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Abstract

Deposition of nitrogen and arsenic has seen examined in homogenous gravel formation, the study were to
monitor the influences on the migration process of Edwardsiella in uniform velocity of flow, dispersion
influences were found to developed spread in some region of the study location, such formation characteristics
has developed physiochemical reaction whereby the deposition and migration experiences fluctuation in
concentration and deposition at different formation of the strata, the study examine these factors and develop a
system that produces governing equation to predict and monitor these contaminant, their reactions at different
strata in the study location were examined to be influenced by other factors such climatic influences of deltaic
environment, the study is imperative because it has defined the physiochemical reaction base of the depositions
of arsenic and nitrogen influencing migration of Edwardsiella in the study area.
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1. Introduction

Overall toxic effects of heavy metals to soil microorganisms depend on their bioavailability. Although, heavy
metals bio availabilities is mainly dependents on the soil properties (pH and organic matter), Bacteria can also

directly influence the solubility of heavy metals, by altering their chemical properties. (Okpokwasili 2005).
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Investigation conducted revealed that microorganisms have developed several mechanisms which can
immobilize, mobilize or transform heavy metals from one region to another. These processes include
extracellular precipitation, intracellular accumulation, oxidation and reduction reactions, methylation and
demethylation, and extracellular binding and complexation. The exploitation of these bacterial properties for the
remediation of heavy metal-contaminated sites has been shown to be a promising bioremediation alternative.
However, at high concentrations, bio available heavy metals are toxic for a great number of soil microorganisms
and soil microbial processes which in turn will result in severe ecosystem disturbance (Rabia, 2007). The
deleterious effects of heavy metals on microbe-mediated processes have been discussed in detail in several
publications. Generally, a decrease in carbon mineralization and fixation, in nitrogen transformation, soil
enzyme activities and litter decomposition can be observed. Other typical effects of heavy metal contamination
are a decrease in the microbial numbers (CFU), biomass, or an increase of the frequency of heavy metal
resistant bacteria (Fablemne, 2003). However, measuring these parameters is not suitable for the determination
of changes in the entire structure of soil communities exposed to pollutants. Since many of the microbiological
and biochemical techniques used to study the effects of heavy metals on soil bacteria are cultivation dependent,
they do not provide detailed information on the non-cultivable bacteria, neglecting thus the major part of the soil
microbial community. Consequently, soil microbial communities are treated as a black box (Gikas et al; 2009).
These limitations have been overcome by the recent advances in molecular fingerprinting methods. Based on the
analyses of signature biomarkers such as phospholipids fatty acids or nucleic acids, the fingerprinting techniques
have been used as reported by (Fablemne, 2003). Chromium is found in many environments, including air,
water, soil and all biota. It ranks 21st among the elements in crustal abundance (Ahmed et al; 2003). The
average concentration of chromium in the continental crust has been reported as 125 mg/kg (National Academy
of Science (NAS), 1974). Concentrations in freshwater generally range from 0.1 to 6.0 pg/L with an average of
1.0 pg/L, while values for seawater average 0.3 pg/L and range from 0.2 to 50 pg/L (Bowen, 1979). Freshwater
chromium concentrations are dependent on soil chromium levels in the surrounding watershed areas. In
addition, drainage water from irrigated agricultural areas with elevated amounts of soil chromium levels can
have high chromium concentrations (as high as 800 pg/L), as observed at various locations within San Joaquin
Valley (Deveral et al; 1984; Gaines, 1988). Chromium is extracted from chromite ore [(Fe, Mg)O(Cr, Al, Fe) O
] that has largest deposits in South Africa, the Philippines, Southern Zimbabwe, and Turkey (Rathnayake et al;
2010 Eluozo et al 2013 ). The major users of chromium are the metallurgical, chemical, and refractory brick
industries. Other industries that employ chromium include pigment manufacture, metal finishing, corrosion
inhibition, organic synthesis, leather tanning, and wood preservation. Extensive industrial usage of chromium
leads to generation of large volumes of chromium-containing wastes that are discharged into the environment.
In addition to this waste, leakage due to improper handling and faulty storage containers also adds to the
accumulation of chromium in the environment. Chromium is one of those heavy metals the concentration of
which is steadily increasing due to industrial growth, especially the development of metal, chemical and tanning
industries Natural sources as well as the anthropogenic sources account for this contamination, which has
become a threat to public health. Cadmium, copper and zinc are among those heavy metals that are being

