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Abstract 
 
The environmental protection issue at the national level and within 
organizations is very complex, due to a multitude of involved factors. To take 
the most appropriate decisions in normal/critical situations, a series of methods 
of analysis have been elaborated and implemented. The work presents the 
Analytical Hierarchy Process - English acronym AHP - as a multi-criteria 
decision instrument for modeling the preferences representations. This 
methodological instrument, special dedicated for environmental group decision 
in the field of environment, is a useful one in the process of decision taking, 
making it less prone to the subjectivity of value judgments by using a set of prior 
consensual agreed relevant criteria. The proposed decision model helps 
decision-makers to highlight the hazards of different planned and unplanned 
pollutants discharges and to assess the possible environmental risk due to the 
significant pollution evolution in the context of organization site conditions. 
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1. Introduction 
 
The paper aim is to present a qualitative risk assessment methodology for the 
use at the organizational level to support organization management measures 
in order to prevent the irreversible environmental degradation [1]. It is based on 
Analytical Hierarchy Process (English acronym AHP), a multi criteria decision 
instrument for modelling the preferences representations. This type of 
methodological instrument, special dedicated for group decision, makes the 
decision process less prone to the subjectivity of evaluators’ value judgements 
by using a set of consensual, prior agreed relevant criteria. The paper 
discusses how this decision method can be used within organization.  
 
 
2.        Materials and Methods 
 
To decide means to have information, knowledge and experience about a topic 
and a set of criteria to analyze the available evidences. This way, an informed 
decision can be achieved in due time [2]. Usually each person can set its own 
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hierarchy of the chosen criteria according to their importance in its own view 
and distributes the available evidences for the decision topic to each ranked 
criteria according to his/her  preference based on his/her knowledge and 
experience. If this type of behavior is put into a reasoning scheme structure 
then, one can obtain what is usually called a multicriteria instrument for taking 
informed and reproducible decision. Within this reasoning scheme, first decision 
objectives should be analyzed. When a decision maker should take a decision 
he/she should respond to the question “what are the objectives to be 
accomplished?” Then a set of relevant criteria should be set based on which, 
the decision maker will choose one course of action or another knowing that 
each choice (alternative) has its own advantages/benefits and 
disadvantage/drawbacks [3]. At the organization level, anthropogenic actions 
can induce significant environmental impacts in the surrounding organization 
environment and according to the national and international law an 
environmental risk assessment may be required in order to assess the 
probability and the magnitude of pollution consequences. During periodic 
management analysis, the AHP methodological instrument can be a useful one, 
because it can help select the most efficient management alternatives able to 
mitigate the produced significant environmental impacts and eliminate and 
reduce their induced environmental risks. It can integrate information and 
experience from the entire organization, showing the relation between 
environmental policy objectives, primary criteria, sub-criteria and proposed 
available alternatives to fulfill those objectives making pair-wise comparisons 
among them [4]. In this paper for the sake of introducing this type of 
methodological instrument a following example will be given. Suppose that 
within an organization there are three plants named R1, R2 and R3 that should 
be analyzed for their produced environmental significant impacts and possible 
environmental risks. Suppose that “m” (m=3) alternatives/environmental risk 
scenarios R1,.., Rm, have been proposed associated with the pollution brought 
in certain conditions by the three plants. Using AHP methodology they should 
be ranked in order to make appropriate mitigation measures. The 
alternatives/risk scenarios will be named R1, R2 and R3. At the organization 
level, relevant environmental performance indicators records according with 
EMAS III [5] (English acronym for Environmental Management and Audit 
Scheme) and ISO 14031:2013 standard [6], are kept on regular basis. In this 
situation, we supposed that „n” (n=3) decision criteria C1,.., Cn, can be chosen 
representing precisely those types of indicators namely ECI (English acronym 
for Environmental Performance Indicators), OPI (English acronym for 
Operational Performance Indicators) and MPI (English acronym for and 
Management Performance Indicators). They have been recommended to be 
used in any environmental management analysis for any organization having in 
place an EMS (English acronym for Environmental Management System) which 
is also the case of the presented organization. The criteria will be used to 
construct a hierarchy for assessing and ranking the alternatives/environmental 
risk scenarios having the objective presented in Table 1. 
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Table 1. Hierarchical structure for environmental risk assessment 
 

