International Journal of Waste Management and Technology
Vol. 1, No. 1, April 2013, PP: 01 - 13
Available online www.ijwmt.com

Research article

MODELING SOIL COLUMN WATER FLOW ON
HEAT PATHOGENIC BACTERIA INFLUENCED
BY ADVECTION AND DISPERSION IN PORT
HARCOURT, RIVERS STATE OF NIGERIA

Eluozo, S. N.

Civil and Environmental Engineering consultant, Research and Development
E-mail: Soloeluozo2013@hotmail.com
E-mail: solomoneluozo2000@yahoo.com

Abstract

Indiscriminate dumping of wastes has caused a lot of pathogenic bacteria pollution in the study area. Such health
hazard has caused different diseases generating increase in death rate. Fast migrations of pathogenic bacterial are
caused by the deltaic nature of the formation, under the influence of formation characteristics through the geologic
setting. To monitor water flow on soil column at different heat in unsaturated zone, several influences from the soil
were considered. These include the migration of pathogenic bacteria under the influence of advection and dispersion
through porosity and permeability at high degree in the study area. Mathematical models were developed to monitor
the rate of water flow on heat and pathogenic bacteria influenced by the stated parameters. The models were
developed in phases considering the variables at where their functionalities are expressed in the system. These
models were coupled through integration and it generated a final model expression to monitor the rate of water
flow on heat pathogenic thus bacteria influenced by advection and dispersion in the study location. The study is
significant because experts on this area will be guided by these models to determine the cause of the spread of
pathogenic bacteria in soil and water environment. The model also expressed the rate of heat at various unsaturated
zones in the study area. Copyright © IJWMT, all right reserved.
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1. Introduction

There a lots characteristics that affect the survival of pathogens in water, mainly bacteria and viruses, comprise
temperature, pH, dissolved oxygen, water hardness, presence of organic material, exposure to sunlight, the existence
of other micro-organisms and water conductivity (O’Brien & Newman, 1977; Lund, 1978; Melnick & Gerba, 1980;
Davies-Colley et al. 1994). Protozoan cysts live above a wide variety of Ph values and are opposed to to osmotic
pressures. Cryptosporidium oocysts can survive for over one year in isotonic the solutions are from laboratory; this

may remain viable for long time in aquatic environments (Smith et al. 1991). The foremost issue affecting cyst and

1



International Journal of Waste Management and Technology
Vol. 1, No. 1, April 2013, PP: 01 - 13
Available online www.ijwmt.com

also helminth egg survival in water is temperature is the higher temperatures resulting in faster death (Feachem et al.
1983; O’Donohue, 1995). Pathogens are carried through water over quite large distances. In a analysis done in
Zambezi River express that the bacteria were still detected 18.6 km downstream from the source of pollution at
levels at 1.4 x 103 E. coli/100 ml (Feresu & Van Sickle, 1990). Lund (1978) similarly an observations were pressed
in tropical waters. Too much quantity of fecal bacteria in surface water, these were found to increases the risk of
bacteria—induced illness to humans (Frenzel and Couvillion, 2002). Payment et al. (2000) found that the presence of
pathogenic microorganisms (human enteric virus, Cryptosporidium, and Giardia) deposited Saint Lawrence River in
Canada; this was comprehensively correlated with bacterial indicators (total coliform, fecal coliform, and
Clostridium perfringens). concentration rate of fecal coliform from 200 colony—forming units (cfu) per 100 mL of
water was established as a water—quality standard by the Federal Water Pollution Control Administration of the
Department of the Interior in 1968 (USEPA, 1986). Current research, however, established that fecal coliforms
confound to deposit less correlation to swimming—associated gastroenteritis than the other two common indicator
bacteria (Escherichia coli and enterococci), prompting a shift in the suggested indicator organisms (USEPA, 1998,
2002).

Total coliform, fecal coliform, fecal streptococci, enterococci, and E. coli bacteria are ordinary shows the existence
species used to recognize the potential existence of pathogens. Preferably indicators for pathogens exist in much
greater concentrations, demonstrate similar die—off and re—growth formations, and are connected with the
equivalent sources (Moore et al., 1982). The first indicator used to examine pollution of drinking water by human
waste was total coliform. Since exact pathogens are very complicated to collect and culture, the total coliform
assembly was initially selected as an indicator because it was easy to detect, easy to culture, and typically is
connected with fecal pollution from warm—blooded animals (Larsen et al., 1994). However, total coliforms include
several organisms exists in non—fecal sources, making this indicator group too broad to be a steadfast indicator of
fecal pathogens (Rosen, 2000). Fecal coliforms are a subgroup of total coliforms that originate specifically from the
intestinal tracts of warm— blooded animals. Fecal coliforms are the predominant indicator used to assess human
health hazards in streams (Rosen, 2000), but E. coli and enterococci are thought to have a higher degree of
association with outbreaks of gastrointestinal illness (USEPA, 1986). E. coli is a constituent of the fecal coliform
group and includes the toxin—producing O157:H7 strain. Enterococci is a subgroup of fecal streptococci that belongs
to the genus Streptococcus and differs from fecal coliforms in that enterococci are less abundant in feces, are not

known to replicate in the environment, and are more resistant to environmental stress (Maier et al., 2000).

