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Abstract

High percentage of Void ratio were found to deposit in organic soil, there are lots of developed influences that
should cause high degree of void ratio, climatic condition that generates high degree of rain intensities were found
to expressed fast increase of fluid flow depositing several minerals and other solute in organic soil, such condition
generate lots of contaminants in organic soil, but the focus of these studies centred on the deposition of ammonia in
the formation, the deposition of ammonia were found to increase in organic soil under the influences of void ratio in
the soil formation, the accumulation of ammonia and klebsiella were found in organic soil, this condition implies
that ammonia enhance the population of klebsiella in the formation. The generation of ammonia are from manmade
activities and deposited natural origin, further migration to other formation due the rate of accumulation under the
influences of regeneration were observed in the study location, this is to prevent or setup base line that will solve
these problem, mathematical modeling approach were found suitable for the study, the expressed parameters
generated a system that developed the governing equation, the expressed equation were derived to generate model
that will monitor and predict the deposition of klebsiella in the study area.

Keywords: predictive model, ammonia klebsiella accumulation, void ratio and organic soil

Introduction

The regional geology has been mapped and described by Wells and O’Brien (1994a and 1994b bread 2005) and

is also summarized by Whitaker and Green (1978). Early work on the volcanic rocks wasp documented by Stevens
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(1968), and more detailed geologic information and mapping in the study area provided by Willey (1992). The
regional geomorphology was interpreted by Ollier and Harworth (1994). The area is dominated by two main rock
units: a near-horizontal to gently dipping Middle Jurassic sedimentary sequence of the Moreton-Clarence Basin,
part of the Great Artesian Basin, and the mid-Tertiary Main Range Volcanics (MRV), extending up to 50 km
westward from Toowoomba. These strata unconformable overlie a concealed basement of Palaeozoic rocks, the
New England Orogen (Ibrahim,2006, Bread, 2005, Bread, et al, 2005, Briggs, 2008, Eluozo and Nwaoburu
2013).The primary environmental issue facing the whole world, in terms of subsurface environment, is the
protection of good quality groundwater and the clean -up or remediation of already contaminated groundwater
resources (Ibrahim,2006).. Before 1976, US citizens had used open dumping of wastes which invariably resulted
into soil contamination, groundwater pollution, and adverse health hazards, including cancer in children
traceable to contamination by industrial chemicals. This led to public outcry and environmental regulations
promulgated by both federal and state governments. In a developing country like Nigeria where the practice of
waste containment is nonexistent, deadly health hazards from soil or groundwater pollution by harmful elements
like mercury (Hg), potassium (K), sodium (Na), zinc (Zn), lead (Pb), etc are a reality especially when the country
steps into proper development of her natural mineral resources To impede the transport processes of these
contaminants, compacted clay liners are normally used as an integral component of the lining systems to cover
landfills, municipal and hazardous waste impoundments, and also to cap new or old waste disposal units (Daniel
and Benson, 1990; Albrecht and Benson, 2001 Shackelford, 1994, 2000,Eluozo and Nwaoburu,2013).
Considering advection as a major transport process, the most significant factor affecting the performance of
compacted clays is hydraulic conductivity. Apart from hydraulic conductivity, diffusion is a very important
transport mechanism esp ecially if the seepage velocity is or approaches zero (Shackelford and Daniel, 1991,
Shackelford, 1990, 1993). Contaminants travel along the pathway of least resistance, and narrow permeable
channels usually govern their movement. Defining these transport pathways is of paramount importance, and is
difficult using traditional methods of drilling and sampling because the volume explored is small, sampling is slow,

and the cost of sampling is often prohibitive.

2. Theoretical background

The deposition of ammonia in soil are not found to be important to expert in contamination migration studies,
numerous contamination from microorganisms remain on increasing up till now the sources of enhance are only
accredited to renewal of indiscriminate dump of waste in the environments, but it has now been verify in the study
location that it is not merely such waste production that actually boosting the deposition of microorganisms in soil
and water environments the stated condition of microelement ammonia were found to deposition in natural state
exclusive of manmade activities, although it has been establish that the boost of the microelements are the
integration of manmade activates in some area, but not frequently. The study center on the establishing of ammonia

deposition in natural state and its pace of void ration under the influences of geomorphology and geochemistry at
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usual condition, these expression replicate the condition were response on the microbial worlds are effective or
where there propensity of other mineral developing competitions for inhibition or enhance in deposition of
microorganisms in soil and water environments., these situation require to express some forecast and monitoring the
response and deposition of ammonia including their various concentration in lateritic soil were accumulation may be
found at high percentage in the study area, such condition call for mathematical expression to defined various
condition that reflect the deposition and migration enteromobacter in organic soil formation, the deposition of this
klebsiella in this formation replicate low void ratio of the formation and as such enhance buildup of the ammonia
that enhance microbial inhabitants of klebsiella in the study area.