OBJECTIVE 
LEVEL 

Management of the environmental risks induced by significant pollution having as source 
each of the three installations R1,R2 and R3 in the three proposed risk scenarios named 

R1, R2 and R3 
Criteria level C1=ECI C2=OPI C3=MPI
Alternative/Scenario 
level 

Scenario 
R1/Alt R1 

Scenario 
R2/Alt R2 

Scenario 
R3/Alt R3 

Scenario 
R1/Alt R1 

Scenario 
R2/Alt R2 

Scenario 
R3/Alt R3 

Scenario 
R1/Alt R1 

Scenario 
R2/Alt R2 

Scenario 
R3/Alt R3 

 
Using a scale given by Saaty who first presented this type of multicriteria 
methodology, a score for different lexical expressed judgments is given by each 
evaluator. Each evaluator should be able to express his/her preferences when 
comparing two criteria or alternatives/risk scenarios one relative to another. The 
score significance from the Saaty scale is presented next:  

Score 1 - Equally important  

Score 3 - Slightly “more important”  

Score 5 - Moderate “more important” 

Score 7 - A lot “more important”  

Score 9 - Absolute “more important”  

Score 2, 4, 6, 8 - Intermediate values - in-between two adjacent score values of 
this scale might be also used [7]. When in a pair wise comparison the relative 
importance of one object against the other is abolished then, the two objects 
equally contribute to the objective fulfillment (and this score is equal to 1). A 
practical example is given in Table 2. If two objects (either alternatives/risk 
scenarios or criteria) should be compared one to another then, the evaluator 
should express his/her preference for the most valuable/important one using the 
above-mentioned scale within a matrix named “pair wise comparison matrix” 
having rows and columns labeled with the compared objects. When the 
Alternative/Risk Scenario in the row is more important than the Alternative/Risk 
Scenario in the column considering criterion C1 then the entry pA,C in the matrix 
for example is greater than 1 (pA,C=2). If this is not the case (as in pA,B=1/3) 
then, alternative/risk scenario in the row is less important than alternative/risk 
scenario from the column. A relevant simulated numerical example is presented 
next. 
 
Table 2. Example of pair wise comparison matrix for alternative R1, R2 and R3 

and criterion 1 
 

Criterion C1 AlternativeR1/Risk 
scenarioR1 

Alternative R2/Risk 
scenario R2 

Alternative R3/Risk 
scenario R3 

Alternative R1/ 
Risk scenario 

R1 

pA,A=1 
pA,A=1.000 (in decimal 
format) 

pA,B=1/3 
pA,B=0.333 (in decimal 

format) 

pA,C=2 
pA,C=2.000 (in decimal 

format) 
Alternative R2/ 
Risk scenario 

R2 

pB,A=3 
pB,A=3.000 (in decimal 

format) 

pB,B=1 
pB,B=1.000 (in decimal 

format) 

pB,C=6 
pB,C=6.000 (in decimal 

format) 
Alternative R3/ 
Risk scenario 

R3 

pC,A=1/2 
pC,A=0.500 (in decimal 

format) 

pC,B =1/6 
pC,B =0.167 (in decimal 

format) 

pC,C=1 
pC,C=1.000 (in decimal 

format) 
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3.        Results and Discussion 
 
We supposed that an organization having an implemented EMS wants to 
analyze its environmental performance indicators for the three installations. The 
purpose of this analysis using AHP is to characterize the environmental risk for 
the aquatic environment induced downstream on populated areas by the 
organization discharges. This is a very common encountered issue in a large 
majority of organizations around the globe [8]. Those three plants have similar 
output profile and accordingly similar pollutants’ discharges. They discharge 
through the organization wastewater treatment plant that initially was designed 
to fit the organization necessities to reach the permit limits. However, in the last 
two years, changes in the output levels of those plants have been produced to 
respond to the increased market demands. They have been reorganized and 
technological improvements have been made but without adjustments for the 
environmental protection equipments. Consequently, the Maximum Allowable 
Concentration (English Acronym MAC) limits considered protective for the 
aquatic ecosystem have been exceeded on regular basis. In order to put in 
place supplementary protection barriers [9] to help eliminate those pollutants 
from its discharges, the organization wants to make some BAT type 
investments for environmental protection. In this respect, the organization 
invited at the yearly periodically EMS management analysis the main interested 
parties to form a panel to evaluate which installation of those three ones brings 
more pollution and is more risky for the local environment. The panel evaluators 
are: the environmental responsible persons from each installation R1, R2, and 
R3, the organization environmental manager and a representative from the 
Local Environmental Agency. Each of the panel evaluators received records of 
values for ECI, OPI, and MPI type of indicators corresponding to the last year 
monitoring of the three plants. They should base their evaluations on the 
analysis of their intrinsic or relative values and trends. Next are given examples 
of such types of indicators used by the evaluators in order to apply this 
methodology which has been prior instructed in a short two-days instruction 
course They are of the same type for the three installations namely: 

