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EFFECTS OF SOLID WASTES(LEACHATES) ON THE QUALITY OF
UNDERGROUND WATER

Abstract: This study investigates the impact of groundwater pollution. in Oyigbo Local
Government Area ,Nigeria, and the consequences of solid wastes, quality, and its control. The
study was inspired by the uncontrolled way that both home and industrial wastes are dumped on
the ground, in rivers, burried, burned, and dumped in trash heaps. Papers and polyethene, tin and
metals, ashes and dust, texture and rags, aluminum and other minerals are‘among the primary
solid wastes produced in Oyigbo. These wastes form leachates and gases when they degrade and
are washed by percolating and infiltrating rain water into the groundwater, according to an
examination of the physical, chemical, and biological properties of raw water at ten distinct
places in Oyigbo close to disposal grounds. However, while a small number of the water
characteristics evaluated did not meet W.H.O. criteria, the majority did. Despite this,
recommendations are given to address the issues, including promoting raw water analysis,
awareness campaigns, increased groundwater <investigation inOyigbo, and adherence to the
resource management principle. From the results obtained, it was discovered that the mean
concentration values of TDS, pH, BOD and COD are 89.24mg/l, 7.62mg/l, 13.87mg/l and 14.58
for leachate samples. Also the mean concentration values for Mn, Cl, Mg in groundwater
samples are 62.34mg/l, 22.74mg/l and 2.60mg/l and for well water samples and 57.35mg/I,
28.30mg/l and 1.25mg/I respectively.

Keywords: Leachates, groundwater, landfill, municipal solid waste, chemical oxygen
demand(COD) and bielogical oxygen demand(BOD).

1.0. INTRODUCTION

Municipal solid waste (MSW) includes garbage generated by households, hazardous solid waste
generated by businesses, institutions, and hospitals, as well as market and yard debris and
street sweeping (Ogwueleka, 2009). Solid waste dumps are essential components of the soil's
hydrological system and pose a major threat to groundwater and downstream surface waters
by contaminating them (Dahlin et al., 2010). In a solid waste dump, there is a danger of
environmental pollution due to the high concentrations of components like heavy metals,
nutrients, and organic substances.

The quantity and quality of water that percolates through the waste disposal and into the
surroundings determines the pollution load to the environment. The greatest local
environmental issue associated with solid waste dumps, according to (Christensen et al. 1992),
is the release of leachates into the nearby ground and surface waters. In fact, leakage from



deposits of municipal solid waste is frequently accompanied by high ion concentrations and, as
a result, extremely poor resistance. This makes studying the three-dimensional extent of
contamination around landfills using geoelectrical imaging techniques very

intriguing (Bernstone and Dahlin, 1999).

Waste management has become an issue in Nigeria and other developing nations. In our urban
cities, it is common to observe sizable garbage dumpsites that require restoration surrounded
by residential neighborhoods. Heavy metals are the most common pollutants in these
dumpsites. However, it's frequently unknown how much contamination is there (Ogwueleka,
2009). When it rains and water passes through a waste disposal site, leachate,a waste fluid, is
produced. Leachate can infiltrate across the unsaturated zone into the water table and pollute
the groundwater beneath and nearby. The leachate may contain every imaginable inorganic
and organic component that could deteriorate the quality of the groundwater and provide a
major health concern to the neighborhood.

Major environmental issues in Rivers State are a result of inadequate waste-management,
which has led to uncontrolled landfills in some areas of the state. Because of the leachate
buildup at the dumpsites, there is a significant risk to the.quality of the ground water. Although
the layer parameters and local geology are crucial for comprehending how leachate deposition
affects groundwater, these details are unknown, necessitating the necessity for this
investigation. Additionally, open waste disposal sites frequently lack trustworthy geological or
man-made barriers, raising concerns about.the possibility of pollutants leaching into
groundwater, especially when waste is dumped.in erosion gullies and ravines (like in Afam),
many of which extend below the groundwater table.

