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I. Integrated Environmental Assessment: Impact, Risk and Health Hazards 
 

I.1. Environmental Impact Assessment 
I.1.1. Ecological and Environmental Impact: From general to particular  

 There is a continuously increasing interest for the environmental impact assessment (EIA), 

especially in light of our commitment to the sustainable development. Parallel to this increasing 
interest, the countries all over the world introduced continuously tightening environmental legislations. 

The development and practical implementation of the EU directive 85/337 accelerated the spreading 
of the environmental impact assessment in the European Union (CD, 1985). The environmental impact 
assessment is a process which includes several key steps as follows: project screening, scoping, 

consideration of the alternatives, project actions, description of the baseline conditions, impact 
identification, prediction of impacts, evaluation of the significance, public consultation, negotiat ions 

with authorities, review, recommendations on mitigation measures, decision-making and monitor ing. 
The environmental impact identification techniques are: checklists, matrices, quantitative methods, 
networks and overlay maps (Glasson, 1995; Mocanu et al., 2012; Rédey et al., 2002). The 

environmental impact assessment (EIA) is a compulsory evaluation instrument for environmenta l 
management and decision making processes and applies to different phases of activities (plans, 

programmes, projects and /or existing production or services), because it measures the natural and 
anthropogenic activities effects upon the environment. These impacts may affect the cultural richness, 
biodiversity, social-economic conditions and human health as well as the ecosystem equilibr ium.  

Environmental Impact Assessment (EIA) is usually defined as a mandatory assessment procedure that 
analyses and evaluates the impacts that human activities can have on the environment (Toro et al., 

2013). The environmental impact assessment is defined by the International Association of Impact 
Assessment (IAIA) as the “identification, estimation, evaluation and mitigating of the significant 
effects of the development projects” (Mondal et al., 2010). EIA uses several types of instruments and 

applies to different phases of activities (projects and /or existing production and services processes), 
may be applied on a local, national or international scale and has as main deliverable a form of 

Environmental Impact Statement (EIS) (UNEP, 2002). The environmental impact evaluation relies on 
both qualitative and quantitative impact evaluation methods that are being used to assign (qualitative ly) 
or compute (quantitatively) numerical values for the environmental impacts (Buytaert et al., 2011; 

Singh et al., 2012).  
The international protocols emphasize that one should not act or authorize anthropogenic 

activities without a serious analysis of the possible negative effects produced to the environment. In 
some agreements it is mentioned that the environmental impact and risk assessments are working 
together only. Comprehensive assessments, usually link environmental impact assessment (EIA) with 

risk assessment (RA) so as to help decision-making processes in water resources management 
(Teodosiu et al., 2012). Traditionally, risk assessment (RA) refers only to human health (origina l ly 

referred to occupational health, then public health and safety) but recently it was extended to the 
environmental level, including freshwater and marine ecosystems (Lexer et al. 2006; Kiss and Shelton, 
2007; Teodosiu et.al, 2013).  Human actions frequently lead to degradation of the environment. 

Environmental impact assessment is a process that takes into account any change of environmenta l 
quality, due to emissions resulted from industrial activities, and not only. It also aims to evaluate 

whether the contamination causes an impact for any receptor, in this case air, soil and water, and 
establishes the measures and actions needed, so that, the impact from residual contaminants is in 
acceptable limits (Governmental Order, 2002; Ministerial Order, 1997, 2002, 2006; Technical Norms, 

2002).  



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   6 

 
 

Traditionally, the environmental impact assessment (EIA) considered in its process the 

identification of impacts associated with planned activities or projects, and, later on, industr ia l 
activities (Alton and Underwood, 2003; Robu et al., 2007; Robu and Macoveanu, 2010). One of the 
purposes of EIA is in advance to identify and evaluate the important environmental consequences of 

proposed projects. As a concept of EIA, the impact should be documented and predicted as well in 
advance as possible. EIA is also a process that provides information about the new projects, plans or 

programs to decision makers. Both of these targets benefit if decent EIA methodology is used to 
present and organize the high number of variables that an assessment process may produce (Bailey, 
1997; Bezlepkina et al., 2011; Stoate et al., 2009). The EIA is broadly done by three procedures: the 

strategic environmental impact assessment (SEA) applied to evaluate the impact of plans, programs, 
policies or strategies that could negatively influence the environment, EIA for new projects and it is 

based on impacts prediction, and the last, the EIA for industrial and related activities and it is based on 
identification of impacts associated with emissions generated in air, soil, water (Fig.1-2) (Robu and 
Macoveanu, 2009, 2010; Robu et. al, 2009). Nowadays, there is a big issue to promote the neither 

integrated nor quantitative methods that can offer more objective results concerning the environmenta l 
impacts generated by operating activities. The new perspectives refers to the efforts of scientists to 

assess the industrial activities in an integrated manner, considering the impact and associated risks 
induced in environment, multi-criterial analysis, nor to make the quantitative assessment more 
accessible and easier to be applied, such as digitizing the conventional methods (Kuitunen et al., 2008; 

Leopold et al., 1971; Linkov et al., 2007). 
 

 
 

Fig.1. Procedures for EIA 
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Fig.2. Practical steps in EIA 
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I.1.2. Methods for Impact Assessment: Evaluation and Quantification 

I.1.2.1. Introduction 

In the environmental impact assessment, simple qualitative methods can be easily applied, by 
working with criteria capable to identify and evaluate the likely environmental changes caused by 

specific activities such as projects. More than that, the affected community must be informed and 
invited to debates before the decision making process regarding the project implementatio n is 

accomplished. The quantitative methods establish the relative importance/significance of 
environmental impacts by weighting, standardizing the impacts to define a complex index. One of the 
methods is the environmental evaluation system which calculates the cumulative environmental impact 

units for a given project alternative on the basis of the importance of the environmental parameters 
(parameter importance weighting) and environmental quality indices (Petts and Eduljee, 1994). Toro 

et al. (2013) have analysed the limitations of the qualitative environmental impact assessment methods 
with the purpose to reduce the uncertainties and subjectivity in the assessments regarding the impact 
importance. Thus, they propose to calculate the total importance of the impact (ImpTotal) by pondering 

the project importance (ImpPro), the importance of the activity that generates the impacts (ImpAct), 
as well as the importance of the vulnerability of the environmental factors (ImpVul). This proposal has 

the advantage of calculating the total impact, based on a wider range of information.  
The main methods used to quantify the environmental impact are based on matrixes, such as 

Lepold’s matrix, Batelle Columbus method or matrix of rapid environmental impact evaluat ion 

(REIM). The current methods used for environmental impact quantification are characterized as very 
subjective, and if not, are very labour and difficult to be used by other environmental experts (Kuitunen 
et al., 2008; Linkov et al., 2007; Robu and Macoveanu, 2009, 2010). For example, the matrix of 

Leopold, proposed immediately after the promulgation of NEPA, in 1971, by a research group from 
United Stated Department of the Interior – Geological Survey, is more a procedure for evaluating the 

environmental impact than a method for quantitative assessment (Leopold et al., 1971). Other method 
wildly used for environmental impact assessment is Rapid Impact Assessment Matrix, that is also 
focusing on assessing the new projects for improving the decision making process and to consider right 

from the planning step all the environmental aspects that are likely impacts generating (Kuitunen et 
al., 2008; Linkov et al., 2007; Robu and Macoveanu, 2010; Sandham and Pretorius, 2008). The 

methods for impact quantification proposed lately by the scientists refer to the qualitative modelling 
for integrated assessment (http://www.consideo-modeler.de/english/schoolsand-universities.html; 
http://www.imodeler.net/iMODELER/iMODELER.html), nor to the multi-criteria assessment 

decision support system – MCA-DSS (Schetke et al., 2012), nor to the different data base developed 
within European Projects as soft: PLUREL, TOSIA etc. (Plurel, 2011), but the new method, program 

or model proposed for environmental impact quantification are applied only in western and northern 
countries from Europe, while in eastern Europe these methods are hardly accessed and used. 

The method of Rapid Impact Assessment Matrix (RIAM) is often used in the environmenta l 

impact quantification of projects or new activities. Kuitunen et al. (2008) conducted a study that 
focused on the comparison of results generated by RIAM applied for new projects or activities within 

EIA process and the results generated within Strategic Environmental Assessment (SEA). The results 
are comparable and reliable for both situations thus the method proved to be an objective one. Also, 
Ijas et al. (2010) applied the RIAM method for projects/new activities, quantifying the positive and 

negative impact, while other authors such as Mondal et al. (2010) quantified the environmental impact 
assessment of different municipal solid wastes from Varanasi India, and Upham and Smith (2013) 

quantified the environmental impact (positive or negative) in the case of biofuel energy production 
considering the European Commission recommendations for renewable resources. 
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 I.1.2.2. Methods for Impact Assessment: Evaluation and Quantification 

Environmental impact assessment is nowadays very much improved and adapted to be applied 
for various situations (Stefanescu et al., 2013), and, developed for using different air, soil or water 
quality indicators. The most applied conventional methods are: a) Rapid Impact Assessment Matrix, 

b) Leopold’s Matrix, c) Global pollution index, d) integrated method. The impact is generally 
defined as the magnitude (severity) of negative effects induced on environmental quality by certain 

pollutants or emissions, and, in Eastern Europe, the main methods applied for environmental impact 
quantification are: method of global pollution index (Budianu et al., 2010; Horaicu et al., 2009; 2010), 
integrated method for quantification of environmental impact and associated risk (Barjoveanu et al., 

2010, Carlig et al., 2008, Cojocariu et al., 2011; Schiopu et al., 2009) and matrix of rapid impact 
assessment (RIAM) (Robu et al., 2007; Robu and Macoveanu, 2010). The purpose of new studies in 

this field was to make the process of environmental impact quantification more efficient and easily to 
be applied, and, in the same time, more objective. Thus, one of the conventional matrixes (RIAM) 
used to quantify the environmental impact was digitized, taking into account only the case when the 

pollutants are generated by industrial activities, so that the concentration of pollutants discharged into  
the environmental components can be measured, and not predicted. Comparing with the conventiona l 

ones, the digitized method becomes more objective and it facilitates the decision making process when 
establish further Environmental Management Plan or Program. 

 

A. Rapid Impact Assessment Matrix 

The method Rapid Impact Assessment Matrix (RIAM), developed by Kuitunen et al. (2008) 
and Sandham and Pretorius (2008), and digitized by Suditu and Robu (2012) takes into consideration 

two types of criteria: criteria of group A (A1 and A2) that can individually influence the final results, 
and criteria of group B (B1, B2, B3) which cannot individually influence the final environmental score 

(ES). Criteria (A1) refers to the importance of assessed project/activity/condition. While (A2) 
considers the magnitude of negative effects induced in environment. Criteria of group B refers to 
permanence (B1), reversibility of negative effects/pollution (B2) and cumulatively character of the 

measured pollutants (B3). The values for criteria A and B were assigned based on measures 
concentration of each pollutant, as an average of multiannual measurements and compared with 

maximum limits established by environmental standards. In the case of criteria A1, value 4 was 
assigned for measured concentrations between alert threshold and maximum limit, and value 3 was 
assigned in case of measurements under alert threshold. Criteria A2 has the value (-3) in the case of 

measurements higher than maximum limits, while the value (-1) was assigned in the case of measured 
concentrations under alert threshold. Considering the criteria B, value 1 was assigned when the 

measured concentration was under alert threshold, while value 3 was assigned when the measured 
concentration was higher than the maximum limits according to environmental standards (Fig. 3). The 
impact is expressed, in this case, as Environmental Score (ES) calculated as presented in Eqs. (1-3): 

(A1) x (A2) = AT       (1) 
 

(B1) + (B2) + (B3) = bT      (2) 
 

(AT) x (bT) = (ES)       (3) 

 
The analyses of each environmental component are made in compliance with the description 

of criterions presented in Table 1. Conventional, the RIAM method needs defining the specific 
components of evaluation, through a very detailed process of justifying the categories (Kuitunen et al., 
2008; Robu and Macoveanu, 2010).  
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Fig.3. Working principles in impact assessment 

 
To apply the described assessment method, for each project alternative, a matrix will be made, 

including cells that show the criterions used, in comparison with each assessed environmenta l 

component. In each cell the assigned grades for individual criterions are presented, and, following the 
equations (1-3), the environment score (ES) is obtained, as described in Table 2. The new approach 

was in case of industrial emissions the criterion A2 considers negative values only (the values marked 
with grey in Table 1.1). It was assumed that for industrial activities where various emission containing 
different pollutants result, there is a negative influence on environmental quality. Thus, for the 

magnitude of the change / effect, in this case of pollution, values between 0 and (-3) are assigned 
(values in grey) (Tables 1.-2).  

 
Table 1. Description of criteria (conventional) (Kuitunen et.al, 2007) 

Criterion Scale Description 

 
A1 - The importance of the 
condition 

4 Important for the national/international interests 

3 Important for the regional/national interests 

2 Important only for the zones found near the local zone 

1 Important only for the local condition 

0 No importance 

 
 
A2 - The magnitude of the 
changing/effect 

+3 Major importance benefit 
+2 Meaningful benefit of the quo status 

+1 Benefit of the quo status 

0 Lack of change/status quo / no influence 

-1 Negative change of quo status 

-2 Significant disadvantages or negative changes 

-3 Major disadvantages or changes 

 
B1 - Permanence 

1 No changes 
2 Temporary 

3 Permanence 

 1 No changes 
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B2 - Reversibility 2 Reversible 

3 Irreversible 

 
B3 - Cumulatively 

1 No changes 

2 Non-cumulative/unique 

3 Cumulative/synergetic 

 

Table 2. The conversion of the environmental scores in categories 

Environmental score Class Description of the category 

+72 to +108 +E Major positive changes/ impact  

+36 to +71 +D Significant positive changes/ impact 

+19 to +35 +C Moderate positive changes/ impact 

+10 to +18 +B Positive changes/ impact 

+1 to +9 +A Slight positive changes/ impact 
      0 N Lack of change/status quo/ no impact 

-1 to -9 -A Slight negative changes / impact  

-10 to -18 -B Negative changes / impact 

-19 to -35 -C Moderate negative changes / impact 

-36 to -71 -D Significant negative changes / impact 

-72 to -108 -E Major negative changes / impact 

    
 To assure an evaluation system with more certainty, the environmental scores (ES) are 
classified so that a comparison of impacts for each assessed situation can be done. The RIAM method 

was applied as computer program that allows rapid and facile evaluation of different projects and 
alternatives. Due to its capacity of using qualitative data, the method can be applied at different levels 

over the cycle of development, assuring in this way the orientation onto the possible positive and 
negative effects in a way more efficient than other methods. It has to be mentioned that the 

conventional method was improved and adapted to be applied for operating industrial activities 

too, and, furthermore digitized, thus it is very facile and convenient to be applied for various 
emissions generated by industrial activities. The digitization process consists in a big advantage of 

RIAM method, improving the decision making process regarding the need of measures and actions for 
pollution prevention and control. To facilitate the laborious work in the quantification process and also 
to remove the subjectivity of the method in quantifying the environmental impact, an Excel application 

was elaborated as a program that allow the quantification of negative changes or impacts of various 
pollutants firstly on one environmental component (such as on air, soil, sediments, ground and surface 

water), and secondly on global environment. This program doesn’t involve the application of new 
functions or new working methods from Excel, but it is a logic algorithm based on equations described 
before. This new application proposed herein refers to the quantification of the impacts (negative 

changes) induced on environmental components (air, soil, sediments, ground and surface water) by 
industrial activities, and it considers only the negative changes as a result of pollutants emissions 

generated by different activities. To achieve this purpose (the quantification of environmental impact 
generated by pollution from industrial activities), the assigning of grades for criteria A and B, a new 
data base including all quality indicators and their maximum allowed concentrations, established by 

national standards was elaborated. If one of the quality indicators included in this data base is not for 
interest in quantification process and there is no limit established by national norms, then the message  

is no norms and the quality indicator is not considered further more in the quantification process (Fig. 
4).  
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Fig. 4. Quality indicators used in quantification process: NTPA is national technical norm 
according to which the maximum allowed concentrations (MAC) are established 

 
The main working sheet is based on a table that contains in the first column the environmenta l 

component assessed, quality indicators used for environmental quality characterization and the 

technical norms to which each measured concentration of the quality indicators is compared. The 
evaluators can choose from a list the assessed environmental component and specific quality indicators 

analysed (Fig. 5-7).  
 

 
Fig. 5. List of  environmental components assessed 
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Fig. 6. Lists of quality indicators specific to each assessed 

environmental component 
 

 

Fig.7. List of technical norms used to establish the maximum allowed 
concentration (MAC) 

 
From figure 7 it can be observed that the last column, MAC check if the environmenta l 

component, quality indictors and technical norm have been right associated, if not, the error message 

is wrong association (Fig.8). 
 

 
Fig. 8. Example of message in case of wrong association 

 

The RIAM method was applied as computer program that allows rapid and facile evaluation of 
different projects and alternatives. Due to its capacity of using qualitative data, the method can be 
applied at different levels over the cycle of development, assuring in this way the orientation onto the 

possible positive and negative effects in a way more efficient than other methods. It has to be 
mentioned that the conventional method was improved and adapted to be applied for operating 

industrial activities too, and, furthermore digitized, thus it is very facile and convenie nt to be applied 
for various emissions generated by industrial activities. This consist in a big advantage of RIAM 
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method, improving the decision making process regarding the need of measures and actions for 

pollution prevention and control. In digitized method, the MAC values is displayed using the excel 
functions IF, AND, OR being chosen with LOOKUP excel function, from the data base sheet in 
concordance with national norms for considered quality indicators and environmental component (air,  

soil surface and ground water). In the working table from the main sheet, the measured concentration 
of each quality indicator considered in respect with environmental component can be entered. The 

measured value is compared with MAC, and then the grades for each criterion are automatically 

assigned considering the following algorithm: 
1. Criterion A1: 

- if the measured concentration of considered quality indicator is zero, then the assigned grade is zero; 
- if the measured concentration of considered quality indicator is half of the alert level value (50% of 

A.l), then the assigned grade is one; 
- if the measured concentration of considered quality indicator is higher than the 50% of alert level 
value, but lower than Alert level (calculated as 70% of MAC), then the assigned grade is two; 

- if the measured concentration of considered quality indicator is higher than the alert level value, but 
lower than MAC, then the assigned grade is three; 

- if the measured concentration of considered quality indicator is higher than MAC, then the assigned 
grade is four. 
2. Criterion A2: 

- if the measured concentration of considered quality indicator is zero, then the assigned grade s zero; 
- if the measured concentration of considered quality indicator is under alert level, then the assigned 
grade is (-1); 

- if the measured concentration of considered quality indicator is higher than alert level, but lower than 
MAC, then the assigned grade is (-2); 

- if the measured concentration of considered quality indicator is higher than MAC, then the assigned 
grade is (-3). 
3. Criteria B1, B2, B3: 

- if the measured concentration of considered quality indicator is under alert level, then the assigned 
grade is one; 

- if the measured concentration of considered quality indicator is higher than alert level, but lower than 
MAC, then the assigned grade is two; 
- if the measured concentration of considered quality indicator is higher than MAC, then the assigned 

grade is three.  
 

After the process of assigning the grades for each criterion in respect with measured 
concentration of considered quality indicators is complete, the next step is to quantify the 
environmental score (ESi) in respect with each quality indicator i, after that the environmental scores 

for each environmental component (ESec) assessed is calculated as average of (ESi), and tin the end 
the final environmental score is obtained (Eqs. 4-6). 

   
iiiii

BBBAAESi 32121 
    (4) 

n

ES

ES

n

i

i

ec


 1

      (5) 
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5

5

1





j

ec j
ES

ES
      (6) 

where: A1i – grade of criterion A1 assigned considering quality indicator i, A2i – grade of criterion A2 
assigned considering quality indicator i, B1i – grade of criterion B1 assigned considering quality 

indicator i, B2i – grade of criterion B2 assigned considering quality indicator i, B3 i – grade of criterion 
B3 assigned considering quality indicator i, ESi – environmental score quantified for each quality 
indicator, ESec – environmental score of environmental component, ES – final environmental score, 

j–environmental component considered in the quantification process (air, soil, sediments, ground and 
surface water). 

To facilitate the interpretation of final results, to each environmental score it corresponds a 
colour. Thus, if the ES is zero then the cell is white, if the ES is within the range (-1) and (-9), then the 
used color is yellow, if the ES is within the range (-10) and (-18), then the cell is coloured in orange, 

and, finally, if the ES is higher than (-19), then the cell is coloured in red, and this means a major 
impact / negative effect, change on environmental quality (Figs.9 -10). In this way the results can be 

easily analysed and the decision making process is improved, considering the fast method to quantify 
the environmental impact (Fig. 11). The excel functions used to quantify the environmental score for 
each assessed environmental component, in respect with each quality indicator i considered are: 

SUMIF, COUNTIF and AVERAGE. 
 

 
Fig.9. Colours associated to environmental scores 

 

 
Fig. 10. Environmental score for environmental component and quality indicator: 

ESec and ESi 
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Fig. 11. Description of environmental scores 

 

According to the general definition the data validation is the process of ensuring that a program 

operates on clean, correct and useful data, it checks for correctness, meaningfulness, and security of 
data that are input to the system. Data validation checks that data are valid, sensible, reasonable, and 
secure before they are processed (Bushel et al., 2001). Usually, the different models of digitiza t ion 

systems should provide information on the effectiveness of their techniques, which does not always 
match the performance of the real models. It is necessary to know the accuracy of the data and the way 

in which these models have been created, so that researchers and users of the digital models should be 
aware by the error of such systems or models.  

In this case of digitization of environmental impact quantification, considering as starting point 

the conventional method Rapid Impact Assessment Matrix (RIAM), it is assured that the mathematica l 
steps are solved properly, the proposed algorithm is followed without errors, and Data validation 

guarantees to this application has every data value correct and accurate. For data validation of proposed 
application the database constraints were conducted. There are several types of data validation: data 
type validation, range checking, code checking, complex validat ion 

(http://msdn.microsoft.com/enus/library/aa291820 (VS.71).aspx). The simplest form of data 
validation is verifying the data type, and it was checked the input of the system, the values from data 

base with maximum allowed concentrations, established by national standards. Also, the range 
checking that ensures the provided value is within allowable minimum and maximum of environmenta l 
scores was done. While the conventional methods were focusing on new projects or planned activit ies 

in order to conclude which alternative is the best suitable, the method proposed here, the matrix is 
focusing on industrial activities functioning, considering the measured concentration of a very complex 

quality indicators set by a complex data base have. The established data base used to characterize the 
environmental quality takes into account the alert value and maximum allowed concentration referring 
to the intervention value, concordant with national legislation. To obtain a general analysis report, 

trough digitized process, the environmental component and its quality indicators can be picked from a 
rotary menu using the Excel function Data-Validation. After this selection, the national legislation that 

refers to maximum allowable limits of pollutants should be chosen and the checking process is done 
using the Excel functions IF. This will avoid the errors such as for one environmental component (air, 
soil, sediments, ground or surface water) is chosen a quality indicator from other one or a different 

national standard is reported. In final checking of the maximum allowable concentration (MAC) and 
alert level (quantified as 70% of MAC if it is not mentioned in technical standards) the function Look 

Up is used. In quantification of environmental impact, the following working principles were 
considered: for the situation when the measured concentration of pollutants are under alert level 
(MC<Alert level) there is insignificant pollution and green color is used, for the situation when the 

measured concentration of pollutants are measured between alert level and maximum allowable 
concentration (Alert level<MC<MAC) there is a likely significant pollution and yellow color was used, 

and, in the end for the situation when the measured concentration of pollutants are higher then MAC, 
there is a significant pollution and red color was used (MC≥MAC). The color code was done using the 
Excel function Conditional formatting. The matrix used to digitize the environmental impact 
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quantification process considers only the negative environmental impacts, and it was adapted as 

follows (Table 3).  
 

Table 3. Conventional criterion from RIAM and new assigned values 
Criteria Working principles Assigned value 

A1 (importance of change) 

MC ≥ MAC 4 
A.l ≤ MC < MAC 3 

0,5∙A.l ≤ MC < A.l 2 
0 < MC < 0,5∙A.l 1 

MC = 0 0 

A2 (magnitude of change) 

MC = 0 0 

0 < MC <A.l -1 

A.l ≤ MC < MAC -2 
MC ≥ MAC -3 

B1, B2, B3 (permanently, 
reversibility, cumulatively changes) 

 
MC < A.l 

1 

A.l ≤ MC < MAC 2 

MC ≥ MAC 3 
MC –  measured concentration 
MAC – maximum allowed concentration 

A.l. –  alert level as 70% of MAC 
 

Digitization the environmental impact quantification, the process becomes more objective,  
easier to be applied, a very complex data base of quality indicators is created and applied, and the 

experience of evaluators doesn’t influence the final results. The new digitized method has been already 
applied by 300 students, ruled for few case studies, and none error was registered. The main advantages 

of the digitized method are: the quantification process in the digitized version is very easy to be applied, 
becomes more facile and it is not anymore influenced by the experience of evaluators. It can be easily 
applied based on measured concentrations of pollutants, reflecting the reality, and using mathematica l 

steps, in the same time it improves the decision-making process regarding the integrated pollut ion 
prevention and control measures. 
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B. Leopold’s Matrix 

The second method usually applied is Leopold’s Matrix (1971), adapted for the industr ia l 
activities situation and closed waste deposits, in other cases. The Impact (I) in this case is calculated 

as the product of the Magnitude (M) and its Significance in term of severity (S) (Eq. 7): 
 

I = M x S       (7) 
 
The magnitude, as well as the significance take values of 1 to 10, and these are assigned by 

evaluators, based on their previous experience for similar situations, but considering the following 
assumptions: 

- in the case of magnitude, value 1 means insignificant effect and it can be assigned if the 
measured concentration of a certain pollutant is nearly null, and value 10 means high/major negative 
effects and it can be assigned if the measured concentration is much higher than maximum limits (Fig. 

2). 
- the significance is assigned on the scale 1 to 10, in which value 1 represents 

insignificant/neglected negative effects, while value 10 shows major negative effects. 
Figure 2 presents the working principles in impact quantification, types of pollution and the 

measures recommended to be implemented according to environmental standards, in order to prevent 

and control the negative effects induced on environment. There are three types of pollution: 
- Level A to which insignificant pollution corresponds, in this case the measured concentration 
(MC) of a certain pollutant is much lower than alert level (AL); 

- Level B to which likely significant pollution corresponds and, in this case, the measured 
concentration of a pollutant is higher than alert level but lower than maximum allowed concentration 

(MAC). For this situation, pollution control measures are mandatory. If the emissions of certain 
industrial activities are around alert level (some time higher or lower, but very close to its value), then 
the owner has the responsibility to implement integrated measures for pollution preventio n and control 

(IPPC). 
- Level C to which significant pollution corresponds, and the measured concentration reaches or 

is higher than the maximum allowed concentration. It is mandatory for the owner of industrial activity 
to implement remediation actions and pollution control measures. Also, by the regulation it has to be 
established an environmental program to minimize the impact and frame the minimum environmenta l 

targets. Minimum environmental targets are part of the indicators used to measure the effectiveness of 
Impact's Environmental Management System, thus the environmental objectives and key performance 

targets need to be set at board level in every company. 
 The significance of impacts refers to the environmental impacts assessment procedure cannot 
be done for all projects, because it involves high costs, time and energy, which could be used for more 

important projects. Thus, environmental impact assessment procedure is applied for activities/projec ts 
from which significant impacts are predicted. The estimation of impacts significance can be difficult, 

because it must consider not only the magnitude, location and immediate impacts of project, but its 
indirect and cumulative effects on long time too. To simplify the estimation of impacts significance 
most of the environmental impact assessment legislation recommends the „examination (frame 

process)” to identify the projects with significant impacts on environment. The principles that could 
be considered in impact prediction and estimation are: 

- Is the predicted impact endangering the standards for environmental quality?  
- Is it possible those impacts to create conflicts between goals, policies and plans of 

environmental authorities?  
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- Is it possible these impacts to concern the national ecological organizations or the 

community from area where project will be implemented? (e.g. the project from Rosia 
Montana area, Romania, regarding the exploitation of gold ore)? 

In table 4 is presented a matrix that could be used to assess the impact induced on 

environmental quality by certain industrial or anthropogenic activities, processes, considering the 
measured concentration. Thus, when evaluating the environmental impact nor risk, the first step is to 

establish the environmental impact and industrial activities, processes or projects that are under 
assessment. Secondly, the site should be described in details having in mind its boundaries, current 
quality, geographic, geological and climatic conditions. Site sampling is a very important step in 

impact assessment, the samples of air, soil and water should be analysed considering the main and 
representative quality indicators for each, so that, the experimental data base (the measured 

concentrations) will be used as input in impact assessment. In case of Leopold’s matrix, the impact (I) 
is quantified as the product of magnitude (M) and its significance (S), as previously described.  
 

