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Abstract: The disposal of solid wastes at Bulumkutu dump site over the years is an issue of great
concerns more so with it attendants leachates emanating from the site causing a lot of untold odors’
and discomfort to the people around it apart from the various medical conditions that might be
caused by the leachate presence from the dumpsite. Generally, Municipal solid waste is disposed in
low lying area without proper precautions or operational controls. Therefore municipal solid wastes
management (MSWM) is one of major environmental problems in Borno. Municipal solid waste
management encompasses planning, engineering, organizations, administrations, financials and
legal aspects of activities associated with generation, storage, collections, transport, processing and
disposal in an environmentally compatible manner adopting principles of economy activities and
energy conservations. The research investigated the effects of the leachate and its variations over
time as a result of age, season and quality of the leachate.

Keywords: Leachate, dumpsite, variations and municipal solid waste (MSW).

INTRODUCTION

Maiduguri metropolis in Borno state is currently facing a municipal solid waste dilemma,
for which all the elements in the society are responsible .The community sensitization and
public awareness is low. There is no system of segregation of organic, inorganic and
recyclable waste at household’s level, besides the inadequacy of effective legal framework
to address municipal solid waste management in the state. Management of municipal solid
waste MSW is an issue of great concern to all and remains one of the most neglected areas
of urban development in the state .With the rapid industrialization and population growths,
the state of our environment are degrading day by day. Municipal solid waste generation
has direct correlations with economic growth. Due to the rapid industrial growth and
migration of people from the villages to the metropolises as a result of insurgency, the
urban populations are increasing rapidly.
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The disposal of solid wastes at Bulukutu dump site over the years is an issue of great
concerns more so with it attendants leachates emanating from the site causing a lot of
untold odors’ and discomfort to the people around it apart from the various medical
conditions that might be effected by the leachate presence from the dumpsite. Generally,
Municipal solid waste is disposed in low lying area without proper precautions or
operational controls. Therefore municipal solid wastes management (MSWM) is one of
major environmental problems in Borno. Municipal solid waste management encompasses
planning, engineering, organizations, administrations, financials and legal aspects of
activities associated with generation, storage, collections, transport, processing and
disposal in an environmentally compatible manner adopting principles of economy
activities and energy conservations. The management of municipal solid waste is going
through a critical phase due to the unavailability of suitable facilities to treat and dispose of
the larger amount of municipal solid waste daily in the metropolises.

The management of municipal solid waste MSW requires proper infrastructure,
maintenance and upgrade for all activities. The difficulties in providing the desired level of
public service in the urban areas are often due to poor financials status of the municipal
corporations such as the Borno environmental protection agency.

Insufficient management of disposal of municipal solid waste is an obvious cause for
degradation of environment, ecological impacts such as land degradation, water and air
pollutions are related with improper management of municipal solid waste. Most of the
municipal solid waste is dumped on Land or in more or less uncontrolled manners. Lack of
sufficient awareness at the grassroots level of the waste generation add to the problem of
littering. As a result, there is serious threat to public health due to the environmental
pollutions. Unscientific disposal causes an adverse impact on all components of the
environment and human health.

One of the major pollutions problems caused by municipal solid waste at dumpsite is the
leachate which is generated as a consequences of precipitation, surface runoff and
infiltration or intrusions of ground water percolating through a dump site ,biochemical
processes and the inherent water content of waste themselves. Leachate is the aqueous
effluent generated as consequences of rainwater percolation through wastes and the
inherent water content of waste themselves. Its quality is the result of biological, chemical
and physical process .Rainfalls is the main contributor to the generation of leachate .The
precipitation percolates through the waste and gains dissolved and suspended components
from the biodegrading waste through several physical and chemicals reactions