1.  Example of ECI type indicators: The amount of specific pollutants 
discharged per year.  

2. Example of OPI type indicators: Amount of existing adequate BAT 
treatment equipments /technologies in place and functional reported to the 
amount of necessary adequate BAT treatment equipments/technologies 
necessary  

3. Example of MPI type indicators: Amount of money spent on fines in 
relation with the exceeding the permit values. 
 

The evaluators were asked to rank the alternatives representing risk 
scenarios according to the available criteria C1, C2, and C3 type using each 
criteria at a time. The available given organization records and evaluators’ 
knowledge and experience in the field will support the assessment of the 
proposed R1, R2, and R3 scenarios. The assessment will give the necessary 
inputs to make appropriate environmental investments in order to mitigate or to 
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reduce the induced environmental pollution risks. Their mature judgments will 
evaluate the premises for the amplification of pollution consequences for the 
downstream community in the next year supposing that the indicators will have 
approximately the same evolution as in the last year using AHP prior instructed 
methodology. They are required to fill in the pair wise comparisons matrices 
forms for criteria and alternatives/risk scenarios and their inputs will be 
automatically processed according to AHP [7]. A pair wise comparison matrix 
“C1,2,3-I” for the C1, C2, and C3 criteria and the Evaluator I is given in Table 3 as 
an example of how the forms should be filled in. It expresses the preference 
given to each criterion by Evaluator I when considering their importance in their 
own view. 

 
Table 3. Pair wise comparison matrix “C1,2,3-I” (3x3) in fractional format - an 

example 
 

Evaluator I C1 C2 C3 
C1 1 2 4 
C2 1/2 1 3 
C3 1/4 1/3 1 

 
The similar matrix is filled in by each evaluator for ranking criteria and 

alternative risk scenarios. Finally introducing the data in AHP automated 
algorithm, the three environmental risk scenarios have been ranked according 
to the evaluators given inputs. The obtained computed score allowed the 
following ranking: Alt R3/Risk Scenario R3 first place, followed by Alt R1/Risk 
Scenario R1 in second place and Alt R2/Risk Scenario R2 in third place.  

To carry out this analysis the evaluators considered that: the 
environmental risk is a function of hazards, defined in this context as being the 
discharges into the aquatic ecosystem of one or more pollutants at 
concentrations greater than the permit or MAC limit. Worldwide, the endeavor to 
monitor and model the pollutants faith as well as to find adequately technologies 
for waste water to remove pollutants has as purpose to take adequate 
management measures for maintaining the good quality of the aquatic 
ecosystem water-body [12],[13],[14]. Evaluators have chosen the scenario R3 as 
increasing the premises of the amplification of pollution consequences in the 
given conditions followed by the scenarios R1 and R2 based on available given 
evidences in relation to the prior consensual agreed criteria. The obtained 
scores for the three risk scenarios are in good agreement with the proposed 
example constraints.  
 
4.         Conclusions 
 
The proposed decision model helps decision-makers to highlight the pollution 
hazards and to assess the possible environmental risk in the context of 
organisation site conditions. It has the following advantages:  

1) it can involve in a democratic manner the employees/stake-holders in 
decision making process as required by EMAS III and EMS ISO 14001:2005 
standards;  

2) it increases the organization accountability making the evaluation less prone 
to subjectivity by using prior agreed criteria.  
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Implementation of it at the organizational level should be further developed 
being an appropriate instrument for putting in practice the latest environmental 
law and standards requirements.  
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