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af ABSTRACT 

In this paper we have determined the degrees of harm caused by dust and 
toxicants by application of AHP. which provides the data necessary for 
harm treatment programming in Tianjin. 

1. introduction 

Dusi and toxicants do a lot of harm to the health and even lives of 
workers who work in a polluted environment. To protect the workers by 
treating the harm step by step according to the plan is a major policy 
decision of Tianjin municipality. 

The aim of our harm treatment programming is how to obtain the best 
effect of the treatment at the limited expenses. We interpret the 
treatment effect as annihilating the harm, and the best treatment effect, 
the maximum amount of annihilated harm. Therefore, it is necessary to 
describe quantitatively the harm caused by dust and toxicants, which we 
refer to as the "degree of harm". According to related experts, the 
degree of harm depends on the following five factors: 

• The supernormal multiple (i.e. 

The maximum value under supervision 1), 
The standard value under supervision 

• The number of victims; 
• The number of the sick; 
• The ratio of the number of people under supervision to the total 

number of victims; 
• The number of the dead. 

Therefore, it becomes the key problem in harm treatment programming to 
determine scientifically the weights of these five factors individually 
and thereby to find the degree of harM as a measurement scale of all 
sorts of harm. We have got satisfactory results in applying AHP to 
determination of degrees of harm caused by dust and toxicants. 

In this paper, we shall first develop the mathematical model for harm 
treatment programming, and then describe how to use AHP to find the 



degrees of harm. 

2. Mathematical Model for Harm 
Treatment Programming 

The treatment that meets our state standard means that the amount of dust 
and toxicants contained in a working environment is not gone beyond the 
standard. For instance, the lead smoke shouldn't exceed the standard 
vIlue 0.03 mg/ma. 
The mathematical model for harm treatment programming is as follows: 
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z, represents the total amount of harm caused by dust and 
toxicants; 

n, the number of factories which need to clear their working 
environments of harmful substances; 

j, the ordinal number of factories which need to treat their 
working environments; 
the ordinal number of dust or toxicants; 
the set of dust and toxicants in factory No.j; 

the degree of harm caused by dust or toxicants No.i in 
factory No.j; 

k, the municipal investment in harm treatment; 
k.., the investment necessary to make dust or toxicants No.i in 17 

factory No.j meet the state standard; 
s, the set of dust or toxicants that must be treated in at least 

one of the factories. 
r 1 means that factory No.j does treat its dust or toxicants 

x. = No.i according to the state standard; ij 
0, otherwise. 

3. Determination of the Degree of 
Harm by means of AMP 

Negreesofharmcij are one of the most important parameters in the 

mathematical model for harm treatment programming. The degree of harm 
act's as the first hierarchy level. There are 23 sorts of dust and t. 
toxicants under consideration. They are grouped into four clusters, of 
whi'ph the second hierarchy level is make up. The four sorts ofidust fall 
in Fine cluster, while the rest 19 toxicants are subdivided into three 
clusters according to their toxic deirees. The third level consists of 
the specific 23 sorts of dust and toxicants. As shown in the figure 1, 
the lowest level has the five factors described earlier. 
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TO give the pairwise comparison judgment matrix is a problem to be solved 
by a group of experts. We shall use_the following method to obtain the 
unique judgment matrix on the basis Of_gathering and unifying the experts' i opI nions. f 

- 

If an entry of the judgment matrix is given the same value by over 70% of 
the experts,- the value of the entry is considered, to be the last judgment 
value. 

Otherwise, if the experts give different values xl, x2, --, xm to an 
i 

to an entry of the judgmeni matrix, we shall first find the solution x*
to the problem 

Min W us I (xi -x)2
1.21 

(5) 

and then solve, the problem 

- His (Ix 1 1 1 1 '-v.1 (6) 
• 

The results of numerical experiments show that consistency of' the judgment 
matrices is considerably satisfactory. 

The weights of the five factors of the lowest level have been obtained: 

d1 (of supernormal multiple), 

d2  (of the number of victims), 

d3 (of the ratio of the number of people under supervision to the 
number of victims), 

44 (of the number of the sick), 

d5 (of the number of the dead). 

Most of the experts and experienced workers we consulted are satisfied 
idch the results above. 

The cij computing procedure is as follows: . 

,(k), 1(16 kP1,2,3,4,5 (7) ij 

1(k) 
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L01) ' ij 

(k) c
ij 

- d
k
u
ij 

, 
1=1 

(k) Where L
i denotes the sum of values of factor No.k (in all the factories) 

caused by dust or toxicants No.i. 
(k) L1j is the value of factor No.k (at factory No.j) caused by dust or 

toxicants No.i. 

a 



At the conclusion of this paper we would like to express our heartfelt 
thanks to Engineers Liu Zonghan and Qi Changming for their enegetic help 
and cooperation. 
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