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ARTICLE INFO ABSTRACT

Keywords: Open dumping of municipal solid waste is a common practice in developing countries including
Characterization Ghana and it creates major problems in many municipalities and towns in the countries, and
Dumpsite

therefore, the dumpsites need to be reclaimed or decommissioned after years of dumping.

. However, it becomes challenging to infer from the results of studies from other part of the world
Depth of excavation .. . . . .
Organic matter for dumpsites in Ghana since they may have different waste characteristics. Therefore, this study
Ghana sought to characterize the dumpsite waste with different age groups from urban city and small
town to ascertain the impacts of aging of deposited waste on waste fractions, it also assessed the
waste components at different depths within the same and different age groups in both small-
town and urban dumpsites; for waste deposited more than 5 years (Zone A), 2-4 years (Zone
B), and less than 6 months (Zone C) in Bono region, Ghana. Waste (100 kg) was taken at surface,
0.5 m, 1.0 m and 1.5 m and reduced to 50 kg using coning and quartering method; dried,
segregated and analyzed. Plastics waste (24.5-28.1%) increased with age at urban, and increased
(5.4-8.5%) with depth at small town dumpsite. Plastic waste was second to Decomposed organic
matter (DOM) at both dumpsites. The metal (<1.0%) at all depths in all age groups for both sites.
DOM fine particle sizes (FPS) decreased with depth, 26.8% (surface waste) and 14.4% (1.5 m
depth), at both dumpsites. Statistically significant effects of age on plastics, metal, DOM-CPS,
DOM-FPS (p < 0.05) at urban dumpsite. However, at small town dumpsite, effect of age was
statistically significant on only DOM-CPS and DOM-FPS (p < 0.05). The pH, EC, and TDS for both
dumpsites decreased with increasing age, and increased with depth. The study provides relevant
scientific findings for stakeholders to develop policy framework for dumpsite decommissioning or
reclamation.

Age of deposition

1. Introduction

Globally, the increased anthropogenic activities due to urbanization have led to an increase in the population coupled with high
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technological has subsequently contributed to the high volume of solid waste generated and discarded every year. The generation of
municipal solid waste (MSW) has been growing rapidly since the year 2003. The generation rate of 2.9 billion people living in urban
cities was averaged at 0.64 kg/p/d. Ten years later, the per capita waste generation increased to 1.2 kg/p/d for about 1.3 billion urban
residents, and it has been estimated that by the year 2025, about 4.3 billion urban residents will have an average generation rate of
about 1.42 kg/p/d for solid waste [1]. However, the waste characteristics varies according to the source activity [2,3].

According to Miezah et al. [4] the average waste generation rate from the regional capitals in Ghana had a daily total amount of
4270 tons of household waste generated from the regional capitals based on an estimated national population projection for 2014
calculated using the growth rates from the 2010 Population and Housing Census (Ghana Statistical Service, 2014b). Once generated,
the waste may have its characteristics altered due to the management technique employed, which may result in waste with a great
harmful potential to public health and to the environment [5]; and other factors such as economic, social, geographical, educational,
cultural [6].

This study has shown that with the average generation rate of Sunyani Municipal, 0.49 kg/person/day and 2021 estimated pop-
ulation of 193,595, the daily solid waste generation of Sunyani Municipal is estimated to be 94.86 tones. All these waste components,
together with commercial and institutional waste, are disposed of at the Sunyani Municipal dumpsite, with a greater percentage being
biodegradable and undergoing decomposition, resulting in the breeding and spread of insect vectors and the production of leachate.
But dumpsites and landfills are some anthropogenic activities that have destroyed the natural ecosystem and consequently affected
environmental sustainability (Rana, 2015). Similarly, dumpsites in Nsoatre received the waste from various sources, with boreholes
located very close to dumpsites. But the main source of drinking water in Nsoatre is groundwater, yet no research work has been
carried out in small towns regarding household waste generation, waste components, groundwater quality, operations at dumpsite,
and contaminants distribution at dumpsites in small towns.

However, proper municipal solid waste management remains a pressing challenge in developing countries due to inadequate
policies [7,8], non-enforcement of existing policies, laws, and regulations [8]; poor waste management culture; inefficient collection
and disposal systems; and improper technologies [9]. Burning of waste at dumpsites, use of landfills, and unsanitary open dumpsites
are the major disposal options used by metropolitans and municipal assemblies in many developing countries [10-12] like Ghana.

A study carried out in Tamale, Ghana to assess the knowledge and attitudes of householders on the disposal of plastic waste using
in-depth interviews and structured questionnaires showed that 87% of respondents showed a negative attitude and 46% had poor
practices of plastic waste disposal, with no significant association between knowledge and attitudes and disposal practices [13].

Waste characterization is an essential aspect of proper waste management strategies. Most of the characterization studies done
primarily consist of segregation and categorization of waste components, screening the waste based on size to obtain the coarse and
fine particles [14]. Some studies have also separated waste and then categorized it as plastic, paper, textile, wood, metal, glass, and
inert [14]. identified major concentrations of fine fraction, plastic and stones, i.e., 52.4%, 13.9% and 13.2%, respectively.

Again, a study conducted at Oti landfill in Kumasi, Ghana, for characterization of dumpsite waste and management of landfill
revealed high plastic waste components by weight (38%), for 4 months waste deposition and increased to 58% for 4 years waste
deposition. However, low quantity of textiles (11-14%), and about 2% of each metal, papers, and glasses by weight were observed for
all the aged categories (4 months, 1 year, 2 years and 4 years) [15]. Organic components decreased with ageing of deposited waste.

Similarly, 14% plastic waste by weight was observed in a dumpsite waste characterization in a city in Nigeria and Oti landfill
characterization in Kumasi, Ghana [15,16], and [14] in India; where Zone E (aged part) of the dumpsite contained very low plastic
materials (4.8%), but Zone A (least aged part) of the dumpsite contained high percentage (47.6%) of plastics by weight; however,
plastics do not easily biodegrade, except bio-plastics [17].