Table 4. Leopold’s Matrix (example) 

Environmental 

component 

Quality 

indicator 

Process P1 Process P2 … Process Pn Average 

on row M S I M S I M S I 

Air VOC 
PM 2.5 

          

Ground water NO2- 

NO3- 

          

Soil Cr(total) 
Ni2+ 

Zn2+ 

          

Surface water SO4
2- 

PO4
3- 

          

Sediments Hg2+           

Average on column           

 

The average of impacts, calculated on rows, underlines the impact induced on one 
environmental component by all assessed processes, while the average of impact obtained on column 
underlines the impact induced by one process onto all environmental components. 
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C. Global pollution index 

 Other method widely applied to assess the environmental quality is Method of Global 

Pollution Index that was firstly proposed by Rojanschi et. al in 1997 and improved by Popa et.al in 
2005. The methods and techniques used to assess the impacts on environment require a team work,  

collaboration between specialists, who are able to assess the relations between industrial activities and 
environment, and, to evaluate in detail each environmental aspect and its impact. The preliminary 

evaluation of data can be done by graphics, diagrams, check lists, impact matrix, and integrated 
models. The method of global pollution index allows an evaluation of environmental pollut ion 
produced by certain industrial activities, and a quantification using an index, which is taking into 

account the ideal value and the real value of quality indicators that are representative for evaluated 
environmental components. Next step - the calculation of evaluation grades for each environmenta l 

component, as an arithmetic mean of the grades received for quality indicators analysed. These values 
are used for a graphical representation, and if there have been analysed three environmenta l 
components the geometric figure is a tringle, if there were analysed four environmental components, 

the geometric figure is a square, etc. In this diagram the ideal state is represented by a regular geometric 
figure, with equal rays having a value of 10 units (grade 10 representing the natural quality of 

environmental components). The real state is expressed by connecting the dots resulted from 
evaluation – an irregular geometric figure having a smaller area, enclosed into the regular geometric 
figure that corresponds to the ideal state. 

 This method known also as Rojanschi’s method (Rojanschi, 1997) is a synthetic estimation, 
based on the quality indicators for each environmental component, and a further correlation using a 
graphical representation. Thus, for each environmental component different evaluation grades are 

established on a scale from 1 to 10, considering the levels of quality indicators as imposed by the 
national standards and those obtained for the fluxes resulted in the production process considered as 

emissions. On the scale, the evaluation grade 1 describes a very severe situation concerning 
environmental pollution, while the grade 10 describes the ideal situation that is the quality of evaluated 
environmental component is not affected by human or industrial activities (Macoveanu, 2005; Robu, 

2005; Rojanschi et al., 1997). It has to be remarked the fact that this method is mainly based on 
subjective appreciations and therefore the experience of evaluators is very important.  

The evaluation grades are calculated for each environmental component, as an arithmetic mean 
of the grades received for quality indicators that are affected by industrial activities, production 
processes. These values are used for a graphical representation that depicts the synergic effect 

produced by all types of pollution. If three environmental components are evaluated the geometric 
figure is a triangle; for four environmental components, the geometric figure is a square, and so on. In 

this diagram the ideal state is represented by a regular geometric figure, with equal rays having a value 
of 10 units (grade 10 representing the natural quality of environmental components). The real state is 
acquired by connecting the dots representing the real values of the quality indicators on the evaluat ion 

scale. It results an irregular geometric figure having a smaller area, enclosed into the regular geometric 
figure that corresponds to the ideal state (Fig. 1, 2). 

The index of global pollution (IGP) is defined by Rojanshi, as in Eq. (1) (Rojanschi, 1991): 
 

 r

i
PG

S

S
I 

       (8) 

 
where: Si  area of the ideal state of the environment, 

 Sr  area that represents real state (evaluated situation). 
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a)                     b) 

Fig.12. Geometric representation of global pollution index calculation using Rojanschi’s method: a) 
three environmental components are assessed; b) four environmental components are assessed 

 

According to previous studies (Macoveanu, 2005; Robu, 2005; Rojanschi, 1991), the value of 
IGP can be between 1 and 6 and for each value a real situation corresponds (Table 5). The disadvantage 

of this method consists in a high degree of subjective approach, generated during the calculation of 
evaluation grades, which highly depends on evaluator’s experience. Also, this method can be applied 
only in the cases when at least three environmental components are assessed.  

 
Table 5. The values of global pollution index (IGP) 

Values of IGP Class Effects/ real situation 

IGP = 1 A Natural environment, not affected by industrial/human activities 

1 IGP  2 B Environment modified by industrial activities within admissib le 

limits 

2 IGP  3 C Environment modified by industrial activities causing discomfort 
conditions 

3 IGP  4 D Environment modified by industrial activities causing distress to 

life forms 

4 IGP  6 E Environment modified by industrial activities, dangerous for life 
forms 

≥ 6 F Degraded environment, not proper for life forms 

 

The global pollution index method has some advantages:  
 offers a global overview of environmental state, and its quality;  
 allows the comparison of some regions, with requirement that these regions has 

to be analysed based on the same quality indicators; 
 allows the comparison of environmental states of one area, at different 

moments, offering the possibility to overview the evolution of environmenta l 
components quality and global quality of environment.  

The improved method follows the same procedure as that developed by Rojanschi (1991): 

first, it has to be established an evaluation scale for each environmental component assessed, 
considering the maximum allowed concentrations of quality indicators, according to the national 

legislation. After that, the environmental state can be assessed using the index of global pollut ion. 
Similarly to Rojanschi’s method, the improved method proposed by Popa et al. (2005) also considers 
the index of global pollution (IGP) as the ratio between the ideal state (Si) and the real state (Sr) of the 

ecosystem. Thus, a concentric circles graphical methodology proposes that the index of global 
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pollution index can be calculated using only the arithmetic mean of the evaluation grades  (Eq.9) (Popa 

et al., 2005; Robu, 2005): 
 

2

* 100

b
IGP 

       (9) 

Appling this equation to calculate the index of global pollution, the global state of the assessed 
ecosystems may be fast appreciated only using the arithmetic mean of the evaluation grades. The 

authors (Popa et al., 2005) proposed a scale of the arithmetic mean values for the evaluation grades, 
correlated with the global state of the ecosystem (Table 5). 
 

The proposed method defines the index of global pollution as the ratio between the surfaces of 
the concentric circles that corresponds to the ideal and real states of the ecosystem, respectively leading 

to the final equation that allows the calculation of global pollution index (Popa et al., 2005). That is 
one of the advantages of this improved method. Thus, the final information about the global state of 
the ecosystem is easier to be found then in the Rojanschi’s method. Another advantage of this new 

method is that the global state of the ecosystem can be assessed using only two environmenta l 
components, while the Rojanschi’s method can be applied considering at least three environmenta l 
components (Petruc et.al., 2006; Robu, 2005, Robu et.al., 2007).  
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I.1.3. Integrated Environmental Impact Assessment:  New Quantification Index 

 
 The importance of environmental impact assessment within the context of sustainab le 
development objectives to reach better decisions (Glynn, 2004; Mwalyosi et al., 1999; De Smedt, 

2010; Radaelli and Meeuwese, 2010; Robu and Macoveanu, 2010), was highlighted also at the United 
Nations Conferences on Environment and Development (UNCED) since 1992. EIA is an emerging 

research field with an increasing demand for operational tools to support policy decisions and facing 
changes that refer to user requirements and to which researchers must continuously adapt (Pope et al., 
2004, Thiel, 2009 and Parra López et al., 2009). Basically, EIA can be regarded as a prerequisite in 

policy development to address the emerging challenges of sustainable development in a globalised 
world (Siebera and Domínguez, 2011). When integrating the risk assessment (RA) in environmenta l 

impact assessment (EIA), management authorities and environmental experts should avoid duplicat ion 
of efforts in collecting and interpreting data (Robu, 2005; Robu et al, 2005). Thus, after quantifying 
the environmental impacts generated for instance by the wastewaters produced by economic activit ies, 

this new methodology offers the possibility to correlate the environmental impacts with their 
probability of occurrence generating thus an image of the risks induced on the receiving waters. Such 

an integrative and objective methodology of assessment that considers both impacts and associated 
environmental risks, may be a reliable tool for decision making in e.g. water resources management.  
 

A. Integrated approach 
 An efficient approach strategy for addressing concerns regarding the environmental media and 
the identification of local, regional, and national priorities is to assess the impacts and risks. Assessing 

the environmental impact is essential for the remediation process, thus representing the basis of 
management practices. Environmental risk assessment (ERA) was developed as the analysis process 

that provided sufficient information for decision-making with the purpose of protecting the 
environment from unwanted effects of chemicals by comparing estimates of effect and exposure 
concentrations (Breitholtz et al. 2006). Risk assessment is a graduated process, working towards the 

comparison of relative risks induced by decontamination actions (Swanson 2007). Thus, risk 
assessments may be performed at various levels ranging from large-scale investigations, which 

compare various sites, to site-specific detailed analyses. This risk-based approach is useful where there 
are no resources for the ecological rehabilitation of the area and where the identification of priority 
actions is necessary for assuring human health and environmental protection (Semenzin et al. 2007).  

 The main methods used to quantify the environmental risk are based on modelling and 
simulations programs or follow mathematical models, but the integrated method applied quantifies the 

environmental risk as a function of environmental impact (Robu et al. 2007). In this case an integrated 
environmental impact and risk assessment was performed which based on an algorithm, i.e. a software 
designated as SAB, that was developed and applied on various case studies (wastewater discharges, 

industrial activities, mining activities such as the Rosia Montana mining area) so as to automatica l ly 
quantify the environmental impacts and risks that arise from environmental pollution. The 

environmental media, assessed for one situation, were: wastewaters (i.e. discharges), surface waters, 
air and soil. In addition, this new method considers the principles of environmental impact evaluat ion 
based on the ‘matrix of importance’ method, from which the terms importance of environmental 

component and technique of its quantification were addressed (Robu and Macoveanu 2005; Robu et 
al. 2005; Robu et al. 2007). In this case, the evaluator has to assign importance values between 0 and 

1, where 1 represents the most important environmental component assigned (Table 6). When the 
evaluator has to assign values for importance (in the second column of the matrix), the following issues 
should be considered: the pollution level measured based on specific quality indicators for each 
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environmental component assessed and the cases of measured concentrations higher than the 

maximum admissible level according to national standards: the more the exceedances, the higher the 
importance degree. Through this method, the relative weighting of the individual issues are expressed 
in importance units (Table 7). A total of 1,000 importance units is used as an estimation of the overall 

weighting (Ferreira et al. 2008). 
 

Table 6. Calculation of the weighting of each environmental component 
Component  Assigned 

value 
Discharge 
waters (l) 

Surface 
waters (m) 

Air (n) Soil (p) 

Maximum 

value is 1.00 1.00 1.25 1.67 2.50 
Discharge 
waters (l) 1.00 1.00=l/l 1.25=l/m 1.67=l/n 2.50=l/p 

Surface 
waters (m) 0.80 0.80=m/l 1.00=m/m 1.33=m/n 2.00=m/p 
Air (n) 0.60 0.60=n/l 0.75=n/m 1.00=n/n 1.50=n/p 

Soil (p) 0.40 0.40=p/l 0.50=p/m 0.67=p/n 1.00=p/p 

 

Table 7. Importance units (IU) calculated for each environmental component: 
Component Weights (W) Importance 

units (IU) 
Discharge waters 0.36=1/(1.00+0.80+0.60+0.40) 360 

Surface waters 0.29=1/(1.25+1.00+0.75+0.50) 290 
Air 0.21=1/(1.67+1.33+1.00+0.67) 210 

Soil 0.14=1/(2.50+2.00+1.50+1.00) 140 
Total (verification) 1.00 1,000 

W – Weighting for assigned importance 
IU – Importance Units (subsequently used in quantifying the impact) 

IU = W x 1000 
 

Developing such an integrated and objective methodology of assessment, that considers both 

the impacts and the associated environmental risks, can be a reliable tool for decision-making in the 
management of mining activities. The EIRA (Environmental Impact and Risk Assessment) 

methodology considers environmental impact as a function of measured concentration of certain 
pollutants in the environment, and considers environmental risk as a function of magnitude of 
environmental impacts and their occurrence probability. The quality of the assessed environmenta l 

component is then quantified as the ratio between the maximum admissible concentration (MAC) of a 
certain quality indicator, according to the current legislation, and the measured/determined 

concentration (Cdet) at a certain moment (Eq. 10): 
 

 

(10) 

 The environmental impact is a function of two parameters, namely the magnitude, which 

depends directly on the concentration of the environmental pollutant, and the importance of the 
environmental component (Eq. 11): 

 

det 

MAC 
Q 

C 
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(11) 

where:  

IMi – environmental impact considering the quality indicator i.  
 IU – the importance units assigned to each environmental factor.  
 Qi – quality of the environmental factor considering the quality indicators “i”. (Eq.14).  

The global impact induced in surface waters, for example, is the average of each individual impact 
quantified considering n quality indicators (Eq. 12): 

 

 

(12) 

where:  
n – total number of representative quality indicators for the given environmental component. 

IMsurfwi – impact induced upon surface water considering the quality indicator “i”, defined in eq.13: 
 

 

(13) 

 

(14) 

where:  

 -  quality of the surface water according to the quality indicator “i”. 

MACi –maximum admissible concentration for the quality indicator “i”, according to the national 
standards.  

 - measured concentration at a certain moment for the quality indicator “i”. 
IUsurf w – importance units achieved by the environmental component “surface water”. 

Consequently, the impact upon other environmental components is calculated based on the same 
algorithm described above (i.e. Eqns: 10-14). The original approach of this method is that a risk is 
associated with each environmental impact, and once the impacts are quantified, the risks associated 

with these impacts can also be calculated (Horaicu et al. 2005; Robu and Macoveanu 2010) (Eq. 15): 
 

 
(15) 

where:   
RMj – risk induced upon the environmental component “j”. 
IMj – impact induced upon the environmental component “j”. 

Pj – probability that the impact that occurs upon the environmental component “j”. 
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Considering the general definition of risk i.e. (the probability of a specific type of negative 

event occurring) in this work, the negative event was considered to be that of environmental pollut ion 
having an impact. The probability of an environmental impact occurrence is calculated by applying 
the same matrix to calculate the “importance units” for each environmental component. The assessor 

assigns values from 0 to 1 for the probability that the impact occurs upon the environmenta l 
component, considering the level of pollutants, the probability of its occurrence, the exposure of 

environmental media to it, and toxicity of each pollutant. The subjectivity of this method is much 
reduced, when compared with other methods from literature (Kuitunen et al. 2008; Leopold et al. 1971; 
Linkov et al. 2007; Sandham and Pretorius 2008; Suditu and Robu 2012), by the use of the 

mathematical algorithm. One should notice that if the impact, namely the environmental risk, has a 
low value, this denotes that the environmental impact is considered to be insignificant and the 

associated risk is negligible. As a result, the higher the values, the higher the impact risks are.  
 
B. EIRA new index 

The Environmental Impact and Associated Risk Assessment (EIRA) methodology 

considers environmental risks (ER) as a function of the magnitude of environmental impacts (EI) and 

their probability of occurrence (as presented in Eq. 16) (Enzernhoefer et al, 2012; Tartakovsky, 2012; 
Topuz et al, 2011).  

 

   pEIER       (16) 
where: ER – environmental risk;  

EI – environmental impact;  
P – probability of impact occurrence. 
 

The EIRA methodology is an instrument that takes into consideration simultaneously two types 
of impacts on surface waters that are addressed in the legislation. From legal and operational stand 

points, any given pollution source is obliged to comply with legal limits for pollutant concentrations 
and with maximum allowed wastewater discharge flows, but in practice, these two requirements are 
not correlated when a water use permit is issued, or for compliance and control activities. The EIRA 

method addresses this legal drawback and evaluates the environmental impacts based on the pollutant 
loads, which means that the impact magnitude is represented by considering the product between the 

pollutant concentration and the wastewater flows (pollutant load), as presented in eq. 17.  
 

  

IU
QC

QC
EI 






maxmax

detdet

    (17) 

where:  

Qdet – the average wastewater flow discharged by the pollution source (measured value), m3/s. 
 Qmax – maximum contracted wastewater flow, according to the environmental permit, m3/s. 
 Cdet – the average pollutant concentration (as given by a specific the water quality indicator) in the 

effluent, mg/L. 
Cmax – the maximum allowed concentration (MAC) for wastewater discharging into natural receivers, 

mg/L.  
IU  - Importance unit, (dimensionless). 
 

In this context, this environmental assessment instrument associates the impact magnitude or 
extent caused by discharging (insufficient) treated wastewaters with the quality of the receiving water 
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body, without necessarily establishing a causality relationship between these 2 aspects. This 

association represents (qualitatively) the pollution problems, at the pollution discharge point with 
respect to meeting the WFD objectives that state that all water bodies should reach the IInd class quality 
by 2015. Thus, this method becomes a tool that enables the prioritization of the most important impact 

zones in the Prut River Basin (as one of the case studies considered) in terms of high pollut ion 
discharges and improvement of the receiving water body quality. In this respect, the method represents 

a preliminary, screening step for completing impact studies that could consider at a later stage the local 
river conditions (e.g. flow of the river and pollutant concentrations), as well as other water quality 
indicators. The importance units are proposed to be assigned by the evaluator, in accordance with the 

river quality class (as provided by the measured physical, chemical and biological indicators) of the 
Water Framework Directive (WFD) (EO 161/2006).  The importance unit (IU) ranges between 0.2 - 

1, where value 1 indicates the “maximum importance” assigned to a river segment situated in the Vth 
quality class („very polluted”) and value 0.2 represents the „minimum importance” assigned to a river 
segment situated in Ist quality class („very good”) as presented in Table 6. Thus, according to this 

allocation, a polluted river where wastewater with higher pollutants loads will be discharged is more 
affected than a river with good quality where the same type of wastewater is discharged (and that has 

a higher self-purification capacity).  
The probability units (Pj) of impact occurrence are computed using historic data series as the 

frequency of discharging wastewater with concentrations higher than the attention thresholds (AT) 

which are proposed to be 70% of MAC, as previously set. The probability units can be calculated with 
eq. 18 (Enzernhoefer et al, 2012; Tartakovsky, 2012; Topuz et al, 2011). In this methodology the 
impact on surface water, for each of the water quality indicators separately, followed by the calculat ion 

of the global environmental impacts and associated risks caused by each economic activity was 
considered. The global EI and ER values for every pollution source were calculated with Eq. 19 

(Demidova and Cherp, 2005; Schetke et al., 2012). The probabilities of occurrence of these impacts 
were calculated for each indicator, as a frequency of discharge events that exceed the attention 
threshold of 70% of MAC. The attention threshold is regularly imposed by the national legisla t ion 

(Environment Ministry Order 756/1997) to create awareness on possible pollution events that might 
occur and was considered for each situation calculating the pollution events probability, as well for the 

impact reference system.  

m

n
P 

      (18) 
where:  

n – number of attention thresholds (AT) reached over the data series (number of “pollution events”);  
m – total number of measurements of the data series.  

k

EI

EI

k

i

i
 1

)(

             (19) 

where:  

EI- total environmental impact on surface water, 
EIi –environmental impact on surface water, considering quality indicator i; 
i – quality indicators (e.g. COD, BOD etc.); 

k – number of quality indicators considered in evaluation process. 
 

The reference system considered in the EIRA methodology is represented by the values of EI 
and ER, calculated for a hypothetical scenario when a point pollution source discharges a wastewater 
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effluent with the AT values for the water quality indicators (Cref = 0.7*Cmax) and with a flow equal 

to the maximum allowed value by the environmental permits (Qref = Qmax). It was also considered 
that the pollution sources discharge the above described wastewater effluent into a receiving river 
classified in the IInd quality class (IUref=0.4), indicating if a polluting source may or may not deviate 

the water quality status away from the WFD objective (Class II). Furthermore, for the reference risk, 
the probability of the environmental impact occurrence was assumed to be Pref = 100%. Based on these 

circumstances, the reference values for the EI and ER were obtained as follows: 
 

28.04.0
maxmax

maxmax7.0

maxmax












QC

QC
IUref

QC

QrefCref
EIref

  (20) 

28.0128.0  refpEIrefERref
      (21) 

 
The EIRA methodology could be a useful tool in the formulation of environmental permits that 

would correlate pollutant loads (expressed as the product between the pollutant concentrations and the 
wastewater flow) with the state of the river (in terms of flow and quality). It could be successfully used 
as a support tool for identifying the hotspots, from various points of view: (i) it provides a common 

scale to estimate impacts and risks at a river basin level, and it can be used to prioritize among these 
impacts and risks, (ii) the environmental impacts and associated risks are calculated considering the 

pollutant loads and the receiving river water quality. 
 

C. Advanced impact assessment 

Advanced environmental impact assessment quantitative method is one of the quantitat ive 
methods that establishes the relative importance/significance of environmental impacts by weighting, 

standardizing the impacts to define a complex index. One of the methods is the environmenta l 
evaluation system which calculates the cumulative environmental impact units for a given project 
alternative on the basis of the importance of the environmental parameters (parameter importance 

weighting) and environmental quality indices (Petts and Eduljee, 1994). The quantitative method 
previously devised (Robu 2005) and it defines the importance units for the selected environmenta l 
components to be considered, with values ranging between 0 and 1, according to the number of 

environmental parameters in the category of the selected environmental components (Robu et al., 
2007). An environmental element matrix is defined from which the importance index values are 

calculated. The environmental quality parameter is defined as a function of the measured/calculated 
value and limit/target value for the environmental parameter defined by legal stipulations (Robu et al., 
2005).  

The environmental impacts can be calculated according to the environmental parameters within 
a given class of the environmental component (Carlig et al., 2008). The average environmental impact 

for an environmental component can be calculated and on the basis of the environmental component 
impact values and the total environmental impact can be determined. The outcome of the 
environmental impact assessment generally supports the determination of the significance of the 

impacts of the industrial catastrophe, and contribute to the elaboration of the recommendations on the 
mitigation measures, decision-making and soil / water monitoring plan. The procedure of the 

environmental impact assessments starts with the determination of the environmenta l 
components/elements considered within the scope of the assessment. It is important to define the 
environmental components/elements for the study, e.g.: air, water, groundwater, soil, flora, fauna, 

ecosystem, artificial environment, land, human beings etc. For the selected environmental components, 
it is necessary to determine the environmental parameters to be evaluated in the environmenta l 
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assessment procedure and the number of environmental parameters should be defined for each 

environmental component/element category (Glasson, 1995).  
The number of the environmental parameters depends on the nature and complexity of the 

environmental component/element. For each environmental parameter a relationship should be defined 

with the objective to define a correlation between the environmental quality and the 
measured/calculated environmental figures in consideration of the limit/threshold values for the 

environmental parameters (Rédey et al., 2002; Robu 2003). Environmental quality classes have to be 
defined in the function of the measured/calculated environmental parameters and limit/thresho ld 
values. Environmental quality classes from 1 to 10 are defined, where environmental quality class 1 

represents the heavily polluted case and environmental quality class 10 represents the high quality 
environment case. Environmental quality categories should be assigned to each environmental quality 

class with the definition of the actual state of the environmental component/element (Cserey, 1994). 
The ranking of the environmental quality classes and categories should be based on professiona l 
judgment. If the stipulations of the environmental regulations cannot be transferred into the 

environmental quality classes then ranking systems should be set up. It is not necessary to define a 
linear scale system for the classification. Following the determination of the quality classes for each 

parameter of the environmental component/element the environmental element quality scores (Se) 
should be determined as given below (Eq. 22): 

𝑆𝑒 = ∑ 𝐽𝑖

𝑛

𝑛
𝑖=1       (22) 

where: Se – environmental component/ element quality score for environmental element, e;  

Ji –quality class for environmental parameter, i;  
n - number of environmental parameters considered in case of the environmental component/element. 

On the basis of the environmental component/element quality scores determined for the 
different environmental components/elements the complex environmental index (S) can be determined 
as follows (Eq. 23): 

𝑆 =  100 [∑ (
𝑆𝑒

𝑎
)𝑛

𝑖=1 ]
2

⁄      (23) 

where: S – complex environmental index;  
Se – environmental component/element quality score;  

a – number of environmental component/ elements considered in the study. 
On the basis of the value of the complex environmental index, S, information can be obtained 

on the status of the environment as given in Table 8. 
 

Table 8. The relation between the complex environmental index and status of the environment  
S values Complex environmental index 

S = 1 The human activity is not influencing the environment 
1 < S < 2 Environment exposed to human activities under the allowed limits 

2 < S < 3 The human activity is influencing the environment, could cause environmental disturbances 
3 < S < 4 The human activity is influencing the environment, could cause environmental damages 

4 < S < 5 The human activity is seriously damaging the environment 

5 < S < 6 The environment is degraded, not suitable for preserving the flora and fauna 

 
  



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   30 

 
 

I.1.4. Impact assessment case studies – main results 

 
A. ASSESSMENT OF HEAVY METALS  IMPACT ON SURFACE WATER QUALITY 

1. Natural and human environment of Iaşi city 

Iaşi City has the relative advantage of a strategic European localization, lying in an attractive 
area considering the natural setting, in between two large geographical subunits of Moldavian Plateau: 

Moldavian Plain and Central Moldavian Plateau, with seismic and instability risks for the main slopes. 
On the territory of Iaşi city, there are several relief categories: structural (represented by the structural 
plateaus situated southward the city and the valleys of subsequent, sequent or consequent types), 

sculptural (50% of the territory), of accumulation and human (Barbu and Ungureanu, 1987; Capcelea 
et al., 2000). Iaşi city is situated on Bahlui River, a Jijia tributary, which discharges into Prut River. 

Also, it is crossed by Nicolina River and Cârlig Brook, and eastwards by Ciric Brook, which supports 
three artificial lakes created in order to diminish the high floods. It lays on seven hills, with altitudes 
ranging from 40 m in Bahlui Meadow and 400 m in Păun Hill and Repedea Hill. The average altitude 

in Iaşi city is 133 m, and the main hills are Copou, Tătăraşi and Galata (Cotrău and Proca, 1988; 
Drăghici and Perniu, 2002). The underground resources are represented only by deposits of argil, 

siltiest and clays, firstly used for pottery, then in the ceramic industry (besides Sarmatian sands), or by 
Repedea limestones, formerly used in the urban constructions. On the territory of Iaşi and its 
surroundings there are several categories of soils, with specific qualities and utilizations: moll soils 

(cernozioms and rendzines), argilluvial soils, hydro-halomorphic soils and weakly evolved soils. Iasi 
city stands on the contact between the Pontic-Sarmatian Province and the East Carpathian Central-
European Province, with a rich and various flora, with a multi-altitude stage imposed by the local relief 

(Barbu and Ungureanu, 1987). In a temperate-continental climate with an excessive nuance, Iaşi stands 
on an area which represents the urban climate, characterized by a high albedo coefficient, 

supplementary heath sources (which generate temperatures with 0.5-1.5°C higher than the peri-urban 
area) and an accentuated impurity contamination of the atmosphere (Erhan, 1979). 
 

2. Quality of surface waters in Iaşi city 

Iaşi city is crossed by Bahlui and Nicolina Rivers, relatively contaminated waters, are not 

integrated in the urban landscape by specific arrangements although they have regularized low river 
beds. Bahlui River, with a total length of 119 km and a basin area of 1960 km2 flows in Iaşi city along 
with 14 km, dividing the city in two parts and crosses from NW to SE the following districts: Dacia, 

Alexandru cel Bun, Mircea cel Batrân, Podul de Piatră, Podul Roş, Tudor Vladimirescu, Grădinari, 
Dancu. Bahlui River is the right main tributary of Jijia River (beside Chipereşti village) and it presents 

a variable debit, supplied by the brooks which spring upstream Hârlău from Dealul Mare-Tudora, and 
by a number of steppe brooks which come from the Jijia moundy plain. Its main tributaries are: 
Gurguiata, Duruşca, Ciric, Bahluieţ, Nicolina, Voineşti, Valea Locei (Horaicu et al., 2007). The quality 

of Bahlui River waters is constantly controlled by the Direction of Romanian Waters, starting from the 
springs and till their discharge into Jijia. The analyses are carried out in certain control sections with 

daily, weekly and monthly frequencies, depending on the contamination type from the area. Beside the 
diffuse contaminations, there are defined three types of water contamination, against them being 
necessary to create combative methods: the contamination produced by the industrial units from the 

area or from upstream; the contamination produced by the residual waters; the contamination produced 
by the rain/diffusion waters. Bahlui River belongs to the fourth contamination class, considering the 

analysis made by the Prut Water Department. The surface waters are represented by five contamina tion 
classes, depending on the chemical substances from the water. If a water stream belongs to a higher 
class, it is more contaminated. Downstream Hârlău town to the Jijia confluence, considering that 

http://ro.wikipedia.org/wiki/Râul_Gurguiata
http://ro.wikipedia.org/wiki/Râul_Duruşca
http://ro.wikipedia.org/wiki/Râul_Ciric
http://ro.wikipedia.org/wiki/Râul_Bahluieţ
http://ro.wikipedia.org/wiki/Râul_Voineşti%2C_Bahlui
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Bahlui River is degraded, there come out critical situations because on this stream there is an 

accumulation lake (Tansa – Belceşti), used for the water alimentation of Belceşti locality. The 
contamination of Bahlui River is higher on its lower stream and it amplifies on the downstream sector 
of Iaşi city, where it receives the residual water effluent from Iaşi city, although the Iaşi water treatment 

station was modernized and 50% technologically improved, with an improved purifying treatment for 
residual waters comparing to those from the previous years, the contamination degree considerably 

diminishing. The significant debit of the residual waters (about 3 m3/s) determines the contamina tion 
on the lower stream of Bahlui River, which generally carries a debit of about 3 m3/s. In this area, with 
no water users, there were not noticed other activities imperilled by the improper quality of the water. 