LITERATURE REVIEW

Municipal solid waste (MSW) represents major crises for both urban and rural
communities because of lack of awareness of effects of dumping their waste in water canals
and other unapproved places causing untold potentials hazard to both human and animals
in the society. The storage of any waste material at Dumpsite or landfill poses a potentials
problems. One of problem is the possible contamination on soil, ground water and surface
water that may occur as leachate produced by water or liquid moving into or through and
out of the dumpsite or landfill, migrating into adjacent area(Schroeder et
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al.,1994).Leachate can be harmful and toxic o human and the environment (Umi Raihana et
al,2014.).Fatta et al (1994) determined that even traces of toxins in leachate can be
harmful for the quality of surface and ground water and also for human health (.Guisboti,
2009).0ther researcher (Al-Yagout and Homade .,2003,(Gworeck et al.,2016) classified
leachate as one of major source of heavy metals transfer to the environment. Dumpsite
leachate effluents are known to be characterized by high organic and inorganic pollutants
concentration (Bodzek et al, 2006) and are extremely toxic to the environment. The
significant impact of leachate could be entrophications of aquatic systems and toxic effects
on fauna which are caused by a variety of contaminants (Lavrova and koumanova.,
2010).Typical constituents concentration in Dumpsite leachate are 1000mg/lit
BOD5,18000mg/lit COD,225mg/lit TN,30mg/lit TP,1000mg/lit Ca,250mg/lit Mg,500mg/lit
Na ,500mg/lit K,60mg/lit Fe,500mg/lit Cl, and 300mg/SO4(Tchobanoglous and
kreith,1998).Due to its high toxicity ,leachate is a major threat for aquifers and surface
water health status(Bulc,2006).

The major problem in Dumpsite leachate treatments is the extremely high concentrations
of ammonia and organic nitrogen.(Bulc,2006),Lavrova and koumanova (2010). Municipal
solid waste (MSW) is an inevitable byproduct of human activities. MSW management is
highly influenced by the socio-economic and political driver of the society. Unscientific
Management and adhoc approaches in municipal solid waste management have led to a
generation of voluminous leachate in urban conglomerate with its attendant’s
consequences. The composition of Dumpsite leachate varies greatly depending on the age
of the landfill or dumpsite .As the age of dumpsite increases, Organic concentrations (COD)
in leachate decreases and increase of ammonia nitrogen Concentration. The existing
relation between the age of the dumpsite and the organic matter compositions may provide
useful criteria to choose a suited treatment process (Amalendu, 2004), Bagui (2004) has
tabulated the range of concentration of different parameters in leachate of municipal waste
which is shown in table 1 describe the lower limits and upper limits that can be expected
from landfill or a dumpsite.
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FACTORS INFLUENCING LEACHATE FORMATIONS IN AN OPEN DUMPSITE

SITE OPERATION AND
MANAGEMENT

Refuse pretreatment
Trrigation, recirculation, liquid
waste disposal

Refuse extraction
Composition age .internal
process

Hydrolysis, adsorption,
biodegradation, speciation,
dissolution, dilution, ion-
exchange, re-dox, contact time
gas and heat generation and
transport.

Leachate
composition

ACTORS INFLUENCING LEACHATE COMPOSITION IN DUMPSITE

DIFFERENT CHARACTERISTICS OF LEACHATE GENERATION FROM DIFFERENT

DUMPSITE OR LANDFILL
PHYSICAL ORGANIC INORGANIC CONSTITUENTS BIOLOGICAL
CONSTUTENTS
Appearance Organic chemicals Suspended solids(SS),Total | Biochemical oxygen
solids (TS),volatile suspended | demand (BOD)
solids (VSS),Volatile dissolved
solids(VDS),chloride sulphate
PH Phenols Phosphate coliform
Oxidations -reduction | Chemical oxidations | Alkalinity and acidity, N-nitrate, | Bacterial
potentials demand(COD) Ammonia -N
Conductivity Total organic | Sodium, potassium, calcium, | Total fecal streptococci
(TOC),Volatile acids, | manganese, Hardness, Heavy
Tanins, lignins metals such as Pb, Cd, Ni, Cr, Co,
7Zn, etc.
Turbidity Oxygen -N,Ester | Arsenic cyanide fluorite
soluble,Nil grease selenium
Temperature Methylene Blue,
organic  groups as
required, chlorinated
hydrocarbons
Odor
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There are two (2) options for MSW dumping all over the world; one is the crude landfill
(open Dumpsites) and the sanitary landfill. Sanitary landfill is one of the secured and safe
facilities for the disposal of municipal solid waste (MSW).The most common pathway for
leachate to the environment is from the bottom of dumpsite or landfill through the
unsaturated soil layers to the hydraulic connections to surface water. However, pollution
may also result from discharge of leachate through treatment plants or direct discharge of
untreated or partially treated leachate. There are several factors that may influence the
pollution potential of leachate according to many researchers. These include the
concentrations and flux of the leachate, the Dumpsite sitting i.e. the hydrogeological setting
and the degree of protection provided the basic quality, volume and sensitivity of the
receiving groundwater and surface water.