Low percentage by weight, wood (5%), metals (1.5-7.5%), and textile (<8.0%), observed when all particles (>80 mm, 80-40 mm,
40-20 mm, 20-4 mm), analyzed in India (Singh & Chandel, 2020a). However, different fractions showed low percentages of wood
waste at Zone E (most aged portion of the dumpsite), in all the particles sizes; very low metals by weight, and low textiles (11-12%) at
all the categories of age deposition at Kumasi landfill site Ghana [15].

Decomposed organic matter (DOM) is the organic portion of the waste that has been decomposed to produce coarse and fine
particles mixed with soil and sand particles. Again, organic waste components were greater than 30% at all depths and zones in
excavated waste in India [14], Kumasi, Ghana [15], and Nigeria [16].

The p™ affects mineral nutrients, soil quality, and also microbial activities. Studies have shown that as the p! decreases, the sol-
ubility of metallic components in soil increases and they become more freely available in different ionic forms due to the rise in ions
and vice versa [18]. The results obtained by Ref. [19], when soil samples collected from the down-site and dumpsite of Sunyani
municipal dumpsite were just within alkaline medium with p values of 7.19 and 7.41, respectively. These results are similar to the
studies conducted in Addis Ababa (Ethiopia), Lagos (Nigeria), Maradi city (Nigeria), and Adama (Ethiopia), which revealed slightly
basic p! (between 8.17 and 7.37) in the nearby solid waste dump sites as reported in literature. Similar analysis at the same dumpsite
had mean electrical conductivity values for top-site (2179.3 uS/cm), dumpsite (3971 pS/cm), and down-site (6736.25 pS/cm), showed
high EC value at dumpsite and down site [19].

The major outcomes of the literature review in Europe, India, and China have shown that landfill waste composition varies from
country to country and from location to location within the same country. Fine fractions account for almost 50% of total dumped waste
[20] due biodegradation. However, little studies have been carried out on the composition of excavated waste from dumpsites in
African countries including Ghana. Additionally, the extent to which the waste components have been distributed in the soil de-
termines how the soil properties have been affected and its future usage considerations. However, the previous studies did not consider
the distribution of waste components with respect to depth, and also focused on urban areas and industrial areas to the neglect of small
towns and non-industrials areas where landfill wastes are not properly managed.
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The hypothesis of this study was that dumpsite waste components (plastic waste, metal waste, DOM_CPS, and DOM_ FPS) depend
on location, depth of excavation and age of deposited waste at the dumpsite. The research conducted previously showed so many
valorization potentials of excavated waste. Different landfill sites have different valorizations potentials, and thus, it is essential to
conduct a preliminary characterization study when developing any landfill decommission and reclamation project to have a
comprehensive understanding of the site. According to Singh et al. [14] most of landfills in developing countries are typically
dumpsites and may have different waste characteristics from those on the globe.

In Ghana, open dumping of municipal solid waste is a common practice and it creates major problems in many municipalities and
towns in the country. The majority of the waste generated from various sources in urban and small towns ends up in these dumpsites.
This could be a source of microbial and toxic chemical pollutants of the soils of the dumpsites and therefore, needs to be reclaimed or
decommissioned after years of dumping. However, it becomes challenging to infer from the results of studies from other part of the
world for dumpsites in Ghana since the dumpsites may have different waste characteristics.

This study, therefore, sought to characterize the dumpsite waste with different age groups from urban city and small town to
ascertain the impacts of aging of deposited waste on waste fractions. It assessed the effects of age of deposited waste on the waste
fractions and determined the associations between them. It also assessed the waste components at different depths within the same and
different age groups. Finally, the study investigated the associations between the waste components and depths of excavation in both
small-town and urban dumpsites. The study provides relevant scientific findings for stakeholders to quantify waste fractions, and
develop policy guidelines for dumpsite decommissioning or propriate technology for dumpsite reclamation. The results can also be
used to assess the processing, utilization and disposal of excavated waste when developing dumpsite mining project, and decom-
missioning. This study is very important because it provides information required for the proper design and development of dumpsites
reclamation technology in Ghana and other countries with similar waste characteristics.

2. Materials and methods
2.1. Description of study areas

The study was conducted at the Sunyani municipal (urban) waste dumpsite and Nsoatre (small town) dumpsite (see Fig. 1). Sunyani
municipal dumpsite is located in a valley between Adomako community and Sunyani Technical University GETFund Hostel, 404.12 m
away from the dumpsite. The total surface area of the dumpsite was estimated to be 236,823 m?. Sunyani is the capital city of Sunyani
Municipal Assembly and also the capital city of the Bono Region, and has population of 193,595 inhabitants [21]. It lies between
latitudes 7.20°N and 7.05°N and longitudes 2.30°W and 2.10° W. Sunyani also lies within the middle belt of Ghana, between 229 m
and 376 m above sea level (googleearth.com). The dumpsite lies between latitude 7.18°N and longitude 2.19°W, and between 281 m
and 727 m above sea level. The dumpsite receives surface runoff during downpour due to its location; therefore, increases the rate of
decomposition of organic waste and generates a lot of fine particles of waste, and leachates. All sources of waste are dumped at the site
without segregation, yet many people are always at the site scavenging for valuable items, the decomposed waste have been used as
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Fig. 1. Map of Sunyani municipal and Sunyani West municipal.
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manure without knowing the components and its associated hazards.

However, Nsoatre (small town) is a town in Sunyani West municipality located along the Sunyani-Berekum highway, a distance of
25.0 km away from Sunyani. It lies between latitudes of 7.35° N and 7.19° N and longitudes of 2.31° W and 2.08° W; with an elevation
of 304 m above sea level and population amounts to 26,909. Nsoatre dumpsite has an area of about 5000 m?, and it lies between
latitude 7.24°N and longitude 2.27°W. The dumpsite lies on flatland with elevation between 333 m and 330 m above sea level [21].
Nsoatre dumpsite has been surrounded with residential buildings, with about 30 boreholes located between 100 and 1000 m away
from the dumpsite. These boreholes are source of drinking water for most of the residents living near the dumpsite. Again, the dumpsite
soil is used as soil conditioner for backyard farming, scavengers and children practicing open defecation at the dumpsite are always at
the site, yet unaware of the contaminants’ levels and harmful effects of potential contaminants or components, since no attention has
been given to small towns dumpsites in Ghana. These have necessitated the study at both urban city and small town.