Biologically, the aquatic ecosystem is affected. 
Nicolina River springs from Codrii Iaşilor, nearby Rotunda Hill, from an altitude over 350 m, 

under the forested structural plateaus situated southward Bârnova locality. It is 20 km long and has a 
hydrographical basin area of 168 km2. The average multi-annual debit is 0.477 m3/s, considering data 
from Nicolina hydrometric station situated in the area from Nicolina II block from Iaşi city. After it 

crosses the southern side of Bârnova locality, the river changes the flow towards East-West, with a 
new tributary gained outside the locality, Valea Ţiganului Brook. Furthermore, Nicolina River crosses 

Iaşi city, entering the town by its southern side, through C.U.G. district; it continues to cross the 
districts Nicolina II, Nicolina I, Galata and Mircea cel Bătrân; at this end it discharges into Bahlui 
River. The confluence of these two rivers takes place in the area of the former Constructorul Stadium.  

There had been built safety dikes in order to protect the city from the flood consequences. The 
variation type of the average monthly temperatures of the river waters closely follows the variation 
type of the air temperature, with a recorded maximum in July (18°C on Nicolina) and a minimum on 

February (0.1°C on Nicolina). In the summertime, the river debit drops very much, and the temperature 
rises. The river surface freezes in the wintertime, when the air temperature in below 0°C. Of the total 

water volume carried by Nicolina River during one year, 73% flows during March-August, half of it 
(about 37% from the annual volume) at the beginning of the spring (during March-April); in October, 
it is recorded the lowest average monthly flow rate (2.4% from the annual volume). On the territory of 

Iaşi city, the river bed of Nicolina is regularized and the high flood debits are controlled, in order to 
assure the flow rate, needed to satisfy the water request of the consumers. From human heath point of 

view, the average multi-annual mineralization of Nicolina River waters from Iaşi, as a sum of the main 
ions, was 931 mg/L. Since 2002, Nicolina River was included in the national monitoring program for 
the quality of the waters of Prut hydrographic basin. As the main contamination sources of Nicolina 

River, the following were identified: the industrial units as S.C. Moldoforest S.A. Iaşi (situated within 
Ciurea locality), S.C. Fortus S.A. Iaşi (which sloops of nickel, cadmium and lead into the river waters) 

and the Slag Station of S.C. Fortus S.A., all permanently monitored by the specialty laboratory from 
Prut Water Department from Iaşi. Also, the riverside population of Iaşi city represents an important 
contamination source since they discharges domestic waste and wastewater in the river bed.  

Chiriţa Water Accumulation is important because it represents a transition area for part of the 
Prut water, for drinkable or industrial purpose, for Iaşi city. The accumulation presents a 7.89 million 

m3, with a 92 ha area and an average depth of 10.5 m. From scientific point of view, the accumula t ion 
does not present a special interest, being a transitional lake, the water does not rest for a long time; 
therefore, it does not respect a proper lacustrine ecosystem. Under RAJAC Iaşi administration, there 

are daily transited in this accumulation, from Prut River, about 2,500m3/s water for potable and 
industrial reason. Ciric Basin is situated southward Moldova Plain, belonging to Jijia-Bahlui 

Depression, included into Moldavian Platform. Its area is 5825 ha, its length from N to S is 19 km; the 
geographical coordinates are: South 47˚ 09' 01", North 47˚ 18' 29", West 27˚ 30' 55", East 27˚ 38' 07". 
The forests are represented by the unprompted forest Cireţeii Mici (on the eastern slope of Movila 
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Vulturului Hill) and Ciric forest, as a result of plantations (250 ha area, covering both slopes of Ciric 

Valley). 
The lakes along Ciric River, of human origin (by repetitive blocking of the river), were created 

in order to regularize the water supply in Bahlui, in order to reduce the high waters and to prevent the 

floods. These lakes represent a total area of 127 ha and a volume of 2,405,000 m3, being represented, 
from upstream to downstream, by: Dorobanţ Lake (about 70 ha), Aroneanu Lake (23 ha), Ciric Lake 

Complex (with a total about 30 ha). All lakes present an elongated form and an extended area 
considering the depth, which rarely exceeds 2 m. Considering the ionic composition, the lakes belong 
to the mixed class. The two categories of active areas (forestry and lacustrine), with their micro -

climatogenic potential, determine the existence of so-called micro-climatic complex of lake and forest 
from Ciric area, with a great touring and recreational potential. 

 

3. Monitoring of heavy metal contamination 

3.1. Contaminants and sources  

Besides diffuse contaminations, there are generally defined three types of water contamination, 
against which there must be created combative resorts: 

- the contamination produced by the industrial units from the area or from upstream; 
- the contamination of the domestic waters; 
- the contamination produced by the pluvial waters. 

The analysed chemical parameters are: 
- general: flow rate, temperature, pH, suspended matters, water hardness; 
- mineralization: residues, chlorides, sulphates, carbonates, magnesium, calcium, sodium, 

potassium; 
- biogenic: ammonium, nitrites, nitrates, phosphorous, phosphates; 

- heavy metals: iron, nickel, chromium, manganese, zinc, lead, cadmium, copper,  
- cyanides etc. 

The assessment of the results of these analyses and water quality classification are made 

according to the provisions of Order No. 161/2006 of The Ministry of Environment and Water 
Management, which approve the Normative concerning the classification of surface water quality in 

order to establish the ecological stage of water bodies. 
 
 

3.2. Monitoring of heavy metal contamination of Bahlui River, during 2001-2005 

The quality of Bahlui waters during 2001-2005 was established by correlating the obtained 

data for the following control sections: the upstream section, Iaşi Wastewater Treatment Plant and 
Holboca Section, downstream Iaşi Wastewater Treatment Plant, with data provided by Iaşi 
Environmental Protection Agency and Prut Water Department. Both control sections were mentioned 

because the river crosses the city, and the treatment plant represents a contaminator with a high 
ecological impact. The analyses showed that the parameter Total Iron had the level of 1.1 mg/L in 

2003, which is specific for the IVth quality category, according to OM (2006). In the other years, the 
iron concentrations have had smaller values (Table 9), specific to the IIIrd quality class (OM, 2006). 

 

Table 9. Average annual values for some heavy metals levels for Bahlui River (source: Prut 
Water Department and Environment Protection Agency of Iaşi) 

Quality parameter 

                                                  

Year 

  

2001 

 

2002 

 

2003 

 

2004 

 

2005 

Total iron (Fe) mg/L  1.15 1.19 1.05 0.832 0.787 
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Lead (Pb) µg/L  16.35 17.25 10.70 11.24 9 

Nickel (Ni) µg/L  25.14 25 16.75 20.47 16.13 

Chrome (Cr) µg/L  40 47.88 37.44 33 25.43 

Cadmium (Cd) µg/L  0.013 0.005 0.010 0.008 0.011 

 

It is noticeable the presence of heavy metals in small concentrations (micrograms per litter), 
which generally are in accordance with the legal values. Lead levels have shown specific values for 
the IIIrd quality class between 2001 and 2004 (16.35 µg/L and, respectively 17.25 µg/L). Also, in 2003, 

higher nickel concentrations (25.14 µg/L) were found, comparative to 2004 and 2005 (Table 9). In 
fact, Bahlui represents the main pollution source for Jijia and Prut rivers, since it is contaminated due 

to the not enough treated wastewater discharged between Hârlău, Belceşti, Podu Iloaiei and Iaşi city, 
as well as due to the highly polluted water of Bahluieţ River by anthropogenic activities. 

 

3.3. Heavy metal contamination of Nicolina River  

During 2003-2005, the monitoring system for Nicolina River involved four annual sets of 

analyses. It was found out the presence of copper with concentration levels of 0.107 mg/L in 2003, 
0.110 mg/L in 2004, and 0.101 mg/L in 2005 (Table 10), below the maximum allowable concentration 
for surface waters (MACCu = 0.3 mg/dm3). 

 
Table 10. Average annual values for some heavy metals levels for Nicolina River (source: 

Prut Water Department and Environment Protection Agency of Iaşi) 
Quality parameter 

                                                                     
Year 

2003 2004 2005 

Copper (Cu) mg/L  0.107 0.110 0.101 
Lead (Pb) µg/L  5.63 5 4.3 

Nickel (Ni) µg/L  24 27.7 22.3 
Chrome (Cr) µg/L  43.9 33 40.2 

Cadmium (Cd) µg/L  0.009 0.006 0.004 

 
The concentrations for other heavy metals (lead, nickel, chrome, cadmium), rarely exceeded 

the respective MAC values for the Ist and the IInd quality classes (in 2004, nickel with 27.7 µg/L  

determined the IIIrd quality class for Nicolina River). The contamination sources which justify these 
classifications into the quality classes are of diffuse type as well as singular spots, such as S.C. Fortus 

S.A. Iaşi with seven discharging points, representing an average annual total flow rate of 20 L/s. As 
the used waters are insufficiently cleaned, they determine the contamination degree of the water 
stream. It is noticeable an improvement of the water quality since 2005 (Table 10). 

 
3.4. Monitoring of heavy metal contamination of Chiriţa accumulation 

The fresh water pumped in Chirita accumulation originate in by Prut-Ungheni area of Prut 
River Basin, so that the water characteristics of the source are transferred to the accumulation, which 
supplies fresh and industrial water for Iaşi City. The evolution of the quality parameters during 2003-

2005 indicates that the water quality from Chiriţa accumulations is well preserved (Table 3). Iron 
registered high values, which affected the chemical state of Chiriţa Lake, characteristic for the IVth 

class (in 2002 with 1.3 mg/L, in 2004 with 1.9 mg/L, and in 2005 with 1.6 mg/L ) and for the Vth 
quality class (in 2003 with 2.20 mg/L). As a result of the chemical analysis of the sediments which 
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also contain heavy metals (zinc, copper, nickel, chrome), it was concluded that these are in normal 

concentrations, respecting the legal quality standard (see Table 11). 
 

Table 11. Average annual values for some heavy metals levels for Chiriţa Accumulation 

(source: Prut Water Department and Environment Protection Agency of Iaşi)  
Quality parameter 

                                                     Year 
2003 2004 2005 

Total iron (Fe) mg/L  2.20 1.9 1.6 

Copper (Cu) mg/kg 30.4 28.7 32 
Nickel (Ni) mg/kg 4.5 5.9 4.8 

Chrome (Cr) mg/kg 23.9 26.1 25 
Zink (Zn) mg/kg 91.9 86.4 88.3 

 
3.5. Monitoring the heavy metal contamination of Ciric accumulations  

Ciric area is considered a recreational zone for the population of Iaşi city, but water from the 
accumulation is improper for bathing due to its physical-chemical quality (for example, ammonium 
ion significantly exceeds the MAC values). The water quality was monitored by chemical analyses of 

samples taken with a frequency determined by the importance of the accumulation, and depending on 
the thermal and pluvial regime. The heavy metal content (Pb, Ni, Cr, Cd) was found as being in the 

legal limits  corresponding to the 1st and 2nd quality classes, excepting the area of Ciric II, which has 
been included to the IIIrd quality class during 2003, due to the lead concentration of 10.73 µg/L, higher 
than those from 2004 and 2005 (Table 12). The comparative analyses of the evolution tendencies for 

the analysed chemical parameters show that, all accumulations preserved their quality during the 
monitored time intervals. 

 

Table 12. Average annual values for some heavy metals levels for Ciric Accumulations 
(source: Prut Water Department and Environment Protection Agency of Iaşi)  

Quality parameter 

                                                                          

Year 

 
2003 

 
2004 

 
2005 

Ciric 
 I 

Ciric 
II 

Ciric 
III 

Ciric I Ciric 
II 

Ciric 
III 

Ciric I Ciric 
II 

Ciric 
III 

Lead (Pb) µg/L  8.11 10.73 7.56 9.62 8.89 8.37 9.3 7.67 8.2 

Nickel (Ni) µg/L  12.34 18.53 18.25 16.74 10.1 16.6 17.8 11 13 
Chrome (Cr) µg/L  29.54 28.25 37.64 26.5 24.8 32.3 27 23.7 30.8 

Cadmium (Cd) µg/L  0.001 0.008 0.015 0.007 0.006 0.013 0.004 0.009 0.011 

 

4. Quantification of the impact over the surface waters 

4.1. Method of global pollution index 

The method of global pollution index proposed by Rojanschi (Rojanschi, 1991) and improved 

by Popa et.al. (2005) implies several stages of synthetic appreciations based on quality parameters, 
which are possible to reflect a general state of one of the analysed environmental factors, and their 

subsequent correlation by a graphic method. Therefore, it was proposed a classification of quality of 
each environmental factor on a credit scale, by assigning different ratings to express the distance from 
the ideal state (Rojanschi et al., 1997, 2004). The credit scale ranges from 1 to 10, where 10 represents 

the natural state (ideal state), unaffected by human activity, while 1 represents an irreversible and a 
very severe situation of degradation of the analysed environmental factor. Generally, the 

environmental evaluation of a specific area and moment may take into account the quality of air, water, 
soil, as well as the health state of the population, deficit of the plant and animal species (Varduca et 
al., 2002). Each of these factors could be characterized by several quality indicators, representative for 
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appreciating the contamination degree, comparative to maximum admissible limits, concordant with 

national legislation, so that the credit marks are assigned to every factor, depending on the position in 
the range of the normal limits. The credit marks, resulted for each environmental factor in the analysed 
area, are used for plotting a diagram. When the three environmental factors mentioned above are 

analysed, an equilateral triangle results as a representation of the ideal environmental state; if four 
environmental factors are accounted, a square will result; also a regular pentagon could result when 

five environmental factors are considered. The ideal state is graphically represented by a regular 
geometrical shape with equal sides and with 10 unit values from the credit scale. By connecting the 
dots resulted by arranging the values which express the real state, an irregular geometrical shape will 

result, with a smaller area, inscribed in the regular geometrical shape of the ideal state (Surpăţeanu et 
al., 2002, Macoveanu, 2005; Robu, 2005). The ratio between the area representing the ideal state, Si 

and the area representing the real state, Sr determines the parameter of the global contamination state 
of an ecosystem (Eq.24). 

 

r

i
PG

S

S
I           (24) 

 

When there are no changes of the environment quality factors, meaning that there is no 
contamination, IPG = 1. A geometrical shape which reflects the real state of the environment superposes 

the shape which illustrates the ideal state. When there are changes in the quality of the environment 
factors, IPG parameter will gain supra-unitary values increasingly higher whereas the measures of the 

triangle, the square and the real pentagon areas are diminishing. The current work was conducted to 
analyse and quantify the impact induced by heavy metals ions in surface waters from Iasi city, 
Romania, considering the measured concentration over the period 2001-2005. Thus, four very 

important surface waters from Iasi city, Romania were considered in the assessment process (Bahlui 
and Nicolin Rivers, Ciric and Chirita accumulations/lakes), and the quality evolution of the followings 

heavy metals was studied: lead, iron, nickel, chrome and cadmium. Considering the measured 
concentrations of these heavy metals ions, monitored from 2001 until 2005, the quantification of 
impact induced in surface waters was provided based on Rojanschi’s method, but considering each 

year of study and the environmental negative effects of these pollutants (Bulgariu et.al., 2007; Carlig 
et.al., 2008; Robu et.al., 2008; Schiopu et.al, 2009). 

 
4.2. Results and discussions 

The evaluation of the impact of anthropogenic activities on the quality of the surface water 

monitored from the point of view of heavy metals content, and discussed in the first part of the paper 
was performed by applying the method of global contamination parameter elaborated by Rojanschi 

(1991) and described above. 
 
4.2.1. Impact over Bahlui River 

The assessment of the environmental impact on Bahlui River considered data obtained during 
the years 2001-2002. In the first stage there were established the credit classes for lead (Pb) and total 

iron (Fe) (Tables 13-14). Then, their global contamination parameters were calculated. Based on these 
data, Figs. 13 and 14 were drawn. 
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Table 13. Credit scale for lead concentration in Bahlui River, taken as parameter in impact 

evaluation 

Credit 
mark 

Quality class for lead parameter * 
Bahlui River 
Pb (µg/L ) 

2001 2002 2003 2004 2005 

10 Ist quality class: 0 – 5      
9 IInd quality class: 5 – 10     9 

8 IIIrd-a quality class: 10 – 15   10.7 11.24  
7 IIIrd-b quality class: 15 – 20 16.35 17.25    

6 IIIrd-c quality class: 20 – 25      
5 IVth-a quality class: 25 – 31      

4 IVth-b quality class: 31 – 37      
3 IVth-c quality class: 37 – 43      

2 IVth-d quality class: 43 – 50      
1 Vth quality class: > 50      

*according to Order no. 161/2006 of the Ministry of Environment and Water Management (OM, 2006)  
 
 

 
 

Fig. 13. Global contamination parameter for the lead concentration analysis (Bahlui River) 
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The value of IPG = 1.6 is much closed to 1 and shows that the environment is affected by the 
anthropogenic activity, but in permissible limits (Fig. 1). 
 

Table 14. Credit scale for total iron concentration in Bahlui River, taken as parameter in impact 
evaluation 

Credit 
mark 

Quality class for total iron* Bahlui River 
Fe (mg/L ) 
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2001 2002 2003 2004 2005 
10 Ist quality class: 0 – 0.3      

9 IInd quality class: 0.3 – 0.5       
8 IIIrd-a quality class: 0.5–0.75      

7 IIIrd-b quality class: 0.75 – 1    0.832 0.955 
6 IIIrd-c quality class: 1 – 1.2    1.15 1.19 1.05   

5 IVth-a quality class: 1.2 – 1.4      

4 IVth-b quality class: 1.4 – 1.6      
3 IVth-c quality class: 1.6 – 1.8      

2 IVth-d quality class: 1.8 – 2      
1 Vth quality class: > 2      

 *according to the Order no. 161/2006 of the Ministry of Environment and Water Management (OM, 2006) 

 

 
 

Fig. 14. Global contamination parameter for the total iron concentration analysis (Bahlui River)  
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The value of IPG = 2.4 shows that the environment is affected by the anthropogenic activity, 
inducing discomfort to the living forms (Fig. 14). 

 
4.2.2. Impact of heavy metals on  Nicolina River 
Nicolina River was monitored during 2003-2005 for nickel (Ni). The credit classes were 

establishes as shown in Table 15, and the global contamination parameter was calculated according to. 
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Table 15. Credit scale for nickel concentration in Nicolina River, taken as parameter in impact 

evaluation 

Credit 

mark 
Quality class for nickel* 

Nicolina River 
Ni (µg/L ) 

2003 2004 2005 

10 Ist quality class: 0 – 10    
9 IInd quality class: 10 – 25 24  22.3 

8 IIIrd-a quality class: 25–37.5  27.7  
7 IIIrd-b quality class: 37.5 – 50    

6 IVth-a quality class: 50 – 60    
5 IVth-b quality class: 60 – 70    

4 IVth-c quality class: 70 –80    
3 IVth-d quality class: 80–90    

2 IVth-e quality class: 90–100    
1 Vth quality class: > 100    

*according to Order no. 161/2006 of the Ministry of Environment and Water Management 
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The value of IPG = 1.3 is quite closed to 1 and shows that the environment is affected by the 

anthropogenic activity, but in permissible limits (Fig. 15). 

 

 
Fig. 15. Global contamination parameter for nickel concentration analysis (Nicolina River) 

 
For 2003-2005, the global contamination parameter for nickel (1.33) shows a reduced 

contamination of the river; therefore, it belongs to the aquatic environment category affected by the 

effect of the human activity in the admitted limits (Fig. 15). 
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4.2.3. Impact of heavy metals on Chiriţa Accumulation 
The total iron (Fe) was monitored for Chiriţa Accumulation during 2001-2005. The credit 

classes are assigned (Table 16) and data were used for calculating the global contamination parameter 

(Eq. 34-36). 
 

Table 16. Credit scale for total iron concentration in Chirita Accumulation, taken as parameter in 
impact evaluation 

Credit 

mark 
Quality class for total iron* 

Chiriţa Accumulation 

Fe (mg/L ) 

2001 2002 2003 2004 2005 

10 Ist quality class: 0 – 0.3      
9 IInd quality class: 0.3 – 0.5       

8 IIIrd-a quality class: 0.5–0.75      

7 IIIrd-b quality class: 0.75 – 1 0.846     
6 IVth-a quality class: 1 – 1.2         

5 IVth-b quality class: 1.2 – 1.4  1.3    
4 IVth-c quality class: 1.4 – 1.6     1.6 

3 IVth-d quality class: 1.6 – 1.8      
2 IVth-e quality class: 1.8 – 2    1.9  

1 Vth quality class: > 2   2.20   
*according to Order no. 161/2006 of the Ministry of Environment and Water Management 
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The value of IPG = 6.4 shows that the environment is affected by the anthropogenic activity, 

Chirita Accumulation is contaminated with iron, water is deteriorated and improper for living forms 
(Fig. 16). 
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Fig. 16 Global contamination parameter for total iron concentration analysis (Chiriţa Accumulation) 

 
4.2.4. Impact of heavy metals on Ciric Accumulations 
Ciric accumulations (Ciric I, II, III) were monitored for the environment impact of lead (Pb) 

during 2003-2005, establishing the credit classes (Table 17) and calculating its global contamina tion 
parameter (Eq. 37-40). 

 
Table 17. Credit scale for lead concentration in Chirita Accumulation, taken as parameter in impact 

evaluation 

 

Credit 

mark 

 

Quality class for lead parameter 

* 

Ciric Accumulations 

Pb (µg/L ) 

Ciric  I  Ciric II  Ciric III  

200

3 

200

4 

200

5 

2003 200

4 

200

5 

200

3 

200

4 

200

5 

10 Ist quality class: 0 – 5          
9 

IInd quality class: 
5 – 10 8.11 9.62 9.3  8.8

9 
7.67 7.56 8.37 8.2 

8 IIIrd-a quality class: 10–15    10.73      
7 IIIrd-b quality class: 15–20          

6 IIIrd-c quality class: 20–25          
5 IVth-a quality class: 25–31          

4 IVth-b quality class: 31–37          
3 IVth-c quality class: 37–43          

2 IVth-d quality class: 43–50          
1 Vth quality class: > 50          

*according to Order no. 161/2006 of the Ministry of Environment and Water Management  

 

130
2

)120sin1010((3

2

)sinLL((3
Si 








    (37) 

105353535SSSS 321CR 1
      (38) 

23.1
105

130
I

1CPG          (39) 

 

2.971.31351.31SSSS 321CR 2
     (40) 



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   41 

 
 

33.1
2.97

130
I

2CPG          (41) 

 

105353535SSSS 321CR 3
      (42) 

23.1
105

130
I

3CPG          (43) 

 

26.1
3

)23.133.123.1(
I

321 C,C,CPG 


      (44) 

 
26,1IPG   

 
The calculated global contamination parameters for the Accumulations Ciric I, Ciric II, Ciric 

III ( 26,1IPG  ) shows an environment affected by the human activity in admitted limits (Fig. 17). 

 

 
 

Fig. 17. Global contamination parameter for lead concentration analysis (Ciric Accumulation) 

 
The protection of surface waters and aquatic ecosystems mainly refers to maintain and 

ameliorate their quality and their natural productivity in order to avoid the negative effects over the 
environment, human health and material goods. The followings as the prevention and control measures 
for the surface waters from Iaşi city have to be considered: 

- building plants and specific treatment systems for the wastewaters in the industrial units in 
order to retain and to neutralize the potentially toxic chemical substances, (Mănescu et al., 

1994; Varduca, 1999); 
- controlling the storage process of solid waste, in order to avoid the leachate transport in the 

surface or underground water sources; 

- cleaning the evacuation ditches for pluvial waters in order to ensure the normal section of the 
draining waters, the slopes of the water flows of waste deposits, the elimination of the 

uncontrolled discharge of the wastewaters; 
- fulfilment of some informational-educational-conscious actions which endorse more target-

groups: nursery schools, schools, secondary schools, NGOs, economic companies; 

- implementing management systems for sustainable development, in order to apply some 
preventative measures and technologies, as well as cleaner (bio)technologies in the industr ia l 

units, for reducing in order to reduce waste and wastewater flow rates;  
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- research developed for finding optimal and advanced treatment methods (physical, chemical 

and biological) for the industrial wastewaters, adapted in order to be taken/assumed by the 
administrative organisms (Varduca et al., 2002, Surpăţeanu et al., 2002, Macoveanu, 2005; 
Robu, 2005); 

- completing the regularization and arrangement works for the river bed by making washing 
channels, building some concrete thresholds with upstream dams right beside the channel; 

- arranging the banks with concrete walls with stone layers; 
- ensuring water monitoring by the wastewater suppliers and accomplishing the programs for 

bringing the parameters to values which respect the present settlements; 

- establishing measure and intervention programs by water suppliers, for accidental 
contaminations; 

- ensuring and controlling the discharges into Bahlui and Nicolina rivers, even for pre-treated or 
non-contaminated waters; 

- ecological reconstruction of the banks and water in order to give back the quality of clean rivers 

for Bahlui and Nicolina. 
 

Considering these results, measures for prevention and control of heavy metals contamina tion 
of the surface waters in Iaşi city were proposed and should be taken into account by local authorit ies 
in order to assure the required drinking water quality. The quantitative and qualitative analysis of the 

contamination of the surface waters in Iaşi city with various heavy metals ions (total Fe, Pb, Ni, Cr, 
Cd) was carried out by the method of global pollution index proposed by Rojanschi (1991) and 
improved by Popa et.al. (2005). The current work was conducted to analyse and quantify the impact 

induced by heavy metals ions in surface waters from Iasi city, Romania, considering the measured 
concentration over the period 2001-2005. Thus, four very important surface waters from Iasi city, 

Romania were considered in the assessment process (Bahlui and Nicolin Rivers, Ciric and Chirita 
accumulations/lakes), and the quality evolution of the followings heavy metals was studied: lead, iron, 
nickel, chrome and cadmium. Considering the measured concentrations of these heavy metals ions, 

monitored from 2001 until 2005, the quantification of impact induced in surface waters was provided, 
based on Rojanschi’s method, but considering each year of study and the environmental negative 

effects of these pollutants. 
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B. IMPACT ASSESSMENT OF INDUSTRIAL ACTIVITIES - IMPROVED GLOBAL 

POLLUTION INDEX METHOD APPLIED FOR ENVIRONMENTAL IMPACT 

ASSESSMENT OF A REFINERY 

 

1. Site characterization 

The site investigation was carried out considering a refinery case study. The evaluated site 
related to the refinery is located on Romanian Black Sea coast, and the residential area is about three 
km far from this site, so that the quality of air and Black Sea water are very important for the inhabitants 

of this area. The main activity of the assessed refinery consist of crude oil with a very high content of 
sulphide (1.6% S) processing, resulting different products, such as: petroleum, fuel for airships, liquid 

gas, gasoline, Diesel fuel, light liquid fuel, fuel oil, sulphide of petroleum. Two groups of analyses 
were performed in order to assess the magnitude of pollution: a) analyses of specific air pollutants 
(with significant impact on air and soil around the pollution sources), b) analyses of surface water, 

nearby the evaluated site, where wastewaters are discharged (Black Sea). The number of samples was 
dependent on the size of the industrial site and the source of pollution. For the environmenta l 

component water, samples from final effluent from wastewaters treatment station, discharged into 
Black Sea were analysed. In order to evaluate the quality of the environmental component air, three 
quality indicators: NOx (mg/m3), CO (mg/m3), SO2 (mg/m3), were measured according to the national 

legislation (G.O., 1993; G.O, 2002b). The influence of refinery activities on soil and ground water was 
not considered in evaluation process, because all the related activities take place on a concrete 
platform, so that the possible leakages and pollutants are directed to the wastewater treatment station. 

Also, the rain water that washes the refinery platform and could contain significant pollutants 
(especially crude oil or petroleum) is collected by special drains and directed to the wastewater 

treatment station. Based on these arguments, the impact on environmental components soil and ground 
waters, was not evaluated (Robu, 2005). 

 

2. Experimental data 

The results of the chemical analyses of water samples taken from the final effluent of 

wastewaters treatment station are presented in Table 18, and those of air samples in Table 19.  
 

Table 18. The main quality indicators of treated wastewaters samples 
No. Quality indicator Measured value MAC1 MAC2 

1. pH 7.5 6.5-8.5 6.5-8.5 

2. COD, mg/L 100 25 125 
3. BOD5, mg/L 32 5 25 

4. H2S, S2-, mg/L 0.063 - 0.5 
5. Phenols, mg/L 0.15 - 0.3 

6. Floating solids, mg/L 11.2 - 35 
7. Oily products, mg/L 2.0 0.1 5 

8. Residues, mg/L 842 500 - 
1
 Maximum Allowed Concentration according to the Governmental Order 1146/2 002, quality II. 

2
 Maximum Allowed Concentration according to the Governmental Decision 188/2002, NTPA 001.  

 

Some national regulations such as: Governmental Ordinance no. 1146/2002 regarding the goals 
for classification of surface water quality (G.O., 2002b), Governmental Decision no. 100/2002 for 

approval of quality  norms that has to be fulfilled by surface waters used to produce drinking water 
and for approval of normative regarding measurement methods and the frequency of sampling the 
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surface waters used to produce drinking water (G.D., 2002a), and Governmental Decision no. 