1.1PROBLEM OF THE STUDY

All throughout the world, emphasis:is currently being paid to the issue of solid waste and how it
affects the quality of subsurface water. The country has seen a significant problem with waste
generation recently, making this project necessary. In fact, the existence of wastes dispersed
throughout cities, villages, and even in our higher education institutions poses a hazard to
public health and. lowers the pleasant level anticipated of these places. Because complexity of
generated garbage .is closely correlated with advancements in science and technology,
developed and. industrialized countries experience the greatest threat from solid waste
generation. Building and running incineration, recovery, and land filling processes are now
exceedingly expensive. It is noticeable that urban populations produce more waste than rural
ones. This is due to the many economic and industrial activities taking place in cities, which
have increased the quantity and variety of waste that is produced every day across the nation.
These have some significant effects on the usage of subsurface water (borehole and well).
Therefore, it is thought that in order to comply with the guidelines of the World Health
Organization, specific tests must be performed prior to consumption of underground water,
such as bore hole and well water. These exams include

A PH Test



Test of whole caliform
Nitrate [No3-N] testing
Sulfate-reducing bacteria that are aerobic.

1.2AIM AND OBJECTIVES

To calculate the amount of waste present within the research areas and to understand the
physical, chemical, and biological effects of solid wastes on underground water. Additionally, it
will be determined whether water pollution poses a risk to both people and animals living in
the research area.

The specific objectives are;

The specific objectives are;

1.Determining the type of waste and waste disposal method

2.Collection of water samples from different boreholes and wells.

3.Laboratory analysis

4. To ascertain if the quality of underground water in the study area is in consonance with
WHO water drinking standards.

REVIEW OF RELATED LITERATURE
2.0 INTRODUCTION

This chapter discusses important data on the impact of solid wastes on groundwater quality.
Human activity produces waste, and how it is treated, stored, gathered, and disposed of can
have an effect on the environment and general welfare. The difficulties and problems
associated with Municipal Solid Waste Management (MSWM) are of acute concern in
metropolitan regions, particularly in the rapidly urbanizing cities of the developing world.
Although most governments have acknowledged this, the population is growing faster than
most municipal authorities can provide, even the most basic amenities. Between one and two
thirds of the solid waste generated is not collected.

This chapter discusses important data on the impact of solid wastes on groundwater quality.
Human activity produces waste, and how it is treated, stored, gathered, and disposed of can
have an_effect on the environment and general welfare. The difficulties and problems
associated with Municipal Solid Waste Management (MSWM) are of acute concern in
metropolitan regions, particularly in the rapidly urbanizing cities of the developing world.
Although mest governments have acknowledged this, the population is growing faster than
most municipal authorities can provide, even the most basic amenities. Between one and two
thirds of the solid waste generated is not collected. While urbanization has helped emerging
nations accumulate riches, it has also been associated with a startling rise in the prevalence of
poverty. Today, one in four city dwellers is considered to be in "absolute poverty,” while a
further one in four is considered to be in "relative poverty." These urban poor people, who are
frequently found in pre-urban settings, are the ones that suffer the most from the potentially
fatal circumstances caused by inadequate MSWM throughout the developing globe. Municipal
governments frequently distribute their little financial resources to the wealthier, higher-tax
yield districts where residents are subject to greater political pressure. A percentage of a



citizen's money is typically used as their income rises to protect them from local environmental
problems, but since trash production also rises with wealth, the problems are simply moved.
Poor SWM causes environmental deterioration to continue or worsen in cities and regions even
while environmental problems at the household or neighborhood level may improve in better-
off areas.

3.0 MATERIALS L AND METHODS

3.1 SAMPLE COLLECTION

Using disposable bottles, | collected samples. Before collecting the samples, the container of
the samples was cleaned with soap solution and thoroughly rinsed with distilled water.