2.2. Data collection

After preliminary assessment of the dumpsite, different points on dumpsite representing different ages of deposited waste were
selected and zoned as Zone A, Zone B, and Zone C . Zone A contained waste that was deposited more than five years; Zone B contained
waste deposited between two to four years; and Zone C contained fresh waste deposited less than six months. At each zone 100 kg
samples were taken from surface (0 m) and 100 kg were taken by excavating in-situ dumpsite solid waste material at depth of 0.5 m,
1.0 m, and 1.5 m. This was the maximum depth we could access due to the nature of the waste and the type of equipment used for the
excavation. The samples from the surface (0 m), 0.5 m, 1.0 m, and 1.5 m depths, in Zone A were coded as SMZA1, SMZA2, SMZA3 and
SMZAA4, respectively, in urban dumpsite. A similar procedure was used for sampling waste at Zone B and Zone C, in urban dumpsite
with coding as SMZB1, SMZB2, SMZB3, SMZB4, for Zone B and SMZC1, SMZC2, SMZC3, and SMZC4 for Zone C. Similarly, 100 kg
waste samples were sampling from surface, 0.5 m, 1.0 m and 15 m depths at Zone A, B and C of small-town dumpsite; and were coded
as NZA1, NZA2, NZA3, NZA4, for Zone A; NZB1, NZB2, NZB3, NZB4, for Zone B; and NZC1, NZC2, NZC3, and NZC4; for Zone C
respectively. The coning and quartering method was employed to reduce the sample to 50 kg (Table 1). A multimeter probe (Hanna
pH/conductivity/TDS meter H1700601) was used to measure the pH, total dissolved solids (TDS), and electrical conductivity (EC) of
excavated waste, as well as the surface temperature (Figs. 2a—c) show sampling points, sampling of waste and measurement of in-situ
parameters respectively, at urban dumpsite.

2.3. Sorting and characterization

The excavated waste was dried in hot air at a temperature of 30 + 5 °C for 14 days, to allow the waste to be dried at low tem-
peratures [22]. The dried waste was manually segregated and categorized as follows: plastic, paper, metal, glass, textile, wood, ce-
ramics, decomposed organic matter_ coarse particle size (DOM_CPS), decomposed organic matter fine particle size (DOM_FPS), and
others [23] (Fig. 3). The others category indicates the material which could not be classified and mixed with stones and sand. The
decomposed organic matter was manually sieved, and further sieved using a sieve analyzer to obtain both fine particle sizes (<0.4 mm)
and coarse particles sizes (5-40 mm); at the Department Building of Technology of Sunyani Technical University. The proportion of
each of the components of the waste was determined by weighing each component separately.

2.4. Statistical analysis

The mean percentages of waste components at different depths, and different zones were determined and subjected to ANOVA
(Variance) at 95% confidence interval, Tukey’s Honest Significant Difference (HSD) post hoc test were employed for multiple com-
parisons in the separation of treatment means, using R software version 4.1.3. Pearson correlation between some physiochemical
parameters were analyzed to check their significant or impacts on valorization potentials of fine particles of waste.

Table 1
Sampling locations and depths of excavation at urban dumpsite.
Zone/Age of deposition of Location/Sampling point Location/Sampling point Depth of excavation/ Code Code Waste/
waste (UD) (STD) m (UD) (STD) kg
Zone A ( > 5 years) N 07° 18.5011 N 07° 24.3311 SW (0) SMZA1 NZA1 50.0
W 02° 19.478! W 02° 27.454} 0.5 SMZA2 NZA2 50.0
Elevation 277 m Elevation 332 m 1.0 SMZA3 NZA3 50.0
1.5 SMZA4 NZA4 50.0
Zone B (2-4 years) N 07° 18.648! N 07° 24.335! SW (0) SMZB1 NZB1 50.0
W 02° 19.56! W 02° 27.445! 0.5 SMZB2 NZB2 50.0
Elevation 727 m Elevation 333 m 1.0 SMZB3 NZB3 50.0
1.5 SMZB4 NZB4 50.0
Zone C ( < 6 months) N 07° 18.699" N 07° 24.339! SW (0) SMZC1 NZC1 50.0
W 02° 19.592! W 02° 27.461" 0.5 SMZC2 NZC2 50.0
Elevation 281 m Elevation 332 m 1.0 SMZC3 NZC3 50.0
1.5 SNZC4 NZC4 50.0

SW = surface waste, UD = urban dumpsite, STD = small town dumpsite.
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Fig. 2(a). Sampling points.
3. Results and discussions

This segment presents the results and discussion of the study including the components of dumpsite waste in different aged zones
and different depths in both urban and small-town dumpsites. Comparison was made based on different aged zones, and different
depths in same and different age zones. Site by site comparison was presented. The aged zones were represented as follows: Waste
deposited more than 5 years Zone (Zone A), waste deposited 2-4 years Zone (Zone B) and waste deposited less than 6 months (Zone C);
and different depths as shown in Table 1 above.

3.1. Waste composition at urban dumpsite

Fig. 4 below shows the percentage mean composition of urban dumpsite waste at different depths when each of the excavated waste
at various depths was dried, segregated, and weighed. The results revealed high mean plastics components at all the depths. The least
mean for all the depths was (15.6%), and it was recorded at a depth of 0.5 m, whiles the highest mean was (32.9%) recorded at a depth
of 1.0 m. The plastics waste was the second largest component. The reason could be attributed to polythene products being used for
packaging, storing, conveying, and wrapping foodstuffs, water, cooked food, and other items in urban cities and communities in
Ghana, which generates a lot of waste. Zone A recorded the highest mean value of 28.1%, with Zone B recording the lowest mean
percentage of 12.1% (Fig. 5). The reconnaissance survey indicated that Sunyani Municipal Assembly occasional burnt the waste at the
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Fig. 3. Segregation of waste at sorting center.
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Fig. 4. Percentage mean of urban dumpsite waste components at different depths.

dumpsite to reduce volume. Zone B was the portion of the dumpsite that had experienced burning of waste, which contributed to the
low plastic waste. However, Zone C had most of the disposed waste on site, resulting in high percentage mean. This is reaffirmed the
results of [14]. Therefore, the high percentage of plastic waste could have a variety of detrimental effects on soil properties and
groundwater quality as opined by [14].