Land application of waste from confined animal production facilities is an effective method of disposing of animal
waste while supplying nutrients to crops and pastureland. However, it has been well-documented that runoff from
agricultural livestock and poultry litter applied areas is a source of fecal contamination in water (Crowther et al.,
2002; Edwards et al., 1994, 2000; Gerba and Smith, 2005; Tian et al., 2002). The EPA’s National Water Quality
Inventory report (USEPA, 2000) identified bacteria as the leading cause of impairments in rivers and streams in the
United States and agricultural practices were identified as the leading source of all bacterial impairments Transport

of animal manures into surface water bodies can be detrimental to the health of humans, animals, and the ecosystem
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(USEPA, 2003). Animal waste contains many different types of organisms pathogenic to humans and animals which
could be transported into streams when over-applied to agricultural lands. More than 150 pathogens found in
livestock manure are associated with risks to humans, including Campylobacter spp., Salmonella spp., Listeria
monocytogenes, Escherichia coli O157:H7, Cryptosporidium parvum and Giardia lamblia, which account for over
90% of food and waterborne diseases in humans (USEPA, 2003).

2. Theoretical background

Indiscriminate dumping of wastes is a subject for environment concern; this has generated a lot threats, which has
disturbed public health status in our environment. Constant dumping of this wastes result to accumulation of
pathogenic bacteria, it has resulted to a lot of pollution in soil and water environment. The study area — Port
Harcourt has this type of problem that has resulted to serious contaminant of organic soil transporting to various soil
formations in the study area. The leaching of this pollutant is through strata depositions based on geological settings
in Port Harcourt metropolis, such high populated environment generate thousands of metric tones of biological
wastes that contain pathogenic bacteria thus migrating through the micropores of the soil down to groundwater

aquifers.

The focus of this study is on advection and dispersion; the advection dispersion increased the pathogenic bacteria
migration to a very vast area in soil and water environment. To monitor this type of soil columns through water
flow and determine different sources of heat on pathogenic bacteria, mathematical equations were formulated
through the considered parameters that are variables in the system. These variables are the influential parameters
that influence the migration of pathogenic bacteria from organic soil to groundwater aquifer. The derived
mathematical equations that developed the model is to monitor soil column water flow on temperature variance in

pathogenic bacteria as stated, through the governing equations below.

3. Governing Equation
P&) _ Vor (m@j L n
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From the governing equation, through the application of physical splitting techniques were applied to split the
variables in accordance with the behaviour of the system, these applications are imperative because the
functionality of the variables will be clearly stated as their functions are expressed in the system.

Applying physical splitting techniques on equation (1) we have
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The application of physical splitting techniques developed several equations that expressed the behaviour of the
microbes at different phases. The study consider different formations and different temperatures influenced by
advection dispersion on the migration of the microbes at different strata in the study location. Such behaviour of the

bacteria is expressed at different splited equations through the boundary conditions from equations (2) to (9).

Applying direct integration on (2)
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% = N& + K, (10)

Again, integrate equation (10) directly, yield

gpC = VECt + Kt K, (11
POC = K, (12)
And subjecting equation (10) to (3), we have

% = 0 C(o) = Co

o | t=0
Yield
0 =VeC, + K,
= K, ==V, (13)

So that we put (11) and (12) into (13), we have

gOC, = VOCt — VOCt + ¢OC, oo (14)
gOC, — VOCt = ¢OC, — VOCt oo (15)
= C,(¢0 - Vo) = C, (g0 - V&)

= C, =C, (16)

Hence equation (16), entails that at any given distance x, we have constant concentration of the contaminant in the
system.

From the splited equations, the derivation equation (2) expressed the parameters generating constants that were
integrated mathematically, this is to determine the functionality of the boundary conditions which expressed the
limits as derived from equations (10) to (16) constant concentration were express, thus the expression implies that
the contaminants within the organic soil down to other stratum are determined by the formation characteristics that
develop a constant flow which influence constant concentration in the system.

Now, we consider equation (4) which is the progressive phase of the system

o Doc
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We approach the system by using the Bernoulli’s method of separation of variables
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The model expressed in the system shows progressive phase, these discretizing the variables through the
application of Bernoulli’s method of separation of variable, this the expressed details functions of the parameters
that expressed the influential parameters of the system on progressive phase, thus pathogenic bacteria migrating at
different soil formations. From equations (17) to (26) it resulted to a model that expressed the progressive phase of
pathogenic bacteria with respect to time. These conditions imply that the transport processes were considered on the
progressive phase condition of the bacteria to determine the system at various formations while migrating to

ground water aquifers.