released to the environment (Wyzkoska, 2002). These heavy metals influence the microbial population by
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affecting their growth, morphology, biochemical activities and ultimately resulting in decreased biomass and
diversity. The ability of an organism to survive in an environment with high metal concentration or its capacity
to accumulate high concentration of heavy metal without dying reflects its capacity to tolerate metals (Azza et
al; 2009). Heavy metals have been reported to be powerful inhibitors of biodegradation activities (EI. Deeb and
Altalhi, 2009 Eluozo et al 2013). The development and biochemical activities of soil micro-organisms undergo
several alterations. To prevent negative ecological consequences, microbiologically-related parameters should
be involved in the indication of soil quality (Anyanwu and Ugwu, 2010). At low concentrations, metals can
serve as important components in life processes, often serving important functions in enzyme productivity.
However, above certain threshold concentrations, metals can become toxic to many species. Fortunately,
microorganisms can affect the reactivity and mobility of metals. Microorganisms that affect the reactivity and
mobility of metals can be used to detoxify some metals and prevent further metal contamination (Smejkalovs et
al; 2003 Eluozo et al 2013)

2. Theoretical background

Edwardsiella transport has been of serious threat to settler in the study area, so many formation characteristics
influences in the study location, this pollution source were found to be predominant in the coastal location, more
so the deposition of arsenic and nitrogen were also found to deposit in some part of the region of the study area.
There are tendency Physiochemical interactions in the region of the soil, because lots of these pollutants are
found to deposit in the same formation. The migration of these contaminants are determined by several
formation influences such as percentage of void ratio and dispersion rate in the formation, these formation
characteristics were investigated during risk assessment carried out for ground water, several relevant analysis
were done to produces these results on the deposition of arsenic and nitrogen including the deposition of
Edwardsiella in the study location. The study will ensure that the reaction with other physiochemical deposition
are thoroughly examined in the study area, this condition will be expressed in the study through the system that
will be formulated, the developed system will produced governing equation that will be derived to develop
model for the study.

Governing equation

V0 205 pgf0S y 4 OCs s Cs s G o
ot 0z 0z v, 0z ot Ky, +Cs oz K, +C,

Equation (1) expressed an application of determining the physiochemical reactions interacting with nitrogen and

arsenic on Edwardsiella transport in homogeneous gravel formations. Mathematical equations were developed
denoted by mathematical symbols expressing the parameters as presented above. Physical split techniques were
applied that descretize the variables to express their thorough functions in the system. Introducing the splitting

application is denoted with mathematical tools.
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v oCs, _ Mb&GCsl
ot 7, Oz
X =0
Cs, =0
agtsl t=0,8
VGCS2 _D oCs, C,
ot oz K, +C,
X = N
t =
Csy, =0 .
oCs, |t _0.B
ot ~
V8C33 _ oCs, Cs,
ot ot K, +C,
t=20
Cs, =0
oCs
&3 It =0,B
v oCs, _p, oCs,
ot oz
t = R
X =
Csy, =0 >~
Cs
66t4 t =08
~/
Vv 0Cs, N oCs, q, Cs
ot oz
t=20 )
X =20
Csey =0 >
~/
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oCs
>t =0B
ot
M, Ho OCS; _ OCSq Ca - =0 (12)
v, Oz o K, +C,
x =0 )
CS(O) 1 A (13)
Cs ~
%s it =0,B
ot
_/
Applying direct integration on (2)
oCs M,
71 = Mb —O + Kl ...... (14)
Again, integrate equation (14) directly yield
_ Ho
VCs =M, —=~+K +K, (15)
Subject to equation (3) we have
Cspy =K, (16)
Subjecting equation (15) to (3)
At oCs, | = 0 Cs, = Cs,
ot t=20
Yield
O =VCs, = K,
K,=vC, a7)
So that we put (16) and (17) into (15), we have
Cs, =VCst — M,22Cst+Cs, e, (18)
7o
C _ _ ILlO
s, =V =Cs;, -M,—=>Cst (19)
Vo
= Cs,[Cs, — Vt] = Cs, {Csl - M, &} .................. (20)
7o
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=Cst =Cs, (21)

\% oCs, _Cs Cn (4)
ot oz K, +C,

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

ie. Cs, =2T (22)
C
oCs, =ZTY (23)
ot
C
CS oy (24)
oz
Put (23) and (24) into (25), so that we have
vzt = Ca e (25)
Ky +Ca
1 1
VZTlVT Gz 22 (26)
T Ky +CL Z
1
Vi = —A° 27)
Hence T
s W 28)
Ky +Co
T = ACos it + B Siniz .................. (29)
From (27) \ \
S
T = CSE Voo, (30)