3.2 GROUND WATER SAMPLES

In the research area at Oyigbo Local Government Area in Rivers State, water was collected from
the vicinity of the dumpsite from existing boreholes and from a significant hand-dug well. Three
distinct areas that are extremely near to the landfill for. garbage. The samples must be
preserved using preservation techniques, such as pH regulation, refrigeration, and protection
from sunlight penetration, in order to keep the samples* original chemistry.

3.3 LEACHATE CHARACTERISTICS AND GROUNDWATER PARAMETERS MEASURED

For this investigation, data on the following leachate and groundwater parameters were
gathered. Temperature, pH, Total Dissolved Solids (TDS), Total Suspended Solids (TSS), Nitrate
(as N), Ammonia (N), Electrical Conductivity (EC), Total Hardness, Biochemical Oxygen Demand
(BOD), and Chemical Oxygen Demand (COD) are to be considered. Chloride, Magnesium, Iron,
Sulfate, Color, Odor, Faecal Coliforms, Oil & Grease, and Manganese (Mn).

Before bringing the sample containers to the stations, they were carefully cleaned with
detergents, rinsed with distilled water, and allowed to dry. Each container was thoroughly
cleaned with distilled water at the collection site before sampling.

The American Standard Methods for Examination of Water and Wastewater served as the
foundation for the determination of all physiochemical parameters. The mentioned normal
operating procedures and equipment were employed. Distilled water, a pH meter, and a
conductivity meter are some of the tools and materials used. Beakers, a volumetric flask, a
pipette, a spectrum analyzer, and a turbidimeter.



4.1 RESULTS AND DISCUSSION

Standard instruments were used in the lab to conduct temperature, pH, electrical conductivity,
magnesium, ammonium, manganese, iron, chloride, and sulfate analyses on the leachate and
groundwater. The leachate was determined to have a temperature of 31°C, which is close to
the ambient temperature, while the samples of well water and spring water had temperatures
of 30.5°C and 31°C, respectively. In the laboratory tests, the pH levels of leachate, well water,
and borehole water (spring water) were 7.12, 6.68, and 6.78, respectively. The quality of water
can limit its usefulness and make it unsuitable for a certain purpose. As a result, determining
the quality of the water is crucial to determining both its value and the general level of living.
The study of groundwater (well and borehole water) and leachate samples collected from
various locations close to various trash dumpsites within the Oyigbo Local Government Area in
Port Harcourt, Rivers State, is summarized below. The physiochemical.properties, nutrient
concentrations, and certain significant trace metal concentrations were shown in Tables 1, 2,
and 3 along with the corresponding samples. The study of groundwater (well and borehole
water) and leachate samples collected from various locations close to various trash dumpsites
within the Oyigbo Local Government Area in Port Harcourt, Rivers State, is summarized below.
The physiochemical properties, nutrient concentrations, and certain significant trace metal
concentrations were shown in Tables1, 2, and 3 along with the corresponding samples.

Table 1. Leachate Samplesfrom Site 1, 2 and 3 Measured in mg/L

WHO Mean + SD Site 3 Site 2 Site 1 Parameter
Standard

7.5 7.62+0.55 7.85 8.04 6.95 pH

2000 89.24+5.84 92.37 82.53 92.88 TDS

250 27.94+1.63 28.04 29.65 26.19 Chloride
250 0.38+0.06 0.47 0.27 0.36 Sulphate
50 13.87+1.55 12.06 14.87 14.56 BOD

400 14.58+1.27 15.06 15.54 13.17 COD




0.02 0.69+0.67 0.26 0.16 1.38 NH:
75 394+9.49 389 407 392 Total Hardness
0.05 51.68+8.4 57 56 45 Manganese
5 51.5748.7 0.32 0.2 0.19 Oil &
Grease

Table 2. Domestic Well Water Samples from Site 1, 2 and 3 measured in

mg/L.

