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Absract: Today waste disposal presents a significant problem and an environmental challenge to communities and
governments. Consequently there is a growing environmental awareness among governments and consumers of the
consequences of unfriendly environments on future generations. As a result there is a huge investment of human
intelligence and capital resources in the management and control of waste problems. In recent times researchers
have called for papers outlining both the physiological and psychological effects of waste disposal. This work
attempts to address this problem by considering the sensitivity analysis of the physiological effects of inappropriately
disposed wastes. Improperly disposed wastes have strong influences on human beings. It reveals itself in the form of
physical reactions of the human beings to his environment. This research hopefully stimulates further studies in an
area that is attracting empirical investigations.
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Introduction

An important area of industrial engineering practice and
research is safety, health, and environment (SHE). A large
number of studies have therefore been documented in
this area both in the local and international literature
(Walls and Palmer, 2000). However, of increasing
research interest and practical significance today to the
industrial engineering community is the achievement of
an environmentally friendly community (Schaffer and
Malia, 1994). In this paper, we present a test of sensitivity,
which conceptualises the health problem from the
standpoint of the physiological effects that inappropriate
waste disposal would have on the health conditions of
inhabitants in a community (Attrill et al., 2003).

Based on the mathematical expectation theory in
statistical analysis, a formulation comprising the
probability that a disease type would affect a particular
human body system was made. Considerations were
given to the number of components of the human body

system on which this framework is based. The sensitivity
analysis was tested to determine the degree of responsive-
ness of the model to changes in the parameters. The
sensitivity analysis carried out here is perhaps one of the
first initiatives in this area.

The Sensitivity Test of the Model

For the sensitivity analysis of the process, we have to
reduce the number of the human body systems
components that is or are affected by the diseases
gradually. Then, we will be able to identify or understand
what the cumulative physiological probability matrix of
a man will be at each alteration or variation. Having
known the human body systems and the components of
each of the systems that are affected by the diseases that
are affected physiologically, in an environment of
inappropriate waste disposal, we can vary the compo-
nents, by gradually reducing them, so as to know the
effect it will have on the end result, which is the
physiological probability matrix.
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Now, recall that:

E = 
6 6 6

ij ij ij
1 1 , 1= = =

=ÂÂ Â
i j i j

a P P

where E represents the expectation of an event, Pij is the
cumulative physiological probability matrix, and others
are as defined earlier. But before this analysis can proceed,
there are some reasonable assumptions that will be made.

Assumptions
In a probability matrix form all the values of the elements
in a row, when added, must be unity.
1. The probability values are assigned on the basis of

how much a system is affected by a particular disease.
When a particular disease does not affect a system, a
zero value is assigned as the probability value.

2. The present state of the human body system is
independent of the past state, and that does not affect
the analysis on a system.

3. The Markovian properties for a stochastic process
are applied in the analysis.

Hence, carrying out the analysis we have the condition,
state 1:

E = 

2 1 1 1 1 2
4 4 2 4 1 4
4 2 1 2 2 3 3 4 1 5 8 4
3 1 1 3 2 2
6 6 5 6 1 6

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0.25 0.125 0.125 0.125 0.125 0.25
0.21 0.21 0.11 0.21 0.1 0.21
0.29 0.14 0.07 0.14 0.14 0.21 0.12 0.16 0.04 0.2 0.32 0.16
0.5 0.08 0.08 0.5 0.17 0.17
0.2 0.2 0.17 0.2 0.03 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

Converting to physiological probability matrix, we have:

E =

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89     7.28 3.6 2.41 7.16 4 4.76
3.01 1.77 1.18 2.73 1.98 2.38
6.63 4.95 3.1 5.61 4.32 6.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

Physiological probability matrix for state 1,

Pij =  

0.24 0.15 0.1 0.2 0.12 0.19
0.21 0.16 0.1 0.19 0.14 0.2
0.24 0.14 0.1 0.2 0.13 0.19    0.25 0.12 0.08 0.25 0.14 0.16
0.23 0.14 0.09 0.21 0.15 0.09
0.22 0.16 0.1 0.18 0.14 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

The above physiological probability matrix is obtained
by adding all the elements in each row and dividing each
element in the row by the obtained aggregate value. This
analysis can be explained further by using a mathematical

expression for row 1 which is 
6

ij
1=
Â
j

E  and the probability

values are:

13 15 1611 12 14
6 6 6 6 6 6

ij ij ij ij ij ij
1 1 1 1 1 1

     

