in polluted water to the standard permissible value is obtained
as follows:
q: = 100 (%) v
where
v;= estimated value of the i"" parameter
Vo= ideal value of the i parameter
s;= standard permissible value of the ith parameter
In most cases, vi,=0 except for pH and DO
For pH, vi,=7; For DO, v;,=14.6mg/l
The unit weight (wfi(), which is inversely proportional to the values of the recommended standards is obtained as:
wp = @)

5
1
Where k = Zn—l

i=1 Si

The rating of the water quality using the above method is shown in Table 1.

Table 1: Rating of Water Quality for various WQI

WQI Rating of Water Quality
0-25 Excellent

26-50 Good

51-75 Poor

76-100 Very Poor

Above 100 Unsuitable for Drinking

Parameter Selection: The parameters used for the indices of water quality in this study are those used for the
Global Drinking Water Index Development and Sensitivity Analysis [48]. These parameters have been carefully
selected to accurately reflect the major acceptability and health issues relating to water quality. In addition,
factors including detection level and general ability for researchers and stakeholders to accurately measure the
parameters in most parts of the world have been considered. The parameters are presented in Table 2.

Table 2: Parameters used in WQI [48]

Acceptability Health Microbes
Ammonia Arsenic Faecal Coliform bacteria
Chloride Boron
Iron Cadmium
pH Chromium
Sodium Copper
Sulphate Fluoride
Zinc Lead
Manganese
Mercury
Nitrate
Nitrite

V. RESULTS AND DISCUSSION
The measured values of the water-quality parameters of the surface water and groundwater at the study
area are presented in Table 3. The WHO guidelines, which are universally accepted as the permissible values for
the water-quality parameters, have been categorized and presented in Table 3. In order to include the impact of
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microbes on the WQI, a non-zero value was specified for faecal coliform bacteria count [48]. There is no
specified value for dissolved oxygen (DO) in the WHO guidelines and is thus excluded from the selected
parameter used for the calculation of WQI.

The computed WQIs for the steam points and groundwater points SW1, SW2, GW1 and GW2
respectively indicate a very poor quality of water. This has been caused principally by the high content of lead
in relative to the WHO permissible level, which has been based on health issues. Sometimes, there are concerns
on the accuracy of values of the parameters used for calculating WQI in the developing countries, owing to the
integrity of the obsolete equipment often used for the measurements. In addition, contamination of the water in
the dug wells often used as samples for groundwater occurs due to the contaminated and rusty metallic
containers commonly used for drawing water from such wells by the peasants living in the vicinity of the study
area. This would have probably affected the high values of parameters such as lead and iron in the groundwater
in wells used in this study.

Table 3: The Measured Values of the Water Quality Parameters and WHO Guidelines

Parameter Measured Values WHO Guidelines —Permissible value [49]
Gw1 GW2 Swi SW2 Acceptability (Taste, Health
Colour and Appearance) issues
Temperature 24.0 25.8 26.0 25.3 - -
Odour odourless odourless odourless  odourless
Colour (TCU) 5 5 15 15 15 nhgv
Turbidity (NTU) 34 2.9 6.4 6.6 5 nhgv
Total  Dissolved 410 4185 550.5 647.5 600 is used for palatability =~ nhgv
Solids (mg/l)
Appearance fairly clear  fairly clear  Not clear Not clear - -
pH 5.6 6.0 5.6 6.2 6.5-8 nhgv
Sulphate (mg/l) 10.0 10.1 8.0 8.0 250 nhgv
Dissolved Oxygen 2.4 33 2.1 2.8 - -
mg/l
Calcium (mg/l) 29.9 24.7 57.9 70.2 Expressed as hardness -
Magnesium (mg/l)  31.2 44.7 103.9 159.9 Expressed as hardness -
Iron (mg/l) 0.45 0.45 0.45 0.45 0.3 nhgv
Nitrite (mg/I) 0.17 0.10 0.24 0.22 - 3mg/I
Alkanity 36.6 40.2 44.6 27.4 - -
Chloride (mg/l) 125.0 136.6 223.5 371.0 250 nhgv
Hardness (mg/l) 33.2 35.9 36.8 42.0 200 nhgv
Nitrate (mg/l) 0.35 0.25 0.50 0.48 - 50
Lead (mg/l) 0.02 0.05 0.08 0.05 - 0.01
Zinc (mg/l) 0.09 0.07 0.02 0.03 3 nhgv
Copper (mg/l) 0.012 0.005 0.008 0.002 Staining may occur at 2
lesser values
E-coli 14 15 26 25 - 0
(counts/100ml)
Total Coliform 15 15 23 25 0
(counts/100ml)
BOD (mg/l) 73.1 64.2 62.5 68.1 - -
COD (mg/l) 160.0 182.5 2275 220.0 - -