188/2002 for approval of norms regarding the conditions to discharge wastewaters into aquatic 
environment: NTPA 001, NTPA 002 (G.D., 2002b) are used to appreciate the quality of surface water. 
These data were further considered in the environmental impact assessment. 

 
Table 19. The main quality indicators of air samples 

Samples Quality indicator Measured value (mg/m3) MAC1 MAC2 

1. NOx 
SO2 
CO 

219.57 
206.64 
1242.34 

0.2 
0.35 
10 

350 
35 
100 

2. NOx 
SO2 
CO 

227.59 
260.83 
830.93 

0.2 
0.35 
10 

350 
35 
100 

3. NOx 
SO2 
CO 

227.59 
252.25 
850.10 

0.2 
0.35 
10 

350 
35 
100 

4. NOx 
SO2 
CO 

227.59 
97.97 
370.37 

0.2 
0.35 
10 

350 
35 
100 

5. NOx 
SO2 
CO 

227.59 
668.5 
796.98 

0.2 
0.35 
10 

350 
35 
100 

6. NOx 
SO2 
CO 

233.27 
355.16 
895.59 

0.2 
0.35 
10 

350 
35 
100 

7. NOx 
SO2 
CO 

265.26 
300.20 
949.37 

0.2 
0.35 
10 

350 
35 
100 

8. NOx 
SO2 
CO 

227.59 
277.65 
837.59 

0.2 
0.35 
10 

350 
35 
100 

9. NOx 
SO2 
CO 

166.72 
129.95 
562.6 

0.2 
0.35 
10 

350 
35 
100 

10. NOx 
SO2 
CO 

227.59 
132.68 
603.07 

0.2 
0.35 
10 

350 
35 
100 

11. NOx 
SO2 
CO 

254.43 
1468.0 
806.92 

0.2 
0.35 
10 

350 
35 
100 

12. NOx 
SO2 
CO 

255.01 
1470.2 
809.07 

0.2 
0.35 
10 

350 
35 
100 

1 Maximum Allowed Concentration according to the Governmental Order 592/2002 

2 Maximum Al lowed Concentration according to the Governmental  Order 462/1993 
 

3. Environmental impact assessment 

3.1. Method of global pollution index 
This method known also as Rojanschi’s method (Rojanschi, 1991) is a synthetic estimation, 

based on the quality indicators for each environmental component, and a further correlation using a 
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graphical representation. Thus, for each environmental component different evaluation grades are 

established on a scale from 1 to 10, considering the levels of quality indicators as imposed by the 
national standards and those obtained for the fluxes resulted in the production process considered as 
emissions. On the scale, the evaluation grade 1 describes a very severe situation concerning 

environmental pollution, while the grade 10 describes the ideal situation that is the quality of evaluated 
environmental component is not affected by human or industrial activities (Macoveanu, 2005; 

Rojanschi et al., 1997). 
 

3.2. Improved global pollution index method 

The improved method follows the same procedure as that developed by Rojanschi (1991): first, 
it has to be established an evaluation scale for each environmental component assessed, considering 

the maximum allowed concentrations of quality indicators, according to the national legislation. After 
that, the environmental state can be assessed using the index of global pollution. Similarly to 
Rojanschi’s method, the improved method proposed by Popa et al. (2005) also considers the index of 

global pollution (IGP) as the ratio between the ideal state (Si) and the real state (Sr) of the ecosystem. 
Thus, a concentric circles, as graphical methodology proposes, the index of global pollution can be 

calculated using only the arithmetic mean of the evaluation grades  2b . Appling this method to 

calculate the index of global pollution, the global state of the assessed ecosystems may be fast 

appreciated only using the arithmetic mean of the evaluation grades. The authors (Popa et al., 2005) 
proposed a scale of the arithmetic mean values for the evaluation grades, correlated with the global 

state of the ecosystem (Table 20). The proposed method defines the index of global pollution as the 
ratio between the surfaces of the concentric circles that corresponds to the ideal and real states of the 
ecosystem, respectively leading to the final equation that allows the calculation of global pollut ion 

index (Popa et al., 2005). That is one of the advantages of this improved method. 
 

Table 20. Correlation between the arithmetic mean of the evaluation grades 
and the global state of the ecosystem (Popa et al., 2005) 

Values of 

 2b  

Values of 
I*

GP 
Class Effects/ real situation 

10 I*
GP = 1 A Natural environment, not affected by industrial/human 

activities 

9.999 - 7.072 1  I*
GP  2 B Environment modified by industrial activities within 

admissible limits 
7.071 - 5.774 2  I*

GP  3 C Environment modified by industrial activities causing 
discomfort conditions 

5.773 - 5.001 3  I*
GP  4 D Environment modified by industrial activities causing 

distress to life forms 

5 - 4.083 4  I*
GP  6 E Environment modified by industrial activities, dangerous 

for life forms 
< 4.082 I*

GP  ≥ 6 F Degraded environment, not proper for life forms 

 

Thus, the final information about the global state of the ecosystem is easier to be found than in 
the Rojanschi’s method. Another advantage of this new method is that the global state of the ecosystem 

can be assessed using only two environmental components, while the Rojanschi’s method can be 
applied considering at least three environmental components. 
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3.3. Results and discussions 

The evaluation grade for surface water was obtained considering the measured concentrations of 
the following quality indicators: COD, BOD, H2S, oily products, floating solids, phenols and residues 
(Table 21). 

 

Table 21. Evaluation scale for the environmental component surface waters 

Grades 
Water 

category 
COD 
(mg/L) 

BOD 
(mg/L) 

H2S, S2- 
(mg/L) 

Oily 

products 

(µg/L) 

Floating 

solids 

(mg/L) 

Phenols 
(µg/L) 

Residues 
(mg/l) 

10 Drinking water < 10 < 3 < 0.1 < 10 < 10 fond* fond* 

9 Category I 10 3 0.1-0.3 10-100 10-35 < 1 < 200 
8 Category II 10-25 3 – 5 0.3-0.5 100-200 35-70 1-20 200-500 

7 Category III 25-50 5 – 10 0.5-0.75 200-500 70-150 20-50 500-
1000 

6 Category IV 50-125 10–25 0.75-1.0 500-1000 150-350 50-100 1000-
1300 

5 Category V 125-175 25 - 30 1.0-1.25 1000-5000 350-500 100-500 1300-
1500 

4 Degraded 
stage 1 

175-300 30–50 1.25-1.5 5000-7500 500-700 500-1000 1500-
1700 

3 Degraded 
stage 2 

300-500 50–100 1.5-1.75 7500-10000 700-850 1000-3000 1700-
1800 

2 Waste water 
stage 1 

500-700 100 –500 1.75-2.0 10000-12500 850-1000 3000-5000 1800-
2000 

1 Waste water 
stage 2 

700  500 > 2.0 > 12500 > 1000 > 5000 2000 

*concentration in natural conditions, no emissions. 
 

To evaluate the environmental component air, three quality indicators: NOx (mg/m3), CO 

(mg/m3), SO2 (mg/m3) were assessed. After that the evaluation scale was made considering the normal 
values, according to the national legislation (G.O., 1993; G.O., 2002a). Considering these results,  the 
environmental component air is classified as clean air, not affected by industrial emissions 

corresponding to grade 10, to not breathable air, that is grade 1 (Table 22). The quantification of 
environmental impact was done applying the improved method for calculation of the global pollution 

index. Considering the measured values for surface water, the evaluation grades of representative 
quality indicators are as follows: COD Cr – grade 6; BOD5 – grade 4; H2S, S2- – grade 10; Oily products 
– grade 5; Floating solids – grade 9; Residues – grade 7; Phenols – grade 5. 

 

Table 22. Evaluation scale for the environmental component air 

Grades Air category 
NOx 

(µg/m3) 
Effects on humans 

SO2  

(µg/m3) 

Effects on 

plants 

CO 

(mg/m3) 

10 Natural 
quality 

0 – 20 State of natural 
health 

0-20 State of 
natural 
equilibrium 

< 2 

9 Clean air – 
stage 1 

20–150 No effects 20-50 No effects 2 -6 

8 Clean air – 
stage 2 

150–750 No effects 50-200 No effects 6 -10 
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Grades Air category 
NOx 

(µg/m3) 
Effects on humans 

SO2  

(µg/m3) 

Effects on 

plants 

CO 

(mg/m3) 

7 Affected air 
– stage 1 

750-7000 Increase of death 
rate, bronchitis and 
lungs diseases 

200-500 Plants 
affection 

10-25 

6 Affected air 
– stage 2 

7000-75000 Respiratory 
symptoms 

500-700 Chronic 
plants 
affection 

25-50 

5 Polluted air – 
stage 1 

75000-350000 Increase death rate 
due to lung cancer 

700-1000 Reduced 
visibility 6–8 
km 

50-100 

4 Polluted air –
stage 2 

350000–550000 Increase of daily 
death rate 

1000-3000 Steel 
corrosion 

100-150 

3 Degraded air 
– stage 1 

550000–700000 Large increase of 
daily death rate 

3000-5000 Noxious 
effects on 
plants 

150-300 

2 Degraded air 
– stage 2 

700000 -750000 Lethal effects at 
medium exposures 

5000-10000 Noxious 
effects on 
environment 

300-500 

1 Not 
breathable  

750000 Lethal effects at 
short exposures 

> 10000 Lunar 
landscape 

> 500 

 

The evaluation grade for surface water is 6.57. This means that the related activity to the refinery 

has a significant impact on surface water. The evaluation grade for environmental component air was 
obtained considering the measured values of pollutants, such as NOx (grade 7), SO2 (grade 1), CO 
(grade 1). The evaluation grade for air is 3.00. It can be observed that the main pollutants for air are 

emissions of CO and SO2, which seriously affect the air quality. The next step in environmental impact 
assessment is the quantification of impact by calculating the value of the global pollution index 

(applying the improved method), taking into account the evaluation grades obtained by each 
environmental component (surface water: 6.57, air: 3.00). For the assessed situation it was applied the 
improved method for calculation of global pollution index. Thus, the mean of evaluation grades has 

the value 4.785, the parameter  2b  is 22.89, and the IGP is 4.37. So that, the activity related to the 

refinery seriously modifies the environmental quality, especially air quality, in a dangerous way for 
life forms, inducing a great impact in environment. The final results show that the air is seriously 

affected by the CO and SO2 emissions from activities related to the refinery. Also, the quality of surface 
water, where the pre-treated wastewaters are discharged is affected. The impact induced in 
environment is great, mainly caused by emissions of CO and SO2; this imposes actions for control of 

air emissions. The value of the global pollution index indicates that the environmental quality is 
modified by industrial activities, in a dangerous way for life forms. This requires remediation actions 

and control pollution for minimization of air emissions. 
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C. POST CLOSURE INFLUENCE OF EMISSIONS RESULTED FROM MUNICIPAL 

WASTE DUMP SITES: A CASE STUDY OF THE NORTH-EAST REGION OF ROMANIA 
 

1. Solid waste management 

Improper management of municipal solid waste dump sites is posing severe risks to both human 
health and environmental system. Environmental contamination of different compartments released 

by solid waste landfilling is a major issue of the developing countries. In this context, effective 
management of solid waste has become environmentally and economically mandatory (Căilean and 
Teodosiu, 2016; Cheng and Hu, 2010; Ghinea and Gavrilescu, 2016). This problem is a major issue 

for Romania since 2007, after EU integration, considering the historical pollution accumulated during 
more than 50 years. Before Romania’s EU integration, there were more than 85 municipal waste 

deposits which were not complying with European standards and regulations (GD 870, 2013). 
Consequently, 12 municipal wastes dump sites had to be closed in the North-East (NE) region of 
Romania. According to the National Environmental Reports regarding the environmental quality in 

Romania during 2011-2014, several accidental pollution cases were recorded due to the emissions 
from municipal waste dump sites. For example, in the NE region of Romania, 2 severe air quality 

pollution cases generated due to incineration of municipal wastes were recorded, the main contributors 
to the air pollution generated being CH4, CO2, NOx and SOx (www.anpm.ro). Another case of air 
pollution was registered in 2012, when methane was generated at national level by 4 main industr ia l 

activities in total amount of 85.509.000 kg/year, from which 76.26% was the result of municipal wastes 
deposits (www.anpm.ro). Despite numerous studies at national and international levels dedicated to 
municipal waste dump sites or landfills and their environmental impacts, the actual influence of 

different pollutants in the environmental components is still not fully understood (Fernández-Nava et 
al., 2014; Gavrilescu et al., 2015; Ghinea et al., 2016; Gworek et al., 2015; Schiopu and Gavrilescu, 

2010). The main goal of this paper was to evaluate the level of pollution considering closed munic ipa l 
waste deposits from NE region of Romania, with a special emphasis on Botosani, Iasi and Vaslui 
counties (Botosani, Iasi, Husi, Birlad and Negresti cities), in order to establish the priority actions and 

measures that need to be implemented. Five municipal wastes dump sites, closed after Romania’s EU 
integration were evaluated, the post closure monitoring being conducted by accredited environmenta l 

laboratories. An environmental impact assessment strategy was considered based on two conventiona l 
methods, Rapid Impact Assessment Matrix and Leopold’s Matrix.  

For the environmental impact assessment, the environmental components, air, soil and ground 

water in the established area were monitored over a period of 2 years (2013-2014 and 2014-2015). 
During the environmental impact assessment period, the monitored pollutants were: i) for air quality 

assessment: CH4, CO2, NOx, SOx and VOC, ii) for ground water quality assessment: VOC, nitrate, 
phosphorous and heavy metals and iii) for soil quality assessment: heavy metals. It was also taken into 
account the possibility of methane emissions valorisation in the form of biogas. According to national 

regulation to approve Technical Norms regarding wastes deposits conditions, for a methane 
concentration lower than 20% or a gas flow lower than 100 m3/h, the gaseous emissions from wastes 

deposits can be redirected trough bio filters to prevent air and water pollution. On the other hand, if 
the methane concentration is lower than 15%, the technical norms recommend only the biologica l 
filtration of gaseous fluxes resulted from closed municipal wastes landfills, as a measure of pollut ion 

prevention and control (MO 757, 2004). Since methane concentration was very low, based on technica l 
standards recommendations the decision was that methane emissions valorisation is not valuable. The 

National Strategy of Waste Management, Horizon 2014-2020, states 8 major objectives with the role 
to redirect, according to new priorities, the measures and actions of National Plan of Wastes 
Management. Thus, in Romania the action measures proposed for the next 5 years are (GD 870, 2013): 
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i) prioritization of efforts and its correlations in wastes management field connected to other strategies; 

ii) prevention of wastes generation and reuse, recycle, valorisation; implementation of integrated waste 
management; iii) development and implementation of environmental technologies oriented to valorise 
and reuse the waste; iv) avoiding the export or import of waste that can be reused; and v) encouraging 

the waste exploitation for energy recovery. Considering the National Plan of Waste Management and 
European regulations, the purpose of this paper was to assess the impact on environmental quality that 

could arise after closing waste dump sites due to emissions generated by wastes digestions and gaseous 
accumulation due to landfilling. Thus, this paper provides, considering the case of post-closure 
municipal waste dump sites, a clear view on likely environmental impacts, biogas generation and fire 

risks.  
 

2. Materials and methods 

2.1. Site description 
Municipal waste dump sites in Romania, particularly in the NE region were not according to 

European Standards after EU integration, thus the European Commission decided that all these waste 
dump sites should be closed and the sites ecological safe before 2020. The main composition, 

distribution and main characterization of waste dump sites are (Kjeldsen et al., 2002; Schiopu et.al, 
2009): 

- municipal and industrial waste collected (non-selective) and deposited (jointly) in the period 

until 1990. The key features of waste during that period were: the wastes contained more 
organic matter and had a high humidity, while waste collected after 1992 and changed its 
features containing less organic substance and having a low humidity (due to the invasion of 

synthetic packaging such as PVC, PE, PET etc. ) 
- landfills in Romania were built during 1950 and 1960 without considering environmenta l 

standards, thus emissions (liquid and gaseous) had adversely affected the environmenta l 
quality. For example, leachate which is highly concentrated in pollutants could negative ly 
affect the quality of different environmental compartments.  

 
This work was focused on the NE region of Romania, Botosani, Iasi and Vaslui counties 

(Botosani, Iasi, Husi, Birlad and Negresti cities), considering their geographic situation at the cross 
border with Republic of Moldova. A brief description of main characteristics of analysed dump sites 
is given in Table 23. The political and administrative involvements from both countries are willing to 

avoid and prevent as much as possible the environmental pollution, and elaborate a common strategy 
to implement pollution prevention and control measures on both sides. 

 
Table 23. Brief description of analysed dump sites 

Main characteristics Dump site - 
Iasi county 

Dump site – 
Botosani county 

Dump site – 
Birlad 

Dump site – 
Husi 

Dump site – 
Negresti 

Start / closing year* 1967 / 2009 1982 / 2012 1969 / 2007 1952 / 2007 1960 / 2009 
Total area (ha) 20 13.75 6.41 1.5 0.5 

Landfill area (ha) 15.40 10.20 6.41 1.25 0.4 
Design capacity (m3) 3,000,000 2,500,000 750,000 560,000 40,000 

Dumping quantity (m3) 2,500,000 1, 858,000 750,000 420,000 22,100 
Maximum waste height 
(m) 

2.5-4.0 2.5-4.0 5.0-7.0 30.0 4.0 

Depression below the 
ground water (m) 

10-12 6-8 8-10 10-12 14-16 
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Distance from the 
nearest surface water 
body (km) 

0.704 0.650 0.300 0.300 0.400 

Annual precipitation in 
region (mm) 

80 81.33 80.79 61.01 61.01 

Annual average 
temperature (T0 C) 

8-10 8-9 9.40 8.7 8.7 

* represents the year when the dumping/landfill activities have stopped, the closing procedures have started in 2013.  

 

2.2. Sampling and methodology  
All investigations performed on the landfill site were developed according to current legisla t ion 

(GD 449, 2013; MO 592, 2002; MO 757, 2004; MO 161, 2006). Ground water samples were analysed 

to identify the presence of pollutants such as volatile organic compounds (VOCs), nitrate, phosphorous 
and heavy metals. 13 VOCs classified as dangerous pollutants were monitored within the study and 

considering the analyses it was found that there are no VOCs present in air, soil or ground water in the 
monitored area. 
 

2.2.1. Ground water quality 
Water samples taken by drilling from the site were analysed aiming the presence of VOCs. 

Analyses were made considering headspace solid-phase micro-extraction (HS-SPME) method 
followed by gas chromatography-mass spectrometry (GC-MS). The VOCs were identified by GC–MS 
(Agilent 6890N/MSD GC–MS system) and quantified by GC with FID (flame ionization detector), 

using a J&W Carbowax 20 M column. Any compound analysed by GC-MS must be sufficient ly 
volatile and thermally stable, and functionalized compounds may require chemical modification to 

eliminate undesirable adsorption effects that would affect the quality of the final data. Samples are 
usually analysed as organic solutions; consequently materials of interest (e.g. soils, sediments etc.) 
need to be solvent extracted and the extract subjected to various 'wet chemical' techniques before 

GC/MS analysis is possible (Catrinescu et al., 2015; Fernandes et al., 2007; Filakov et al., 2006; Robu 
et al., 2004). Thirteen VOCs considered hazardous and recommended to be monitored according to 

the current national legislation (MO 161, 2006) were taken into account for this analysis, as well as 
heavy metals and nitrates. All analysis were developed according to standardized analytical methods 
(MO 161, 2006) and using atomic absorption spectrophotometer (AAS), with flame and automatic 

graphite oven, computerized with transversal heating, deuterium lamp for background correction and 
hollow cathode lamps. 

 
2.2.2. Air quality 

In situ measurements aiming mainly on the analysis of the total concentration of volatile organic 

compounds and several other parameters (e.g. nitrogen oxides, sulphur oxides, carbon monoxide, 
carbon dioxide and methane) were considered to qualitatively assess the risk of ignition from the 

evaluated site. Measurements were carried out in batch using an automatic analyser (model OLDHAM 
MX 21 PLUS), equipped with specific sensors for each indicator monitored. The analyser was 
metrological verified at the National Institute of Metrology Bucharest, Romania.  

 
2.2.3. Soil quality 

Five geotechnical drillings based on mechanical hand drill sampling were carried out on the 
Birlad site. Sampling was performed at depths up to 7.00 m, denoted as F01 ÷ F05. Considering the 
geotechnical studies it was found under the layer of land filling with waste (0.20 m) there is a layer of 

waste of 6.80 m, throughout the drilling depth, the hydrostatic level was not met. Six geotechnica l 
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drilling based on mechanical hand drill sampling were carried out on the Husi site. Sampling was 

performed at depths up to 7.00 m, denoted as F01 ÷ F03. Following the geotechnical studies it has 
been found that the soil is composed mainly of dusty clay and sandy loam yellow dust, less permeable 
and greenish grey loam with brown areas, impermeable. Six geotechnical drilling based on mechanica l 

hand drill sampling were also carried out considering the Negresti site. Sampling was performed at 
depths up to 7.00 m, denoted as F01 ÷ F03. Following the geotechnical studies it has been found that 

the soil is composed mainly of dusty clay and sandy loam yellow dust. In case of Iasi and Botosani 
counties, there are up to 7 drills to control the ground water quality and prevent its pollution. Soil 
samples from 5 and 30 cm depth were taken and analysed, considering the heavy metals as main 

pollutants. Thus, the pollution migration from ground water to soil has been studied. 
 

2.3. Environmental impact assessment 
Environmental impact assessment is nowadays very much improved and adapted to be applied 

for various situations (Stefanescu et.al., 2013), and, in this case it was developed by using two 

conventional methods such as: a) Rapid Impact Assessment Matrix  and b) Leopold’s Matrix, but 
adapted for the waste deposits situation. The impact is generally defined as the magnitude (severity) 

of negative effects induced on environmental quality by certain pollutants or emissions. The first 
method, Rapid Impact Assessment Matrix , developed by Kuitunen et al. (2008) and Sandham and 
Pretorius (2008), and digitized by Suditu and Robu (2012) takes into consideration two types of 

criteria: criteria of group A (A1 and A2) that can individually influence the final results, and criteria 
of group B (B1, B2, B3) which cannot individually influence the final environmental score (ES). 
Criteria (A1) refers to the importance of assessed project/activity/condition. While (A2) considers the 

magnitude of negative effects induced in environment. Criteria of group B refers to permanence (B1), 
reversibility of negative effects/pollution (B2) and cumulatively character of the measured polluta nts 

(B3). The values for criteria A and B were assigned based on measures concentration of each pollutant, 
as an average of multiannual measurements and compared with maximum limits established by 
environmental standards. In the case of criteria A1, value 4 was assigned for measured concentrations 

between alert threshold and maximum limit, and value 3 was assigned in case of measurements under 
alert threshold. Criteria A2 has the value (-3) in the case of measurements higher than maximum limits, 

while the value (-1) was assigned in the case of measured concentrations under alert threshold. 
Considering the criteria B, value 1 was assigned when the measured concentration was under alert 
threshold, while value 3 was assigned when the measured concentration was higher than the maximum 

limits according to environmental standards. The impact is expressed, in this case, as Environmental 
Score (ES) calculated by RIAM method. The second method applied herein was Leopold’s Matrix 

(1971), adapted for the situation of closed waste deposits. The Impact (I) in this case was calculated 
as the product of the Magnitude (M) and its Significance in term of severity (S), as previously 
described. 

 
3. Results and discussion 

3.1. Inputs and outputs 
 The experimental data were developed for five municipal waste deposits from NE region of 
Romania, closed after EU integration. The environmental quality monitoring took into consideration 

the case of soil, ground water and air pollution, for the period 2013-2015. Table 24 presents the 
collected data.  
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Table 24. Experimental data of air, water and soil quality monitoring (2013-2015) 
 Air quality monitoring Ground water quality monitoring Soil quality monitoring 

   
2013/ 
2014 

2014/ 
2015 

    
2013/ 
2014 

2014/ 
2015 

    
2013/ 
2014 

2014/ 
2015 

  

 Indicator 
(Mg/Nm

3
) 

(MC) (MC) MAC
1
 

Indicator  
(Mg/L) 

 (MC)  (MC) MAC
2
 

Indicator 
(Mg/Kg) 

(MC)  (MC) MAC
3
 

WD Iasi 
(WD01) 

Methane  UDL 1.7 10.5 

COD-Cr 83.34 189.08 10.00 Cr 7.46 8.95 30 

N-NH4   1.87 1.23 0.40 Cu 1.55 0.94 20 

NO
3-

  3.33 18.40 1.00 Mn 7.05 8.32 900 

CO  3.33 8  10 

PO
4- 

4.39 2.94 0.15 Ni 4.85 3.17 20 

Cu 0.03 0.11 0.02 Zn 29.90 32.05 100 

Zn 0.19 0.36 0.10 Pb 
  

10.33 14.29 
20 
  Cr 0.04 0.06 0.025 

WD 
Botosani 

(WD02) 

NO 0.11 
0.102
5 

0.2 COD-Cr 11.73 18.22 10.00 

Hydrocarbo

ns (5 cm 
depth) 

210 135 100 

SO 0.12 
0.117

5 
0.35 N-NH4   1.33 0.94 0.40 

Hydrocarbo

ns (30 cm 
depth) 

420 170 100 

CO 12 11.22 10 NO
3-

  0.25 0.44 1.00 
Phenols (5 
cm depth) 

2.22 1.65 0.02 

Methane  2.88 2.06 10.5 PO4- 0.114 0.102 0.15 
Phenols (30 
cm depth) 

1.74 1.18 0.02 

VOCNM  3.8  2.96  5  

Cu 0.022 0.028 0.02 Cr 7.25 8.46 30 

Zn 0.163 0.188 0.10 
Pb  8.12  9.33  20  

Cr 0.036 0.042 0.025 

WD Husi 
(WD03) 

NO 0.12 0.11 0.20 VOC 0.0000 0.0000 0.0100 Cr 
135.5

1 

136.8

6 
30.00 

SO 0.05  - 0.35 N-NH4   1.2000 0.9600 0.4000 Cu 24.10 25.32 20.00 

CO 0.002 0.002 10.00 NO3-  4.9500 6.2200 1.0000 Cd 2.87 3.12 1.00 

Carbon 
dioxide 

10.92 10.71  - PO
4- 

4.6000 3.0600 0.1500 Ni 3.85 4.05 20.00 

Methane  1.23 1.01 10.50 Cu 0.0560 0.0660 0.0200 Zn 
120.1
2 

122.3
2 

100.00 

VOCNM  2.33  2.07  5.00  
Cd 0.0033 0.0045 0.0050 

Pb  38.65 39.85 20.00  
Cr 0.0028 0.0032 0.0250 

WD Birlad 
(WD04) 

NO 0.08 0.08 0.20 VOC 0.0000 0.0000 0.0100 Cr 
137.7
5 

139.2
5 

30 

SO 0.05 0.05 0.35 N-NH4   1.4600 1.1200 0.4000 Cu 26.50 27.62 20 

CO 0.002 0.002 10.00 NO
3-

  4.7500 7.2200 1.0000 Cd 2.92 3.12 1 

Carbon 
dioxide 

4.50 4.31  - PO
4- 

4.5000 3.6800 0.1500 Ni 4.01 4.22 20 

Methane 

(%) 
1.49 1.08 10.50 Cu 0.0600 0.0780 0.0200 Zn 

122.4

6 
124.5   

VOCNM  1.17 1.11 5.00  

Cd 0.0046 0.0051 0.0050 

Pb  39.86 40.15 20  
Cr 

0.0031
5 

0.0036 0.0250 

WD 
Negresti 
(WD05) 

NO 0.10 0.10 0.20 VOC 0.0000 0.0000 0.0100 Cr 
134.2
5 

135.5
6 

30 

SO 0.001 0.001 0.35 N-NH4   1.4200 0.9400 0.4000 Cu 23.75 24.22 20 
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 Air quality monitoring Ground water quality monitoring Soil quality monitoring 

   
2013/ 
2014 

2014/ 
2015 

    
2013/ 
2014 

2014/ 
2015 

    
2013/ 
2014 

2014/ 
2015 

  

 Indicator 
(Mg/Nm

3
) 

(MC) (MC) MAC
1
 

Indicator  
(Mg/L) 

 (MC)  (MC) MAC
2
 

Indicator 
(Mg/Kg) 

(MC)  (MC) MAC
3
 

CO 0.002 0.002 10.00 NO
3-

  4.4600 7.9600 1.0000 Cd 2.67 2.84 1 

Dioxid 
carbon 

12.50 11.00  - PO
4- 

4.6200 3.9200 0.1500 Ni 3.82 3.96 20 

Methane 
(%) 

1.00 0.75 10.50 Cu 0.0580 0.0620 0.0200 Zn 
121.0
5 

122.1
6 

100 

VOCNM  2.19  1.69  5.00  
Cd 0.0042 0.0052 0.0050 

Pb  38.95 39.86  20  
Cr 0.0038 0.0041 0.0250 

*represents the annual average, UDL-under detection limit; MC – measured concentration in period 2013/2014 and 2014/2015 
MAC1-maximum allowed concentration according to Order of Ministry for Environmental, Waters and Forests no. 592/2002 for air quality, in case of 

methane Order no.757/2004 
MAC2-maximum allowed concentration according to Order of Ministry for Environmental, Waters and Forests no. 161/2006 for water bod ies quality, 
class I 
MAC3-maximum allowed concentration according to Order of Ministry for Environmental, Waters and Forests no. 756/1997 for environmental 

pollution evaluation -soil, normal values 

 
3.2. Dynamic of pollution at regional level 

The municipal waste deposits from the analysed counties revealed the fact that there is no 
significant impact on environmental quality. The results on ground water quality showed that there is 

no danger when it comes to VOCs, and only nitrates and heavy metals, as priority pollutants should be 
further considered. The results on air quality analysis indicate that there is no risk of ignition on the 
site, given the concentrations of determined indicators; the concentrations were situated far below the 

maximum admissible level considering current legislation (some of the monitored indicators were even 
below the detection limit of the automatic analyser, i.e. 0,002 mg/m3) (Table 24).  It was observed that 

the main pollutants at regional level, generated by post closure emissions of waste deposits are: CO 
(in the case of air quality assessment), heavy metals and nitrate (in the case of ground water quality 
assessment) and heavy metals (in the case of soil quality assessment) (Fig. 18). It was proven that 

heavy metals migrate from one environmental compartment to another very easily. Moreover, they are 
accumulating in living tissues through the food chain generating serious human health hazards  

(Bulgariu et al., 2009; Hlihor et al., 2015, 2016; Horaicu et al., 2009, 2010). 
As a result of the laboratory chemical analysis and in situ measurements, it was found that the 

emissions generated by the waste deposits contain CH4, CO2, and traces of sulphur oxides. These 

pollutants could destroy gas treatment facilities, their removal being made by means of bio-filters or 
active carbon, or by washing or catalytic oxidation of the gas. Given the low concentrations and flow 

rates measured in situ, it was considered that it is necessary to install a combustion installation / 
recovery of gases emitted. The risk of explosion / ignition on the site was minimal considering the low 
concentration of methane determined. The presence of carbon dioxide in the landfill gas and the 

nitrogen introduced together with the air, and having an inert character, diminishes the explosive nature 
of the mixture (Gavrilescu, 2008; Teodosiu et al., 2015). 
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a) b) 

 
c) 

d) 
Fig. 18. Dynamic of pollution at regional level: a) CO pollution in air; b) nitrate pollution in ground water; c) 

heavy metals pollution in ground water; d) heavy metals pollution in soil (Legend: MC – measured 
concentration, IS – waste deposit from Iasi county, BT – waste deposit from Botosani county, VS01 – waste 
deposit from Husi – Vaslui county, VS02 – waste deposit from Birlad – Vaslui county, VS03 – waste deposit 

from Negresti – Vaslui County) 

 

 
3.3. Environmental impact assessment 

The results of environmental impact assessment process, obtained by each method are very 
similar. The environmental authorities together with environmental experts were able to establish the 
infringement measures to protect the environment. It is mentioned that high values of impact or 

environmental scores underline major negative effects, significant pollution, and the highest is the 
priority of control and remediation measures. The results of impact assessment in case of munic ipa l 

waste deposit from NE region of Romania, at the cross border, revealed the fact that the most negative 
impact is induced at regional level in the air quality of Botosani county (the upper county from NE) 
and on soil quality in case of Iasi county (Fig. 1). Also, it was clearly concluded that the heavy metals 

pollution migrates from soil to ground water, and from north to south, thus the most affected area by 
pollution is Vaslui County. 