= = = = = =

Ê ˆ
Á ˜
Á ˜
Á ˜
Á ˜
Ë ¯
Â Â Â Â Â Â
j j j j j j

E E EE E E

E E E E E E
(1)

6

ij
1=
Â
j

E  = E11 + E12 + E13 + E14 + E15 + E16 (2)

= 2.02 + 1.24 + 0.89 + 1.7 + 1.4 + 1.65 = 14.996
Row 1 thus becomes

2.02 1.24 0.89 1.7 1.04 1.65   
8.54 8.54 8.54 8.54 8.54 8.54

Ê ˆ
Á ˜Ë ¯

The same approach is used in getting the other
elements of the physiological probability matrix. Now,
we carry out the sensitivity by reducing the positive value
of components in the matrix aij by 1. This gives a matrix
of the form shown below.

E1 = 

1 0 0 0 0 1
3 3 1 3 0 3
3 1 0 1 1 2    2 3 0 4 7 3
2 0 0 2 1 1
5 5 4 5 0 5

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0.25 0.21 0.125 0.125 0.125 0.25
0.21 0.21 0.11 0.21 0.1 0.21
0.29 0.14 0.07 0.14 0.14 0.21    0.12 0.16 0.04 0.2 0.32 0.16
0.5 0.08 0.08 0.5 0.17 0.17
0.2 0.2 0.17 0.2 0.03 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

E1 = 

0.45 0.41 0.3 0.33 0.16 0.45
2.63 2.48 1.41 2.35 1.87 2.67
1.98 1.48 0.95 1.69 1.03 1.69   5.71 2.85 1.81 5.78 3.11 3.56
1.44 1.02 0.58 1.35 1.09 1.19
5.06 4.46 2.51 4.24 3.44 4.94

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

State 2

Using the explained method of converting matrix into
probability matrix used for state 1, we can do the same
for state 2. Hence, we have
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Pij = 

0.21 0.2 0.14 0.16 0.08 0.2
0.2 0.18 0.11 0.18 0.14 0.2
0.22 0.17 0.11 0.19 0.12 0.19    0.25 0.13 0.08 0.25 0.14 0.16
0.22 0.15 0.09 0.2 0.16 0.18
0.21 0.18 0.1 0.17 0.14 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

which is Physiological probability matrix for state 2.
The matrixes E and E1 give the expectation values of

each of the systems being affected by different diseases.
Comparing the two matrices of E and E1, it is evident
that at the reduction of the components of each body
systems affected by the different diseases; the elements
of the new matrix (E1) is seen to have reduced in their
values from their initial values. This means that the
expectation value of each element of the matrix, the
expectation value of a particular system of the body being
affected by a particular disease is reduced as the
components of the body systems affected by the disease
are reduced.

Reducing the positive values of components in matrix
aij the second time by 1, we have:

E2 = 

0 0 0 0 0 0
2 2 0 2 0 2
2 0 0 0 0 2    1 2 0 3 6 2
1 0 0 1 0 0
4 4 3 4 0 4

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0.25 0.21 0.125 0.125 0.125 0.25
0.21 0.21 0.11 0.21 0.1 0.21
0.29 0.14 0.07 0.14 0.14 0.21    0.12 0.16 0.04 0.2 0.32 0.16
0.5 0.08 0.08 0.5 0.17 0.17
0.2 0.2 0.17 0.2 0.03 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

E2 = 

0 0 0 0 0 0
1.56 1.56 0.89 1.47 1.15 1.64
0.9 0.82 0.59 0.65 0.31 0.9    4.43 1.99 1.29 4.55 2.37 2.57
0.37 0.37 0.17 0.33 0.45 0.41
3.99 2.54 1.99 3.36 2.72 3.91

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

 State 3

Using the same mathematical analysis of equations 1
and 2 used for state 1 for the above expectation matrix of
state 3, we shall get the physiological probability matrix.
This is as shown below:

Pij = 

0 0 0 0 0 0
0.19 0.19 0.11 0.18 0.14 0.2
0.22 0.2 0.14 0.16 0.07 0.22    0.26 0.12 0.08 0.26 0.14 0.15
0.18 0.18 0.08 0.16 0.21 0.2
0.2 0.18 0.1 0.17 0.14 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

A comparison of E and E2 matrixes shows that there
is a further decrease in the elements of matrix of E2 at
further reduction of components of aij. For a further
reduction in positive elements of matrix aij, we have:

E3 = 

0 0 0 0 0 0
1 1 0 1 0 1
1 0 0 0 0 1   0 1 0 2 5 1
0 0 0 0 0 0
3 3 2 3 0 3

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0.25 0.125 0.125 0.125 0.125 0.25
0.21 0.21 0.11 0.21 0.1 0.21
0.29 0.14 0.07 0.14 0.14 0.21    0.12 0.16 0.04 0.2 0.32 0.16
0.5 0.08 0.08 0.5 0.17 0.17
0.2 0.2 0.17 0.2 0.03 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

E3 = 

0 0 0 0 0 0
0.78 0.7 0.45 0.74 0.58 0.82
0.45 0.33 0.3 0.33 0.16 0.45    3.15 1.1 0.76 3.31 1.62 1.58
0 0 0 0 0 0
2.92 2.37 1.48 2.49 2.01 1.95

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

 State 4

The physiological probability matrix can thus be
calculated by the approach explained above. Hence we
have:

Pij = 

0 0 0 0 0 0
0.19 0.17 0.11 0.18 0.14 0.2
0.22 0.16 0.15 0.16 0.08 0.22    0.27 0.1 0.07 0.29 0.14 0.14
0 0.375 0 0.125 0.375 0.125
0.22 0.18 0.11 0.19 0.15 0.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

The elements of the matrix E3 show that there are
decreases in the values of the elements as a result of the
reduction in the positive values of the matrix aij the third
time. For a fourth time reduction in the positive elements
of matrix aij, we have:
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E4 = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    0 0 0 1 4 0
0 0 0 0 0 0
2 2 1 2 0 2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0.25 0.125 0.125 0.125 0.125 0.25
0.21 0.21 0.11 0.21 0.1 0.21
0.29 0.14 0.07 0.14 0.14 0.21    0.12 0.16 0.04 0.2 0.32 0.16
0.5 0.08 0.08 0.5 0.17 0.17
0.2 0.2 0.17 0.2 0.03 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

E4 = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    2.12 0.24 0.36 2.2 1 0.84
0 0 0 0 0 0
1.85 1.53 0.96 1.61 1.29 1.85

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

 State 5

We can thus get the physiological probability matrix
using equations 1 and 2 approach.

Pij = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    0.31 0.04 0.05 0.33 0.15 0.12
0 0 0 0 0 0
0.2 0.17 0.11 0.18 0.14 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

For a fifth time reduction in the remaining positive
elements of matrix aij, we have:

E5 = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    0 0 0 0 3 0
0 0 0 0 0 0
1 1 0 1 0 1

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0.25 0.125 0.125 0.125 0.125 0.25
0.21 0.21 0.11 0.21 0.1 0.21
0.29 0.14 0.07 0.14 0.14 0.21    0.12 0.16 0.04 0.2 0.32 0.16
0.5 0.08 0.08 0.5 0.17 0.17
0.2 0.2 0.17 0.2 0.03 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

E5 = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    1.5 0.24 0.24 1.5 0.51 0.51
0.78 0.7 0.45 0.74 0.58 0.82
1.85 1.53 0.96 1.61 1.29 1.85

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

 State 6

We can thus proceed to calculating the physiological
probability matrix, and this is shown below:

Pij = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    0.33 0.05 0.05 0.33 0.11 0.11
0 0 0 0 0 0
0.19 0.17 0.11 0.18 0.14 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

A further reduction in the remaining positive values
of elements of matrix aij, the sixth time we have:

E6 = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    0 0 0 0 2 0
0 0 0 0 0 0
0 0 0 0 0 0

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0.25 0.125 0.125 0.125 0.125 0.25
0.21 0.21 0.11 0.21 0.1 0.21
0.29 0.14 0.07 0.14 0.14 0.21    0.12 0.16 0.04 0.2 0.32 0.16
0.5 0.08 0.08 0.5 0.17 0.17
0.2 0.2 0.17 0.2 0.03 0.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

E6 = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    1 0.16 0.16 1 0.34 0.34
0 0 0 0 0 0
0 0 0 0 0 0

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

 State 7

The physiological probability matrix thus become:

Pij = 

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    0.33 0.05 0.05 0.33 0.11 0.11
0 0 0 0 0 0
0 0 0 0 0 0

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

which is physiological probability matrix for state 7.