And (28) gives
By substituting (28) and (29) into (22) we get

_A2
—t
Cs, {ACOS%t +B Sin% Z}Cséﬁ ..................... (31)

Cs

(o}

=Ac (36)

The expression here from equation [4] explain the deposition of the contaminants to be in exponential sage on
the transport system, the rate of void ratio in the formation are influenced by velocity of flow, such condition
shows how the migration process are generating fast migration in this stage, the developed model in [31]
express these conditions as it is considered to behave develop variations at these stage of the transport process,
the established condition at these phase express the derived solution to developed a model considering this

phase of the transport system.

Equation (31) becomes
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12 .
Ca
Cs, = Cs 0 "»*% CosZz . (33)
V
_ 0Cs,|=0,z=0
Again at
oo |t=20B
Equation (33) becomes
_22 .
C
oCs ; .
2 = iCsoﬁ Kot ChoSinZz (34)
\
e 0=Cs,—sino (35)
N
Cs A # 0  Considering NKP
(o] \/V
A A
0=-Cs,—Sn-—-B (36)
Vv \
n
- 1= NV (37)
2
So that equation (33) becomes
-n?z%
2 Ca
Cs, = Cs, ¢ "= *%* Cos nrV Z (38)
2\
-n?z%V
%k CAC nz
Cs, = Cs, ¢ "* "™ Cos7z ..................... (39)
We consider equation (6)
\Y} oCs, _ oCs, Cs (6)
ot 0z Ks, +Cs
We approach the system by applying Bernoulli’s method of separation of variables.
Cs, =2T (40)
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oCs,

=zZTY 41
o (41)
Cs; _ Z'T (42)
0z

Again, we put (41) and (42) into (40), so that we have

Cs

VZT = ——
Ks, + Cs,

Z'T (43)

VI' _ GCs z_l_/th
T Ks,+Cs, Z

ie.

1

Hence = -2 (45)
ie. Lzl + 2=0 (46)
Ks, + Cs
From (46) T = ACos%Z + BSin% ..................... (47)

And (46) gives

L

T = (:sogTt ..................... (48)

By substituting (47) and (48) into (40), we get

A ! e
Cs, = ACosVz + BSsz CseV (49)
Subject (54) to condition in (6) so that we have
Cs, =Ac (50)
_ 192
Cs, = Cs ¢ \j’ t Cos%z ..................... (51)

Again at 6CS3| t=0B
ot

Equation (51) becomes
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_A2
Cs
oCs, _ LCsofKSO*CS sintz (52)
ot W v
ie. 0 = —Csoi Sinio ..................... (53)
NYIRRY

A
Cs, —— # 0  Considering NKP

"W

Which is the substrate utilization for microbial growth rate (population) so that

0= —Csoi SiniB ..................... (54)
\Y \
A, 55)

So that equation (57)

-n2z%

2 nzJWV

Cs, = Cs, ¢ "= *% Cos e (57)
? 2V
—nzztth nr

= Cs, =Cs, ¢ 2 Cos7z ..................... (58)

The study are to interact with several deposited physiochemical parameter in the formations, such condition
were expressed in the derived solution, nitrogen is one of the substrate in the system, consideration of several
substrate stated in the above equation are base on the rate of deposition of substrate found in any region of the
strata. These expression implies that the deposition of nitrogen are in heterogeneous state on the soil formation,

therefore the expression were monitor in such condition as it is expressed mathematically at different stages.

Now we consider equation (8)

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

Cs, =27 (59)
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aCs, _ 77!
ot
oCs, _ 77
oz

Put (60) and (61) into (8), so that we have
VZT' = - DsZ'T

1 1
VT :Dsz—:(p
i.e. T z
Zl
Ds— =
7 @
T =A%,
V
7,
Z = BeVv
And

Put (65) and (60) into (59), gives
2, -e,
Cs, = Al(Ps e B(Ds
Cs, = AB/*0 2
Ds
Subject equation (67) to (8) yield
Cs, = (0) = C,

So that equation (69) becomes

Cs, = Cs 00" 2

Ds
Now, we consider equation (9)
oCs oCs
V—2 = >0,C. o 9
ot oz A~ ©
Apply Bernoulli’s method, we have
Cs, = ZT
oCs; _ 77!
ot
oCs; _ 77
oL