3. Governing equation

V£:§q2C5+DS®—Mb&aCS+ Cs 6Cs+ C, oCs
ot oz oz v, 07 Kg +Cs ot Ky +C,y 0z

1)

Klebsiella influences from ammonia and void ration of the formation is tp predict the refection of low degree of void
ration on the accumulation of klebsiella, this is expressed through the governing equation, monitoring Klebsiella
deposition under the influences of void ratio and ammonia deposition in organic soil formation are found to deposit
low degree of void ratio in the formation developing lot of accumulation in organic soil, the deposition of this
formation are monitored within a region of the soil under batch system application developed the system, the study
has express the rate of ammonia deposition which can be of course be manmade actions, consequently the study
from organic soil give imminent from its deposition level, the concept has notified further increase on movement

of migration of Klebsiella in organic soil to another formation .

oC oCs
v— =¢q,C Lo 2
ot s 0z @
t=20 N
z=0 | (3)
Cs, =0 -
oCs, | t-0
ot _/
\Y oCs, _ D, s, (4)
ot 0z
t=0 N
z=0 | (5)
CS(O) =0 >
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oCs, |t _ 0B
6‘t )
v __ M, e (6)
ot v, Oz
t =
z=0 @)
Csy,y =0
oCs, |t _ 0B
6t )
VaCs4 ~C, 0Cs, @®)
P K.+C. o2 e
t = )
z=0 9)
Csy,y =0 -~
oCs, |t _ 0B
ot )

The idea of this mathematical approach is to descretize the equations according to various situation that the
ammonia influence the microbes under the influence of batch system within the region of organic soil formation ,
this condition were found essential since it’s ammonia that is subject of concern on the growth rate of microbes in
soil and water environments, so it is imperative to ensure that the substrate is thoroughly examined to monitor the

rate of deposition at various formation, thus predict their depositions at different depths in the study area.

Cs, oCs, CA oCs,

+ =0 (10)
Ks, + Cs ot CA +CA oz
t=20 )
z=0 (11)
Cspy =0 >
oC
> |t = 0,B
ot ~
Cse  9Csq _Mb&aCss -0 (12)
Ks, + Cs, ot v, Oz
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Csy,y =0

Applying direct integration on (2) we have

oCs

V— = (q,Cs + K,

ot

Again, integrate equation (18) directly yield

VCs = gCs + Kt + K,

Subject to equation (3), we have

s =

Cs, = K,

And subjecting equation (19) to (3)

oCs,
ot [t=0

At

= 0 Cs, = Cs,
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Yield
0 =VCs, + K,
= K, =-VC,
So that we put (20) and (210 into (19), we have
Vs, = VCst — q,Cst + Kit + Cs,
Cs;, =V =0Cs, —q,Cst

= Cs, [Cs, — Vt] = Cs, [Cs, — q,Cst]

= Cst = Cs,

oCs oCs
\Y 2 =D, L, (4)

ot (674

We approach this system using the Bernoulli’s method of separation of variables.
ie. Cs, = ZT
oCs, _ 7!

ot
oCs, _ 7

0z

Put (27) and (28) into (26), so that we have
VZT' =qzCs Z'T

1 1
VZTlvT =qzCsZ—=—lz
Z
VTP
Hence T

qzCsZ' + *Z =0

T = ACosﬁ + B SinE
From (32) \ \
Y
T = lvt + B SinE
And (32) gives Cs/ \%

By substituting (32) and (33) into (26)

22
“y
Cs, = {ACosit +BSinix}Cs£N

W W
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Cs, =Ac (36)

Equation (2) derived by direct integration of some parameters was in accordance with the system, directed
integration were found necessary to couple the variables they have similarity ,this is base on the deposition of the
ammonia reflecting the concentration of the microbes from organic soil, it is confirmed that the concentration of
ammonia and Klebsiella experience high degree of concentration. Variable were found to express their relation
with each other in terms of their influences of increase include deposition of ammonia increase in microbial

inhabitants in organic soil, the accumulations of ammonia are very high.