Fig. 19 shows the results of impact assessment obtained applying both Rapid Impact 

Assessment Matrix and Leopold’s Matrix. As result by both impact assessment methods applied 
herein, the Vaslui County is significantly affected, even if the pollution, directly generated by waste 

deposits in this county is very low. The conclusion of this study is that the impact on environmenta l 
quality is very high in case of Vaslui and Iasi counties. This is due to migration of pollution from North 
to South, and from soil to ground water. Thus, the emerging measures for remediat ion and pollut ion 
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control should be implemented. The main cause is the pollution with priority pollutants: heavy metals 

in the case of soil and ground water and nitrates in the case of ground water. The air pollution in case 
of Botosani County still remains an environmental issue which needs more efforts and measures to be 
addressed by local authorities. For pollution prevention and control, according to the technica l 

regulations (MO, 2002, 2004, 2006), there are recommended two types of measures, based on type of 
waste as follows: active waste that is stored from the time of greening and inert waste that is deposited 

before the greening of the landfill. In case of inert waste, air pollution is limited by disposing of a clay 
layer that prevents the pollutants migration from soil deposit and air, and the pollution of the substrate 
is considered ended, the control measures are time, energy and economically costly. In order to release 

the pressure under the clay layer, it is recommended to have deflectors or gas collection installat ions 
in place, only if the methane concentration justifies it. In the case of active wastes, waterproofing of 

the deposit base and the disposal of the leachate collection and treatment installations are also 
recommended. 

 

 
Fig. 19. Impact assessment results: ES -  environmental scores by Rapid Impact Assessment Matrix; IM – 

impact by Leopold’s matrix 

 

3.4. Environmental Management Plan  
The deposits under analysis are landfills in which active gas formation phase is finalized; this 

gas can no longer be utilized, treated or burn. Consequently, potential gases must be degassed 

passively, to prevent gas accumulation in the landfill. Passive degassing represents degassing 
performed following the active formation of landfill gas, by making it migrate through the precipitat ion 
water drainage layer and by dispersing it evenly in the re-cultivation layer. Pursuant to MO 757 (2004) 

approving the technical Normative on landfills, for methane contents below 20% or for an amount of 
captured gas of < 100 m3/h, landfill gas can be deviated through the re-cultivation layer. Landfill gas 

must be dispersed in the precipitation water drainage layer, through perforated pipes or directly in the 
drainage blanket. As illustrated in Fig. 20, when methane content is below 15%, it is recommended to 
use “Biological filtering” as landfill gas treatment measure. 
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Fig. 20. Possibilities of treating waste gas by methane content 

  

Existing gas wells can be used for passive degassing. One must ensure that gas can be measured 

where it is evacuated. Gas distribution must be projected in such a way as not to exceed 2 litres of gas/ 
hour x m2. The water within the drainage layer must not penetrate the perforated pipes or gas wells. 
Gas evacuation occurs in the re-cultivation layer, which must benefit from proper permeability and 

rich vegetation. Wells for gas extraction must be positioned evenly in the landfill generating gas. Gas 
wells are placed as symmetrically as possible, with the same distance between them. The action range 

of a gas well is up to 40m, which means that one must place a gas well per 2,500 m2. It is recommended 
to place more of them in areas with recent landfills (2-3 years), up to 5 wells per maximum 1.0 ha. 
Wells are placed as close as possible to berms and roads, while the distance from wells to the outer 

limit of the landfill body must be > 40 m, to comprise the margin of the landfill within the aspiration 
area. Gas wells must be airtight, to prevent air penetration inside; they must be resistant, in order to 

stand the settling of landfill body and to be easily repaired and controlled. The gas well comprises a 
vertical filter with 35 cm in diameter, positioned within the landfill body – made of gravel or chippings 
– and where the drainage pipe with minimum 200 mm in diameter is encompassed. This disposition 

of elements ensures the even extraction of gas generated in the landfill body, using a super-pressure of 
about 40 hPa. In order to cover a sufficient volume of the landfill body and to direct the captured gas 

in the right direction, it is necessary to generate an actual under-pressure of 30 hPa at the upper end of 
the gas well. 

The walls of filtering pipes must be perforated; the diameter of perforations depends on the sizes 

of granules within the filter of gravel or chippings. Because the permeability of filtering material must 
record at least 1 x 10-3 m/s, one must use a material with d = 16-32 mm. The diameter of perforations 

must measure less than 0.5 x d, namely 8-12 mm. Pipes with round perforations will be used, because 
they have higher strain values, they are more stable compared to forces resulted from settling in the 
landfill body and they have higher shear strength. Upon closing, one must avoid both air and 

precipitation water penetration in the landfill body around gas extraction wells and gas emissions in 
the re-cultivation layer. Gas wells are distributed on the entire height of the landfill body. At the upper 

end of the gas well, an airtight visiting chamber/manhole is placed on top of the filtering pipe. Visiting 
chambers are made of reinforced concrete tubes measuring 900 mm in inner diameter, placed directly 
on top of the drainage layer of landfill gas, made of sand/ballast with grain sizes smaller than 32 mm. 

Plate A2 annexed to this document features the cross-section of a gas well and the technica l 
characteristics of the proposed solution. The visiting chamber will be provided with a lid, to ensure the 

control of the filtering pipe, which shortens periodically, depending on the settling process within the 
landfill body. The lid of the perforated pipe can also comprise a device for gas sampling and 
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temperature measuring. On the bottom of the visiting chamber, a layer of the same material used for 

making the drainage layer for landfill gases will be placed, on top of which a 50-cm layer of rich and 
dusty clay is placed – actually, two layers measuring 25 cm each – in order to make it airtight. The 
visiting chamber will be placed in such a manner as to exceed the vegetal soil layer by 10 cm. 

Geotextile layers will be placed on the visiting chamber in such a way as to prevent precipitation water 
infiltration in the landfill body as much as possible.  

To avoid the evacuation of landfill gases directly in the atmosphere, perforations of the gas well 
are interrupted underneath the upper limit of the drainage layer for landfill gases, (this layer is placed 
on the bottom of the visiting chamber). It is recommended to use a perforated flexible pipe; its inner 

diameter must exceed 90 mm. The lid of the visiting and protection chamber must be airtight; thus, it 
must be fixed using metallic attachment systems; it can be made airtight using rigid rubbers fittings.  

During the execution of works, a technical assistance agreement will enable the geotechnica l 
monitoring of the execution, pursuant to the provisions of Point 2.5 within the GT03 5-2002 Guideline. 
If applicable, execution details will be adjusted depending on the geotechnical conditions on site and 

on the evolution of works during the construction phase.  
 

The purpose of this study was to evaluate the influence of emissions generated by waste dump 
sites, after closing, since the Environmental standards weren’t fulfilled. Thus, the research was 
conducted over the period 2013-2015, and air, soil and water were taken into consideration in 

environmental quality monitoring. Also, three counties from NE region of Romania, next to the cross 
border with Republic of Moldova were considered, and five waste deposits were evaluated. The 
methods used to quantify the environmental impact were Rapid of Impact Assessment Matrix and 

Leopold’s Matrix. As result by both impact assessment methods applied herein, the Vaslui County is 
significantly affected, even if the pollution, directly generated by this waste deposit was very low. The 

conclusion of this study is that the impact on environmental quality is very high in the case of Vaslui 
and Iasi counties. The environmental impact assessment strategy was adapted for current situation, and 
applied for tree environmental components, air, soil and ground water. Previous similar studies were 

developed to assess the impact on environmental quality, but focused more on impact of leachate or 
on life cycle assessment. None of the previous researches didn’t approach the possibility of methane 

emissions valorisation in the form of biogas. This work revealed that there is no valuable methane 
emissions, and after assessing the level of pollution for 5 dump sites from 3 counties, the overall impact 
induced on environmental quality is not significantly. Even so, the air pollution in case of Botosani 

County still remains an environmental issue which needs more efforts and measures to be addressed 
by local authorities, and in case of Vaslui county that is significantly affected by the heavy metals (in 

case of soil) and nitrates pollution (in case of ground water. The Environmental Protection Authorit ies 
in agreement with local Authorities have to elaborate new Urban Development Plan, Strategies and 
Policies for Air and Soil Protection. 

  



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   58 

 
 

 

I.2. Environmental Risk and Health Hazards 
 

I.2.1. Environmental risk: assessment and decision making 

 One of the major problems in risk communication is the failure of different groups to 
collaborate and disseminate the knowledge and the information. Thus, the scientists are thought to 

value the scientific truths, research results that are much easily accepted by experts and public. The 
development of low-dose effects concept, if it is not based on scientific results and statistical data, and 
if it involves a linear dose-response curve with no – threshold for the shape and character of the curve 

only, then the risk assessment is very subjective.in the absence of known data, this choice would cause 
regulation to err on the side of safety in setting standards. The values judgements of all involved in 

risk assessment and risk decisions have a strong effect on their nature, character, and outcomes. For 
instance, the value-laden approach is used widely in making risk decisions without much 
acknowledgement (Cothern, 1996). To be better able to understand the decision making process, it 

would be helpful to separate feelings, perceptions, scientific facts, professions judgements and research 
results, aiming to recognize each component’s role and weight in decision making process. The 

decision making process is strongly influenced by the ethical dimension as well. It impinges at two 
points: first, when considering the values of the several possible alternatives; and second, in the 
ordering of those alternatives. In general, ethics involves the process of how decisions are made and 

according to what principles they are decided (Boulding, 1996). There are several models applied to 
describe and assess the environmental risks thus the decision that is made based on scientific facts is 

valuable for public. For instance, the ideal situation is when all possible information is known about a 
situation, including the scientific and technical aspects; the health’s consequences of possible 
alternative actions and their options; the exposure paths of all causes; the current and future costs; the 

social, politic and psychological consequences of all decisions and all other possible relevant 
information. The decision model starts by combining hazard identification with dose-response 

assessment and then combining this with exposure assessment to yield a risk characterization as shown 
in figure 21. 
 

Fig.21. Risk assessment approach 
  

 Traditionally, risk assessment involves two stages: factual judgement which is free of values 
and evaluation which is value laden. The classical model separates risk estimating from risk 
management, and this can be done from normative (value laden), descriptive from prescriptive, risk 

Risk assessment

Hazard identification

Exposure assessment

Dose-response 
assessment

Risk characterization
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assessment can be value free even though it is dominated by human judgement in the face of 

uncertainty. The classical model does not acknowledge the role of value-based judgement. Values can 
feed back between risk assessment and risk management without anyone realizing this (Cothern, 
1996). 

 The most applied model in risk assessment is so called continuous model in which the values, 
perceptions and ethics enter the process in several places and do so continuously. These elements are 

inserted by many different individuals in the form of assumptions or defaults at different places in the 
overall process (Fig.22) (Cothern, 1996). The first step is to gather the known information and put it 
onto a common table so that it can be inter-compared, weighted and balanced, but only some of the 

existing information is assembled. Thus, the risk assessment input includes: scientific and technica l 
data and information concerning exposure and health effects to humans and other living things, 

qualitative and quantitative risk assessment as well as comparative risk assessments. Options are 
generated in the next phase based on input information and are affected by the value of those generating 
them. These options are scrutinized to determine what information is missing, and researches are 

further developed. The third step is to balance and chose among the options that need to be checked 
and tested. The final acts are to communicate the decision and test it again, and lastly, to act (Cothern, 

1996). The ethics in risk assessment is an important component that can determine the final decision, 
thus the decision makers should also check if this values was considered in the assessment, so that the 
environmental decision must be viewed primarily as ethical choices rather than as technical dictated 

conclusions. In risk-based approach to environmental management the four major theme are 
considered. The first principle refers to scientifically sound in risk assessment, the second is “public 
involvement”, the third principle considers risk-based priority setting, and, the fourth princip le 

recommends flexible, cost effective approaches to risk management. 
 

 

Fig.22. The continuously moving process of environmental risk decision making  

(upon Cothern, 1996) 
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I.2.2. Chemicals and Associated Risks: Evaluation Methods and Quantification  

1. Environmental evaluations into decision making process 

Probably the most frequently argued thesis in environmental evaluation is that public 

perceptions have no place in environmental policy decisions because laymen do not have the 
knowledge to evaluate accurately what may be the changes and consequences in the environment due 

to a certain (development) action, or what is best for society. Thus, the resultant judgments on 
alternatives and their acceptability will be subject to noise or bias. Analyses performed by experts 
should be free from such errors (Calow, 1998). Nevertheless, besides an ethical foundation, one of the 

main reasons why the public should also be involved in the environment related decision making 
process is that the science itself is not capable of answering crucial questions regarding environmenta l 

valuation (O’Connor and Splash, 1999). A fact which undoubtedly supports openness and transparency 
in environmental decision-making is the uncertainty of predictions of impacts. It is often said that 
prediction is difficult, especially concerning the distant future. The response of science to uncertainty 

is routinely framed in the language of probability theory, but such probabilities are rarely ‘pure’. The 
risk analyst typically needs to invoke a variety of assumptions and hypotheses in order to estimate the 

impacts and their corresponding probabilities. Also, situations where one has to apply value judgments, 
preferences and expert opinion as inevitable components of the evaluation process are not exceptiona l 
(Cooke, 1991). 

The common notion of risk is associated with actions or decisions that may have undesired to 
outcome. This implies that the risk-based approaches focus on the negative impacts and their 
prevention (Hokstad and Steiro, 2006). Risk assessment places the emphasis on the potential negative 

environmental impacts of an organization’s activities and allows the identification of indicators that 
directly reflect its efforts, efficiency and effectiveness in reducing or even preventing them. Risk 

assessment is one of the steps of the general risk management procedure. Risk management (Lalley, 
1982; Kolluru et al., 1996; Aven and Kristensen, 2005) is a technique used to identify, characterize, 
quantify, evaluate and reduce losses from actions or decisions that may have undesired outcomes. The 

first step of the generic procedure involves the risk identification that is the systematic identifica t ion 
of all potential actions or decisions with undesired consequences that may result from the operation of 

an organization. The next step involves the risk assessment, while further steps address issues like the 
evaluation of risks in order to determine the organizations ability or willingness to tolerate their 
consequences in view of the associated benefits, and the selection and implementation of the most 

preferable approach for the reduction of unacceptable risks (Kolluru et al., 1996; Karrer, 1998). Risk 
assessment, in general, refers to the decision making as far as the viability of a system is concerned, 

where the term system refers to any potential infrastructure (e.g. industry, bridge, software system, 
etc.). The viability of a system depends on the requirements upon which it has been built, which implies 
that a significant volume of information should be gathered in order to examine whether these 

requirements have been satisfied (Den Haag et al., 1999). For a rational decision-making regarding the 
risk assessment and the satisfaction of the system’s requirements, the following should be considered 

(Christou and Amendale, 1998): 
 the requirements and goals that have been set at the strategic planning of the system; 
 the probability of failure to achieve the goals that have been set; and 

 the consequences resulting from any failure to achieve the goals that have been set. 
Environmental Impact Assessment (EIA) aims to predict environmental impacts at an early 

stage in project planning and design, find ways and means to reduce adverse impacts, shape projects 
to suit to the local environment and present the predictions and options to decision-makers, while the 
life cycle assessment (LCA) is estimating environmental burdens for energy and materials used and 
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wastes released into the environment, and identifying opportunities for environmental improvements. 

The assessment includes the entire life cycle of the product, process or an activity starting from 
extraction (or excavation), processing, manufacturing, transportation, distribution, use, recycle, and 
final disposal. The LCA guides regulatory agencies and other stakeholders for decision-making in 

design, selection and evaluation of a process. It may be used to evaluate the environmental impacts of 
a segment within a product or process’s life cycle where the greatest reduction in resource requirements 

and emissions can be achieved. By using EIA and LCA both, environmental and economic benefits can 
be achieved, such as reduced cost and time of project implementation and design, avoided 
treatment/clean-up costs and impacts of laws and regulat ions 

(http://www.uneptie.org/pc/pc/tools/pdfs/EIA2-rpt.pdf).  
 

2. Risk assessment – tool of environmental management system 

To evaluate the quality of environmental components (air, water, soil, and human health), 
environmental management applied tools as risk assessment (RA), environmental impact assessment 

(EIA), and life cycle assessment (LCA). EIA has tended to focus on the identification of impacts 
associated with planned activities or projects (Demidova, 2001; Robu, 2005), whereas environmenta l 

risk assessment (ERA) involves a rigorous analysis of those impacts: the calculation of the probability, 
and magnitude of effects (Robu and Macoveanu, 2005a,b). The reasons for integrating RA and EIA 
into one analytical procedure are of big interest (Robu, 2005):  

- RA provides a structured framework for dealing with uncertainty in the assessment of impacts 
being the subject of debates and concerns, especially, concerning impacts on public health;  

- ERA is specifically developed to address health issues and contains elaborate techniques for 

enhancing health impacts assessment comprehension in EIA;  
- ERA emphasizes scientific quantitative approaches and techniques in impact identification and 

evaluation and for improving the technical background for decision-making; closer cooperation 
between the environmental impact assessors and risk assessors and creation the mixed expert team 
would allow for more effective information collecting into environmental assessment process;  

- ERA can be applied not only at the stage of impact prediction and evaluation, but also during 
project implementation and post-closure stages (over the whole project life cycle). 

Environmental impact and risk assessment consider human health and environmenta l 
components issues from different aspects. For this reason one can assume that the integration of risk 
assessment (RA) and environmental impact assessment (EIA) is a complex issue, which deserves to be 

considered from different aspects. The assessment of the risk may be realized through the use of either 
qualitative or quantitative methods (Karrer, 1998; Tixier et al., 2002). The use of qualitative methods 

requires a sound level of knowledge and experience, while the use of quantitative methods requires a 
significant level of reliable information. The application of a qualitative method provides a better 
understanding of the system’s performance from the very beginning, even before any quantitat ive 

information become available. A quantitative method, on the other hand, allows the quantification and 
more precise estimation of the probabilities and the potential negative consequences. The best 

approach is the combination of both qualitative and quantitative methods.  
The final output from risk assessment is an estimated measure of risk (Khan and Haddara, 

2003). However, the process also provides a good understanding of the way the consequences of any 

failure to achieve a goal may reach and affect the environment. When risk assessment is constructed 
in a good and comprehensive way, it may go even further and include social and political consequences 

of environmental incidents, thus indicating short and long-term negative business impacts like the loss 
of brand loyalty, customer loyalty and corporate image (Karrer, 1998). 
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The application of risk management tools aid in selection of discreet, technically feasible and 

scientifically justifiable actions that will protect environment and human health in a cost-effective way. 
The risk based on life cycle assessment (RBLCA) is a process of weighting policy alternatives and 
selecting the most appropriate action by integrating the environmental risk assessment with social, 

economic, and political attributes to reach a decision (Sadiq and Khan, 2006). The RBLCA will choose 
the alternatives, which cause minimum environmental damages and evaluate the costs and benefits of 

proposed risk reduction programs. The RBLCA may integrate socio-political, legal and engineer ing 
factors to manage risks and environmental burdens of a process. The RBLCA considers human health, 
ecological, safety and economical risks information, which may involve preferences and attitudes of 

decision-makers (Sadiq and Khan, 2006). The LCA starts with the identification of environmenta l 
hazards expected at various units. These hazards are due to the chemical compounds involved in the 

process that upon release adversely affect to humans or to the environment. It also includes hazard due 
to severity of operating conditions like temperature and pressure. The chemical hazards are not limited 
to process chemistry, rather they include cleaning solvents, heating and cooling agents, and all other 

chemicals involved in any part of the process. Generally, environmental impact and risk assessment 
(EIRA) examines the potential and actual environmental and human health effects from the use of 

resources (energy and materials) and environmental releases. An EIRA includes as main steps the 
followings: classification, characterization, and valuation. 

 

3. Procedures for risk assessment 

3.1. General considerations 
The environmental risk is the result of the interactions between the human activities and the 

environment. The ecologic risk management that refers to the problematic of the risks generated by 
the past, present and future human activities on flora, fauna and ecosystems constitutes only a part of 

the environmental risk management. The environmental risk management is framed within two 
categories:  

- Environmental risk: this type of risk admits the fact that the activities of an organization may 

generate certain environmental changes. The environmental risk refers to the: 

 Flora and fauna   

 Human health and economic wealth; 

 Human social and cultural wealth; 

 Water, air and soil resources; 

 Energy and climate. 

- Risk for organization, from the point of view of environmental problematic: this category 
includes the risk of non-conformation with the legislation and current or future criteria. In this category 

are also enclosed the casualties in organization business registered from an inadequate management, 
deterioration of the company credit, costs of lawsuits and difficulties to ensure or least to maintain the 

possibility to continue the operation and development activities. The problems concerning the work 
safety and health as well as the risk management in emergency situation may be significant from the 
environmental risk point of view. The environmental risk management provides a formal set of 

processes that constitutes the fundament for environmental decision making and support the decision 
factor in the steps of incertitude level minimization.   
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3.2. Qualitative risk assessment  

3.2.1. Control list 
Control list, generally, identifies known, predictable risks and refer to standards. The following 

techniques are used:   

 DSF – “Diagnosis Safety Form” is based on a questionnaire containing 50 questions 
concerning problems related to technical equipment, environment, production planning etc.  

 DCT – “Diagnostique et Conditions du Travail”  contains a questionnaire similar to the 
above described one, but in this case the evaluation is performed in three stages: good, 

average and poor; 

 SQD – “Safety Diagnosis Questionnaire” has as purpose the identification of the critical 

situations concerning the incompatibilities between technical and organizationa l 
conditions, on a hand, and the safety requirements of the activities, on the other hand.  

 MORT – “Management Oversight and Risk Three” uses a questionnaire containing around 

300 questions with optional answers. It is focused on human activities and was conceived 
with the aim at significantly enhance the performances regarding the system safety.  

 
3.2.2. Integral inspections of the industrial units 
 Within current interpretation, the integral inspections emerged as a necessity to develop the 

measurable characteristics of the safety systems performances. These inspections give useful 
information on the activities concerning design, construction, starting-up, operation, closing in, 

disassembly and storage of the plant components. The integral inspections take places on three levels, 
the operators, experts and authorities having specific tasks (Gavrilescu, 2003): 

 constant inspection of the plant and its components operation by the process managers and 

inspectors entrusted with special tasks; 

 initial and periodic inspections at pre-established intervals by independent experts, eventually from 

the exterior of the system; 

 announced inspection of the local authorities in order to issue the working license, as well as not 

announced inspections. 
In close relation with plant inspections is the audit that represents, in broad sense, an 

independent investigation of the activities in field and constitutes a part of the management system of 
plant safety. This involves a program containing systematic questions (clearly formulated and 

addressed to the person responsible for plant units), answers evaluation and action plan defining.  
 

3.2.3. Ranking  

 Ranking refers to identification of danger sources in designing phase or comparison of the 
plants situated on a working industrial platform. There are thus, quantified the potential risk sources 

by conferring corresponding levels of importance and establishing prevention measures.  
 
3.2.4. Preliminary Hazard Analysis (PHA) 

PHA focuses on the regions were hazardous materials are concentrated, as well as on the main 
units, monitoring the places where it is possible to result uncontrolled hazardous substances leakages 

or energy losses. The main considered points are: used substances in the process and potential danger; 
system units; interfaces between system components; environment; system operations; endowments; 
safety equipments. 
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3.2.5. “What if” Method  

This method is based on iteration of some series of questions that lead to identification of the 
unexpected events with eventual unfavourable consequences and is applied on specific activity fields 
(Gavrilescu, 2003). 

A. Analysis of the faults, effects and critical states 
This analysis may be done at both qualitative and quantitative levels and focuses on 

plant/system components. It is based mainly on elaboration of a table, which contains: 

 equipment position, name and description; 

 faulting ways; 

 consequences; 

 assignment of critical coefficients on a conventional scale previously established.  
The algorithm of the method involves the following steps: 

1. defining of the system; 
2. identification of the faulting way; 
3. analysis of the faulting causes; 

4. analysis of the faulting effects; 
5. analysis of the compensation possibilities; 
6. assessment of the risk associated to each faulting way; 

7. proposals for remediation and prevention measures. 
In the first stage, the main and secondary functions, the role of the components, the working 

related interdictions and the acceptable working  limits are established;  there are also elaborated the 
flow sheets for clarifying the interconnections between the components. 

In the second stage, the framing within one of the following 5 faulting ways is foreseen: 

 blocked at zero – breaking of a connection, short-circuit; 

 degradation – pipe cracking, plant mechanical weakening; 

 intermittent switching-out –electronic elements working accidentally; 

 undesired secondary effect. 
The third stage is developed concomitant to the identification of faulting ways. The material 

components (technological equipments- wear and deformation) and energetic fluxes inserted by the 

respective component are studied. The effects analysed in the fourth stage are classified in local (at the 
level of the component that is damaged) and general (at the level of the whole system).   

The analysis of the effect compensation possibilities consists in: 

 reduction of the fault occurrence possibility (safety devices, preventive maintenance); 

 diminution of the propagation effects in the system (components doubling, signall ing 
devices); 

 reduction of the consequences (use of the protective means). 
In the sixth stage, the assessment of the risk associated to each fault way is done in relation to 

the severity (G) and probability (P). The qualitative analysis assigns scores on the scale 1 - 6: 
For severity level: 

Ignorable – does not involve working accidents or material damages; 

Marginal – admits corrective measure for preventing the working accidents or material 
damages  

Serious – needs urgent measures 

Major – serious working accidents or system damages  
Major - serious working accidents or system damages at the company level  

Major – serious working accidents or system damages exceeding the company level. 
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For the probability level: 

Extremely rare - p10-9; 

Very rare – 10-9  p  10-7; 

Rare 10-7  p  10-5; 

Low frequent - 10-5  p  10-3; 

Frequent - 10-3  p  10-2; 

High frequent - p  10-2. 
In the case when  combination (G – P) has the following values: 4 – 5; 4 – 6; 5 – 4; 5 – 5; 5 – 

6; 6 – 3; 6 – 4; 6 – 5; 6 – 6, the risk is considered as being unacceptable. Finally, remediation measures 
are proposed with the aim at minimizing the risk (risk management). For unacceptable risks primary, 
secondary and tertiary measures are proposed (referring to the la possibilities to control the accident 

consequences). 
 