SWland SW2- Surface water samples 1 and 2 respectively; GW1 and GW2- Groundwater samples 1 and 2
respectively; nhgv- No health guideline values; - Not specified.

Table 4: Calculated Values of WQI

S/IN  Parameter Si 1/si Unitweight GW1 GW2 SW1  SW2 GW1 GW2 SW1 SW2
(wi=k/s;) Qi Qi Qi Qi qiw;i qiwi qiwi qiw;
1 pH 8 0.13  0.001 140.0 1000 1450 80.0 0.17 0.12 0.17 0.10
2 Sulphate (mg/l) 250 0.004 0.00004 4.0 4.0 3.2 3.2 0.0002 0.0002 0.0001 0.0001
3 Iron (mg/l) 0.3 3.3 0.03 149.7 1463 136.7 120.0 4.8 4.7 43 3.8
4 Nitrite (mg/l) 3 0.3 0.003 5.7 3.4 8.0 7.2 0.018  0.011 0.025  0.023
5 Cloride (mg/l) 250 0.004  0.00004 50.0 54.6  89.4 148.4 0.002  0.002 0.003  0.006
6 Nitrate (mg/1) 50 0.02  0.0002 0.70 0.50 1.0 0.95 0.0001  0.0001 0.0002 0.0002
7 Lead (mg/l) 0.01 100 0.95 2250 470.0 8450 515.0 2148 4487 806.7  491.6
8 Zinc (mg/l) 3 0.33  0.003 3.0 2.3 0.53 0.87 0.009  0.007 0.002  0.003
9 Copper (mg/l) 2 0.50  0.005 0.58 025 0.38 0.08 0.003  0.001 0.002  0.0004
Total Coliform

10 (counts/100ml) 10 0.10  0.001 150 150 230 250 0.14 0.14 0.22 0.24

Y(1/s)= 1048 :wi=1 WQI= 220 454 811 496

Average.
k=1/(Z(1/s)) = 0.01 WQI=_ 337 654
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Ordinarily, natural attenuation of any infiltrating pollutant in the study area is expected to occur within
the 5m vadose zone above the water level in the wells as the soil formation between the ground surface level
and the water level is lateritic soil; which is expected to act a natural filter for infiltrating contaminated water in
the area. The poor quality of water in the surface stream is expected as the refuse dumpsite is uncontrolled.
Moreover, the solid waste being deposited at the dumpsite consists of all types of solid waste produced by
residents in Ado Ekiti-both hazardous and non-hazardous. Even with these influencing factors, the calcaulated
WQI for the groundwater is relatively lower than the surface stream, which would have been affected by the
direct runoff of leachate from the nearby refuse-dump. In general, the magnitude of non-drinkability of the
waters near the dumpsite has been undoubtedly shown with the WQI method.

V. CONCLUSION

This study has shown that WQI is a powerful, yet a simple tool, that can be used to accurately
determine the impact of unabated placement of solid waste at open dumpsites on the immediate groundwater
and surface water. Whereas the quality of groundwater and surface water in the vicinity of the major waste
dump at Ado Ekiti has been found to be very poor owing to the high content of principally lead in the waters,
the significance of WQI in determining the impact of uncontrolled dumping of solid waste in the vicinity of
surface and ground water bodies cannot be overemphasised. The water in both groundwater and surface water in
the vicinity of the dumpsite has been simply shown to be not suitable for drinking and other daily uses of the
peasants living there.
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