Equation (35) becomes

2
Cs, = Cs,/ A t Cosix ..................... (37)
Ds \Y,
__0Cs,|=0,x=0
Again at
t=0B

Equation (37) becomes

_7/12
Cs, _ iCsof s’ Sinix ..................... (38)
ot \ Vv
ie. 0 = i SiniO ..................... (39)
W

A
Cs.—— # 0  Considering NKP

"W

0= —Csoi SiniB ..................... (40)
V Vv

nzV

A=—— . 41
5 (41)

So that equation (30) becomes

S nzJV

Cs, = Cs, ¢ 2P Cos X e, (42)
’ 2V
-n?z?v Nz
Cs, = Cs, ¢ 2Ps COSTX ..................... (43)
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dCs; _ Mb 2o oCs,
v, O

\Y,

We approach the system by using Bernoulli’s method of separation of variables.

Cs, =27 (44)
Cs; _ ZTY (45)
ot
Cs; _ 27T (46)
0z
Hence, we put (45) and (46) into (44), so that we have
1 1-
VAl :MbﬁZT ..................... 47)
T Vo T
1 1
e VT _ M, HBoZo 2 (48)
7o £
Hence V? + =0 (49)
2
ie. Z' + Z—Z =0 (50)
Vv
And M, 2TV 4+ 2T =0 (51)
Vo
A . A
From(50) X = ACos—Z + BSin—Z2 ... (52)
\ V
And (45) gives
_A2 .
M, 2o
T = Cs,t 7 (53)

By substituting (52) and (53) into (44), we get
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_)?
yl A "
Cs, = ACosVZ + B Sin W Z|Cosl 7o (54)
Subject (54) to condition in (6) so that we have
Cs, =Ac (55)

comparable circumstances are expressed in equation (55) ammonia depositions migrating to organic soil are
establish to deposit elevated concentration of microelement, due the low degree of void ratio, therefore the
propensity of buildup waiting for high degree of saturation is to enable it migrate to were degree of void ratio
deposit higher other formation, similar condition developed the composition of these parameter integration in
equation (55) were the concentration of the substrate at the state experiences variations, condition, so the formation

stratum determined the expressed variable that developed model denoted as C;= Ac in equation (55).

Equation (56) becomes

Y
Cs, = Cs, /¢ 4 t CosiZ ..................... (56)
Ho Vv
M, —=
Yo

Again at 6C83| t=0B
ot

Equation (58) becomes

M, e
0CS, _ A cosr e Sinéx ..................... (57)

o W

ie. 0= —CSOL Sinio
Vv

N

Cs i # 0  Considering NKP
"W
Equation (40) and (57) express the influence of the ammonia in terms of increase in microbial population, this
condition were considered in these various in these two equations, microbial inhabitants expressed is to monitor the
formations were microbes are predominant. The equations take care of the rate of ammonia deposition in the
formations, the equation in (40) and (55) expressed the results of high degree of void ratio in the formations, the
above expressed equation replicate the penalty of ammonia deposition, the expression is to monitor microbial

population, including high degrees of feeding from the ammonia deposition in the formations. This condition
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generates lots of variations in Kklebsiella behaviour in different dimensions. More so the degree of ammonia
considered in the state of microbial transport determined the rate of reaction that may be due to inhibition from other

influence that deposit in soil and water environment.

A A

0=-Cs,—Sin—-B (58)
V V
= 4 Vo (59)
W 2
= 1= N (60)
2
So that equation (61)
—n?z%
2m, e
Cs, =Cs,¢/ ™ Cos n”\/\72 ..................... (61)
2V
-n’zV
2Mm, e
= Cs, =Cs, /¢ 7°tCosn7”Z .................. (62)