Wood components were relatively lower compared to plastics and DOM. The surface waste contained the highest (4.6%) while the
least mean (1.7%) was recorded at 1.5 m depth. This could be attributed to faster microbial action on decomposition of wood beneath
1.0 m in the waste due to the heat generated deep in the waste compared to surface waste where microbial action is slow. Wood was
low in Zones A, and Zone B (<2%) in each zone in urban dumpsite, since majority of it had decomposed, but high value (6.6%) in Zone
C of the same site. Zone C was where deposition of waste was less than 6 months, therefore pieces of wood disposed there had not
biodegraded completely. This result is comparable to Ojuri et al. [16].

Metals were generally low with the mean values of 0.33%, 0,74%, 0.56%, and 1.4% at surface (0 m), 0.5 m, 1.0 m and 1.5 m depths
respectively (Fig. 4). The low mean values were due to the daily activities of scavengers. The highest was recorded at the depth of 1.5 m
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Fig. 5. Percentage mean of urban dumpsite waste components at different zones.
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indicating that metals do not decay easily with depth, even though temperature increased with depth. All the zones had low mean
values of metals (0.66%, 2.58%, 0.31%), for Zone A, Zone B and Zone C respectively, which were all lower than [16]; suggesting that
metals at Zones A and C had been removed by scavengers or decayed with aging, or waste dumped contained little metal scrabs,
electrical gadgets and batteries. Notwithstanding, the low levels should be monitored, since scrab metals release heavy metals such
mercury, cadmium, zinc, copper, iron, and others, therefore could cause harm to both soil properties, groundwater quality and public
health through accumulation, percolation and infiltration of metals.

Decomposed organic matter coarse particle sizes (DOM_CPS), and decomposed organic matter fine particle sizes (DOM_FPS)
formed the greater percentage of the waste fractions as shown in Fig. 3 below. The organic matter in the excavated waste had
decomposed, and after sieving analysis it contained both coarse (20-40 mm sizes particles) and fine (<0.4 mm size particles). The
mean DOM- CPS fractions at various depths showed maximum mean of 39.3% (surface waste) and the least mean (21.3%) at 1.0 m
depth; indicating very high fractions of DOM-CPS. Similarly, the mean percentages of DOM-FPS ranged from the maximum of 26.8%
(surface waste) to minimum of 14.4% (1.5 m depth) (Fig. 4). The DOM recorded at all age groups (Fig. 3) were high because
decomposition had occurred at the various depths in all the aged groups. The dumpsite is located in a valley and it receives a lot of
surface runoff, which increases the rate of decomposition of organic waste, leading to high mean values of DOM at urban dumpsite. The
coarse particles were proportionally higher than fine particles at all the depths, indicating that decomposition was still underway when
sampling was done. This result is comparable to a study by Ref. [14]. High DOM would convert nutrients into forms that plants can
easily use. Cation exchange capacity (CEC) is enhanced during the decomposition of organic matter process thereby increasing the
soil’s ability to retain calcium, potassium, magnesium and ammonium. Again, organic molecules produced in DOM would hold and
protect a number of micronutrients, such as zinc and iron, makes mineral forms of phosphorus more soluble and converts nitrogen into
different forms easily available for plants and other organisms. High fraction of fine DOM implies many negative charges, and it is able
to hold on to positively charged nutrients, such as calcium (Ca™ ™), potassium (K*), and magnesium (Mg" ™). This keeps them from
leaching deep into the lower soil.

Textiles observed at the dumpsite were discarded clothes. The mean textiles in the waste at various depths varied and it increased in
the order of surface (0 m), 1.5 m, 1.0 m, and 0.5 m, as 3.4%, 5.4%, 5.8% and 6.2% respectively. However, the zones did not show any
trend but the freshly deposited waste (Zone C) had more textiles by weight (7.5%) as against 4.0% for Zone B and 6.2% for Zone A.
However, some of the biodegradable textiles in Zone B might have been decomposed to form compost. This reaffirmed the results of
[14].

Moreover, glasses at all the depths were very low with the highest of 2.2% recorded at the surface waste and the minimum of
1.082% recorded at a depth of 1.0 m. The age of deposition of waste had no influence on the glasses waste by weight since all the Zones
recorded between 1 and 2% glasses from urban dumpsite. But glasses waste is hazardous, and pose health risks on pickers or scavengers
who work on dumpsite [24]; therefore, the assembly should enforce its law on informer recyclers to protect them from hazardous
threats of metals and glasses.
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Fig. 6. Percentage mean of small-town dumpsite waste components at different depths.
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3.2. Waste composition at small town dumpsite

Fig. 6 below shows the composition of dumpsite waste in small town, indicating the percentage mean of each of the waste fractions
at different depths. The trend of the results was not different from that of urban dumpsite, with mean values increasing from surface
(5.4%), 0.5 m (5.4%), 1.0 m (6.8%) to 1.5 m depth (8.5%). This implied that mean values slightly increased with depth. Surface waste
was usually burnt during communal labour; therefore, surface waste usually contains less plastics than actually disposed. However,
plastics not easily bio-degradable but enter deep beneath the waste as the waste keeps on pile at the dumpsite; this resulted in greater
mean percentages at a depth of 1.0 m and 1.5 m. This is in agreement with the results of [14,15]. This can affect soil properties and
subsequent velarization potential as soil conditioner due to slow rate of biodegradation and percolation of plastics in the soil. The
plastic waste at Zone A and Zone C were very low (2.7% and 5.6%) respectively. Zone A (most aged portion), had little or no plastics at
various depths leading to low average plastics waste by weight. Zone C also observed low mean (5.6%) plastics (see Fig. 7). This could
be due to clean-up exercise which was frequently carried out at the dumpsite. However, Zone B recorded the greatest mean because
waste deposited had minima anthropogenic activities, therefore contained all disposed plastics beneath 0.5 m and beyond as indicated
in Fig. 5 below. However, burning of waste release some additives in plastics, which are potential carcinogens and endocrine dis-
ruptors, therefore human exposure to these additives through ingestion or dermal can increase their health hazards

Metals were very low at all depths and all ages of deposition at dumpsite, with least mean of 0.12% and the highest of 0.65%
observed at 1.5 m and surface (0 m) respectively (Fig. 6). These metals formed parts of electrical gadgets and batteries that were
disposed of at the dumpsite. All the zones recorded low percentages of metal waste (0.41%, 0.28% and 0.36%) for Zones A, Zone B and
Zone C, respectively. Daily activities of scavengers removing valuable metallic materials from the waste resulted in low metals. This
study reaffirmed the results obtained in Oti landfill Kumasi, Ghana [15]. Low metals found can release some heavy metals into the soil
at dumpsite.