Differences in the Expectation Values of Matrix
Elements
The differences in the expectation values of the elements
of the matrix as a result of the reduction in the human
body systems components that are affected by the
diseases are computed for different levels of reduction.
For 1st reduction, the difference in expectation values of
elements of the matrix is found by the analysis below:
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E – E1 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89    7.28 3.6 2.41 7.16 4 4.76
3.01 1.77 1.18 2.73 1.98 2.39
6.63 4.95 3.1 5.61 4.32 6.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0.45 0.41 0.3 0.33 0.16 0.45
2.63 2.48 1.41 2.35 1.87 2.67
1.98 1.48 0.05 1.69 1.03 1.69   5.71 2.85 1.81 5.75 3.11 3.56
1.44 1.02 0.58 1.35 1.09 1.19
5.06 4.46 2.51 4.24 3.44 4.94

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

DE1 = 

1.57 0.83 0.59 1.37 0.88 1.2
1.57 0.66 0.59 1.37 0.88 1.2
1.57 0.66 0.59 1.37 0.88 1.2     1.57 0.75 0.6 1.41 0.89 1.2
1.57 0.75 0.6 1.38 0.89 1.2
1.57 0.49 0.59 1.37 0.88 1.2

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

The above matrix represented by DE1 shows the reduction
in the expectation values of each system being affected
by different diseases. This automatically reduces the
physiological effect on a man at the end of the day. Now,
the percentage reduction for each element of the matrix
of DE1 can be computed. This is done by applying the
mathematical expression shown below for each element
of the matrix represented by DE1.

Hence, we have:
Percentage reduction =

 1

Final value of Initial value of  – element of matrix  elements of matrix  × 100
Initial value of element of matrix 

Ê ˆ
Á ˜
Á ˜
Á ˜Ë ¯

EE
E

= 1Value of element of matrix  × 100
Initial value of element of matrix 

DE
E

Thus, the percentage reduction in elements of the
expectation matrix for first reduction in positive value
of element of matrix aij by 1 becomes:

%DE1 = 

77.7 66.9 66.3 80.6 84.6 72.7
37.4 21 29.5 36.8 32 31
44.2 30.8 38.3 44.8 46.1 41.5     21.6 20.8 24.9 19.7 22.3 25.2
52.2 42.4 50.8 50.5 44.9 50.2
23.7 9.9 19 24.4 20.4 19.5

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

For second reduction, the difference in expectation
values of elements of the matrix is found by the analysis
below:

E – E2 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89    7.28 3.6 2.41 7.16 4 4.76
3.01 1.77 1.18 2.73 1.98 2.39
6.63 4.95 3.1 5.61 4.32 6.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0 0 0 0 0 0
1.56 1.56 0.89 1.47 1.15 1.64
0.9 0.82 0.59 0.65 0.31 0.9    4.43 1.99 1.29 4.55 2.37 2.57
0.37 0.39 0.17 0.33 0.45 0.41
3.99 3.54 1.99 3.36 2.72 3.91

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

DE2 = 

2.02 1.24 0.89 1.7 1.04 1.65
2.64 1.58 1.11 2.25 1.6 2.23
2.65 1.32 0.95 2.41 1.6 1.99     2.85 1.61 1.12 2.61 1.63 2.19
2.64 1.4 1.01 2.4 1.53 1.98
2.64 1.41 1.11 2.25 1.6 2.23

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

The mathematical expression shown below is thus
applied for each element of the matrix DE2 to get the
percentage reduction of each element.

Percentage reduction =

 2

Final value of Initial value of  – element of matrix elements of matrix  × 100
Initial value of element of matrix 

Ê ˆ
Á ˜
Á ˜
Á ˜Ë ¯

EE
E

2Value of element of matrix  × 100
Initial value of element of matrix 

DE
E

Hence, the percentage reduction for each element
becomes:

 DE2% = 

100 100 100 100 100 100
62.9 50.3 55.5 60.5 58.2 57.6
74.6 61.7 61.7 78.8 83.8 68.9     39.1 44.7 46.5 36.5 40.8 46
87.7 79.1 85.6 84.9 77.3 82.8
39.8 28.5 35.8 40 37 36.3

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

For third time reduction of the affected body systems
components, the difference in expectation values of
elements of the matrix is found by the analysis below.