Insufficient management and disposal of solid waste is an obvious cause for degradation of
environment in the developing countries. Ecological impacts such s land degradation, water
and air pollution are related with improper management of solid waste .In Asian countries
and most African countries, most of the solid waste is dumped on land in more or less
uncontrolled manners. Lack of sufficient awareness at the grassroots level of the waste
generation added to the problem of littering. As a result, there is serious threat to public
health due to environmental

and human health.

TABLE 2.1 PARAMETERS OF PRETREATED LEACHATE AND THE LIMITING VALUE
ACCORDING TO WORLD HEALTH ORGANIZATION (WHO

POLLUTANTS AVERAGE LIMITING VALUES
ACCORDING TO WHO
PH 8.15 6.5-8.5
COD 10897mg/1 250mg/1
BOD 26mg/l 50mg/1
TDS 8906mg/I 1000mg/1
IRON 3.8mg/l1 3mg/l
CADMUIM 4.3mg/l 0.003mg/1
STUDY LOCATION
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Maiduguri metropolis is the largest town of Borno state has a population of slightly Five
million inhabitants. It lies between latitude 10°48°00”" and longitude 11°20°00”" (Moyomi
and Mohammed, 2014).The climatic condition of Maiduguri metropolis is hot characterized
with high humidity and is semi-arid with a maximum mean temperature of up to 47°c and
minimum mean temperature as low as 25°c .Total rainfall during the year is between 650-
700mm with 85%of total rainfall occurring between July and September.

Leachate samples for the research work will was collected from Bulumkutu open
Dumpsite .It was observed that there is no any cover of any description placed over the
spread to inhibit the ingress of surface water or to minimize litter of surface water or to
minimize litter below and odors or to reduce the presence of vermin and insects. Rags
pickers regularly set fire to waste to separate non-combustible materials for recovery since
there is no specific arrangements to prevent flow of water into and out of the Dumpsite, the
diffusions of contaminants released during degradation of dumpsite waste may proceed
without uninhibited .No proper compaction is done to compress the waste into the site
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MATERIALS AND METHODOLOGY

SAMPLING PROCEDURE

The quality of leachate was determined after taking integrated samples at different
locations of the dumpsite. The sites were the sampling would be undertaken is an open
dumpsite, a non-engineered site where there is no any liner nor leachate collector or
treatment system, The leachate samples are collected from the base of solids waste heaps
where the leachate is being drained due to gravitational forces. The leachate sampling was
undertaken on three different point in time so as to ascertain the effects of the rainfall on
the leachate quality. Leachate samples are collected from the same locations to determine
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the effects of age and seasonal variation on the leachate characteristics of Bulumkutu open
dumpsite municipal solid waste.

LABORATORY INVESTIGATIONS

The various physic-chemical parameters such as PH value, Total solids(TS),suspended
solids(SS),Total dissolved solids (TDS),Turbidity, Hardness, Biological oxygen
demand(BOD),chemical oxygen demand(COD),Chloride(cl),Nitrate(NO),Total
phosphorous(TP), sulphate (SO4) and possibly other anticipated heavy metals such as
Iron(Fe),Lead (Pb),Chromium(Cr),Cadmium(Cd),Copper(Cu),zinc(zn) and nickel(Ni).
Arsenic (AS) was analyzed to determine the pollution potentials of the leachate discharge
from the Bulumkutu municipal solid waste (MSW) dumpsite.