The results showed that decomposed organic matter formed the greater proportion of the waste excavated from different depths in
all the three zones, with coarse particles observed as 53.7%, 52.2%, 44.1% and 70.4%, for surface (0 m), 0.5 m, 1.0 m, and 1.5 m
depths, respectively. However, the fine particles had mean values relatively lower than the coarse particles with mean values estimated
as 33.7%, 28.2%, 30.5% and 17.3%, for surface, 0.5 m, 1.0 m, and 1.5 m depths respectively (Fig. 4). Zone A (>5 years ago) had all the
biodegradable components of the waste decomposed, leading to a high fraction of DOM, both coarse and fine particles. In Zone C, the
DOM-CPS was high at all the depths compared to DOM-FPS. The deposited waste was still undergoing decomposition, leading to more
coarse particles at Zone C (<6 months), and then formed more fine particles at Zone B and Zone A, where decomposition had already
occurred. This is in agreement with [14,15].

Surprisingly, at depth of 1.0 m of Zone B at observed very huge quantity of pieces of wood by weight in the excavated waste. This
resulted in abysmal mean percentage of wood (12.6%) at a depth of 1.0 m compared to average values (2.1%, 1.4% and 1.3%) in Fig. 4
below. The reason being that pieces of wood are used as fire wood in small towns and villages in Ghana and other developing countries,
therefore hardily disposed at dumpsites. Zone A observed very small wood waste by weight, but Zone B and Zone C observed
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Fig. 7. Percentage mean of small-town dumpsite waste components at different zones.
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significant average wood (8.4% and 4.5%) respectively. All the wood at Zone A (most aged portion) of the dumpsite had decayed since
wood waste decays with increasing age of deposition of waste. This study observed similar trend like the study in India [14].

The mean of all textiles by weight decreased as depth increased, and it decreased in the order of 3.0%, 2.4%, 1.5% and 1.2%; for
surface (0), 0.5 m, 1.0 m, and 1.5 m depths respectively. In the case of zones, the mean values were 1.2%, 3.2% and 1.7%, for Zones A,
B and C, respectively. The most aged part had low textiles by weight due to the decaying rate. The low textiles waste was due to the
income level and life style of people. Small towns are dominated with low-income earners who hardily dispose of used clothes from
both residents and fashion designers. All the zones had results comparable to literature [15].

3.3. Associations between waste components (plastic, metal, DOM-CPS and DOM- FPS) by weight, zone and depth in urban dumpsite

A one-way ANOVA was performed to compare the effects of three different zones on the amount of plastic waste by weight. The
main effect of zones was statistically significant (p = 0.0017). Likewise, a two-way ANOVA compared the effects of depth and zone on
the amount of plastic waste by weight showed no statistically significant interaction between the effects of depth and zones (p = 0.82).
It implied that urban dumpsite, plastic waste components by weight was influenced by age (zone), but depth of excavated had no
influence. Thus, plastic waste was significantly available at all depths in a particular zone.

However, when one-way ANOVA was performed to compare the effects of the three different zones on metal waste by weight, The
results revealed that the main effect of zones is statistically significant (p = 0.045); therefore, Tukey’s HSD post hoc test for multiple
comparisons was also carried out and showed a statistically significant difference in average metal waste between Zones B and C (adj.
p < 0.05). The average metal waste in Zone B is significantly higher than that in Zone C. There was no statistically significant difference
between metal waste in Zones A and C (p > 0.05). Similarly, a two-way ANOVA to compare the effects of depth and zone on the amount
of waste metal indicated no statistically significant interaction between the effects of depth and zones (p = 0.23). Thus, the main effect
of zones was statistically significant (p < 0.05), but the main effect of depth was not statistically significant (p > 0.05).

When the DOM-CPS results were subjected to a one-way ANOVA to compare the effects of three different zones on the amount of
DOM_CPS waste by weight; and a two-way ANOVA to compare the effects of depth and zones on the amount of DOM_CPS waste by
weight, the results showed statistically significant interaction between the zones (p = 0.001), with DOM_CPS in Zone B statistically
higher than that in Zone A and Zone C. But the two-way ANOVA showed statistically no significant effect of depth (p = 0.6). The main
effect of zones was statistically significant (p < 0.05), but the main effect of depth was statistically not significant (p > 0.05). The
reason is that decay of substances depends on half-life of that substance. Majority of organic matter from domestic waste easily
decomposed to form DOM with aging, but Zone B was statistically higher than Zone A due to the amount of biodegradable organic
waste deposited at Zone B. Again, similar observations were made for DOM-FPS, when similar tests compared the effects of three
different zones on the amount of DOM_FPS waste by weight and showed a statistically significant difference between the three zones (p
= 0.016). Therefore, Tukey’s HSD post hoc test for multiple comparisons also showed statistically significant difference between
average DOM_FPS waste at Zones A and B (adj. p < 0.05) and between Zones B and C (adj. p < 0.05). The average DOM_FPS waste in
Zone B is significantly higher than in Zone A and Zone C. But there was no statistically significant difference in the average DOM_FPS
waste between Zones A and C (adj. p > 0.05). This signifies that dumped waste at aged zone has higher valorization.

3.4. Associations between waste components (plastic, metal DOM-CPS and DOM-FPS) by weight, zone and depth in small town

When similar statistical analysis was performed to compare the effects of three different zones on the amount of plastic waste by
weight, the results revealed that the main effect of zones is statistically not significant (p = 0.52). Again, when the two independent
variables (zones and depths) were compared, to assess the effects of depth and zone on the amount of plastic waste by weight. The
results suggested no statistically significant interaction between the effects of depth and zones (p = 0.44). The small town is a com-
munity where regular cleaning is done at dumpsites to burn the plastics. Therefore, only the waste beneath (0.5 m, 1.0 m, and 1.5 m
depths) were still found to contain greater quantity of plastics. Because plastics do not biodegrade easily, all waste beneath 0.5 m deep
and beyond contained plastic components (light and low-density polyethylene, polystyrene, and others).