E – E3 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89    7.28 3.6 2.41 7.16 4 4.76
3.01 1.77 1.18 2.73 1.98 2.39
6.63 4.95 3.1 5.61 4.32 6.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚
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0 0 0 0 0 0
1.78 0.7 0.45 1.74 0.58 0.82
0.45 0.33 0.3 0.33 0.16 0.45    3.15 1.1 1.76 3.31 1.62 1.58
0 0 0 0 0 0
2.92 2.37 1.48 2.49 2.01 1.9

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

DE3 = 

2.02 1.24 0.89 1.7 1.04 1.65
3.42 2.44 1.55 2.98 2.17 3.05
3.1 1.81 1.24 2.73 1.75 2.44     4.13 2.5 1.65 3.85 2.38 3.18
3.01 1.77 1.18 2.73 1.98 2.39
3.71 2.58 1.62 3.12 2.31 4.24

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

We then apply the equation shown below to each
element of the matrix DE3 to get the percentage reduction
of each element.

Percentage reduction =

 3

Final value of Initial value of  – element of matrix elements of matrix  × 100
Initial value of element of matrix 

Ê ˆ
Á ˜
Á ˜
Á ˜Ë ¯

EE
E

= 3Value of element of matrix  × 100
Initial value of element of matrix 

DE
E

Hence, the percentage reduction for each element of
the matrix DE3 becomes,

DE3% =  

100 100 100 100 100 100
81.4 77.7 77.5 80.1 78.9 78.8
87.3 84.6 80.5 89.2 91.6 84.4     56.7 69.4 68.5 53.8 59.5 66.8
100 100 100 100 100 100
56 52.1 52.3 55.6 53.5 69.1

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

For fourth time reduction of the affected body systems
components, the difference in expectation values of
elements of the matrix is found by the analysis below.

E – E4 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89    7.28 3.6 2.41 7.16 4 4.76
3.01 1.77 1.18 2.73 1.98 2.39
6.63 4.95 3.1 5.61 4.32 6.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    2.12 0.24 0.36 2.2 1 1.84
0 0 0 0 0 0
1.85 1.53 0.96 1.61 1.29 1.85

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

DE4 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.82 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89     5.16 3.36 2.05 4.96 3 3.92
3.01 1.77 1.18 2.73 1.98 2.39
4.78 3.42 2.14 4 3.03 4.29

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

We then apply the equation:
Percentage reduction =

4

Final value of Initial value of  – element of matrix elements of matrix  × 100
Initial value of element of matrix 

Ê ˆ
Á ˜
Á ˜
Á ˜Ë ¯

EE
E

= 4Value of element of matrix  × 100
Initial value of element of matrix 

DE
E

To each element of the matrix DE4.
Hence, the percentage reduction for each element of

the matrix DE3 becomes,

DE4% =  

100 100 100 100 100 100
100 100 100 100 100 100
100 100 100 100 100 100     70.9 93.3 85.1 693 75 82.4
100 100 100 100 100 100
72.1 69.1 69.1 71.3 70.1 69.9

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

For fifth time reduction, we have

E – E5 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89    7.28 3.6 2.41 7.16 4 4.76
3.01 1.77 1.18 2.73 1.98 2.39
6.63 4.95 3.1 5.61 4.32 6.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    1.5 0.24 0.24 1.5 0.51 0.51
0 0 0 0 0 0
0.78 0.7 0.45 0.74 0.58 0.82

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

DE5 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89     5.78 3.36 2.17 5.66 3.49 4.25
3.01 1.77 1.18 2.73 1.98 2.39
5.85 4.25 2.65 4.87 3.74 5.32

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

Applying the similar approach of analysis for
percentage reduction for each element of the matrix DE5,
we have
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DE5% = 

100 100 100 100 100 100
100 100 100 100 100 100
100 100 100 100 100 100     79.4 93.3 90 79.1 87.3 89.3
100 100 100 100 100 100
88.2 85.9 85.5 86.8 86.6 86.6

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

For the sixth time reduction, we have

E – E6 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89    7.28 3.6 2.41 7.16 4 4.76
3.01 1.77 1.18 2.73 1.98 2.39
6.63 4.95 3.1 5.61 4.32 6.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0    1.5 0.16 0.16 1 0.34 0.34
0 0 0 0 0 0
0 0 0 0 0 0

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

DE6 = 

2.02 1.24 0.89 1.7 1.04 1.65
4.2 3.14 2 3.72 2.75 3.87
3.55 2.14 1.54 3.06 1.91 2.89     6.28 3.44 2.25 6.16 3.66 4.45
3.01 1.77 1.18 2.73 1.98 2.39
6.63 4.95 3.1 5.61 4.32 6.14

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

Percentage reduction for each element of the matrix
DE6 gives

DE6% = 

100 100 100 100 100 100
100 100 100 100 100 100
100 100 100 100 100 100    86.3 95.6 93.4 86 91.5 92.9
100 100 100 100 100 100
100 100 100 100 100 100

È ˘
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙
Í ˙Î ˚

%

Observations and Conclusions

It is observed from the sensitivity analysis of the human
body systems through the reduction of the body systems
components, that the expectation value of each of the
diseases affecting each body system reduces
subsequently. The reduction in the expectation value as
shown in the matrix occurs at every reduction in each
system’s components affected by the disease.