B. Analysis of human errors 
The human errors defined as mistakes, lack of concordance between perception and objective 

reality confirmed by the practice are inevitable and not predictable. For this reason, it is very expensive 

to ensure the safety due to the difficulty to anticipate the multitude of the possibilities to affect the 
process/plant/system safety through negligence or fatigue. However, one may apply elaborated 

packages of prevention measures for diminishing the human contribution to the major accidents if the 
type of possible error is known. 

A classification of the human errors could be the following: 

- Errors appeared due to a moment of lack of attention;  
- Errors owed to an improper instruction/training; 

- Errors owed to weak mental and physic abilities of the operator; 
- Errors appeared due to wrong decisions; 
- Errors committed by managers. 

 
3.2.6. HAZOP Method 

The objectives of the HAZOP (hazard operability) methods are:  
- Identification of the hazard locations, 
- Ascertainment of the project particularities that lead to identification of the probabilities of 

some undesired events occurrence, 
- Establishment of the necessary information for design from the perspective of ensuring the 

plant reliability,  

- Initiation and development of quantitative studies related to hazard and risk. 
Traditionally, the safety in chemical plant design is based on designing and exploitation codes, 

as well as on control lists achieved by using experience and knowledge of the experts and specialis ts 
from industry. Unfortunately, such approaching may solve only existing problems. Once the 
complexity of modern plants increased, these traditional methods lost their importance, being 

considered that their application in design phase is the most recommendable. 
HAZOP was elaborated as an applied technique for systematic identification of the potential 

hazards and operation problems in the new plants. Through HAZOP, a critical examination of the 
plants or processes by an experimented team is done in order to identify all the possible deviation from 
a certain project alongside the undesired effects on safety, operation and environment that would 

appear. The possible deviations are found by using rigorous questionnaires, containing key-words, 
applied to the analysed project.  
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The success or the failure of the study depends on: accuracy of the project or of other data used 

for the study; technical skills or experience of the team; ability of the team to use the method as support 
for prediction of the possible deviation, cause and consequences. HAZOP will be beneficial during 
design or assembly of new a plants/process or during major modifications of the existing one; when 

hazard for environment/quality or problems of costs associated with operation appear; after a major 
incident that implies burning, explosions, toxic substances leakage; when must be explained why an 

industrial or practice code cannot be followed (Gavrilescu, 2003). 
 

3.3. Quantitative risk assessment  

3.3.1. Analysis  
HAZOP studies are able to identify the hazard but do not provide quantitative information on 

the values referring to the probabilities to occur events that lead to undesired consequences. Many 
events are needed to join for resulting in the occurrence of an incident as damage of the process units 
and equipments or systems of control, improper operation etc. Thus, sequences of chain events that 

would results in appearance of hazardous incidents in the shape of logic trees may be defined, such as 
events tree (ET), and fault tree (FT), respectively. Among the common stages of the risk quantitat ive 

analysis, assessment of frequency (probability) refers to three main components: acquiring of 
information from similar situations previously occurred, elaboration and analysis of the logic tree, 
analysis of the damages resulted in common situations. ET and FT are logic schemes, which describe 

the course of the possible events as well as their combination. The former starts from certain undesired 
events and goes further by upward exhibiting the evolution of all identifiable and possible situations 
in the shape of a tree.  The fault tree starts from a damage and follows the cause-effect system up to 

exhaust of all foreseen events. The previous experience inserted in data bases with a multitude of 
possible scenarios and values of the probabilities calculated considering the nature of hazard, is used 

in this stage. 
 Briefing, any HAZAN (hazard analysis) consists in three stages: 

1. Assessment of the frequency of the accident recurrence;  

2. Assessment of the consequences upon the employees, local community and environments 
or equipment and profit;    

3. Comparison of the first two stages with a target or criteria in order to decide if the hazards 
are severe and what measure should be taken for reducing the possibility of accident 
occurrence. 

 The methods used in the first stage are probabilistic. It should be assessed how often the  
incident may take place, as well as when it may not happen. The methods used in the second stage are 

partially probabilistic and partially deterministic. For example, in the case of flammable gas loss, only 
the probability of its ignition can be estimated.  If this happen, the radiant heat as well as its loss with 
the distance may be assessed (deterministic). The damage of the equipments or the errors in operation 

of a process emerges as a result of the complex interaction between the components. The gener al 
probability of faults within a process is strongly dependent by the nature of the error.  

 Hazard Frequency (H) – number of events per year that determine the hazards occurrence. For 
example, the frequency of pressure increasing toward the value established when the reactor was 

designed. 

 Protection systems – systems that are specially installed for hazards prevention (for example, safety 

valves). 

 Testing Interval (T) – the protection systems should be tested for establishment of the response 

capacity concordant to technical recommendation. T is the interval of time between two successive 
tests.  
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 Demand frequency (requests of use) (D) – frequency (occasions/year) of demanding a protection 

system. For example, frequency of reaching the level of safety valve loading by the pressure.  

 Fault frequency (f) – frequency (occasions/year) of working faults appearance in the case of a 

protection system. For example, a safety valve may break down at the normal operation pressure. 

 Dead-time fraction (fdt) – fraction of time when the protection system is not active. Probability 

not to function when a need exists. If the protection system is continuously operated, the hazard 
frequency H is zero. The hazard occurs when the demand of use of the protection system appears 
in a dead-time: H = D x fdt. 

 
3.3.2. Fault Tree Analysis 

The damages or the faults may be classified in: 
1. primary damages, which emerge in the designed working conditions of the equipment; 
2. secondary damages that appear in situations  for which the system was not designed; 

3. command damages for the case when the system works properly but in the wrong place and 
moment. 

The stages of elaboration of the fault tree are: 

 defining a top event, as for example, loss of gas ammonia form the storage tank: 
no…warehouse….plant…during normal working conditions;   

 defining the limits of the system subjected to analysis; 

 elaboration of the tree taking into account the following rules:  

o inside the contour of the events signs, their description is inserted without directly 
linking two connections (the events will be described after each connection);  

o the tree is elaborated on levels, downward from the top;  
o a level is constituted by an array of connections situated at the same distance by the 

top event and the prior events of the respective connections; 
o it is not allowed to go to the next level until the current event is exhausted. 

 solving of the free tree involves finding of minimal sequences. A sequence represents an 

array of events that results in an accident. The minimal sequences are successions of this 
type that contain a minimum number of events. 

 Before properly accomplishment of the tree, the following steps should be done: 
 Defining of the top event (e.g. high temperature from the reactor).  

 Defining of the determinant event: conditions of occurrence. 
 Defining of the not-allowed events: damages at the system for power supply, faulting of 

the switches etc.  

 Defining of the physical conditions of the process: the limits should not be taken into 
account. For example, in elaboration of FT, the units situated upstream and downstream of 

the reactor will not be considered.  
 Defining of the configuration of the equipments from the system. 
 Establishment of the detailing level.  

After completion of these steps, one may proceed to the properly elaboration of the fault tree. 
First, the top event is drawn in the upper part of the scheme. This will be labelled precisely for avoiding 

the further confusions. Then, the major events that contribute to achievement of the top events should 
be identified. If these occur in parallel, will be linked through an AND connection. If they occurs in 
series, will be connected through OR.  
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3.3.3. Event Tree Analysis (ETA) 

ETA is an inductive logic model that identifies the possible results of a given initiating event. 
An initiating event will commonly result in an accident or an incident. ETA considers the responses of 
the operators and safety systems to an initiating event. This technique is the most suitable for analysis 

of complex processes that involve few safety systems or emergency procedures. The first stage in 
conceiving an event tree is the defining of an initiating event that may lead to the damage of the system: 

equipment or utilities faulting, human error, natural disasters. The next step is the identification of the 
intermediate actions for removal or reduction of the initiating events effects. The event tree contains 
two branches for every intermediate event, one for a successful exploitation and other for a faulty 

exploitation of the system. The upper part represents the success, while the bottom part represents the 
failure. Within a simplified model, the initiating events become the damage of P2. There are some 

response stages at the initiating event that include the warning alarm for the minimum flow rate, the 
response of the operator and damage of P1.   

The assessment using the event tree analysis contains the following steps (an example):  

1. equipment is damaged and becomes the initiating events. Probability of this event was defined 
as being 1. 

2. The warning alarm for minimum flow at the vessel may work or fail. If it works, the upper 
branch is covered. If it doesn’t wok the bottom branch is covered. The warning has a success 
probability of 0.998. 

3. The operator either respond or not to the warning alarm. Probability of responding is 0.952. 
4. The last response is the fact that the operator put the equipment into operation. Probability of 

this event is 0.995. 

The event tree analysis is the best analysis for the initiating event that may lead to the final 
effect of the event. Each branch of the tree constitutes a separate sequence of the relationships between 

the safety functions of the initiating event. Considering the same system and the same hypothesis 
concerning the probabilities, identical results may results through the both methods.  

The fault tree is larger than the events tree owing to the fact that the latter is based on a single 

effect related to the damage. Many people are tempted to think in a logic manner about the safety 
systems using the events tree approaching. Risk assessment throughout the tree event may be 

summarized as follows (Gavrilescu, 2003): 

 identification of the initiating events that may be materialized in accidents; 

 identification of the safety functions for diminishing the initiating events; 

 elaboration of the event tree; 

 description of the results of an accident and its probability. 
 

3.4. Environmental risk assessment in accordance to Romanian Order no. 184/1997 

The environmental risk assessment (concordant to Ministerial Order no. 184/1997) examines 
the probability and the severity of the main components of an environmental impact. The necessity of 

additional information regarding the risks related to the identified pollution or to the pollutant activit ies 
developed on a site may determine the environmental competent authority to request a risk assessment 

with the aim at evaluating the probability of harm and at finding the possible prejudiced entities. Not 
every site affected by a certain pollutant will exhibit the same risk or will need the same level of 
remediation. The risk assessment is defined by the World Bank as being a process for identification, 

analysis and control of the danger appeared due to the presence of a hazardous substance into a plant . 
The Report from 1992 of the British Royal Society explains the sense of the definition given in the 

Directive European Commission 93/67/EEC, enlightening the components of risk assessment, 
meaning the risk estimation and calculus.  
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In consequence, the risk assessment involves an estimation (including the identification of the 

hazards, the magnitude of the effects and the probability of occurrence) and a calculus of the risk 
(including the quantification of the danger importance and consequences for humans and/or 
environment). 

Risk assessment aims at controlling the risks produced on a site by identification of:  

 Pollutant agents or the most important hazards;  

 Resources and receptors exposed to the risk; 

 Mechanisms of risk accomplishment; 

 Important risks that emerge on the site; 

 General measures needed for reduction of the risk to an accepted level.  

The risk depends on the nature of impact upon the receptors but also on the probability of the 
occurrence of this impact. Identification of the critical factors that influence the relationship source-

path-receptor involves the detailed characterization of the site from physical and chemical point of 
views. 

Generally, the quantitative risk assessment encloses five stages: 

 description of the aim; 
 identification of the hazard; 

 identification of the consequences; 
 estimation of the magnitude of the consequences; 
 estimation of the probabilities of the consequences. 

   Concordant to Order to 184/1997, the risk is the probability that a negative effect to occur in a 
specified period of time and is often described by the equation: 

 
Risk = Danger x Exposure 

  

The risk assessment implies the identification of the hazard and of consequences that may 
appear as a result of occurrence of the events considered as risk sources. In function of the importance 

of the consequences one may decide if there is necessary or not to take remediation measures. 
Concordant to the Order no. 184/1997, the risk quantification is based on a simple system of 
classification, where the probability and severity of an event are descendent distributed, being assigned 

with an arbitrary score: 
 

Simplified model 

Classification of the probability   Classification of the severity 
3 = high                 3 = major  

2 = medium                 2 = medium 
1 = low                 1 = insignificant  

 
This model is used not only for qualitative, but also for quantitative risk assessment. Thus, the 

risk may be calculated by multiplying the two factors (probability, severity) in order to obtain a 

comparative number, for example 3 (high probability) x 2 (medium severity) = 6 (high risk). This 
allows the comparison of different risks. The greater the results, the bigger the priority should be given 

to risk control. This basic technique may be developed for allowing more serious analysis by increasing 
the range of the scores for classification and by considering a bigger number of improved definit ions 
for major severity, increased probability etc. When a big number of important pollutants are considered 

for assessment, an increased attention should be paid to a clearer manner of presentation. It is often 
necessary to summarize the information as a control list or matrix.  
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4. Quantitative risk analysis for port hydrocarbon logistics 

4.1. Brief review 
Over the last few decades much experience has been gained in the field of risk analysis of 

standard chemical or petrochemical plants. Nowadays, this knowledge is being applied to a wide range 

of industrial activities involving hazardous materials handling, including ports. Nevertheless, few 
works approached the application of QRA to navigational aspects and terminal operations are availab le, 

and this is to the role played by SEVESO II Directive. This method allows quantitative risk analysis 
(QRA) to be performed on marine hydrocarbon terminals sited in ports. A significant gap is identified 
in the technical literature on QRA for the handling of hazardous materials in harbours published prior 

to this work Ports are environments often overloaded with hazardous materials, both in bulk and 
containerised. The method described herein is proposed within a Spanish project called FLEXRIS and 

applied to the premises of the port of Barcelona, one of the largest ports on the Mediterranean Sea 
(Ronza A. et.al., 2006). Several risk assessment reports, made available to the public, proved to be a 
valuable source of information. What these works lack is an attempt at standardising the process of 

risk assessment of navigation and loading operations for a generic port/terminal. 
 

4.2. QRA – method description 

Only liquid hydrocarbons are considered in this method. Moreover, only bulk transportation 
and handling are included within the scope of the research project mentioned above. The analysis 

covers port waters (from port entrance to berths) plus (un) loading terminals. Accidents occurring 
during the external approach of the tankers to the port are not take into account, nor are land accidents, 
such as those that can take place during storage and land transportation (within and outside the confines 

of the port). Finally, possible sabotage related scenarios and accidents likely to occur during tanker 
maintenance operations are excluded from this analysis. Instead, navigation through port waters and 

discharge are specifically addressed (Ronza A. et.al., 2006). 
 

4.2.1. Data collection 

 The first step is to gather the relevant data that are used further during the analysis. This is a 
very important phase and ensuring that it is carried out properly can save great deal of time and avoid 

rough approximations. The data needed to be collected are (Ronza A. et.al., 2006): 

 The geographical location of the port; 

 A detailed map of the port; 

 Climate data; 

 Technical data on berths and (un)loading locations; 

 Physical and chemical data for the hydrocarbon products taken into account; 

 Traffic data (critical for the calculation of the frequency of accidents); 

 Duration of (un)loading operations; 

 Tanker hulls; 

 Data about the past accidents that have occurred in the port involving hydrocarbons. 
 

4.2.2. Scenario 

 From a general point of view, only two basic events can cause a loss of containment during 
aforementioned operations: hull failure and loading arm/hose failure. For every loss of containment, a 
twofold possibility are considered: 

 In the case of hull failure, a minor as well as a massive spill; 
 For loading arms, partial and total rupture. 

In a general application, the number of scenarios are as follows: Number of scenarios = 4n+2m; 
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n being the number of hydrocarbons products traded and m the number of products bunkered (usually 

m=2, diesel oil and fuel oil being the bunkered fuels). 
 

4.2.3. Frequency estimation 

 The approach was to estimate accident frequencies on the basis of both traffic data and general 
frequencies from literature. This method considered that the arm scenarios are of purely punctual 
natures, and hull ruptures are both punctual and linear. The authors (Ronza A. et.al., 2006) made 

remark that in fact the latter nay be caused be any of the following: 
 An external impact (ship – ship or ship – land) while the tanker is moving towards the berth or 

from the berth to the port entrance (linear option); 
 By an external impact (ship – land) during manoeuvres near the (un)loading berth or a ship – 

ship collision while the tanker is (dis)charging (punctual operations). 

The dual nature must be taken into account because while the physical effects of the accident 
are practically the same, their consequences on people and installat ions may be different. Also, it is 

important to calculate separate the frequencies for punctual and linear scenarios. 
  

 4.2.4. Event tree analysis 

 The next step is to draw proper event trees and assign numerical probabilities to each of their 
branches. It was drown only n event trees, n being the number of hydrocarbon products analysed. The 

event tree that was used by authors (Ronza A. et.al., 2006) in the application of the method to the Port 
of Barcelona is presented in figure 24.  
 

 4.2.5. Consequences analysis 
 The phenomena or quantities used by authors in the consequences analysis, needed to be 
modelled are: liquid release; evaporation rates; burning rates, pool fire radiation, jet fire radiation, 

cloud dispersion, oil spill evaluation. Individual risk was assessed using the vulnerability correlations 
((Ronza A. et.al., 2006). An additional criterion was adopted that is currently widely accepted: in the 

case of flash fires, 100% lethality was assumed for the area occupied by the portion of gas cloud in 
which the concentration is greater that the lower flammability limit, while outside that zone, lethality 
is assumed to be zero. 
 

 4.2.6. Estimation of the individual risk 

The societal risk was estimated by building on the general procedures. The individual risk at a 
point (x, y) is expressed by the following equation: 
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where θ represents the wind direction, k stands for stability class, f is the accident frequency, RFkθ(x,y) 
the lethality function estimated on the basis of the vulnerability criteria, p(θ) the probability that the 
wind will blow in the direction θ and pk is the probability of the class of stability k. 
 

 4.2.7. Estimation of overall risk for population 

 By integrated the product of R by the local population density over spatial coordinates, the global 
risk for a given accident scenario is obtained. By adding up the several R functions (one of each 
scenario), a global risk function is obtained. In order to estimate the number of injured and evacuated 

people, historical data were used. The average ratios of injured people/evacuees to fatalities have been 
estimated to the followings: 2.21 injured people for each fatality, 220 evacuees for each fatality. 
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Fig.23. Digram of the QRA method (n = number of hydrocarbons products handled; m = number of 
hydrocarbon products bunkered) (Ronza et.al., 2006) 
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Fig. 24. Event tree diagram 

 

 This data were obtained from processing of 1033 port area accidents from which only 428 
occurred during bulk hydrocarbon (un)loading and tanker movement/manoeuvres were retained. The 

general ration should be used whenever the present QRA conceptual approach is applied to a port, 
because the scenarios, as they have been designed and structured, entail both (un)loading and ship 
manoeuvre/ approach operations. Nevertheless, the operation specific values can be used for studies 

that focus on a particular stage in port hydrocarbon logistics. 
 

5. Mathematic models for environmental analysis and assessment   

 The modelling of the environmental systems is a very difficult problem owing to their 
complexity, as well to the complexity of their interaction with different other systems, interaction that 

is sometimes hard to be defined. In this paper, two environmental mathematic models are described. 
The first is a probabilistic model for risk evaluation that uses a repartition function for a random vector 

that describes the concentrations of the atmospheric pollutant factors. The latter is an optimiza t ion 
model based on multiple criteria, to appropriate financial funds for pollution reduction. For the second 
model, the solving modality consists in reduction to an optimization problem with a single objective 

function. Environmental protection against pollution is a priority not only for the European Union but 
also for the countries that wish to joint to EU, countries that make efforts for harmonization of the 
specific legislation. The community environmental policy is based on its integration within the EU 

sequential policies, paying a special attention to the measures for pollution prevention.      
There are numerous concerns related to air, water and soil pollution generated by exceeding 

the limit concentrations of different pollutants, around the whole world. For pollution reduction there 
were conceived mathematic models by different complexities. Most of them refer to air, soil, water, 
air-water, air-soil, soil-water pollution. The main types of models are based on differentia l 

deterministic and stochastic equations (ordinary differential equations, equations with partial derivate), 
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algebraic static equations, Petri networks, mathematic or stochastic programming, optimal contro l 

theory, Markov chains, Markov processes, Monte Carlo simulation and models based on mathematic 
equations (Radulescu, 2002). Environmental risk management is a relative new term in literature. This 
refers both to the risk and its effects diminishing measures. It is very important to identify the risk and 

to estimate it in order to be analysed. The risk analysing process tries to identify all the results of an 
action. The risk estimation is done using the analytic methods or simulation. There are estimated thus 

the occurrence probability of every disaster, as well as the associated magnitude (dimension). The risk 
analysis process uses technical information related to estimations and other additional availab le 
information, for assessing diverse variants of possible actions. An original model based on mult ip le 

criteria optimization to appropriate financial funds for atmospheric pollution reduction is presented. 
For this model, the solving manner is specified by reduction to an optimization problem with a single  

objective function (Radulescu, 2002).  
 

5.1. Measures for calculus of the risk value  

The probability theory offers many adequate tools for modelling the risk phenomenon. Any 
activity exhibits an incertitude element. From mathematical point of view, the incertitude will be 

modelled using random variables or, more generally, using the stochastic processes. The risk that 
appears within an activity may be described with adequate measures. One of the most used measures 
is the dispersion of the random variable, which describes the incertitude of the respective activity. 

Another measure of the risk is given by the repartition function of the random variable. More precisely, 
if X is a random variable that describes the risk associated to a decision, Fx is the repartition function 
associated to variable X, and fx is the probability density of the random variable X, then using the 

average equation:    

 )(XE   
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the risk measures result from: 
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A measure of the risk may be considered also: 






 )(|| xdFx x  (first order central moment),      (49) 

Stone has shown that all the measures of the risks above presented are special cases of some 

families of risks measures. The first measure of the risk within the Stone risk measures family that has 
three parameters is defined as (Eq.2-6): 

RS1(X) =  
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where p\Fx) defines a level of the profit (success) that is used for measuring the abatement. 
 
The positive number k is a measure of the relative impact of the small and big abatements. 

q(Fx) is a level a parameter that specifies the abatements will be included in the risk measurement. The 
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second measure of the risk within Stone family with three parameters is defined as k order root from 

RS1 (X): 

RS2(X) = 
kFq
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One may observe that through proper selection of the parameters p(FX), q{Fx) and k, the above 
presented risk measurement are special cases of those from the Stone family of risk measurements.  

For example, if in (l) k = 2 and p(Fx ) = (Fx ) = μ are inserted, the semi-dispersion is obtained as a 
measure of the risk. A more interesting case related to risk measures Stone family is the generalized 
risk measure: 

RF1(X) = 


t

(t - x)α dFx (x)                (α > 0),       (52) 

proposed by Fishburn, where t is a superior scope-level that is fixed. This measure results from (l) if 

one choose p(Fx)=q(FX ) = t. The parameter “a” of Fishburn risk measurement RF1 may be interpreted 
as “k” parameter from the measures Stone family (l) in this way: it is a risk parameter, which 
characterizes the attitude toward risk. The values α > l describe a sensitive risk, while the values α 
(0. l) describe an insensitive risk.                                                       
  Another known measure of the risk is Shannon entropy:  






dxxfxfx x ))(ln()(                        (53) 

 
5.2. Probabilistic modelling of pollution  

Mathematic modelling of air pollution is done using the theory of stochastic processes. Thus, 
over long periods of time, the pollution degree may be described by a multidimensional stochastic 

process: X = (Xt )t 0 . For t0 attached to the components of the random vector: Xt = (Xl,t  ; X2,t...Xm,t) 

represents the concentrations of the atmospheric pollutant factors. Repartition function of the 
stochastic multidimensional process X, F(t,x) = Fxt(x) = P(X1,t<x1 X2t < x2,...,Xm,t <xm = P({ω ЄΩ:X1,t 

(ω) < x1, X2,t (ω) < x2,.......,Xm,1 (ω) < xm }),  tR,   x = (x1, x2,...,xm) Rm, is essential for describing 
the pollution risks. In practice, one may use the construction of the empiric repartition function of the 
studied stochastic process. This can be done on the basis of the historical data concerning the 

concentration in atmosphere of the pollutants factors. With the empiric repartition function, one may 
estimate the possible risk of being exceeded different limits of the levels of atmospheric concentrations 

of the pollutants factors. Are particularly interesting the warning levels, as well the admissible ones.  
 
5.4. Advantages and disadvantages 

The researches presented are framed within the international efforts for meeting and removal 
of the facts related to environmental risk with negative effects on socio-economic activities and on 

environment, as well. In this paper, some original models for air pollution prevention were described 
(Radulescu, 2002). These follow to be integrated in software that will constitute a support system for 
the environmental decisions and encloses a library with environmental risk models. The support 

system for environmental risk analysis and assessment will combine the information originated from 
different sources, such as one to be able to take decisions on the basis of its processing. Considering 

as models some scenarios concerning the possible risk degrees of disasters occurrence, the resulted 
damages, as well as their costs would be calculated.  This decision support system underlies the basis 
of policy implementation suggesting actions that may be performed or establishing the priorities of 
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some fields where measures can be taken. There are information concerning the history of the 

environmental data in environmental institutes and research centres from our country. The necessary 
current and historical data will be gathered through collaboration with specialized entities, being 
constituted a necessary data basis for the environmental risk analysis and assessment software. There 

are also foreseen some simulations that will contribute to enforcement of the environmental decisions 
(Radulescu, 2002). 

 
6. Probabilistic modelling methods applied in risk assessment 

6.1. General expressions for probability of fault occurrence  

  The reliability of an engineering system may be defined as its ability to comply with the 
purpose it was designed for a period of time, hence, as the probability to achieve a utilization  function 

in specific conditions of use for a well-defined period. Two main categories of methods (techniques) 
for estimation of the probability of fault occurrence exits, such as: methods random and analyt ic 
methods. The first includes a large class of information random sampling methods characterized by 

random selection and control of each parameter of the system. This category is dominated by the Monte 
Carlo traditional methods, but also by other derived methods as Latin Hypercube Sampling (LHS), 

Iterative Monte Carlo Simulation (IMCS), Important Data Sampling (IS), Adaptive Important Data 
Sampling (AIS) and Robust Important Data Sampling Method (RISM). The Monte Carlo methods have 
a long history in reliability and incertitude analysis as integrator of functions. These methods often 

need processing through difficult and sometimes prohibitive calculus especially, for the reduced fault 
probabilities although the number of simulations is independent by the number of basic variables. The 
last methods are characterized by using some analytic techniques in order to find a particular point in 

the design space that may be related, least approximately, to the system probability. This point is often 
considered as being the most probable point (MPP) or design point. 

The First Order Reliability Method (FORM) is widely used in reliability analysis due to its 
simplicity and reduced time for application. The Second Order Reliability Method (SORM) may 
enhance the estimation of the reliability for linear problems. Moreover, for problems with a big number 

of random and implicit state limits, each of the FORM or SORM procedures will need more functions, 
hence methods based on computer simulation or Advanced Second Moment (ASM) type methods were 

developed. The goals of estimation of the fault occurrence probability are: development of the concept 
of state function limit, characterization of a system response incertitude caused by the existent 
incertitude in system internal parameters and response sensitivity analysis for a system to the 

incertitude of the system variables. 
 

6.2. Advantages and disadvantages  
There are presented some selection and probabilistic methods for risk assessment, particula r ly 

for risks related to the emissions of the pollutants gas originated from a source. The sensitive analysis 

is also presented as a key factor that may have a significant impact in risk assessment. This example 
is not a very critical one, but in industrial processes critical situations exist. The study can offer an 

increased reliability and confidence in prediction of the safety states. The enhanced values of the safety 
factor lead to lower values of the risk, some approaches as the current one, resulting in minimizing the 
need of excessive safety borders in design and in reducing the expensive analytic and experimenta l 

approaches. The method can be used for prediction of the limit state in risk or for estimation of fault 
occurrence probability in reliability analysis. These types of studies that lead to consistent conclusions 

regarding the functioning of the technological plants are not only recommended but also necessary for 
engineers, particularly for the chemical engineers that analysis and manage the risk for taking the 
optimum decisions on safety. 
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7. Integrated environmental impact and risk assessment 

7.1. Short description 
Environmental impacts and risks can be assessed applying different method as diagrams, check 

lists, matrix or combined methods (Gavrilescu, 2003; Macoveanu, 2005). The method to evaluate the  
environmental impact and risk described herein is a combination between two methods: global 

pollution index, matrix of importance scale (Robu, 2005; Robu and Macoveanu, 2005b). An algorithm 
developed as software designated as SAB was applied to automatically quantify the environmenta l 
impacts and risks that arise from an evaluated activity, considering the measured concentration, levels 

of quality indicators. Also, the new method considered the principles of environmental impact from 
method of importance matrix, from which the term importance of environmental component and the 

way of its quantification were assumed. The environmental evaluation system is divided into 
estimation and quantification of environmental impacts in terms of measurable units, in this case as 
environmental importance units (IU). The environmental scores obtained in environmental impact 

assessments are basely composed from two parameters: the magnitude of environmental impacts and 
the importance. The quality (Q) of environmental component is quantified as the ration between the 

maximal allowed concentration concordant to national legislation and the measured concentration of 
pollutants. If this parameter Q has values close or higher than 1, then the environmental component 
has a good quality, if this parameter has values close to 0, then the quality of environmental component 

is very poor. The values of quality indicators that are considered representative for characterization of 
environmental components in evaluation process have to be according with national standards, under 
the maximal allowed concentration. When the measured values of quality indicators are equal or about 

with values of alert level (70% from maximal allowed concentration), then there is certain stress, that 
could be a possible impact, a hazard on quality of environmental component, hazard that can become 

a risk, if no pollution prevention measures are taken.  