Standard methods for examinations of waste and wastewater as specified by American
public health associations (APHA, standard methods for the examinations of water and
wastewater, 21st editions) while PH values are measured using electronic PH meter
(4500-H .B .of standard methods) while the total solid (TS) was determined by properly
shaken unfiltered sample and estimated using gravimetric methods (254.B of standard

methods)

Table: 2.2 CHEMICAL COMPOSITION OF LEACHATE FROM MUNICIPAL SOLID WASTE
(MSW)

Parameter Concentration Range Mg/1 Bulumkutu
Alkalinity (As CoCo3 0-20,850 (16,200)
Aluminum 0.5-850 (900)
Antinomy 0.-3.19 (2.18)
Arsenic 0.-70.2 (60.5)
Barium 0-12.5 (7.0)
Beryllium 0-0.36 (0.5)

BOD 5 0.195,000 (15,000)
Barium 0.413 (0.215)
Cadmium 0.1.16 (9.5)
Calcium 5-4,0 80 (3500)
Chloride 11,375 (12,375)
Chloromium 0-22.5 (20)
COD? 0-89,520 (72,000)
Conductivity umho/cm 480-72,500 -

Copper 0-9.9 (8.0)
Cyanide 0-6 -

Fluoride 0.1-1.3 (1.5)
Hardness (as Caco3) 0.1-225,000 (230,000)
Iron 0-42,000 (38,000)
Lead 0-14.2 (16.0)
Manganese 0-115,600 (120,000)
Manganese 0.05-1,400 (900)
Organic Holiday 0.320-3.5 (4.0)
Benzene 0.1-0.6 (0.5)
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Ethyl benzene 0.-4.9 (0.2)
Nitrogen (Ammonia) 0-1250 (1000)
Nitrogen (Nitrate) 0-9.8 (8.5)
Nitrogen (Organic) 0-1,000 (900)
Nitrogen (Kyeldahl) 0-3,320 (2800)
Nickel 0.-7.5 (0.95)
Phenol 0.17-6.6 (5.5)
Phosphorous (total) 0-234 (200)
Phosphate 0.01-154 (150)
PH 1.5-9.5 (8.00)
Potassium 0.16-3,370 (4.00)
Selenium 0-1.85 (2.3)
Silver 0-1.90 (2.2)
Sodium 0-8,000 (7800)
Thallium 0-032 (0.5)
Tin 0-016 (0.18)
TDS? 584-55,000

TSS* 140,900

TOC 3 335,000

TVA® (as Acetic Acid) 0-19,000

TABLE 2.3 LEACHATE CONCENTRATION CHANGES WITH DUMPSITE AGE (LANDFILL)

Parameter Landfill/Open Dumpsite Age (YEARS)

Mg/L 0.5 5-10 10-20 (Bulumkutu) | > 20

BOD 10,000- 1,000-4,000 | 50-1,000 (800) <50
25,000

COD 15,000- 10,000- 1,000-5,000 | (2300) <1,000
40,000 20,000

Nitrogen 1,000-300 400-600 75-300 (300) <50

(Kyle/Daw)

Nitrogen 500-1,500 300-500 50-200 (170) <30

(Ammonia)

TDS 10,000- 5,000- 2,000-5,000 | (300) <300
25,000 10,000

PH 3-6 6-7 7-7.5 (7.5) 7.5

Calcium 2,000-4,000 | 500-2,000 300-500 (200) <300

Sodium & | 2,000-4,000 | 500-1,500 100-500 (600) <100

Potassium

Magnesium & | 500-1,500 500-1,000 100-500 (750) <100

Iron

Zinc & | 100-200 50-100 10-50 (90) <100

Aluminum

Chloride 1,000-3000 | 500-2,000 100-500 (200) <100
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Sulphate 500-2,000 200-1,000 50-100 (200) <10