WHO standard Mean+SD Site 3 Site 2 Site 1 PARAMETER

6.5-8.5 6.41+0.28 6.47 6.79 6.35 pH

500 17.78+0.67 16.97 18.26 18.03 TDS

250 28.30+0.85 28.05 28.95 27.39 Chloride

300 0.06+0.07 0.03 0.15 0.04 Sulphate

10 16.26+1.10 15.97 15.72 17.26 BOD

10 18.67+0.36 18.96 18.45 18.48 COoD

10 4.84+0.06 4.97 4.85 6 DO

10 0.24+0.05 0.11 0.14 0.16 NH:

1000 25+5.13 36 36 27 Total Hardness

10 58.35+4.14 57 65 55 Manganese

10 1.25+0.13 1.05 1.07 1.26 Magnesium

30 29.66+1.13 28.7 30.9 29.6 Temperature
(°C)

0-2 4.02+1.04 6 6 4 T. Coli




In order to assess if the tested sample conforms with the drinking water standard, the World
Health Organization has provided the tables below. The physical and chemical parameters of
leachate and groundwater were analyzed, and the results were compared to the (ASTM)
standard as recommended by the World Health Organization to evaluate whether the water is
safe to drink (WHO).

Table 3. Ground Water Samples from Site 1, 2 and 3 measured in mg/L.

WHO standard Mean+SD Site 3 Site 2 Site 1 PARAMETER

6.5-8.5 6:96+0.31 6.97 6.74 6.57 pH

500 0.36+0.16 0.43 0.35 0.67 TDS

250 22.74+1.42 26 23.37 20.97 Chloride

300 0.27+0:16 0.47 0.16 0.25 Sulphate

10 13.67+2.56 10.97 14.14 15.98 BOD

10 16.11+0.81 15.97 16.87 15.27 COoD

10 4.03+0.12 4.15 3.87 4.06 DO

10 0.16+0.03 0.29 0.26 0.28 NH:

1000 10.01£1.10 8 10 11 Total Hardness

10 62.34+2.56 67 68 61 Manganese

10 2.6+0.35 2.37 2.74 3.05 Magnesium

30 27.16x2.96 25 27 30.8 Temperature
(°C)




0-2 1.360.57 2 2 2 T. Coli
Source:2-Drinking Water Quality Standard by World Health Organization Guidelines

(WHO) for Drinking-water Quality in third edition (2008) and fourth edition (2011).

According to the study, the water is unfit for drinking because the water quality metrics are
beyond the permitted limits at the area. According to one theory, the presence of various soil
layers serves as a filter to reduce the amount of suspended impurities in groundwater. But
because groundwater is usually isolated from the atmosphere, toxins are preserved by it. Once
contamination has begun, it moves slowly, remediation is expensive, and in.some cases it is
impossible. It is without a doubt true that open garbage generally has anegative impact on
ground water supplies. Groundwater, especially that from deep wells, is pure; flavorless, and
odorless. The ground water's temperature regime was between 30 and 31 degrees Celsius. This
is dependent on the environmental circumstances at the time the samples were collected. The
pH level is typically between 6.68 and 6.78, with little change. Incompatible for human
consumption, the pH ranges from 7.12 to 6.68 to 6.78. According to table 4.1 above, the World
Health Organization (WHO) suggests a higher desiredrange of 6.5 to 8.5. Organ waste may be
the reason of the groundwater's lower pH of 6.68 and 6.78 (well and borehole water), as
organic wastes cause water's pH to drop to an acidic level. This acidity is typically caused by the
presence of weak acids, especially carbon (1V) oxide (C02), although it can also occur when
proteins and fatty acids are present. From one sample to:another, different additional
parameters are examined. However, this may.rely on the depth of the boreholes, their distance
from the dumpsite, and the drilling method used, which may differ from one location to
another.

Table 4. Leachate sample variance compared to WHO standard analysis.