Hence, we conclude that the way a particular system
of the body is affected by a particular disease depends
on the components of the system that is or are affected
by the disease. When the system’s component affected
is much, the expectation value of the system being
affected by the disease will be high which in turn
increases greatly the physiological effect in an
environment of inappropriate waste disposal. But when
the system’s component affected is low or none, the
expectation value of the system being affected by the
disease will be low or none, which in turn reduces greatly
the physiological effect.

References

Attrill, P.G. and F.G.F. Gibb (2003). Partial melting and re-
crystallisation of granite and their application to deep
disposal of radioactive waste. Journal mailto:
F.Gibb@shef.ac.uk.

Schaffer, D. and J. Knoxville Malia (1994). The Center for
Rural Waste Management. Discussion paper, page 32.

Walls, M. and K. Palmer (2000). Upstream pollution,
downstream waste disposal and the design of
comprehensive environmental policies. Discussion paper
97-51-rev, http://www.off.org.



Contents

Usage of Untreated Sewage Effluent for Irrigation and its Impact on Vegetables Quality
Sajid Farid, Musa Kaleem Baloch, Tafzeel Khaliq and Ahtsham Razaque 1

Well and Formation Losses in Boreholes Constructed in a Weathered Crystalline
Basement Aquifer in Nigeria

O.C. Izinyon and B.U. Anyata 7

Threatened Groundwater Resources in Rural India: An Example of Monitoring
J.C. Maréchal, S. Ahmed, C. Engerrand, L. Galeazzi and F. Touchard 15

Tracer Transport Study in Fly Ash being Used as Landfill Material
Hari Shanker, Radha R. Goyal and Mukesh Khare 23

Mitigation of Methane Emission from Solid Waste Disposal Site in the Tropics by
Vegetated Cover Soil

Chart Chiemchaisri, Wilai Chiemchaisri and Anuchit Sawat 29

Long Term Variation in Precipitation Acidity over the Indian Global Atmosphere
Watch (GAW) Stations

V.K. Soni and Jayanta Sarkar 35

Sustainable Development of Urban Water Resources: An Appraisal for Asian
Monsoon Region

Manouchehr Vaziri 43

TXRF Technique in Trace Level Analysis of Environmental Samples
F.S. Olise, O.K. Owoade and H.B. Olaniyi 51

Assessment of Recirculation Ratio Impacts on Mixed Liquor Suspended Solids in the
Activated Sludge Process

S. Mohan and S.T. Ramesh 57

Hydrological and Nutrient Budget Modelling of Surface Water of the Achankovil River,
Western Ghats, India

M. Bala Krishna Prasad and AL. Ramanathan 63

Impact of the Diatom Asterionella glacialis (Castracane) Bloom on the Water Quality and Phytoplankton
Community Structure in Coastal Waters of Gopalpur Sea, Bay of Bengal

Sangeeta Mishra, Gouri Sahu, A.K. Mohanty, S.K. Singh and R.C. Panigrahy 71

Study of Some Metals Speciation in Bida Municipal Wastes by Sequential Extraction
J. Yisa, P.J. Gana and G.J. Jiya 79

Environmental Quantification of Heavy Metals in the Subarnarekha,
Estuary and Near-shore Environment, East Coast of India

Unmesh Chandra Panda, Prasanta Rath, Kali Charan Sahu,
Sabyasachi Majumdar and Sanjay K. Sundaray 85

Fluoride Contamination in Groundwater of Central Assam, India
R.K. Dutta, G. Saikia, B. Das, C. Bezbaruah, H.B. Das and S.N. Dube 93

Research Notes

Low Frequencies Ultrasonic Treatment of Sludge
Santosh K. Gupta, J. Behari and Kavindra Kr. Kesari 101

Investigation of Heavy Metal Removal in Different Units of Water Treatment Plant
Afshin Maleki, Hassan Izanloo, Mohammad Ali Zazoli and Babak Roshani 107

Volume 3 Number 2 July – December, 2006

Asian Journal of Water, Environment and Pollution