Similarly, the amount of metal waste from three different zones showed statistically no significant effect (p = 0.5). Also, there was
no statistically significant interaction between the effects of depth and zones (p = 0.23). The main effect of zones was statistically not
significant (p > 0.05), and the main effect of depth was also not statistically significant (p > 0.05). This could be attributed to the
activities of the scavengers who usually sort out for metallic materials and the few metals remaining after scavenging decay with time
and hence form part of fine particles. This could give rise to high concentrations of heavy metals in the fine particles of the excavated
waste analyzed.

Again, a one-way ANOVA was performed to compare the effect of three different zones on the amount of DOM_CPS waste by
weight. There were statistically significant interactions (p = 0.0000042) between zones and amount of DOM_CPS. Therefore, Tukey’s
HSD post hoc test for multiple comparisons was also carried and the results showed a statistically significant difference in average
DOM_CPS waste between Zones A and C (adj. p < 0.050) and between Zones B and C (adj. p < 0.05). The average DOM_CPS waste in
Zone C was significantly higher than that in Zones A and B. However, there was no statistically significant difference in the average
DOM_CPS waste between Zones B and A (adj. p > 0.05). Again, a two-way ANOVA performed on the effect of depth and zone on the
amount of waste DOM_CPS by weight revealed a statistically significant interaction between depth and zone (p = 0.97); indicating that
only zones influenced the amount of DOM_CPS statistically since the organic waste had high rate of decomposition with increasing age
of deposition.

Similarly, the effect of three different zones on the amount of DOM_FPS waste by weight was statistically significant (p = 0.016).
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Therefore, multiple comparison also showed a statistically significant difference in average DOM_FPS waste between Zones A and C
(adj. p < 0.05). The average DOM_FPS waste in Zone C is significantly higher than in Zone A. There was no statistically significant
difference in the average DOM_FPS waste between Zones B and A (adj. p > 0.05) or between Zones B and C (adj. p > 0.05). Another
one-way ANOVA was performed to compare the effect of the four different depths on the amount of DOM_FPS waste by weight and
revealed statistically not significant for a particular Zone (p = 0.87).

3.5. Effect of area (urban and small town) on plastics, metals, and decomposed organic matter waste

The Welch two-sample t-test, used for testing means of all zones in urban and small-town dumpsites showed the difference in mean
of plastics by study area. Small town dumpsite observed mean of 115.34 and urban dumpsite was 376.84. This suggested a positive,
statistically significant, and large difference (261.51) at 95% CI, with (p < 0.05), indicating that the average amount of plastic waste in
urban dumpsite is significantly higher than in the small-town dumpsite. This is in agreement with findings from Ref. [4]. However,
when similar t-tests were carried out for testing the difference in means of metal waste and decomposed organic matter at small town
and urban, they showed positive effects but were statistically not significant and large, with metal waste having a difference in mean of
81.73, 95% CI (p > 0.05). Additionally, mean difference of 1225.60, at 95% CI with (p > 0.05), and a mean difference of 1100.07, at
95% CI, with (p > 0.05), for DOM_CPS and DOM_FPS, respectively. High mean values of DOM for the two areas suggest that organic
waste is largely produced in both urban cities and small towns in Ghana. This could be due to the type of foodstuffs available in Ghana,
which produces a lot of organic waste. This signifies that both urban and small-town dumpsites have valorization potentials for
dumpsite mining for DOM, which can be used as construction materials or as manure for large scale farming after carrying out further
research to assess contaminants levels in DOM.

3.6. Physiochemical parameters of dumpsite waste

3.6.1. pH of dumpsite waste

The mean pH at urban dumpsite ranged from the least at Zone C surface (6.23) to the highest at Zone A, 1.5 m (8.97), as indicted in
Fig. 8 pH values increased with age of deposition of waste. With the exception of Zone C surface and 0.5 m which recorded pH less than
7 (Fig. 8), all the pH values were slightly higher than 7, indicating alkaline waste at the dumpsite. Alkaline waste increases solubility
and mobility of metals and the availability of micronutrients and macronutrients. The pH of each of the three zones increased slightly
with depth (Fig. 8). This could be attributed to the physical, chemical, and biological reactions and processes that occurred deep in the
dumpsite where decomposition of the waste had reached the methanogenic phase. However, Zone C experienced low pH values (acidic
medium) (Fig. 8), since fresh waste deposited was still in the degradation phase [25]. The majority of all the pH values were outside the
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Fig. 8. pH of urban dumpsite waste at different zones and depths.
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optimum range of (6.6-7.5) for plant growth and nutrient uptake. Therefore, the residents who use this dumpsite waste as a soil
conditioner for the growth of vegetables in their backyards are at risk of food chain contamination of the vegetables.

However, different trend was observed from the results of small-town waste, where pH values decreased with age of deposition of
waste (Fig. 9), but increased with depth for each age category. All the pH values were within the alkaline region, and higher than those
recorded at urban dumpsite (Fig. 9). The values were above the optimum range (6.5-7.5) for plant growth and nutrient uptake, and
therefore not suitable as indicated in the paragraph above. Statistical analysis conducted showed statistically significant difference in
the sampling zones at both urban and small-town dumpsites with (p = 0.00078) and (p = 0001), respectively. This indicates that age of
deposition of waste interacted with pH values. A post hoc test confirmed the statistically significant difference between Zone A-C and
Zone B-C with (adj p < 0.05), but not Zone A-B. Similar analysis carried out on depths of excavation revealed no statistically-
significant difference between pH values at different depths (p = 0.273) and (p = 0.717) for urban and small town respectively.