Now we consider equation (8)

oCs,  CA 0Cs,
ot KA+CA oz

Using Bernoulli’s method of separation of variables, we have

C54 = ZT (63)
8(8354 - ZTY (64)
58(5254 = 7 (65)
VZT = __CA Z T (66)
KA+CA
VT? CcA z*
= ¢ .................. (67)

o T KA+CA Z
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VT? B
T @

cA_z'_
KA+CA Z ¢

@

Z =Bl——7

And CA
KA+CA

Put (68) and (69) into (63), gives

Ccs, =A—2 7B— 2 ¢

CA CA
KA+CA KA+CA
Cs, = AB/®Y P
4 CA
KA+CA

Subject equation (69) to (8) yield

Cs, = (0) = C,

So that equation (73) becomes

v
CA

KA+CA

Cs, = Cs ("

Now, we consider equation (10)

Cs, oCs; N CA  0OCsq
Ks, + Cs ot CA +CA oz

Apply Bernoulli’s method, we have

Cs, = ZT

oCs; _ o7t

ot

oCs, _ 77

oL
Put (75) and (76) into (10), so that we have
_CS g CA
Ks, + Cs CA, +CA
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.................. (689)

.................. (69)

.................. (70)

.................. (71)

.................. 72)

.................. (73)

.................. (74)

(10)

.................. (75)

.................. (76)

.................. an

.................. (78)
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Cs T! Z' CA

6. ———— — = ——————— = @ (79)
Ks, +Cs T Z CA, +CA
Cs T!
— — =@ 80
Ks, + CA T ? (80)
CA zt
— — =@ (81)
CA,+CA Z
4
T=—t 82
Cs (82)
Ks, + CA
—¢
. =Bl—Z (83)
And CA
CA, +CA
Put (80) and (81) into (73), gives
¢ —¢
=-A————tB——n—+«—+t 84
Cs, A CA t B CA t (84)
CA, +CA CA, +CA
Cs, = ABICO % 85
CA, +CA
Subject equation (83) and (84) into (74) yield
Cs, = =Cs, (86)
So that equation (84) and (85) becomes
Cs, = (0)=Cs (002 . 87
SS (0) S0 CA ( )
CA, +CA
Now, we consider equation (12)
Cs, oCsq —MbﬂaCSG =0 . (12)
Ks, +Cs, ot 7, Oz
Applying Bernoulli’s method of separation of variables, we have
Csg =217 (88)
oCs
== = zT* (89)
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_*
Ks, + Cs

Put (94) and (95) into (88) gives

a t a

M, e M, L

Cs, = Al % Bl 7

And Z = B/

t

Cs, = AB/OM, e
Yo

Subject equation (95) and (96) into (97) yield
Csy = (0) = Cs,
So that equation (95 and (98) becomes
Cs; = Cs, (7 s
Yo

C C C
S, oCs, N qzCsa S,
Ks, + Cs, ot

Cs, = ZT

oCs,
ot

oCs,
oz
Put (100) and (101) into (14), so that we have
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(90)

(91)

(92)

(93)

(94)

(95)

(96)

(97)

(98)

(99)

(100)

(101)

(102)
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Cs

ZT'—— — =7ZTqCs (103)
Ks, + Cs
1 1
i.e. L T— = Z—qzCs .................. (104)
Ks, +Cs T z
L E = (105)
Ks, +Cs T £
1
gzCs Z = 0 (106)
T
Y2,
T=A—FW—t 107
Cs (107)
Ks, + Cs
—»
And Z = Be®e (108)

Put (106) and (107) into (100), gives

Pl P

t z
Cs, = A¢¥® Be¥> (109)
Cs, =AB/OO_£2_ (110)
gzCs

Subject equation (107) and (109) into (100) yield
Cs, = =Cs, (111)
So that equation (109) and (110) becomes

Pt Pz
Cs, = A(®™ Be® (112)
Now, we consider equation (16) which is the steady plow rate of the system
Cs oCs oCs
8 & + Ds—2% =0 ... (16)
Ks, + Cs; ot oz
Applying Bernoulli’s method, we have
Csg = 2T (113)
oCs
& — ZTY (114)
ot
oCs
& = z7T (115)
oZ

Put (113) and (114) into (16), so that we have
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Cs
—% ___7T*=DszZ'T (116)
Ks, + Csq
1 1
e T _psZ a17)
Ks, +Cs T Z
1
Cs T— =6 (118)
Ks, +Cs T
1
DSZ— =6 (119)
Z
0
Z =A—7 120
Cs (120)
Ks, + Cs
And T = Bit .................. (121)
Ds
Put (119) and (121) into (113), gives
0 A
Cs, = A——— B¢bs 122
8 Cs (122)
Ks, + Cs
Cs, = B0 2 (123)
s Ds
Subject to equation (122) and (123) yield
Cs; = () =Cs, (124)
So that equation (123) become
Cs, = Cs z“‘x)i .................. (125)
8 (o] DS

