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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
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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:

6 6 6
PEDWNEDW
i=1 j=1 i, j=1
where E represents the expectation of an event, P 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:

2 1 1 11 2]
4 4 2 41 4
4 21 22 3
E=13 41 58 4
311 32 2
6 6 5 61 6]
[0.25 0.125 0.125 0.125 0.125 0.25]|
021 021 0.11 021 0.1 0.21
029 0.14 0.07 0.14 0.14 0.21
0.12 0.16 0.04 02 032 0.16
05 0.08 0.08 05 017 0.17
102 02 0.17 02 003 02 |
Converting to physiological probability matrix, we have:
(202 124 0.89 1.7 1.04 1.65]
42 314 2 3.72 275 3.87
E= 355 214 154 3.06 191 2.89
728 3.6 241 716 4 4.76
3.01 1.77 1.18 2.73 198 2.38
1663 495 3.1 561 432 6.14]
Physiological probability matrix for state 1,
[024 0.15 0.1 02 0.12 0.19]
0.21 0.16 0.1 0.19 0.14 0.2
p = 024 0.14 0.1 0.2 0.13 0.19
1 0.25 0.12 0.08 0.25 0.14 0.16
0.23 0.14 0.09 0.21 0.15 0.09
1022 0.16 0.1 0.18 0.14 0.2 |

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

6
expression for row 1 which is 2 Ej; and the probability

Jj=1
values are:

Ell E12 E13 E14 E15 E16

6 6 6 6 6 6 (1)
DE; X E; 2 Ey D E; X E; X E
j=1 Jj=1 Jj=1 Jj=1 j=1 J=1

6
ZEij =E tE,tEstE W tEsTE; 2
=

=2.02+124+089+1.7+1.4+1.65=14.996
Row 1 thus becomes

(2.02 1.24 0.89 1.7 1.04 1.65)
854 854 854 854 854 854

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 a;; by 1. This gives a matrix
of the form shown below.

1 00 0 0 1
331 3 03
13101 1 2
E=ly 304 7 3
200 2 1 1
5545 05
[0.25 021 0.125 0.125 0.125 0.25]
021 021 0.11 021 01 021
029 0.14 0.07 0.14 014 021
0.12 0.16 0.04 0.2 0.32  0.16
0.5 0.08 008 05 0.17 0.17
102 02 017 02 0.03 0.2 |
[0.45 041 03 033 0.16 0.45]
263 248 1.41 235 187 2.67
1198 1.48 095 1.69 1.03 1.69
E\=1571 285 181 578 3.11 3.56|>@e2
144 1.02 058 135 1.09 1.19
15.06 446 251 424 344 4.94]

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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[0.21 0.2 0.14 0.16 0.08 0.2 ]

02 018 0.11 0.18 0.14 0.2

p = 022 0.17 0.11 0.19 0.12 0.19
v 1025 0.13 0.08 025 0.14 0.16
022 0.15 0.09 02 0.16 0.18
1021 0.18 0.1 0.17 0.14 0.2 |

which is Physiological probability matrix for state 2.

The matrixes £ and £, give the expectation values of
each of the systems being affected by different diseases.
Comparing the two matrices of E and £/, 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 (£,) 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
a;j the second time by 1, we have:

0000 00
2202 02
s 2000 02
271 2 03 6 2
1 001 00
443 4 0 4
[0.25 021 0.125 0.125 0.125 0.25]
021 021 011 021 01 021
029 0.14 007 014 0.14 021
0.2 0.16 004 02 032 0.16
05 008 008 05 017 017
02 02 017 02 003 02 |
0 0 o0 o0 0 0 ]
156 156 089 147 1.15 1.64
09 082 059 0.65 031 0.9
E2=1443 199 129 455 237 257|503
037 037 0.17 033 045 041
399 254 199 336 2.72 3.91|

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:

K 0 0 0 0 0
0.19 0.19 0.11 0.18 0.14 0.2
p = 022 02 014 0.16 0.07 0.22
Y 1026 0.12 0.08 026 0.14 0.15
0.18 0.18 0.08 0.16 021 0.2
102 018 0.1 0.17 0.14 0.2 |