3.6.2. Electrical conductivity of dumpsite waste

From Fig. 10, the electrical conductivity values of most of the sampling points in all the zones and different depths at urban
dumpsite (2619 pS/cm, 3307 pS/cm, 3460 puS/cm, 4661 pS/cm, 3602 pS/cm, 4161 pS/cm, 5050 pS/cm, 5164 puS/cm, 8811 puS/cm,
7920 pS/cm) were far greater than the WHO value (1400 pS/cm), with the exception Zone C surface waste (1390 pS/cm) and 0.5 m
depth (1401 pS/cm), which were slightly above the WHO guideline value. This indicates high solubility and mobility of ions and
nutrients in the dumpsite waste. The high mean EC values indicate the presence of soluble salts, which could be associated with the
disposal of metallic scraps and electrical and electronic waste at the dumpsite with subsequent ionization releases cations and anions
[26]. The EC values were higher than those obtained at the same dumpsite [19]. Again, the EC values from small town increased in the
order of Zone A < Zone B < Zone C, indicating that EC decreased with age of deposition of waste (Fig. 11). Similarly, for each of the age
zones EC values increased with depth of excavation, except Zone C (wastes <6 months) where the least EC (694 pS/cm) was recorded
at a depth of 1.5 m. This could be attributed to the fact that within six months of waste deposition the waste materials were still under
ionization process; therefore, low ions concentration percolated and distributed leading to low EC values. However, the small town
observed very low EC values for most aged part (Zone A), but higher values comparable to WHO/FAO recommended values at Zone B
and Zone C. The statistical analysis conducted on EC values at different zones showed statistically significant difference in the sampling
zones at both urban and small-town dumpsites with (p = 0.0033) and (p = 000), respectively. A post hoc test confirmed the statistically
significant difference between Zone A-C and Zone B-C with (adj p < 0.05), but no statistically significant difference between Zone A-B.
However, depths of excavation showed no statistically-significant difference between EC values at different depths (p = 0.172) and (p
= 0.488) for urban and small town respectively.

8.79 =3
8.7 8.71 © 8.63

Zone A Zone B Zone C
Depths at Zones
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Fig. 9. pH of small-town dumpsite waste at different zones and depths.
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Fig. 10. Electrical conductivity of urban dumpsite waste at different zones and depths.
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Fig. 11. Electrical conductivity of small-town dumpsite waste at different zones and depths.
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Fig. 12. Total dissolved solids of urban dumpsite waste at different zones and depths.

3.6.3. Total dissolved solids (TDS)

The results from the urban dumpsite (Fig. 12) showed high concentrations of TDS values for all the three zones at all the four
different depths (surface, 0.5 m, 1.0 m, and 1.5 m). The TDS mean concentrations in Zone A, B and C increased with depth, range from
the least at surface (650 mg/L) to the highest (1655 mg/L) at1.5 m depth with few exceptions in Zone B. Similarly, low TDS values in
the aged zone (Zone A), and high values in the fresh zone (Zone C). The high TDS in Zone C at urban dumpsite can be attributed to
surface runoff, which contains various pollutants; since the dumpsite is located in a valley with elevation Zone B and Zone C 727 m and
281 m respectively; allowing most of the runoff from upstream to be discharged into the site. However, TDS concentrations at small
town dumpsite for Zones A, B, and C were very low (172 mg/L, 843 mg/L, and 533.5 mg/L, respectively) compared to the TDS values
of similar zones and depths at urban dumpsite (Fig. 13). The small-town dumpsite is located on level ground with elevations of 332 m,
333 m, and 331 m for Zones A, B and C respectively and therefore does not admit surface runoff. The TDS values at different zones
showed statistically significant difference between the three zones at urban dumpsite (p = 0.003), and small-town dumpsite (p =
0.0347). A post hoc test confirmed the statistically significant difference between Zone A-C and Zone B-C with (adj p < 0.05), for urban
and small dumpsites but no statistically significant difference between Zone A-B. However, depths of excavation showed statistically
no significant difference for TDS values at different depths (p = 0.488) and (p = 0.325) for urban and small town respectively.

3.6.4. Moisture content

All the moisture content values at urban dumpsite ranged from 12.7 to 16.7%, with the least value recorded at Zone A (1.5 m depth)
while the highest was observed at Zone C (0.5 m depth). Zone A was the dried part of the dumpsite with on fresh waste resulting in low
moisture content. The values at Zone A decreased from 14.2% at surface to 12.7% at 1.5 m depth; while Zone B experienced slight
increased form 14.2% (surface) to 15.7% (1.5 m depth), as shown in Fig. 14 below. Zone C (<6 months waste), leading to high moisture
content at all the depths. Similarly, at small town dumpsite, Zone A observed low moisture content values (8.1-6.8%), with the values
decreasing with increasing depth as shown in Fig. 15 below. However, Zones B and C observed high values, since both zones were wet
during excavation, hence, the high moisture content values at all depths in zones B and C. Statistical analysis showed statistically
significant difference between the zones (p = 0.00295) and (p = 0.003) for urban and small-town dumpsites respectively; but there was
statistically no significant difference between depths in one particular zone. (p > 0.05). A post hoc test confirmed statistically sig-
nificant difference between Zone A-C and Zone B-C with (adj p < 0.05), for urban and small-town dumpsites but statistically no
significant difference between Zone A-B (p = 0.778) and (p = 0.784) for urban and small town respectively.

3.6.5. Temperature

Temperature at small town dumpsite did not show any significant difference. All the temperature values recorded were between 30
and 31 °C at small town (Fig. 17). This could be attributed to the fact that the temperatures were taken immediately after the exca-
vation of the waste in the morning between 07 h and 11 h of GMT. However, the mean temperature from urban dumpsite increased in

14



D. Gyabaah et al.

898

800

600

TDs

400+

200+

Zone A Zone B Zone C
Depths at Zones

. Sw m 0.5m  1.0m mm 15m

Fig. 13. Total dissolved solids of small-town dumpsite waste at different zones and depths.
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Fig. 14. Moisture content of urban dumpsite waste at different zones and depths.
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Fig. 15. Moisture content of small-town dumpsite waste at different zones and depths.
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Fig. 16. Temperature of urban dumpsite waste at different zones and depths.
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Fig. 17. Temperature of small-town dumpsite waste at different zones and depths.

order of 30.17 °C < 32.35 °C < 32.83 °C, for Zone A, Zone B and Zone C respectively Fig. 16). The higher mean temperatures at urban
dumpsite could be attributed to the heat generated inside the huge volume of waste piled at the dumpsite. Temperature showed no
statistically significant difference with respect to the zones and depths (p > 0.05) for both urban and small town.