The aim of this work was to present the main procedures, methods, models and approaches, 
generally used in environmental risk assessment. Thus, the common notion of risk is associated with 

actions or decisions that may have undesired to outcome. This implies that the risk-based approaches 
focus on the negative impacts and their prevention. Risk assessment places the emphasis on the 

potential negative environmental impacts of an organization’s activities and allows the identifica t ion 
of indicators that directly reflect its efforts, efficiency and effectiveness in reducing or even preventing 
them. The environmental risk is the result of the interactions between the human activities and the 

environment. The ecologic risk management that refers to the problematic of the risks generated by 
the past, present and future human activities on flora, fauna and ecosystems constitutes only a part of 

the environmental risk management. Risk assessment is one of the steps of the general risk 
management procedure. Risk management is a technique used to identify, characterize, quantify, 
evaluate and reduce losses from actions or decisions that may have undesired outcomes. The first step 

of the generic procedure involves the risk identification that is the systematic identification of all 
potential actions or decisions with undesired consequences that may result from the operation of an 

organization. The next step involves the risk assessment, while further steps address issues like the 
evaluation of risks in order to determine the organizations ability or willingness to tolerate their 
consequences in view of the associated benefits, and the selection and implementation of the most 

preferable approach for the reduction of unacceptable risks. The problems concerning the work safety 
and health as well as the risk management in emergency situation may be significant from the 

environmental risk point of view. The environmental risk management provides a formal set of 
processes that constitutes the fundament for environmental decision making and support the decision 
factor in the steps of incertitude level minimization. 



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   78 

 
 

 Qualitative risk analyses consist in: control lists, integral inspections of the industrial units, 

ranking, preliminary hazard analysis (PHA), what if method and HAZOP method (hazard operation), 
while quantitative risk analyses, usually are done using: hazard analysis (HAZAN), event tree analysis, 
fault tree analysis. In Romania the qualitative and quantitative environmental risk assessment is made 

concordant to Ministerial Order no. 184/1997, and examines the probability and the severity of the 
main components of an environmental impact. The necessity of additional information regarding the 

risks related to the identified pollution or to the pollutant activities developed on a site may determine 
the environmental competent authority to request a risk assessment with the aim of evaluating the 
probability of harm and of finding the possible prejudiced entities. Not every site affected by a certain 

pollutant will exhibit the same risk or will need the same level of remediation. In consequence, the risk 
assessment involves an estimation (including the identification of the hazards, the magnitude of the 

effects and the probability of occurrence) and a calculus of the risk (including the quantification of the 
danger importance and consequences for humans and/or environment). Risk assessment aims at 
controlling the risks produced on a site by identification of: pollutant agents or the most important 

hazards; resources and receptors exposed to the risk; mechanisms of risk accomplishment; important 
risks that emerge on the site; general measures needed for reduction of the risk to an accepted level. 

The risk depends on the nature of impact upon the receptors but also on the probability of the 
occurrence of this impact. Identification of the critical factors that influence the relationship source-
path-receptor involves the detailed characterization of the site from physical and chemical point of 

views. This work briefly approached a quantitative risk analysis for port hydrocarbon logist ics, 
proposed by Ronza A. et.al, 2006, which consists in the following steps: data collection, scenarios 
identification, frequency estimation, event tree analysis, consequences analysis, individual risk 

estimation and the estimation of global risk for population. Mathematic models for environmenta l 
analysis and assessment are described too. The modelling of the environmental systems is a very 

difficult problem owing to their complexity, as well to the complexity of their interaction with different 
other systems, interaction that is sometimes hard to be defined. In this paper, two environmenta l 
mathematic models were described. The first, probabilistic model for risk evaluation uses a repartition 

function for a random vector that describes the concentrations of the atmospheric pollutant factors. 
The latter, an optimization model is based on multiple criteria, to appropriate financial funds for 

pollution reduction. For the second model, the solving modality consists in reduction to an 
optimization problem with a single objective function.  

The paper presents some selection and probabilistic methods for risk assessment, particula r ly 

for risks related to the emissions of the pollutants gas originated from a source. The sensitive analysis 
is also presented as a key factor that may have a significant impact in risk assessment. This example 

is not a very critical one, but in industrial processes critical situations exist. The study can offer an 
increased reliability and confidence in prediction of the safety states. The enhanced values of the safety 
factor lead to lower values of the risk, some approaches as the current one, resulting in minimizing the 

need of excessive safety borders in design and in reducing the expensive analytic and experimenta l 
approaches. The method can be used for prediction of the limit state in risk or for estimation of fault 

occurrence probability in reliability analysis. These types of studies that lead to consistent conclusions 
regarding the functioning of the technological plants are not only recommended but also necessary for 
engineers, particularly for the chemical engineers that analysis and manage the risk for taking the 

optimum decisions on safety. 
Lately, the trend is to integrate the environmental risk principle into impact assessment 

procedure, or to base risk assessment on life cycle assessment. Thus, the method SAB, described herein 
is settled up to evaluate the environmental impact and risk, considering the main environmenta l 
components: surface water, ground water, air and soil. To characterize the quality of environment, the 
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specific quality indicators for each environmental components considered in evaluation process, were 

taken into account. It was also considered the specific of activity, installation, equipment assessed. 
This new method for integrated environmental impact and risk assessment (EIRA) can be applied for 
different activities, various industrial installation, processes, industrial sites and other related activit ies 

which are performed on. Considering the following environmental components: ground and surface 
water, soil and air, the evaluation of environmental impacts is done using a matrix in order to calculate 

the importance of each environmental component, potentially affected by the industrial activit ies. 
Concordant to this new method, the impact on environmental component directly depends on 
pollutants concentration into environment. This way, the impacts for each environmental component 

considered representative for the evaluated situation were calculated. The next step is the 
quantification of risks that arise from the activities considered, in the view of the results for 

environmental impacts. 
It has to be emphasized that if the impact and risk have very high values, then the impact 

induced by the considered activities on the environment is great and the environmental risks are at an 

unacceptable level (major/catastrophic risks). High values for environmental impacts and risks 
underlay the presence of pollutants in environment in very high concentrations, because impact 

directly depends on the measured concentration of pollutants. Considering the impact classifica t ion 
from method of global pollution index, a classification of impacts and risks is proposed. This new 
method has the advantages that it is very easy to be used by non-environmental experts; it calculates 

the impacts and risks, correlated with measured concentrations of quality indicators for environmenta l 
component, considered representative in assessment process; it is not a subjective method because the 
subjectivity is removed applying mathematical steps (the developed soft - SAB). Also, the lack of 

experience of evaluator doesn’t influence the evaluation results that will reflect the real situation from 
the evaluated site, where the industrial activities are performed. 
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I.2.3. Integrated Approach of Risk Assessment - main results 

  
A. ENVIRONMENTAL IMPACT AND RISK ASSESSMENT OF THE MAIN POLLUTION 

SOURCES FROM THE ROMANIAN BLACK SEA COAST 

1. Introduction 

The international protocols emphasize that one should not act or authorize anthropogenic 

activities without a serious analysis of the possible negative effects produced to the environment. In 
some agreements it is mentioned that the environmental impact and risk assessments are working 
together only. Comprehensive assessments, usually link environmental impact assessment (EIA) with 

risk assessment (RA) so as to help decision-making processes in water resources management 
(Teodosiu et al., 2012). Traditionally, risk assessment (RA) refers only to human health (origina l ly 

referred to occupational health, then public health and safety) but recently it was extended to the 
environmental level, including freshwater and marine ecosystems (Lexer et al. 2006; Kiss and Shelton, 
2007; Teodosiu et.al, 2013;).  In the environmental impact assessment, simple qualitative methods can 

be easily applied, by working with criteria capable to identify and evaluate the likely environmenta l 
changes caused by specific activities such as projects. More than that, the affected community must be 

informed and invited to debates before the decision making process regarding the project 
implementation is accomplished. Toro et al. (2013) have analysed the limitations of the qualitat ive 
environmental impact assessment methods with the purpose to reduce the uncertainties and 

subjectivity in the assessments regarding the impact importance. Thus, they propose to calculate the 
total importance of the impact (ImpTotal) by ponderating the project importance (ImpPro), the 
importance of the activity that generates the impacts (ImpAct), as well as the importance of the 

vulnerability of the environmental factors (ImpVul). This proposal has the advantage of calculat ing 
the total impact, based on a wider range of information. The method of Rapid Impact Assessment 

Matrix (RIAM) is often used in the environmental impact quantification of projects or new activit ies. 
Kuitunen et al. (2008) conducted a study that focused on the comparison of results generated by RIAM 
applied for new projects or activities within EIA process and the results generated within Strategic 

Environmental Assessment (SEA). The results are comparable and reliable for both situations thus the 
method proved to be an objective one. Also, Ijas et al. (2010) applied the RIAM method for 

projects/new activities, quantifying the positive and negative impact, while other authors such as 
Mondal et al. (2010) quantified the environmental impact assessment of different municipal solid 
wastes from Varanasi India, and Upham and Smith (2013) quantified the environmental impact 

(positive or negative) in the case of biofuel energy production considering the European Commiss ion 
recommendations for renewable resources.  

The main problems in aquatic environments are caused by the pollution generated by human 
activities (industries, agriculture, social development, transportation, and mining). This can damage 
the entire representative life forms of the ecosystems. The pollution sources should be carefully 

identified and effective preventive pollution methodologies should be applied along with end-of-pipe 
treatment processes. The heavy metals are an important category of the priority pollutants that 

contaminate the aquatic environment and may be generated by wastewaters from the mining, 
metallurgic, chemical industries as well as from natural sources. They are toxic elements for all life 
forms and accumulate very fast in the body mass of the marine organisms (Jitar et al., 2012). According 

to Iordache (2009), the sediments represent the final reservoir of most toxic heavy metals generated 
by different pollution sources. The aim of this study was to evaluate the environmental impact 

generated by the heavy metal pollution from the main sources located in the southern area of the 
Romanian Black Sea coast. Various pollution sources that discharge contaminated effluents were 
considered for the impact and risk assessment with concern to water and sediments. The environmenta l 
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indicators used for impact quantification were correlated considering the concentrations of heavy 

metals from the effluents (generated by 5 pollution sources), marine water and sediments. The results 
obtained from this study provide a general image for the heavy metal pollution caused by considered 
anthropogenic activities on the Romanian Black Sea Coast. 

 
2. Methodology 

2.1. Study area description 

The heavy metal pollution of the Black Sea is a multinational problem caused by the 
anthropogenic activities conducted near the seashore areas and rivers that flow into the sea. It is 

important to identify each pollution source but it is quite difficult to provide an inventory of point and 
non-point pollution sources, due to the numerous and various activities and trans-border discharges. 

The natural background concentrations of heavy metals are unknown in many areas of the Black Sea 
and it is hard to quantify the real ones. The following working strategy was used to achieve the 
objectives of this study, as presented in Table 25.  

 

Table 25. The working strategy for the environmental impact and risk quantification 
Aim of this study Objectives  Specific activities (A) 

 
Assessment of the 
environmental impact 
and risk generated by 
the heavy metals 
pollution  

 
 

 
O1: Identification of the main 
pollution sources (natural 
and anthropogenic) from  the 
Romanian Black Sea shore 

A1: Analysis of the national monitoring programs and 
inventory of the main pollution sources from the 
Romanian Black Sea shore  

 
O2: Identification of the main 
polluting agents  

A2: Data collection from the annual reports databases; 
A3: Selection of the environmental quality indicators 
proposed– concentrations of Ni, Cu, Cd, Pb, Cr 

 
O3: Impact and risk 
assessment induced by the 
considered pollution sources 
on the sea water and 
sediments 
 

A4: Selection of two assessment matrices for 
environmental impact and risk caused by the selected 
indicators;  
A5: Analyses and processing of collected raw data and 
elaboration of the evaluation matrices; 
A6: Quantification of the impact and risk induced by 
the heavy metals in the marine environment  

 
The monitoring studies conducted by the National Institute for Marine Research and 

Development (NIMRD) “Grigore Antipa” Constanta, Romania noticed that the heavy metals 

concentrations compared with the maximum values provided by the international regulations represent 
a risk in the sea water from the shore area. According to the official information sources provided by 

the national monitoring program of the Black Sea (NIMRD “Grigore Antipa” and Administra t ia 
Bazinala de Apa Dobrogea-Litoral- ABADL) the main sources of heavy metal pollution for the 
Romanian Black Sea sector are: the Danube River through its pollution loads; local pollution sources 

from the Romanian shore area; pollution sources located in the Ukrainian Black Sea sector. The main 
anthropogenic pollution sources identified for the Romanian coast were: the wastewater treatment 

plants, the oil refinery, the harbour and the ship construction sites. The agricultural activities were 
excluded from the main sources of pollution with heavy metals because their influence is not 
significant. The data were extracted from the official reports published by NIMRD “Grigore Antipa” 

and Administratia Bazinala de Apa Dobrogea-Litoral (ABADL) available for the years 2010, 2011 
and 2012. The main anthropogenic pollution sources are presented in Figure 25 (Jitar et al., 2014), 

while the associated activities are depicted in Table 26. 
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Fig. 25. Anthropogenic sources of pollution with heavy metals identified on the Romanian Black Sea 

coast 
 

Table 26. The main anthropogenic sources of pollution with heavy metals (Ni, Cu, Cd, Pb, Cr) and 

the associated activities 
Pollution sources Activities 

S1_Wastewater treatment plant Constanta 
North 

This wastewater treatment plant is managed by S.C. Raja 
S.A. Constanta and collects the wastewater from the 
Northern district of Constanta town and Mamaia resort.  

S2_Wastewater treatment plant Constanta 
South and the Constanta Harbour area 

This wastewater treatment plant is managed by S.C. Raja 
S.A. Constanta and collects the wastewater and industrial 
water from the Constanta town and harbour area. The water 
is mechanically and biologically treated and then 
discharged in the harbour area of the Black Sea. 

S3_Wastewater treatment plant Eforie 
South 

This wastewater treatment plant is managed by S.C. Raja 
S.A. Constanta and collects the wastewater from Eforie Sud 
and Eforie Nord resorts, Costinesti resort, Schitu, Agigea 
and Techirghiol localities. 

S4_Wastewater treatment plant Mangalia 
and the Mangalia Harbour area 

This wastewater treatment plant is managed by S.C. Raja 
S.A. Constanta and collects the wastewater from Mangalia 
town, and the following resorts: Olimp, Neptun, Jupiter, 
Venus, Aurora and Saturn. 

S5_Rompetrol Refinery 
This oil refinery is managed by S.C. Rompetrol Rafinare 
S.A. Navodari. It is a new chemical oil refinery unit that 
processes the imported oil. 

 

2.2. Environmental impact quantification - methods applied  

Two matrices were applied for the impact and risk quantification induced by the heavy metals 
(Ni, Cu, Cd, Pb, Cr) on the Romanian Black Sea ecosystem: the Rapid Impact Assessment Matrix 

(RIAM) and the Integrated Quantification of Impact and Risk matrix (Robu and Macoveanu, 2010; 
Teodosiu et al., 2013). In case of RIAM method it was assumed that for the assessed sources of 

pollution, there is a negative influence on the environmental quality. Thus, for the magnitude of the 
change / effect, values between 0 and (-3) are assigned (Table 3). In order to assure an evaluat ion 
system with more certainty, the environmental scores (ES) are classified so that a comparison of 
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quantified impacts for various situations can be done. The second method applied was the Integrated 

Quantification of Impact and Risk and this was performed based on a specific algorithm developed in 
previous studies (Robu et al., 2007; Stefanescu et al., 2011; Suditu and Robu, 2012, Teodosiu et al., 
2013). According to these studies, the integrated method can be applied for four environmenta l 

components: surface water, ground water, air and soil. The environmental impact quantification is 
based on two parameters: the magnitude of the impact/effect which depends on the measured pollutant 

concentration in the environment and importance of environmental component that takes values 
between 0 and 1 (1 representing the most important component - maximum importance). In this study 
there were considered two environmental components: seawater and sediments. One should notice that 

if the impact, namely the environmental risk, has a low value, this denotes that the environmenta l 
impact is considered to be insignificant and the associated risk is negligible. As a result, the higher the 

values, the higher the impact risks are. The algorithm of the environmental impact and risk 
quantification was developed in the Excel program so that it can easily be used and applied under 
various circumstances (Robu et al., 2007, Stefanescu et al, 2012). 

 
3. Results and Discussions 

3.1. Rapid Impact Assessment Matrix results  

The impact assessment using the method RIAM showed that pollution sources (S1-S5) (Table 
27) have a slight negative impact leading to insignificant negative changes (ES total is equal to – 3 that 

belongs to the category of A – Changes/slight negative impact), all concentrations of the analysed 
pollutants being below the allowed limits according to NTPA 001/2005. 
 

Table 27. The matrix of environmental impact induced by assessed point pollution sources 

Pollution 

source 

Year Quality 

indicator (i) 

A1 A2 B1 B2 B3 ESi ESyear ES 

S1 

2010 

Cd 1 -2 2 1 1 -8 

-8.6 

-6.67 

Cr total 1 -2 2 2 1 -10 

Ni 1 -2 2 2 1 -10 

Pb 1 -2 2 2 2 -12 

Zn 1 -1 1 1 1 -3 

2011 

Cd 1 -1 1 1 1 -3 

-4.8 

Cr total 1 -1 1 1 1 -3 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -2 2 2 2 -12 

2012 

Cd 1 -1 1 1 1 -3 

-6.6 

Cr total 1 -2 2 2 2 -12 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -2 2 2 2 -12 

S2 

2010 

Cd 1 -1 1 1 1 -3 

-3 

-4.05 

Cr total 1 -1 1 1 1 -3 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -1 1 1 1 -3 

2011 
Cd 1 -1 1 1 1 -3 

-3 
Cr total 1 -1 1 1 1 -3 
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Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -1 1 1 1 -3 

2012 

Cd 1 -2 2 2 2 -12 

-6.17 

Cr total 1 -1 1 1 1 -3 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -2 2 2 2 -12 

Fe 1 -1 1 1 2 -4 

S3 

2010 

Cr total 1 -1 1 1 1 -3 

-3.75 

-3.64 

Cu 1 -1 1 1 1 -3 

Zn 1 -1 1 1 1 -3 

Fe total 1 -2 1 1 1 -6 

2011 

Cd 1 -1 1 1 1 -3 

-3 

Cr total 1 -1 1 1 1 -3 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -1 1 1 1 -3 

Fe total 1 -1 1 1 1 -3 

2012 

Cd 1 -1 1 1 1 -3 

-4.17 

Cr total 1 -1 1 1 1 -3 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -2 2 2 1 -10 

Fe total 1 -1 1 1 1 -3 

S4 

2010 

Cd 1 -1 1 1 1 -3 

-3 

-4.67 

Cr total 1 -1 1 1 1 -3 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -1 1 1 1 -3 

2011 

Cd 1 -1 1 1 1 -3 

-4.8 

Cr total 1 -2 2 2 2 -12 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -1 1 1 1 -3 

2012 

Cd 1 -1 1 1 1 -3 

-6.2 

Cr total 1 -2 2 2 2 -12 

Ni 1 -1 1 1 1 -3 

Pb 1 -1 1 1 1 -3 

Zn 1 -2 2 2 1 -10 

S5 

2010 

Cd 1 -1 1 1 1 -3 

-5.25 

-6.37 

Hg 1 -1 1 1 1 -3 

Ni 1 -1 1 1 1 -3 

Pb 1 -2 2 2 2 -12 

2011 
Hg 1 -2 2 2 2 -12 

-7.5 
Ni 1 -2 2 2 2 -12 
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  RIAM method was applied to the average of annual measured concentrations of heavy metals 
in water and sediment. This data is published in the journal of Marine Research, under the National 

Institute for Marine Research and Development “Grigore Antipa“ Constanta coordination. 
Determination of the heavy metals in 2010, 2011 and 2012 was made within the program of monitor ing 

by analysing seawater samples (surface horizon of shallow sediments) and biota from transitional areas 
(Sulina – Portita, 5 - 20 m), coastal (Gura Buhaz, Constanța East, Casino Mamaia, Constanța North, 
Constanța South, Eforie, Mangalia, Vama Veche, 0 – 20 m) and marine (depths exceeding 20 m) 

(Report on the status of marine and coastal environment in 2010/2011/2012). According to 
environmental reports, in all these three years (2010-2012), the values of concentrations determined in 

relation with the environmental quality standards in the field of water (Ord. 161/2006; Directive 
2008/105/2008) were below the limits, only part of the measurements exceeded MAC (maximum 
allowed concentrations). Higher values of Cu were found in the port area and treatment plants. Cu and 

Pb showed a slight increase in 2011, contrary to the lowered levels of cadmium. It is stated that high 
concentrations of heavy metals were recorded in sediments from areas under anthropogenic impact: 

ports and waste water and water treatment plants. The average concentrations calculated for the coastal 
zone (0 – 20 m) did not exceed MAC, but in the sediments from transitional and marine areas were 
registered average values of Cu, Cd and Ni which exceeded MAC. Close to the Danube River, 

treatment plants and harbours, all concentrations of heavy metals in sediments were above MAC. 
Taking into account these aspects, marks for the impact assessment according to RIAM method 

were awarded. According to the results for the environmental indicator water in 2010 resulted a 
negative impact, a moderate negative impact in 2011, noting an improvement in 2012 when, as 
evaluated, water status (ES) showed a slight negative impact (Fig. 26-27). The environmental indicator 

sediment showed a significant negative impact in 2010, a major negative impact in 2011, while the 
final values of the average scores still showed an improvement in 2012. 

 

 
Fig. 26. Graphical representation of the results of the environmental impact assessment for water and 

sediments at the Romanian Black Sea shore in the years 2010-2012, according to the RIAM matrix 

 

Pb 1 -1 1 1 1 -3 

Fe total 1 -1 1 1 1 -3 

ESwater2010: -18 (Changes/negative impact, -B) 

ESwater2011: -34.2 (Changes/moderate negative 
impact, -C) 
ESwater2012: -7.4 (Changes/slight negative impact -A) 

ESsediments2010: -58.2 (Changes/significant negative 
impact, -D) 

ESsediments2011: -113(Changes/major negative impact, -
E) 
ESsediments2012: -58.2 (Changes/significant negative 

impact, -D)  
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Fig. 27. Environmental impact assessment for environmental indicator – water: emissaries and sea 

water (method RIAM) 
 

3.2.  Integrated impact and risk assessment results 

The application of the integrated method for the point sources of pollution (S1-S5), considering 
the same database as the RIAM method, led to the same result, namely both the environmental impact 

and environmental risk were below the score of 100, which means that the environment is not affected 
by the activities performed at the sources and the environmental risk is insignificant (Fig.28). Although 
the wastewater treatment plants as a whole do not have a significant impact upon the environment (Fig. 

29), it could be seen that the S3- had a higher score of environmental impact and risk in 2010 and 2011 
(Fig. 30 a. and b.). This can be explained by the fact that the station was the subject of rehabilita t ion 

works (for two years) completed in 2013, being at present a modern plant, by introducing the tertiary 
stage in the wastewater treatment. The results of the impact assessment and environmental risk induced 
by heavy metals in water and sediments from the Romanian Black Sea coast by SAB revealed that the 

environmental component “water” received the importance grade 1 and probability of impact 
occurrence as 0.5, while “sediments” 0.85 for importance and 0.85 for probability. The integrated 

method applied to the same quality indicators for 2010 showed an environmental impact due to the 
effects of anthropogenic activities within allowable limits for water; for sediments, the environmenta l 
impact suggested an environment severely affected by human activities. The environmental risk was 

negligible for water, with an unacceptable risk for sediments. In 2011 the environmental impact 
increased both for water and sediment, indicating an impact due to human activities causing 
discomforts to the environment (Fig. 30). For sediments a major risk was quantified, being necessary 

measures of prevention, control and remediation. This can be explained by the floods from 2010 that 
had a significant contribution to the pollution in the Danube River basin, in particular, and reflected in 

the sediments that accumulated heavy metals. 
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Fig. 28. Graphical representation of the results of the impact assessment and environmental risk by 

SAB method for the years 2010-2012 at (S1, S2, S3, S4, S5) pollution sources 
 

 

 
                                   a                                                                                b 

Fig. 29. Graphical representation of the results for: a) the impact assessment and b) environmental 
risk by SAB method for point sources 

 
According to the same method (SAB) applied in 2012 for water, the impact values were 100-

350 which suggests that the environment is subject to the effects of human activities within acceptable 
limits and environmental risk is less than 100, which means negligible (Figure 30). For sediments, the 
impact showed an environment subject to the effects of human activities causing disturbance for 

different forms of life (500-700), the risk is like in 2010 (an unacceptable environmental risk, being 
necessary measures of prevention and control). The impact and environmental risk assessment using 

the heavy metals as quality indicators was performed in order to observe the current state of the marine 
ecosystem. Using the applied matrices, we highlighted that the point sources of pollution (S1-S5) 
identified on the mainland do not have a major contribution to heavy metal pollution. 
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Fig. 30. Graphical representation of the results of the impact assessment and environmental risk 

calculated for environmental indicators water and sediment - Black Sea by SAB method 
 

The current study was developed in order to assess the environmental impact and risk due to 

the heavy metal pollution generated by the main Romanian five point pollution sources (S1-S5), and 
impact and risk assessment of heavy metals in water and sediments of the Black Sea, Romanian area. 

The original elements refers to the integrated analysis and quantification of impacts and risks caused 
by heavy metals, monitored parameters reported to the competent institutions (ABADL and NIMRD 
Constanta). To achieve the main goal of this study, two methods were considered for assessing the 

impact, namely the matrix method of rapid assessment of environmental impact (RIAM) and the 
integrated method of environmental impact and risk (SAB). According to these methods, the point 

pollution sources (S1-S5) taken into account for evaluation of the environmental impact and risk do not 
have a major contribution in terms of heavy metal pollution in the marine environment. Although the 
treatment plants, as a whole, have not a significant environmental impact, it could be observed that S3 

(sewage treatment plant) had higher scores for environmental impact and risk in 2010 and 2011, the 
station being the subject to rehabilitation works for 2 years. The results of RIAM method for the 

environmental component water indicated a negative impact in 2010, a moderate negative impact in 
2011 and a noticeable improvement in 2012 when, according to the assessment, the water state (ES) 
had a slight negative impact. Applying the SAB method, in 2010 resulted a significant negative impact 

for the environmental component “sediments”, the final environmental scores (ES) indicating an 
improvement for 2012. The SAB method confirmed the results of RIAM method. Sediments showed 

a significant negative impact due to higher concentrations of heavy metals, which may affect not only 
benthic organisms, but also the pelagic ones due to the particles re-suspension in the water column. 
According to the environmental reports there were high concentrations in the sediments from areas 

under anthropogenic impact (ports and treatment plants): Constanta South and Mangalia. Other sources 
of pollution of the Black Sea water and sediments should be considered as well. The heavy metals 

concentrations should not be neglected if the balance of the ecosystem is wanted to be maintained, 
although some recorded values were below the maximum allowed concentrations according to 
environmental standards. 
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B. QUANTIFICATION OF IMPACT AND RISK INDUCED IN SURFACE WATER BY 

HEAVY METALS: CASE STUDY – BAHLUI RIVER IASI  
1. Experimental data 

Considering the fact that most of the industries, situated along the Bahlui River, discharge into 

the wastewaters, under the Romanian legislation jurisdictions, it is estimated that the quality of this 
surface water is highly influenced. So that, it is considered that the surface water – Bahlui River is 

contaminated water with various pollutants such as organic compounds, minerals and heavy metals. 
In July 2005, it was analysed tow samples of surface water from Bahlui River and other tow samples 
in July 2006. The quality indicators analysed were: pH, ammonium, BOD and some heavy metals (Pb, 

Zn and Cu). The experimental results are presented in Table 28. It can be observed that the 
concentration of all pollutants is higher in 2006 than in 2005, this means the pollution of surface water 

(Bahlui River) is increasing year by year (Fig.31). 
 

Table 28. The experimental results of quality indicators analysed 
No. Quality indicator July 2005 July 2006 MAC* 

1. pH, units 7.6 6.8 6.5-8.5 

2. BOD5 (mg/L) 6.5 12 5 

3. Ammonium (mg/L) 2.0 2.5 0.3 

4. Pb (mg/L) 0.21 0.29 0.005 

5. Zn (mg/L) 0.86 1.02 0.1 

6. Cu (mg/L) 0.05 0.1 0.02 
* Maximum allowed concentration for water quality II, concordant to Romanian legislation (Order 1146/2002) 

 

 
Fig.31. The evolution of quality indicators concentrations (July 2005 - July 2006) 

 

 

2. Integrated quantification of heavy metals presence in surface water: case study – Bahlui River, 

Iasi 

The soft SAB designed for integrated impact and risk quantification, described above was 
applied for quantification of minerals and heavy metals presence in high concentrations in Bahlui 

River, Iasi. The impact and associated risk induced in environmental component surface water directly 
depend on concentration of pollutant in surface water. In figure 32 the environmental impact and risk 
induced in surface water (Bahlui river) in July 2005 is shown, and in figure 33 the environmenta l 

impact and risk induced in surface water (Bahlui river) in July 2006. 
 