A comparison of E and E, matrixes shows that there
is a further decrease in the elements of matrix of E, at
further reduction of components of a;;. For a further

reduction in positive elements of matrix a;;, we have:
[0 0 0 0 0 O]
1101 01
1 000 01
Ey= 01 02 51
0000 00O
3 3 2 3 0 3]
[0.25 0.125 0.125 0.125 0.125 0.25]
021 021 0.11 021 0.1 0.21
029 0.14 0.07 0.14 0.14 0.21
0.12 0.16 0.04 0.2 032 0.16
0.5 0.08 008 0.5 0.17 0.17
102 0.2 0.17 0.2 0.03 02 |
0 0 0 0 0 0 |
0.78 0.7 045 0.74 0.58 0.82
_ 1045 033 03 033 0.16 045
Es=1315 11 076 331 162 158 | e
0 0 0 0 0 0
1292 237 148 249 201 1.95]

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

K 0 0 0 0 0
0.19 0.17 0.11 0.18 0.14 02
p = 022 0.16 0.15 0.16 0.08 0.22
Y1027 0.1 0.07 029 0.14 0.14
0 0375 0 0.125 0.375 0.125
1022 0.18 0.1 0.19 0.15 0.14 |

The elements of the matrix £; show that there are
decreases in the values of the elements as a result of the
reduction in the positive values of the matrix a;; the third
time. For a fourth time reduction in the positive elements

of matrix a;;, we have:
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We can thus proceed to calculating the physiological
probability matrix, and this is shown below:

0 0 0 0 0 0

o 0 0 0 0 0
p_|0 0 0 0 0 0
71033 005 005 033 0.1 0.11

o 0 0 0 0 0

0.19 0.17 011 018 0.14 02 |

A further reduction in the remaining positive values

of elements of matrix a

ij

the sixth time we have:

0000 00
0000 00
s_|0000 00
410 001 40
0000 00
221 2 0 2]
025 0125 0.125 0125 0.125 0.25]
021 021 011 021 01 021
029 014 007 014 014 021
0.12 016 004 02 032 016
05 008 008 05 017 017
02 02 017 02 003 02
0 0 0 0 0 0
O 0 0 0 0 0
O 0 0 0 0 0
Ea=1012 004 036 22 1 0g4]| S0
o 0 0 0 0 0
1.85 153 096 1.61 129 1.85]

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

K 0 0 0 0 0
0 0 0 0 0 0
p - 0 0 0 0 0 0
v 1031 0.04 0.05 033 0.15 0.12
0 0 0 0 0 0
102 0.17 0.11 0.18 0.14 0.2 |
For a fifth time reduction in the remaining positive
elements of matrix a;;, we have:
[0 0 0 0 0 O]
0000 0O
E. = 0000 0O
10000 30
0000 0O
11 01 0 1]
[0.25 0.125 0.125 0.125 0.125 0.25]
021 0.21 0.11 0.21 0.1 0.21
029 0.14 0.07 0.14 0.14 0.21
0.12 0.16 0.04 0.2 0.32 0.16
0.5 008 008 0.5 0.17 0.17
102 0.2 0.17 0.2 0.03 02 |
K 0 0 0 0 0 ]
0 0 0 0 0 0
0 0 0 0 0 0
Es=l15 024 024 15 051 05100
0.78 0.7 045 0.74 0.58 0.82
[1.85 1.53 096 1.61 1.29 1.85 |

0000 00
0000 00
L _|0000 00
10000 20
0000 00
0000 0 0
025 0125 0.125 0125 0125 025]
021 021 0.1 021 01 021
029 014 007 014 014 021
0.12 016 004 02 032 0.6
0.5 008 008 05 017 0.17
02 02 017 02 003 02
00 0 0 0 0 ]
00 0 0 0 0
00 0 0 0 0
Es=|1 016 016 1 034 034|587
00 0 0 0 0
00 0 0 0 0