FERIT |P-VALUE . |F MS df |SS SOURCE VARIATION

3.178893 |0.473906 1.045886049 |198923.3119 |9 |1790309.8 |Rows

5.117355:/0.243027 1.561047837 |296905.008 296905.01 |Columns

[E

190195.9703

©

1711763.7 |Error

19(3798978.5 [Total




4.2 FEPA adopts WHO standard

Leachate and well water both have high levels of contaminants. However, the BOD and COD of
the spring water were higher than those of the neighboring wells, which may have been caused
by the stagnation and contamination of its catchment region. Higher concentrations of
pollutants were found in leachate and well water during sampling, especially in terms of
productivity, suspended particles, total dissolved solids, and phosphate. This may be due to the
dumping site's groundwater and surface water intrusion, which encourages the volatilization of
pollutants from the waste mass's active degradation into leachate that is emitted from the
disposal site and into a nearby groundwater source.

4.2.1 Turbidity

The presence of organic and inorganic solids that could serve as an adsorptive site for specific
chemicals and/or biological agents was indicated by turbidity, as seen in.the sample bottles and
suspended solids in well water.

4.2.2 Dissolved Oxygen

Since there was no evidence of dissolved oxygen in the leachate and very little was found in the
groundwater, the study site cannot support the necessary aerobic organisms. This could upset
the ecosystem, promote the growth of septic conditions, and promote the growth of anaerobic
bacteria, which could result in anaerobic conditions in the groundwater.

4.2.3. Iron (Fe)

Iron is present in trace amounts in-almost all sediments and rock formations, and all the
samples that were evaluated had small concentrations of iron (ranging from 0.01 to 00.5 mg/L).
The iron concentration of groundwater is significant because even tiny levels can have a
significant impact on how valuable water is for various home and industrial uses. The iron
content in Oyigbo Local Government Area is within WHO norms, according to the findings of
the borehole analysis. The World Health Organization (WHO) suggests limiting the amount of
iron in drinking water.to 0.3 mg/L.

4.2.4. Nitrate (NO°)

Since plants absorb the majority of the nitrogen at the ground surface before it can reach the
water table, nitrate concentrations in groundwater are extremely low nationwide. At the
dumping site, background nitrate levels in the leachate and surrounding well were relatively
high (0.1 to 0.4 mg/L). The application of fertilizers from the residents' farmed land may have
contributed to the concentration of leachate nitrate that has contaminated the area, which
may help to explain this.

Because nitrate does not break down quickly in the soil and does not adhere to soil particles, it
poses a risk because it can leak far from its source and move quickly through
groundwater. Numerous plants, including legumes, are one source of nitrate that seeps into the



groundwater. Additional sources of soil nitrate include decaying plant material, animal waste,
human waste, and home solid waste. Groundwater naturally has nitrate amounts between 0.1
and 10 mg/L. (Adeyemo et. al 2002). In home water supplies, nitrate concentrations more than
45 mg/L are not desired.

4.2.5. Phosphorus

There was no evidence of the groundwater's baseline phosphorus level. The leachate and well
water phosphorus concentrations in and around the dumping site are 6 and 2 mg/L,
respectively, which is significantly higher than the reference value of 0.15 mg/L.

There is little chance that phosphorus will enter groundwater through seil. This is due to the
high amount of phosphorus that soil particles can fix in forms that are stationary in soil. As
water moves through the soil profile and into the groundwater, the majority of soils remove
soluble phosphorus. There is no proof that the amount of phosphorus leached is increasing
when waste is put to the landfill because there may be a source of phesphorus from nearby
agricultural land.

4.2.6. Chloride

When chloride comes into touch with rainwater and enters the aquifer, it can enter the
groundwater from open trash disposal. The three different samples' chloride analysis results
ranged from 21.27 to 28.36 mg/L, which-is also-within WHO recommendations.

Additional data analysis shows that total hardness ranges from 12, 34, and 352mg/CaC03 and
that total dissolved solid (TDS) ranges from 0.442, 17.407, and 94.974mg/L. Dissolved oxygen
(DO) ranges from 4.075, 5.42, and 4.71mg/L. However, the majority of the water parameters fall
within the acceptable range as set forth by the World Health Organization (WHO).