Put (72) and (73) into (9), so that we get
VXT?! = —ZquZCS
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vT! zZ*
e =—q,C. =9 75
T 7 q,C; = ¢ (75)
vT!
=¢
T
Zl
7 —_ ¢ ..................
T A
\Y/
z-s0—%7 (79)
And qzCs
Put (78) and (79) into (71), gives
¢4 0y
Cs, = Ar%% Be®

Cs, = AB/*Y L
q.C,

Subject equation (83) and (84) into (74) yield
Cs, = (0) = Cs,

So that equation (81) and (82) becomes

Cs. = (0) = Cs e“—”L
5 () 0o qC

Z~Ss

Now, we consider equation (11) which is the steady flow rate of the system

M, 9Csg oCsq C,

M, = — — ... (11)
Y, OZ oz K, +C,
Applying Bernoulli’s method of separation of variables, we have
Csg = 2T
CS% _ozrr
ot
L
oz

Put (85) and (86) into (11), so that we have

M, oz = - Ca

— A 7T
7/0 KAo +CA
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1 1
oMl G 2 (88)
v, Z K, +C, Z
Zl
Mb&? = o e (89)
Yo
Ca Z—l = « (90)
K aC.zZ "% e
z=A—2% "7 91)
M, “o
Yo
e 7
And Z = Befw e (92)

Put (91) and (92) into (84) gives

(VN Ve
Cs, = Al 7 BC 7 (93)
Cs, = AB/OO % (94)
Mb&
Yo

Constant deposition of the contaminant from arsenic and nitrogen are influenced by several factors, the rate of
deposition varies base these factors in the formation, but in some instances there are tendency of developing
uniform stratification producing homogeneous flow, the transport concentrations are influenced by these stated
condition as it is expressed above in the derived solutions.

Subject equation (93) and (94) into (94) yield

Csy = (0 =C, (95)

So that equation (96) becomes
a

Cs, = Cs,/ (X‘X’@ .................. (96)

Now, assuming that at the steady flow there is no NKP for substrate utilization, our concentration is zero so that
equation (96) becomes

Cs, =0 97)

As the transport of the contaminant continue, the behaviour of the substance change in population and in
concentration including degradation under the influences of death of the microbes, such condition are expressed
in the derived solution stated in equation [97].

Therefore, solution of the system is of the form

Cs =0Cs +Cs, +Cs; +Cs, +Cs, +Cs, .. (98)
We now substitute (20), (39), (58), (70), (83) and (96) into (98), so that the model is of the form
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2__2

2_2
C = Cs, +Cs, (n—”VCosn—ﬁZ + Cs, /¢ n‘z’V CosNZ +
G 2 2V 2
K,+C,
Cs, ¢ 4, Cs, ¢ 2, Cs, (™% (99)
DS qzCs M &
b
Vo
_n2,.2 _n2..2
= Cs =Cs, 1+ én—”VCosn—” + én—ﬂv +cos” 4
C, 2 yAY% 2

K,+C,

g(t—z) ¢ + g(t—x) ¢

qzcs Mb&

Vo
.................. (100)

The expression here is the final developed model that will monitor deposition of arsenic and nitrogen

influencing the migration of Edwardsiella. Homogenous gravel formation in coastal area of aboluma has been
thoroughly assessed, the most influential parameters from formation characteristics is velocity of flow and
dispersion rate in the strata. The study were able to consider several influences from other dimensions in
developing the governing equation, the expressed equation were derived as all the considered parameters
express their various roles in different phase, such application developed the final model equation stated in
[100] above.

4. Conclusion

Velocity of flow and dispersion rate were found to developed a higher degree in the formation, such condition
were consider to be influential to the migration process of Edwardsiella including arsenic and nitrogen
depositions in the study area. The parameters in the system are deposited at different strata of the soil, but on
transport process they are found to experience some physiochemical reaction in the strata, these results to
fluctuation of the concentration including deposition in the formations, the study were confirmed through risk
evaluations carried out in previous year, these investigation produces the results, but there was no defined
solution that will prevent this spread of the contaminant in the study location. The application of mathematical
methods were appropriate to establish frame work that will be applied to improve on the prevention for
further migration of the contaminants, the derived solution from the governing equation produced the stated
model in [100]. It will be applied to monitor and prevent these migration and deposition of these contaminants

in the study location.
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