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 1% reduction, the difference in expectation values of
elements of the matrix is found by the analysis below:
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[2.02 124 089 1.7 1.04 1.65]
42 314 2 3.72 2775 3.87
E_E = 3.55 214 154 3.06 191 2.9
11728 36 241 7.16 4 4.76
301 1.77 1.18 273 198 239
16.63 495 3.1 561 432 6.14]
[0.45 041 03 033 0.16 0.45]
2.63 248 1.41 235 187 2.67
1.98 148 0.05 1.69 1.03 1.69
571 285 181 5.75 3.11 3.56
144 1.02 058 1.35 1.09 1.19
15.06 4.46 2.51 424 344 494
[1.57 0.83 0.59 137 0.88 1.2]
1.57 0.66 059 137 0.88 1.2
AE. = 1.57 0.66 059 137 0.88 1.2
1157 075 0.6 141 089 1.2
1.57 0.75 06 138 0.89 1.2
|1.57 049 0.59 137 0.88 1.2

The above matrix represented by AE ;| 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 AE, can be computed. This is done by applying the
mathematical expression shown below for each element
of the matrix represented by AE.

Hence, we have:

Percentage reduction =

Initial value of Final value of

elements of matrix £ element of matrix E % 100

Initial value of element of matrix £

Value of element of matrix AE, 100

Initial value of element of matrix £

Thus, the percentage reduction in elements of the

expectation matrix for first reduction in positive value
of element of matrix a;; by 1 becomes:

[77.7 66.9 663 80.6 84.6 72.7]
374 21 295 368 32 31
442 30.8 383 448 46.1 415
0 =
VAL, 21.6 208 249 19.7 223 252
522 424 50.8 50.5 449 50.2
123.7 99 19 244 204 19.5 ]

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

[2.02 124 089 1.7 1.04 1.65]
42 314 2 372 2775 3.87
355 2.14 154 3.06 191 2.89
1728 36 241 7.6 4 4.76
301 1.77 1.18 273 198 2.39

16.63 495 3.1 5.61 432 6.14)

0 0 0 0 0 0
1.56 1.56 0.89 147 1.15 1.64
09 0.82 059 065 031 09
443 199 129 455 237 257
0.37 039 0.17 033 045 041
399 354 199 336 272 391]

[2.02 1.24 089 1.7 1.04 1.65]
264 158 1.11 225 16 223
265 132 095 241 16 199
285 1.61 112 261 1.63 2.19
264 14 101 24 1.53 198

12.64 141 1.11 225 1.6 2.23]

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

Percentage reduction =

AE, =

Initial value of Final value of

elements of matrix £ element of matrix E, % 100

Initial value of element of matrix £

Value of element of matrix AE, 100

Initial value of element of matrix £
Hence, the percentage reduction for each element
becomes:

100 100 100 100 100 100 |
62.9 503 555 605 582 57.6
74.6 61.7 61.7 788 83.8 689
39.1 447 465 365 40.8 46
87.7 79.1 85.6 849 773 828

39.8 285 358 40 37 36.3]

AEz% =

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.

[2.02 124 0.89 1.7 1.04 1.65]
42 314 2 3.72 275 3.87

3.55 2.14 1.54 3.06 191 2.89
1728 3.6 241 7.16 4 476
3.01 1.77 1.18 273 198 2.39
16.63 495 3.1 561 432 6.14]
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[0 0 0 0 0 0
1.78 0.7 045 1.74 0.58 0.82
045 033 03 033 0.16 045
3.15 1.1 1.76 331 1.62 1.58
0 0 0 0 0 0

1292 237 148 249 201 19

1.65
3.05
2.44
3.18

[2.02 1.24
342 2.44
3.1 1.81
413 25

0.89 1.7
1.55 2.98
1.24 273
1.65 3.85
301 1.77 1.18 273 198 239
13.71 258 1.62 3.12 231 4.24]

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

Percentage reduction =

1.04
2.17
1.75

ARy = 2.38

Initial value of Final value of

elements of matrix £ element of matrix £, % 100

Initial value of element of matrix £

Value of element of matrix AE; 100

N Initial value of element of matrix £

Hence, the percentage reduction for each element of
the matrix AE; becomes,

100 |
78.8

100 100 100 100 100
814 777 715 80.1 78.9
873 84.6 80.5 892 091.6 844
56.7 694 68.5 53.8 59.5 66.8
100 100 100 100 100 100
56 521 523 55.6 535 69.1]

AE3% =

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.