3.7. Pearson correlation of some physicochemical parameters at dumpsites

From both Figs. 18 and 19, TDS and EC have very strong correlations with correlation coefficient at urban dumpsite (r = 1.0), and
small-town dumpsite (r = 0.98), indicating that the only ions responsible for electrical conductivity were total dissolved solids in the
waste. In spite of that, pH correlated negatively with all the other parameters at urban dumpsite, but correlated positively with all the
other parameters at small town dumpsite; with correlation coefficients (r = 0.83, 0.79,0.51, and 0.97), for EC, TDS, temp., moisture
content respectively. This was not surprising, since the location of urban dumpsite in a valley increased contaminants (TDS, EC
moisture content) levels without corresponding increase in p*’. Moisture content was positively correlated with EC and TDS values. A
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Fig. 18. Pearson correlation of some physicochemical parameters at urban dumpsite.
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Fig. 19. Pearson correlation of some physicochemical parameters at small town dumpsite.

strong positive correlation was observed between moisture content and EC, and TDS at small town (r = 0.8) and (r = 0.74) for EC and
TDS respectively. However, moderately positive correlation was observed between moisture content and EC, and TDS at urban
dumpsite with r = 0.56 for both EC and TDS.

4. Conclusion

The study was designed to characterize the dumpsite waste with different age groups from urban city and small town to ascertain
the impacts of aging of deposited waste on waste fractions. It assessed the effects of age of deposited waste on the waste fractions and
the associations between them. It also assessed the waste components at different depths within the same and different age groups.
Finally, the study investigated the associations between the waste components and depths of excavation in both small-town and urban
dumpsites.

The plastics waste (24.5-28.1%) were the second largest waste components and increased with depth, but were least found at
surface of Zone A and Zone B. These areas had experienced burning of waste just before excavation.

The surface (0 m) waste contained the highest wood while the least percentage was recorded at 1.5 m at both sites in Zone C. Wood
was low in Zones A, and Zone B. Pieces of wood are used as fire wood in small towns and villages in Ghana and other developing
countries, therefore are hardily disposed at dumpsites.

The metal (<1.0%) at all depths and in all zones for both urban and small town due to activities of scavengers and disintegration of
soft metals with aging.

Textiles decreased as depth increased at small town dumpsite but varied with no trend as depth increased in urban. The low textiles
were due to income level and life style of people. Small towns are dominated with low-income earners who hardily dispose of used
clothes.

High fractions of DOM-CPS at all depths at urban dumpsite. The mean DOM- CPS fractions at various depths showed maximum at
surface and the minimum at 1.0 m. Similarly, DOM-FPS decreased with increasing depth with surface waste recording (26.8%) and 1.5
m depth (14.4%). The DOM-CPS observed higher mean than DOM-FPS at Zones in small town dumpsite.

Statistical analysis revealed statistically significant effect of age of deposition of waste on plastics (p = 0.0017) for urban dumpsite,
but not statistically significant for small town (p = 0.52). However, effect of zones on metal was statistically significant (p < 0.045) at
urban dumpsite but not statistically significant at small town. The main effect of depth on metal waste was not statistically significant
for both dumpsites. Decaying of substances depends on half-life of that substance therefore some metals take longer to decay were
found deep in the waste. The effects of depth and zones on amount of DOM_CPS, showed statistically significant interaction (p < 0.05)
between the zones and DOM_CPS. DOM-CPS in Zone B statistically higher than that in Zone A and Zone C at urban. But no statistically
significant difference between DOM_CPS at different depths at urban.

Again, DOM-FPS, showed statistically significant difference between the three zones (p = 0.016) at urban site. Similarly, there were
statistically significant interactions (p = 0.001) between zones DOM_CPS; but there was no significant interaction between depths and
DOM_CPS at both dumpsites. The average DOM_CPS waste in Zone C was significantly higher than that in Zones A and B. However,
there was no statistically significant difference in the average DOM_CPS waste between Zones B and A.

All the pH values at both study areas were slightly higher than 7, indicating alkaline waste at the dumpsites. This could increase
solubility and mobility of metals and the availability of micronutrients and macronutrients. Majority were outside the optimum range
of (6.6-7.5) for plant growth and nutrient uptake. Again, pH decreased with age and increased with depth at small towns.

All EC values greater than WHO value (1400 pS/cm), with the exception of surface waste at Zone C (1390 pS/cm) and 0.5 m depth
at Zone C (1401 pS/cm. EC increased with depth at each zone and decreased with age of deposition of waste. The high values indicated
the presence of soluble salts, which could be associated with the disposal of metallic scraps and electrical and electronic waste.

18



D. Gyabaah et al. Heliyon 9 (2023) e15827

Statistically, EC showed significant difference in the zones at urban and small-town dumpsites with (p = 0.0033) and (p = 0001),
respectively. However, depths of excavation showed no statistically-significant difference between EC values at different depths (p =
0.172) and (p = 0.488) for urban and small town respectively.

The TDS in Zone A increased with depth, range from the least at surface to the highest at1.5 m. However, TDS concentrations at
urban dumpsite decreased with age and were higher than those from small town. The TDS values at different zones showed statistically
significant difference at urban dumpsite (p = 0.003), and small-town dumpsite (p = 0.0347). But no statistically significant difference
between depths.

All the temperature recorded were between 30 and 31 °C. Temperature showed no statistically significant difference with respect to
the zones and depths (p > 0.05) for both urban and rural dumpsites.

However, all the moisture content values at urban dumpsite were higher than those at small town dumpsite. This is due to the
location of urban dumpsite. Statistical analysis showed statistically significant difference between the zones (p = 0.00295) and (p =
0.003) for urban and small-town dumpsite respectively; but there was statistically no significant difference between depths in any
zone. (p > 0.05).

The study recommends that further studies should be carried out to assess the soil nutrients such as nitrogen, phosphorus, and
potassium; and geotechnical analysis of the DOM and exploit any valorization potential or benefits of using DOM as compost, or
construction materials.

The heavy metals and other physiochemical properties of waste (DOM) should be determined. The soil quality and groundwater
quality of the groundwater sources around the dumpsites should be assessed.
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