By substituting (24) and (26) into (17) we have

[ D 27)

¢
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Expressing the subject relations through the substitution of (24) and (26) into (17) developed model correlated were

there is an enable environment to interact with other variables under exponential conditions. The microbial
transport with respect to time and distance are subjected to these conditions, these determine the bacteria rate of

concentration influenced by the formation characteristics between the soil strata and groundwater aquifers.
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Subject equation (27) to condition in (5), so that we have
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So that equation (29) becomes
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An expressed model from equation (35) through the boundary condition developed the limit of time, this is to

express the pathogenic bacteria behaviour under the influence of formation variables, and this condition subjects the

bacteria on exponential phase in the system. The growth rate of the pathogenic bacteria through manmade or natural

origin were expressed, the deposition of (substrate) utilization within the soil formation were considered to express

the increase in microbial population, whereby the formation characteristics will definitely influence the transport as

it is expressed in the model phase of equation (35).
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We consider equation (6)
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Equation (48), becomes:
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So that equation (48) becomes
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Based on variations on formation characteristics, the substrates deposition varies. These depositions are influenced

by the geological settings, including the rate of deposition of the substrate. Manmade activities or natural origin has

influenced the depositions of the substrates. These conditions were considered since the depositions of the

microelements are not homogeneous in the soil formation. Such microbial growth were considered for the second

time due to the tendency of regeneration of the substrates on the transport process in soil and water environment as it

is expressed in the model in equation (54).

Now, we consider equation (8), which is the steady flow rate of the system
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Put (56) and (57) into (8), so that we have
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Subject equation (66) and (67) yield
Co=0=C, (66)
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So that, equation (66) becomes

C, = C A= O 67
4 0 NO (67)

Equation (67) entails the steady state flow of the fluid that determines the quantity of groundwater in aquiferous
zones, in this condition, the expressed model from equation (8) implies that there will be a steady state flow of
groundwater within the aquifer. Subject to the condition, the transport of pathogenic bacterial if there is tendency of
regeneration will definitely implies that concentration from this point may attain a high degree, this can be
determined in coastal fresh water aquifers that develop a shallow depth. But for deep aquiferous zones that are found
in some locations in the study area, there may not be substrates. Other conditions can be determined through the rate
of temperature in unsaturated zones that may also decrease the microbial population to the barest minimum,
whereby pathogenic bacteria may be influenced by such conditions. Formation characteristics such as velocity of
flow may also reduce the concentration of pathogenic bacteria to the barest minimum. The quality of groundwater
from such formation may be up to standard for human consumption.

Now assuming that at the steady flow, there is no NKP for substrate utilization, our concentration here is zero, so

that equation (68) becomes

C, =0 (68)
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In some conditions, due to the variables on the geological setting in the soil formation, the rate of man made or
natural origin may be very low, the geological setting may influence the reduction of the substrate or it could not
deposit in such formations. It implies that the substrate may be insignificant or never in existence, therefore, the
developed model, in equation (68) was expressed as zero. Such condition expresses that the substrate does not exist

in the system. In this condition the concentrations are affected.

Therefore solution of the system is of the form
C=C +C,+C, +C, (69)

Now, we substitute (16), (35), (54) and (69) into (70), so that we have the model of the form

7n27r2¢6’ nzﬂz(wx nzﬂ-z
C=C, +C/t ™ o % Cos Z e, (70)
The final equation becomes
a0, e L, | e (71)

—~ C=C |1+¢ * o " 4 Cos % 7
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Pathogenic bacteria are considered in various phases, the soil has unsaturated and saturated zones, these conditions
are expressed in the system through the governing equations, the models were developed at various phases and it
expressed different models , this is determined from the phases considered under the influence of the microbial
behaviour, the model at various phases on the transport system were coupled together to generate the final model
that will monitor the rate of column water flow on heat pathogenic bacteria through advection and dispersion in the
study location.

4. Conclusion

Water flow in soil environment is determined through various processes, there are several influences that determine
the flow of fluid in soil, and these influences are from the deposition of the soil at various locations. Port Harcourt
metropolis is located within the deltaic environment, the major influences of the deposited formation in the study
locations are high degree of porosity, permeability including shallow deposition of ground water aquifers in the
study area. Such conditions were considered during the development of the system , this is to monitor the rate of soil
column and heat condition in unsaturated zone in soil, the developed equations integrated together the rate of
pathogenic bacteria concentration influenced by advection and dispersion in the study location. These formulated
equations were derived in phase, the derived model were expressed based on the parameters considered in that
condition of transport process. Such expressed models in several conditions were coupled together to generate a
final model equation, this express all the variables in the system as stated in equation (71). The developed

mathematical model is essential, because it will determine the rate of water flow, thus, the heat in unsaturated and
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saturated zones through the migration of pathogenic bacteria, under the influence of advection and dispersion in the

study area.
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