[2.02 124 089 1.7 1.04 1.65]
42 3.14 2 3.72 2775 3.87
3.55 214 1.54 3.06 191 2.9
E-E,= 728 36 241 716 4 4.76
301 1.77 1.18 273 198 2.39
16.63 495 3.1 561 432 6.14]
0 0 0 0 0 0 |
0 0 0 0 0 0
0 0 0 0 0 0
212 024 036 22 1 1.84
0 0 0 0 0 0
| 1.85 1.53 096 1.61 129 1.35]

1.65
3.87
2.89
3.92
2.39
4.29 |

[2.02
4.82
3.55
5.16

124 0.89 1.7
3.14 2 3.72 275
2.14 1.54 3.06 191
336 2.05 496 3

3.01 1.77 1.18 2.73 1.98
1478 342 214 4 3.03

We then apply the equation:
Percentage reduction =

1.04

AE, =

Initial value of ~ Final value of
elements of matrix £  element of matrix £,

— - x 100
Initial value of element of matrix £

Value of element of matrix AE, 100

* Initial value of element of matrix £

To each element of the matrix AE,.

Hence, the percentage reduction for each element of
the matrix AE; becomes,

(100 100 100 100 100 100 |
100 100 100 100 100 100
100 100 100 100 100 100
70.9 933 851 693 75 824
100 100 100 100 100 100
(721 69.1 69.1 713 70.1 69.9)

AE% =

For fifth time reduction, we have

[2.02 124 089 1.7
42 314 2 372 275
3.55 2.14 1.54 3.06 191
728 3.6 241 7.16 4
301 1.77 1.18 2.73 1.98

16.63 495 3.1 5.61 432

1.65 ]
3.87
2.89
476
2.39
6.14

1.04

0 0 0 0 0 0
o 0 0 0 0 0
o 0 0 0 0 0
15 024 024 15 051 051
o 0 0 0 0 0
(078 0.7 045 074 058 0.82]

1.65 ]
3.87
2.89
425

[2.02 124 089 1.7
42 314 2 3.72
3.55 2.14 1.54 3.06
5.78 336 2.17 5.66
3.01 1.77 1.18 2.73 198 239
|5.85 425 2.65 487 3774 532

Applying the similar approach of analysis for
percentage reduction for each element of the matrix AE,
we have

1.04
2.75
1.91

AEs = 3.49
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100 100 100 100 100 100 |
100 100 100 100 100 100
100 100 100 100 100 100
794 933 90 79.1 873 893
100 100 100 100 100 100

1882 859 855 86.8 86.6 86.6]|

For the sixth time reduction, we have

AES% =

202 124 089 1.7 1.04 1.65]
42 314 2 372 275 3.87
355 214 154 3.06 191 2.89
E-E¢=1728 36 241 716 4 476
300 177 1.18 273 198 239
663 495 3.1 561 432 6.14)
0 0 0 0 0 0
0O 0 0 0 0 0
0 0 0 0 0 0
15 0.16 0.16 1 034 034
0O 0 0 0 0 0
o 0 0 0 0 0 |
(202 124 089 1.7 104 1.65]
42 314 2 372 275 3.87
AR _ |355 214 154 306 191 289
671628 344 225 616 3.66 4.45
301 1.77 1.18 273 1.98 239
1663 495 3.1 561 432 6.14]

Percentage reduction for each element of the matrix
AE gives
100 100 100 100 100 100 |
100 100 100 100 100 100
100 100 100 100 100 100
0/ — 0
AEG% 86.3 956 934 86 91.5 929 o
100 100 100 100 100 100

| 100 100 100 100 100 100 |

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.
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