Phosphorous 100-300 10-100 50-100 (250) <10

EFFECTS OF DISTANCE OF DUMPSITE ON GROUNDWATER CONTAMIANTION

The extent of contamination level of groundwater quality due to leachate percolation
depends upon a number of factors like chemical composition of the leachate ,rainfall ,depth
and distance of the well from the pollution source (the dumpsite ).Groundwater sample of
different depths and distance from dumpsite are to be analyze to understand the level of
contaminations (USEPA,2004). Concentration of contaminants were found to be high in the
sampling sites which are near to the landfill/dumpsite as reported by Abbas (2014) and Su
shi (2015).Interestingly, the groundwater contamination drops fast with increase in the
sampling sites from the landfill/dumpsite .The leachate was further found to be gentler as
the distance from the landfill/dumpsites is increased.

TABLE 2.4 LEACHATE CHARACTERIZATIONS AND STABILIZATION AT VARIOUS
DEPTHS AND ITS IMPACT ON GROUNDWATER QUAILITY

TOTAL SITE AREA 4ha
WASTE FILLED AREAS 3.5ha
DISPOSAL QUANTITY (MT/day) APPROX 140

WASTE OWNERSHIP DSIPOSAL METHOD | BORNO STATE SANITATION BOARD AND
OPEN DUMPING AND LEVELLING BY

BULLDOZER
AVERAGE DEPTH OF WASTE DUMP APPROX.1.5M
GROUND CONDITIONS SILTY -CLAY SOIL
HYDROLOGY WATER TABLE AT 3-5M
AGE 26YEARS

Studies undertaken by several researchers indicates that the physico- chemical
characteristics ,ionic pollutants concentration ,Nitrogenous pollutants concentrations
,carbonaceous pollutants concentrations and heavy metals concentration at variable depths
tends to improves as the distance increase away from the dumpsites .Accordingly, it shows
that the quality of groundwater in the area near the dumpsites is greatly affected by
leachate contaminations as again those that are far away from the dumpsites .The quality of
groundwater was found to significantly improve with increase in depth and distance of the
wells from the dumpsites .If it is unavoidable ,deeper drilling and frequent analysis of
water samples are desirable in areas where there is dumpsites even if it is
decommissioned dumpsites with few years (Mor et al.2006).

The quality of ground water in areas where there are dumpsites are reported to be
distorted and presence of heavy metals of various pathogenic microorganism which are
attributed to the leachate contaminations and most dumpsites/landfill are not isolated
enough as required by regulatory bodies .Reported cases drinking groundwater polluted by
heavy metals such as manganese and other ascernic substances in leachate for a long time
is reported to increase risks of cancer and infants deaths as well as induce motor and
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cognitive disorder .More recent studies have revealed that emerging pollutants with
genotoxicity ,reproductive toxicity among others.

Leachate from dumpsites are likely source of contamination of drinking water causing
poisoning ,cancer ,heart disease and teratogenicity abnormalities’ .Equally ,leachate was
implicate d for bacteria contaminations of drinking water.

The research seeks to establish an in-depth studies concerning groundwater quality,
establish a bench -mark information’s on the extent .of pollutants brought about by the
dumpsites. The evaluation of the dumpsite leachate quality and quantities is to be
established for use in environmental impact assessment as well as the factors that
influences the leachate production processes which varies with time and space ,hence the
need for in-depth evaluation .The conventional contaminant are known as reported in
several research work ,but the exact composition of dumpsite leachate composition is yet
to be established and obviously their potentials impacts on the environment in this part of
the world is relatively unexplored.