Because they produce gases during their decomposition and are cleaned by rainwater trickling
through them, open rubbish dumps are known to reduce the quality of ground water.

The amounts of trace elements like cadmium (Cd), chromium (Cr), lead (Pb), and copper in
ground water and leachate were measured for this investigation in the unit operating
department of the chemical/petrochemical engineering laboratory. These analyses are included
in table 1, along with a number of potential major groundwater and risk issues that demand
immediate attention and further research. Table 1 provides information on the concentrations
for these studies in groundwater and leachate. The study's surrounding well depths’ water
tables are 1.8 meters deep. Because these elements could not be distinguished at the
laboratory in question, mercury (Hg) and arsenic (As) were not included in the table. When
compared to the nearby hard-dug well, the levels of lead (Pb) in the leachate and groundwater
were higher than the WHO worldwide standard. This might be as a result of pollution from
leachate at the disposal location. The quantities of lead (Pb), chromium (Cr), and cadmium (Cd)
in spring water exceed WHO standard-based drinking water requirements, according to these
heavy metals studies. This might be because mixed wastes like plastics, oils, and pesticides are



dumped there, where they combine with other pollutants like lead batteries and petroleum
compounds to form pollution.

5.0. CONCLUSION AND RECOMMENDATION
CONCLUSIONS

Large-scale combinations of potentially dangerous chemicals have been found in open garbage
disposal sites adjacent to residential areas, raising serious issues with groundwater quality and
public health. Concerns about the quality of ground water and the effects of open waste
dumping sites have prompted a thorough research. One mightinfer from this study that the
alleged increased risk to ground water near the open trash disposal site of Oyigbo is real. The
results showed a high danger of groundwater (well and borehole water) pollution and public
health issues close to a disposal site. In general, Oyigbo open trash disposal facility is of little
value to the environment or the locals' health. Most of the parameters are within WHO
drinking water standards, according.to the analysis that was done.

However, as illustrated in table 4.1 above, some agents, including dissolved oxygen, total
dissolved solids, chloride, nitrate, iron, hardness, phosphates, and sulfate concentrations, vary
from one sample to another. However, there are no substantial health risks associated with
their presence in the ground water in Port Harcourt's Oyigbo Local Government Area.
Techniques for handling, regulating, and monitoring open garbage must be geared toward
producing a healthy environment for many people to live in. This will significantly contribute to
the preservation of natural resources like water that are harmed by these open wastes. From
this framework, a perspective on complete environmental management practices to safeguard
ground water resources in the Oyigbo Local Government Area may be articulated. The outcome
showed that using the dumping site as a dump is totally undesirable because it is producing
numerous powerful toxins that are harmful to the environment and the local population.

RECOMMENDATION

The following are suggested. Recommendations In light of the threats to public health and
ground water, the government should prioritize addressing the issue of open dump sites in
conjunction with other environmental and public health-related groups. Unless the Ministry of



Environment and the Garbage Management Board are officially recognized as the waste
collection and management authorities, open waste should be recycled rather than taken to
dump sites. There is a need for environmental awareness through education campaigns, deep
groundwater investigation, and open waste management that abides by the principles of
resource management (reduce, reuse, recycle, and responsible disposal). It should be advised
that thorough ground water monitoring be done, especially throughout the two seasons (Dry
and Wet) of the equipment. Water from the study area's borehole needs to be properly treated
to remove salt, excessive iron level, and acidity. Environmental sanitation authorities and other
regulatory agencies like the Rivers State Minister of Environment should keep an eye on
enterprises and guarantee good waste management practices. There should be laws,
guidelines, and scientific standards pertaining to well-engineered landfill designs and other
types of open waste disposal technology. The operation of the dump site must be stopped as
soon as is practical to address groundwater and public health.concerns, and a new designed
landfill should be constructed with appropriate leachate collection and treatment. Consider
temporary disposal methods that don't endanger the environment or the public's health before
closing the current dump site.
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