The expressions in this condition establish Steady states considered in equation (125), the deposition of substrate
were expressed under the influences of high degree of void ration variation in the stratum. But in most condition
where the organic soil experienced homogeneous deposition at the same time ammonia maintained uniformity
concentration in deposition, it implies that in organic soil there the tendency of uniform flow of the ammonia and
microbial concentration in the formation, therefore such condition may result to uniform flow and concentration
from the ammonia and klebsiella concentration, so equation (125) expressed such condition in the system, this
replicate the behaviour assumed in the migration of the contaminant and the deposition of ammonia in the study

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

equation (124) becomes
Cs, =0 (126)

equation (126) describe this condition when ammonia is inhibited thus if the deposition of ammonia experienced
lag phase including ammonia in the stratum, this condition are possible in the sense that the way some formations
ammonia may experienced inhibition in organic soil through constant generation of other deposited minerals , thus
the concentration will become zero, it implies that there is no deposition of substrate in those formation as expressed
in equation (126)

Therefore, solution of the system is of the form

Cs =Cs; +Cs, +Cs; +Cs, +Cs; +Cs; +Cs;, +Csqy ... (127)
We now substitute (25), (43), (62), (74), (87), (99), (112) and (125) into (128), so that we have the model of the
form
2 2 2 2
Cs = Cs, + Cs, En—”VCOSn—”Z + Cs, ¢ nzv Cos W z
2Ds 2 Ho 2V
2M, —
Yo
+ C, " Y Cs, ¢ _¢ . Cs, (0 2 |
CA CA M Hy
KA+CA CA, +CA ® 7,
0
Cs, ¢ P Cs, 00— (128)
gzCs Ds
_ 2 2V _ 2 2V
= Cs = Cs, 1+ énzT”Cosn—”Z + fn—” Cosn—”+
® oM, Fo
7o
(129
C /t® \% ICS ¢ IS % TG P IS i
° CA CA M. Mo qzCs Ds
KA+CA CA, +CA ® .

The derived mathematical model in (129) is from the rearranged equation that considered numerous conditions that

could influence the deposition of ammonia in the study location. The deposition of ammonia were investigated

41
Copyright © scitecpub.com, all rights reserved.



Research Open Journal of Environmental Science & Technology
Vol. 1, No. 1, November 2013, PP: 26 - 43
Available online at http://scitecpub.com/Journals.php

thoroughly from different setting in the study location, these course were itemizes, in modifying the developed
principal equation, numerous situation that pressure the behaviour of ammonia deposition were also expressed in the
system, since ammonia are substrate to microbial growth thus determined the inhabitants of the microorganism in
organic soil, these condition were streamlined in the derived model at various stage, the behaviour of ammonia
deposition establish the concentration variables denoted mathematically in the system, this condition were
determined through the boundary values as express in the derived model , several phase were expressed on the
development of the model denoting it through various mathematical tools, from organic soil formation, the rate of
concentration of the ammonia determined the rate of concentration of klebsiella under usual state, situations where
the deposition are very high and there is degradation of the microbes were also considered in the system this was
expressed on the derived mathematical expression. The model if applied will definitely monitored and determine the

deposition and growth rate of klebsiella in organic soil and predict the migration rate to another formation.

4. Conclusion

Ammonia is generally deposited in our surroundings in the course of made activities and natural origin. Ammonia
deposits in the study area are from made activities and natural origin, the level of concentration in the study location
were established to be very high, and the examination from risk evaluation generated the rate of ammonia
concentration. This level of deposition are reflected on the high deposition of klebsiella in the study area, the
migration of klebsiella in organic soil varied, these expression were examined from risk evaluation also, this
condition were reflected from manmade activities and deposited natural origin in the study location,
predominantly of klebsiella are found through risk evaluation, this condition implies that high deposition of
ammonia has enhance the concentration of the klebsiella in organic soil in the study area, the derived
mathematical models developed will definitely maintained the prevention of pollution and determine the

concentration of ammonia and predict further migration of klebsiella in organic soil to another formations.
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