GOVERNING EQUATIONS

There are various governing equations which are essential for the utilization of all the
outlined steps. The partial differential equations describing the groundwater flow, velocity
and contaminants transports can be expressed as follows according to Harbaugh (2016)
and Zheng and Wang (2014):

For the ground water flow model,

=l ]+ o+ S T = B e G+ e
dyl dz dz nSs
For the contaminant transport Model:
d(HD d + 6D de + 6D d>+d(9D de + 6D de + 6D dc>
A\ gy TP gy TR ) T ay PP yydy yzd
+d(90 4 oDy % + oD dc) (VxC)+ VyC += (VC)
e xx I zy & zzd [ ( y z
_4 ec) + bds+1{ 6C -1+ —-R
S dt PO T ™

Where X)Y Z are the Cartesian coordinates axis ., t is the time .Kx, Ky ,Kz are the
hydraulic conductivity along the respective Cartesian plane ,X,Y,Z coordinates axis ,| is
the pressure head ,e is the moisture content .,n is the effective porosity of the porous media
Ss is the specific storage of the porous media .C(s) is the specific moisture capacity ,Q is a
volumetric flux per unit volume representing sources and sinks of water.,Dij(L,j=x,y,z) is the
hydrodynamic dispersion coefficient .,C is the concentration of contaminants dissolved in
groundwater.,Vx,Vy,Vz are groundwater velocities in x,y,z directions and

Vx=-Kx6h/0x, and Vy=-Ky6h/0y, while Vz=-Kz6h/0z, h="z+{s is the total head., pb is the
bulk density of the porous media,S is the weight absorbed water per unit area of porous
media . Km is the decay coefficient .,m is the m-th order of chemical /biological decay .R is
the retardation coefficient which is defined as

R=1+ pb/n kd
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Where Kd is the partition coefficient .The component of the hydrodynamic dispersion
coefficient are also calculated by equation below

Dxx=4 L V2x/ | v| +&TH V2y/ | v| +& TV v?z/ | v | +D*

Dyy=&Lv?y/|v|+& THv?/|v|+& T Vv?z/|v]|+D*
Where & L is the longitudinal dispersiivity ,& T H is the horizontal transverse dispersitivity
and a T V is the vertical transverse dispersitivity and D* is the molecular diffusion
coefficient, | V | =\/v?x +v?y +v?z is the magnitude of the velocity vector.
When the velocity vector is aligned with same coordinates axis, all the cross items becomes
Zero.
These governing equations cannot be solved analytically; therefore they have to be solving
using numerical methods. The finite difference method is used in MODFLOW and MT3DMS
Package for deriving the solution to the governing equation.

Although, some of the models have been applied in the prediction of contaminants sorption
and transport in developed countries, not much has been done in Nigeria .One of the six (6)
guidelines and standards defining environmental policy includes the management of solid
and hazardous wastes ,notwithstanding there are numerous issues that hinder its
successful execution (Eneh and Agbaue,2011).It is observed that most of the work in
contamination of groundwater due to landfilling and open land dumping is described
qualitatively ,without much emphasis to quantitative measurement and prediction

CONCLUSION

The release of leachate to the environment is one of the major environmental impacts
related to disposal of waste .Disposed waste in Open Dumpsites undergoes a series of
phases where the waste is decomposed .During the decomposition, leachate is generated
by excess rainwater infiltrating the waste .The leachate contains several groups of pollutant
namely Dissolved organic matter, inorganic macro components, heavy metals and
xenobiotic organic compounds.

Existing literatures shows that the compositions of leachate is highly dependent on the
degradation stage of the waste.

Leachate generation is an inevitable consequence of the practice of waste disposals .Many
environmental factors and operational practices influence landfill process resulting in
temporal and spatial variations in the quantity and quality of land fill leachate. Leachate
sampling methods and sample handling routine may also influence the leachate quality.

Several studies have also indicated seasonal variations in leachate compositions and
concentrations have been reported.

Mathematical models have been developed over the years to simulate these variations as
well as leachate generations and transport process.

Several reviews of selected flow and transport model have been reported in literature’s
;many of which have been applied to simulate the migration of leachate contaminants
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plumes away from sanitary landfill and similar concepts have also been adopted to
develop mathematical models or use existing models to simulate leachate occurrences and
behavior with a landfill.
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