Jul-05

Jul-06

Jul-05 7.6 6.5 2 0.21 0.86 0.05

Jul-06 6.8 12 2.5 0.29 1.02 0.1

pH BOD5 NH4 Pb Zn Cu 
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Fig.32. Environmental impact and risk induced on surface water Bahlui in 2005 
 

 

 
Fig.33. Environmental impact and risk induced on surface water Bahlui in 2006 

 

3. Results 

It has to be emphasized that if the impact and risk have very high values, then the impact induced 

by the considered activities in the environment is great and the environmental risks are at an 
unacceptable level. High values for environmental impacts and risks underlay the presence of 
pollutants in environment in very high concentrations, because impact directly depends on the 

measured concentration of pollutants. Considering the impact classification from method of global 
pollution index, a classification of impacts and risks as previously proposed and described. In figure 

34 the comparison of environmental impact and risk induced in Bahlui River in July 2005 and July 
2006 is shown.  

 

IM RM

IM 6472.49 2427.18 40776.70 8349.51

RM 6791.70 2546.89 42787.72 8761.30

NH4, mg/l Cu, mg/l Pb, mg/l Zn, mg/l

IM RM

IM 8090.61489 48543.6893 56310.6796 9902.91262

RM 8255.72948 49534.3769 57459.8772 10105.0129

NH4, mg/l Cu, mg/l Pb, mg/l Zn, mg/l
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Fig. 34. Comparison of the environmental impact and risk induced in Bahlui River in 2005 and 2006 

 
It can be observed that the pollution is increasing year by year and the most important fact is 

that the impact induced in surface water – Bahlui river is a major one, and the associated risk is 

catastrophic, which should requires that all industrial activities along the river to be stopped, or to 
improve their technologies and measures for pollution control and prevention. The new method for 

integrated environmental impact and risk assessment that considers the pollutants concentration levels 
in surface water was developed. This new method has the advantages that it is very easy to be used by 
non-environmental experts; it calculates the impacts and risks, correlated with measured 

concentrations of quality indicators for environmental component, considered representative in 
assessment process; it is not a subjective method because the subjectivity is removed applying 

mathematical steps (the developed soft - SAB). Also, the lack of experience of evaluator doesn’t 
influence the evaluation results that will reflect the real situation from the evaluated site, where the 
industrial activities are performed. The integrated quantification of environmental impact and risk 

showed that the industrial activities strongly influence the quality of surface water, Bahlui River. The 
final results of impact and risk assessment require that all industrial activities along the river to be 

stopped, or to improve their technologies and measures for pollution control and prevention 

  

NH4, mg/l Cu, mg/l Pb, mg/l Zn, mg/l

IM 2006

IM 2005

RM 2006

RM 2005
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C. Quantification of environmental impact and risk induced by industrial activities on ground 

water quality: Case study Cordun - Roman area, Romania  

1. Site characterization 

The iron and steel industry is highly intensive in both materials and energy consumption. 

Important subject for action in response to environmental concerns are generally considered to relate 
to controlling of air emissions and managing of solid wastes. Wastewaters discharge from coke oven 

plants is of significant higher relevance than discharges from the water circuits at blast furnaces, basic-
oxygen steel making, and continuous casting plants. Contaminated leakages from the solid wastes 
disposal sites cause great environmental problems, both, in the near future (short term) and long term. 

The polluted leakages are formed due to the interactions of solid, liquid and gaseous phases. Over time, 
both, the wastes and the leakages can considerable change the quality of environmental components, 

especially soil and groundwater, because the wastes deposits are heterogeneous and dangerous for 
environment. Different chemical interaction fronts that serve as geochemical barriers accumulate 
certain types of toxic compounds and move inside the landfills. When the geochemical barriers are 

damaged, the outflow location suddenly releases the contaminants, accumulated over years.  
The evaluated area Cordun-Roman, Romania has an industrial site used for wastes deposit, and 

represents a potential source of pollution especially for soil, ground and surface water, and it is located 
in Moldova river bed, on left side with 4-5 m above everglade. This area (4.79 ha) is situated 3 km far 
of company, where the industrial activities take place, and it is surrounded by residential areas, run off 

water and pastures. The investigations regarding the quality of soil and vegetation from industrial site, 
including residential areas, showed that there are 2 kind of pollution: soil acidification from industr ia l 
site and heavy metals contamination. It has to be mentioned that the measured concentrations of heavy 

metals from soil samples didn’t reach the maximal allowed concentrations, according to Romanian 
legislation. 

The technical characteristics of industrial site used for wastes deposit are the followings: 
o Capacity of deposit is 114168 m3; 
o It can assure minimum 10 years for sludge depositing; 

o The area is surrounded by residential area; 
o The stockyard has 2 compartments surnamed “cells”, used to deposit slag (cell no.1), 

and sludge, including other different residues (cell no.2). 
o The dig made from argyles soil closes the stockyard on 0.6 km length and its high is 

4.5 m (0.3 m is underground). 

There have been analysed ten ground water samples from ten drillings, over the period 1995-
2006, in order to control the leakages and prevent the ground water pollution (fig.35). The hydro-

geologically properties of ground water from evaluated area depend on the layer permeability, and 
from hydro geological point of view two factors are very important: the altimetry position of aquifer 
and the permeability of soil layers from evaluated site. To control the ground water quality in this area, 

ten drillings were used (F1 to F10), situated at 4 – 10 m deep (fig.35): 

 Drilling F1 – 10 m deep, situated off site (upstream) in North–East side; 

 Drilling F2 – 4 m deep, situated on site, in oily scoria cell; 

 Drilling F3 – 5 m deep, situated off site (downstream) in North–West side; 

 Drilling F4 – 8 m deep, situated off site (upstream of cell no. 2), in East side; 

 Drilling F5 – 4 m deep, situated on site of cell no. 2; 

 Drilling F6 – 4 m deep, situated on site, central part of cell no. 2; 

 Drilling F7 – 4 m deep, situated off site, in West side; 

 Drilling F8 – 4 m deep, situated on site,  in oily scoria cell; 

 Drilling F9 – 5 m deep, situated on site, cell no. 2; 
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 Drilling F10 – 4 m deep, situated off site, in South-West side. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Ground water quality evaluation 

2.1. Sampling and analyses 

 To evaluate the quality of ground water, various samples were taken from ten drillings, on site 
and off site. Eight quality indicators (CCO-Cr, NO3

-, NO2
-, SO4

-, Fe2+, Pb2+, Cu2+, Ni2+) have been 

analysed by standardized methods, according to national legislation, over the period 1995-2006 
(exception years 1997, 1998, 1999).   

 
2.2. Experimental data 

The experimental data results of physical-chemical analysis of ground water samples from 

evaluated area, over the period 1995 – 2006 (exception years 1997, 1998, 1999) are shown in table 29. 
 

Table 29. Measured concentrations of quality indicators considered in evaluation process  

D
ri

ll
in

g
 Year 

 

 

 MAC* 

Quality indicators 

Measured concentrations (mg/dm3) 

CCOCr NO3
- NO2

- SO4
2- Fe2+ Pb2+ Cu2+ Ni2+ 

5 50 0,5 250 0,20 0,01 0,1 0,02 

F1 1995 6,32 40 0,0007 37,8 7,6 - - - 

 1996 22,12 32 0,0018 63,35 1,2 0,05 0,05 0,009 

 2000  27,4 0,008 69,25 0,151 - - - 

 2001 6,68 20,46 0,010 53,5 0,24 - - - 

 2002 14,42 20,15 0,017 59,5 0,28 - - - 

 2003 9,61 23,63 0,040 78,6 2,11 3,0 0,7 0,55 

 2004 4,0 62,67 0,045 154 0,63 1,0 0,4 0,01 

 2005 9,41 198,07 0,03 79,25 1,51 0,026 0,03 0,00 

 2006 54,1 214,5 0,74 176,5 0,14 0,062 0,009 0,02 

F2 1995 15,8 20 0,07 78,6 4,8 0,76 0,056 0,01 

 1996 42,64 0 0,07 134,5 1,2 0,05 0,185 0,009 

 2000 17,75 22,8 0,06 150 3,62 - - - 

 2001 11,84 19,8 0,036 82,5 1,77 - - - 

Fig.35. The map of drillings F1 to F10 
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 2002 25,77 15,85 0,024 86 1,46 - - - 

 2003 29,60 18,81 0,055 102,5 1,51 2,0 0,5 0,32 

 2004 11,20 17,17 0,60 120,5 0,545 1,0 0,2 0,01 

 2005 13,97 82,07 0,315 79 0,165 0,050 0,01 0,00 

 2006 67,79 41,7 0,925 220 0,111 0,092 0,014 0,01 

F3 1995 9,48 38 0,0004 55,1 1,6 - - - 

 1996 20,2 23 0,0018 83 1,2 0,05 0,07 0,08 

 2000 3,02 24,25 0,003 91 2,125 - - - 

 2001 8,47 16,92 0,012 70,25 2,41 - - - 

 2002 8,49 12,07 0,014 93,75 3,35 - - - 

 2003 10,35 16,88 0,042 119,5 3,59 2,0 0,5 0,32 

 2004 7,94 22,07 0,137 99,25 0,89 1,5 0,2 0,02 

 2005 9,01 71,64 0,10 86 0,74 0,083 0,01 0,00 

 2006 67,44 116,82 0,22 246 0,09 0,029 0,006 0,008 

F4 1995 11,37 11 0,0004 25,1 0,8 - - - 

 2000 1,58 3,62 0 30,12 0,73 - - - 

 2001 4,36 2,93 0 40,75 0,15 - - - 

 2002 6,48 6,12 0,013 58,5 1,18 - - - 

 2003 3,82 2,54 0,011 43,35 0,40 1,0 0,3 0,15 

 2004 7,30 58,7 0,055 53,5 0,23 0,5 0,1 - 

 2005 7,87 195 0,012 60,5 0,62 0,11 0,01 0,00 

 2006 83,14 104,02 0,156 185,75 0,14 0,0035 0,011 0,008 

F5 1995 20,9 0 0,18 93,4 80 0,80 0,04 0,009 

 1996 72,7 5 0,0018 1315,24 3,2 0,0575 0,085 0,009 

 2000 4,08 6 0 405,5 2,3 - - - 

 2001 14,37 14,1 0,027 1152 3,38 - - - 

 2002 13,18 26,32 0,046 1722,5 15,31 - - - 

 2003 12,77 19,34 0,023 749 13,29 0,5 0,3 0,15 

 2004 12,29 27,17 0,042 295,5 4,85 - - - 

 2005 20,74 54,57 0,072 723,75 5,23 0,17 0,02 0,00 

 2006 103,64 30,95 0,176 2230 0,33 0,034 0,015 0,017 

F6 1995 15,8 12,4 0,07 87,6 1,24 0,48 0,32 0,009 

 2000 5,13 11,55 0,04 117,5 1,52 - - - 

 2001 9,61 10,25 0,02 277,5 1,17 - - - 

 2002 11,71 8,55 0,016 430 5,91 - - - 

 2003 9,47 20,21 0,019 402,5 13,79 2,0 0,3 0,15 

 2004 9,17 4,92 0,072 310 6,40 0,8 0,1 - 

 2005 26,29 37,26 0,07 787,5 3,67 0,13 0,01 0,00 

 2006 65,96 37,2 0,323 1592,5 0,20 0,154 0,012 0,012 

 1995 13,9 1 0,07 148,9 11,2 - - - 

F7 1996 12,6 18 0,07 264,5 2,4 0,065 0,070 0,009 

 2000 4,17 8,4 0,039 204,25 1,36 - - - 

 2001 9,67 9,2 0,012 240,5 1,17 - - - 

 2002 14,49 9,8 0,010 546,5 2,97 - - - 

 2003 12,62 15,55 0,013 359,75 9,05 1,0 0,1 0,1 

 2004 7,54 30,82 0,514 213 2,01 1,0 0,3 0,02 

 2005 15,17 95,09 0,36 480 0,76 0,19 0,01 0,00 

 2006 70,57 10,85 0,87 1192,5 0,21 0,059 0,019 0,007 

 1995 17,7 39,2 0,037 72,8 1,2 0,36 0,08 0,009 

F8 2000 4,03 17,5 0,030 48,75 2,02 - - - 

 2001 9,35 19,00 0,053 232 3,45 - - - 

 2002 11,92 14,57 0,032 82,75 5,07 - - - 

 2003 11,75 18,88 0,018 145,5 6,47 1,0 0,1 0,1 
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 2004 8,43 59,35 0,549 129,75 1,89 - 0,1 - 

 2005 7,47 43,32 0,612 110,5 0,30 0,19 0,02 0,00 

 2006 66,63 86,42 0,775 212,5 0,19 0,0085 0,014 0,005 

 1995 6,3 17,8 0,037 53,9 2,4 0,28 0,06 0,008 

F9 2000 3,31 13,6 0,1 153,75 2,72 - - - 

 2001 8,04 13,37 0,0075 93,5 1,78 - - - 

 2002 25,09 13 0,0047 130 1,94 - - - 

 2003 9,03 18,47 0,024 218,5 2,51 1,0 0,1 0,1 

 2004 7,80 18,12 0,108 200 0,71  0,1 0,01 

 2005 6,50 66,62 0,075 273 0,36 0,27 0,00 0,00 

 2006 64,89 81,12 0,246 517,5 0,22 0,008 0,016 0,006 

 1995 11,4 0 0,0018 195 0,42 - - - 

F10 2000 0,625 5,375 0,073 171,5 0,85 - - - 

 2001 5,192 5,85 0,001 150 1,45 - - - 

 2002 6,057 6,1 0,001 406,5 1,10 - - - 

 2003 7,737 14,94 0,026 328,5 3,75 0,5 0,1 0,1 

 2004 4,817 50,47 0,078 142 1,577 0,3 - - 

 2005 15,307 43,07 0,052 499,75 2,665 0,29 0,02 0,00 

 2006 67,012 227,7 0,042 1470 0,225 0,137 0,022 0,007 

*maximum admissible concentrations concordant to Law no. 458/2002, modified by Law no.311/2004. 

  

It can be observed that the evaluated site, especially the ground water is significantly polluted 

due to the presence of various pollutants such as organic compounds, nitrate, nitrite and heavy metals. 
Thus, the quality indicators analysed had values for measured concentrations higher than maximum 

admissible concentrations: 

 Organic compounds analysed by CCO-Cr indicator had over the period 1995-2006 measured 

concentrations higher than maximum admissible concentration almost in all drillings. The 
maximum analysed value was 103.64 mg/L (in 2006) from samples from drilling F5 and 83.14 
mg/L (in 2006) from samples from drilling F4. 

 The ground water contamination with nitrate was higher in 2005 in drilling F1 (measured 
concentration of NO3

- was 198.07 mg/L and 214.5 mg/L), drilling F3 (measured concentration 

of NO3
- was 71.64 mg/L and 116.82 mg/L), drilling F4 (measured concentration of NO3

- was 
195 mg/L in 2005 and 104.02 mg/L in 2006), and drilling F10 (measured concentration of NO3

- 

was 227.7 mg/L in 2006). 

 The quality of ground water was also highly negative influenced by the presence of nitrites, and 
the most influenced areas are from drilling F2 (measured concentrations 0.6 mg/L in 2004 and 

0.925 mg/L in 2006) and drilling F8 (measured concentration i 0.612 mg/L in 2005 and 0.775 
mg/L in 2006).  

 
3. Integrated environmental impact and risk assessment - results 

Concordant to integrated method for environmental impact and risk assessment, the first step 

is to assign the significance of each environmental component for evaluated situation. This parameter 
significance have values between 0 and 1, and value 1 value 1 represents the most significant 

environmental component (in this case the ground water). So that, the value 0.85 was assigned as 
significance for ground water, and the probability for a negative event (impact) to occur was considered 
likely (0.61-0.9) that will probably occur in most circumstances (90% of situations). Quantification of 

impact and risk induced on ground water quality was automatically done (table 30). The results of 
automatically quantification for those ten drillings are presented in figures 36 – 46.  
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Table 30. The quantification of parameter environmental component quality Q (ground water) 

and environmental impact and risk (IM, RM) for each quality indicator analysed over the period 1995-
2006 in ten drillings (example drilling F1) 

  1995      

Indicator 
MAC* Cm** Q IM RM IM 1995 = 8015.00 

COD-Cr, mgO2/L 5.00 6.32 0.79 1259.55 1253.77   

NO3
-,mg/L 50.00 40.00 

1.25 797.19 793.52 RM 1995 = 7978.21 

NO2
-, mg/L 0.50 0.0007 

714.29 1.40 1.39   

SO4
-2, mg/L 250.00 37.80 

6.61 150.67 149.98   

Fe, mg/L 0.20 7.60 0.03 37866.35 37692.39   

Pb, mg/L 0.01 0.000 0.00 0.00 0.00   

Cu, mg/L 0.10 0.00 0.00 0.00 0.00   

Ni, mg/L 0.02 0.00 0.00 0.00 0.00   

  1996      

Indicator 
MAC* Cm** Q IM RM IM 1996 = 2151.30 

COD-Cr, mgO2/L 5.00 22.12 0.23 4408.44 4388.19   

NO3
-,mg/L 50.00 32.00 

1.56 637.75 634.82 RM 1996 = 2141.40 

NO2
-, mg/L 0.50 0.0018 

277.78 3.59 3.57   

SO4
-2, mg/L 250.00 63.35 

3.95 252.51 251.35   

Fe, mg/L 0.20 1.20 0.17 5978.90 5951.43   

Pb, mg/L 0.01 0.050 0.20 4982.42 4959.52   

Cu, mg/L 0.10 0.0500 2.00 498.24 495.95   

Ni, mg/L 0.02 0.0090 2.22 448.42 446.36   

  2000      

Indicator 
MAC* Cm** Q IM RM IM 2000 = 397.60 

COD-Cr, mgO2/L 5.00 0.00 
0.00 0.00 0.00   

NO3
-,mg/L 50.00 27.40 

1.82 546.07 543.56 RM 2000 = 395.77 

NO2
-, mg/L 0.50 0.0080 

62.50 15.94 15.87   

SO4
-2, mg/L 250.00 69.25 

3.61 276.03 274.76   

Fe, mg/L 0.20 0.15 1.32 752.34 748.89   

Pb, mg/L 0.01 0.000 0.00 0.00 0.00   

Cu, mg/L 0.10 0.0000 0.00 0.00 0.00   

Ni, mg/L 0.02 0.0000 0.00 0.00 0.00   

  2001      

Indicator 
MAC* Cm** Q IM RM IM 2001 = 633.60 

COD-Cr, mgO2/L 5.00 6.68 0.75 1331.30 1325.19   

NO3
-,mg/L 50.00 20.46 

2.44 407.76 405.89 RM 2001 = 630.69 

NO2
-, mg/L 0.50 0.0100 

50.00 19.93 19.84   

SO4
-2, mg/L 250.00 53.50 

4.67 213.25 212.27   

Fe, mg/L 0.20 0.24 0.83 1195.78 1190.29   

Pb, mg/L 0.01 0.000 0.00 0.00 0.00   

Cu, mg/L 0.10 0.0000 0.00 0.00 0.00   

Ni, mg/L 0.02 0.0000 0.00 0.00 0.00   
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  2002      

Indicator 
MAC* Cm** Q IM RM IM 2002 = 988.30 

COD-Cr, mgO2/L 5.00 14.42 0.35 2873.86 2860.65   

NO3
-,mg/L 50.00 20.15 

2.48 401.58 399.74 RM 2002 = 983.77 

NO2
-, mg/L 0.50 0.0170 

29.41 33.88 33.72   

SO4
-2, mg/L 250.00 59.50 

4.20 237.16 236.07   

Fe, mg/L 0.20 0.28 0.71 1395.08 1388.67   

Pb, mg/L 0.01 0.000 0.00 0.00 0.00   

Cu, mg/L 0.10 0.0000 0.00 0.00 0.00   

Ni, mg/L 0.02 0.0000 0.00 0.00 0.00   

  2003      

Indicator 

MAC* Cm** Q IM RM IM 2003 = 

43327.0

0 

COD-Cr, mgO2/L 5.00 9.61 
0.52 1915.24 1906.44   

NO3
-,mg/L 50.00 23.63 

2.12 470.94 468.77 RM 2003 = 

43127.9

0 

NO2
-, mg/L 0.50 0.0400 

12.50 79.72 79.35   

SO4
-2, mg/L 250.00 78.60 

3.18 313.29 311.85   

Fe, mg/L 0.20 2.11 0.09 10512.90 10464.60   

Pb, mg/L 0.01 3.000 

0.00 

298944.9

0 297571.49   

Cu, mg/L 0.10 0.7000 0.14 6975.38 6943.33   

Ni, mg/L 0.02 0.5500 0.04 27403.28 27277.39   

  2004      

Indicator 
MAC* Cm** Q IM RM IM 2004 = 

13752.6
0 

COD-Cr, mgO2/L 5.00 4.00 1.25 797.19 793.52   

NO3
-,mg/L 50.00 62.67 

0.80 1248.99 1243.25 RM 2004  = 
13689.4
5 

NO2
-, mg/L 0.50 0.0450 

11.11 89.68 89.27   

SO4
-2, mg/L 250.00 154.00 

1.62 613.83 611.01   

Fe, mg/L 0.20 0.63 0.32 3138.92 3124.50   

Pb, mg/L 0.01 1.000 0.01 99648.30 99190.50   

Cu, mg/L 0.10 0.4000 0.25 3985.93 3967.62   

Ni, mg/L 0.02 0.0100 2.00 498.24 495.95   

  2005      

Indicator 
MAC* Cm** Q IM RM IM 2005 = 2373.10 

COD-Cr, mgO2/L 5.00 9.41 0.53 1875.38 1866.77   

NO3
-,mg/L 50.00 198.07 

0.25 3947.47 3929.33 RM 2005 = 2362.21 

NO2
-, mg/L 0.50 0.0300 

16.67 59.79 59.51   

SO4
-2, mg/L 250.00 79.25 

3.15 315.89 314.43   

Fe, mg/L 0.20 1.51 0.13 7523.45 7488.88   

Pb, mg/L 0.01 0.026 0.38 2590.86 2578.95   

Cu, mg/L 0.10 0.0300 3.33 298.94 297.57   

Ni, mg/L 0.02 0.0000 0.00 0.00 0.00   

  2006      
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Indicator 
MAC* Cm** Q IM RM IM 2006 = 3149.60 

COD-Cr, mgO2/L 5.00 54.10 0.09 10781.95 10732.41   

NO3
-,mg/L 50.00 214.50 

0.23 4274.91 4255.27 RM 2006 = 3135.16 

NO2
-, mg/L 0.50 0.7400 

0.68 1474.79 1468.02   

SO4
-2, mg/L 250.00 176.50 

1.42 703.52 700.28   

Fe, mg/L 0.20 0.14 1.43 697.54 694.33   

Pb, mg/L 0.01 0.062 0.16 6178.19 6149.81   

Cu, mg/L 0.10 0.0090 11.11 89.68 89.27   

Ni, mg/L 0.02 0.0200 1.00 996.48 991.90   

*maximum admissible concentrations concordant to national legislation, ** measured concentration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 36. Impact and risk induced on ground water quality, period 1995-2006, drilling F1 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 37. Impact and risk induced on ground water quality, period 1995-2006, drilling F2 
 

IM 8015 2151.3 397.6 633.6 988.3 43327 13753 2373.1 3149.6

RM 7978.2 2141.4 395.77 630.69 983.77 43128 13689 2362.2 3135.2

1995 1996 2000 2001 2002 2003 2004 2005 2006

IM 13088 3203.8 4549.1 2394.7 2623.3 29317 13638 1609.5 3427.5

RM 13028 3189.1 4528.2 2383.8 2611.3 29183 13576 1602.1 3411.8

1995 1996 2000 2001 2002 2003 2004 2005 2006
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Fig. 38. Impact and risk induced on ground water quality, period 1995-2006, drilling F3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 39. Impact and risk induced on ground water quality, period 1995-2006, drilling F4 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 40. Impact and risk induced on ground water quality, period 1995-2006, drilling F5 
 

IM 2167.72557.9 2408.32867.3 3805.030133. 19948.2260.4 2623.0

RM 2157.82546.1 2397.22854.1 3787.529995. 19856.2250.0 2610.9

1995 1996 2000 2001 2002 2003 2004 2005 2006

IM 69150.5350.4 3502.14926.2 17277.16558. 5683.47349.5 4567.5

RM 68833.5325.8 3486.04903.5 17198.16482. 5657.37315.7 4546.5

1995 1996 2000 2001 2002 2003 2004 2005 2006

IM 5971.3 0.00 2294.14092.3 4015.816743. 2481.23519.9 2446.9

RM 5943.8 0.02 2283.54073.5 3997.316666. 2469.83503.7 2435.6

1995 1996 2000 2001 2002 2003 2004 2005 2006
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Fig. 41. Impact and risk induced on ground water quality, period 1995-2006, drilling F6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 42. Impact and risk induced on ground water quality, period 1995-2006, drilling F7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 43. Impact and risk induced on ground water quality, period 1995-2006, drilling F8 

IM 1314.4 0.00 1036.0459.28 1510.314138. 7844.82838.5 2656.0

RM 1308.3 0.02 1031.3457.17 1503.414073. 7808.82825.5 2643.8

1995 1996 2000 2001 2002 2003 2004 2005 2006

IM 7691.4 0.00 1874.71818.9 6739.235299. 16558.5799.9 4742.2

RM 7656.0 0.02 1866.11810.6 6708.235137. 16482.5773.3 4720.4

1995 1996 2000 2001 2002 2003 2004 2005 2006

IM 11865.2955.5 1733.31784.5 4015.819375. 14704.4338.3 3528.9

RM 11810.2941.9 1725.41776.3 3997.319286. 14637.4318.4 3512.7

1995 1996 2000 2001 2002 2003 2004 2005 2006
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Fig. 44. Impact and risk induced on ground water quality, period 1995-2006, drilling F9 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 45. Impact and risk induced on ground water quality, period 1995-2006, drilling F10 

 

In fig. 12 the comparison of environmental impact induced on ground water quality, years 
2006, 2003 and 1995 is shown.  

 

 
Fig.46. Comparison of environmental impact induced on ground water quality: years 2006, 

2003 and1995 
  

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

IM 2006

IM 2003

IM 1995

IM 5344.3 0.00 3059.02225.0 3090.515152. 1777.75426.5 2431.7

RM 5319.7 0.02 3044.92214.8 3076.315082. 1769.65401.6 2420.5

1995 1996 2000 2001 2002 2003 2004 2005 2006

IM 1286.3 0.00 1059.11795.1 1686.39711.0 6734.06911.4 4897.1

RM 1280.4 0.02 1054.31786.9 1678.59666.3 6703.16879.6 4874.6

1995 1996 2000 2001 2002 2003 2004 2005 2006
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It has been observed that the most negative impact induced in ground water was in 1995 and 

2003, years when the industrial activities took place on site at maximum capacity of installations, thus, 
pollution control and monitoring actions should be applied on this site in order to prevent the aquifer 
and surface water pollution. The purpose of this work was to propose a new method for integrated 

environmental impact and risk assessment and apply it on a case study in order to make the right 
decision concerning the quality of ground water from evaluated area. Thus, groundwater from ten 

drillings was sampled and analysed over the period 1995-2006 (exception years 1997, 1998 and 1999). 
From each drilling, over the period 1995-2006 eight quality indicators considered representative for 
evaluated situation were analysed, and, based on these experimental data, the integrated environmenta l 

impact and risk assessment was applied. Regarding the experimental results, it can be concluded that 
the evaluated site, especially the ground water is significantly polluted due to the presence of various 

pollutants such as organic compounds, nitrate, nitrite and heavy metals. Thus, the quality indicators 
analysed had values for measured concentrations higher than maximum admissible concentrations: 

 Organic compounds analysed by CCO-Cr indicator had over the period 1995-2006 measured 

concentrations higher than maximum admissible concentration almost in all drillings. The 
maximum analysed value was 103.64 mg/L (in 2006) from samples from drilling F5 and 83.14 

mg/L (in 2006) from samples from drilling F4. 

 The ground water contamination with nitrate was higher in 2005 in drilling F1 (measured 

concentration of NO3
- was 198.07 mg/L and 214.5 mg/L), drilling F3 (measured concentration 

of NO3
- was 71.64 mg/L and 116.82 mg/L), drilling F4 (measured concentration of NO3

- was 
195 mg/L in 2005 and 104.02 mg/L in 2006), and drilling F10 (measured concentration of NO3

- 

was 227.7 mg/L in 2006). 
The quality of ground water was highly negative influenced by the presence of nitrites, and the 

most influenced areas are from drilling F2 (measured concentrations 0.6 mg/L in 2004 and 0.925 mg/L 
in 2006) and drilling F8 (measured concentration i 0.612 mg/L in 2005 and 0.775 mg/L in 2006). The 
new integrated method showed that in period 1995 – 2006 the ground water quality was highly negative 

influenced by industrial activities developed on studied area. The maximum value for impact and risk 
induced in ground water from evaluated site is in 1995 year, when the industrial activities from this 

area were working at maximum capacity.  
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I.3. Occupational Health and Safety 
 

I.3.1. Occupational and Environmental Health 

 Considering the fact that occupational and environmental health involves multi-disciplinarit ies 

approaches, the experts consider that the biological and physical sciences that explain the 
pathophysiology of specific hazards in humans are the same whether the environment is a workplace, 

school, home or community setting. On the other hand, the sociology and history of environmenta l 
health has evolved along separate tracks, with differences of focus, scale, and people involved (Levy 
et.al, 2000). Thus, occupational and environmental health is the multidisciplinary approach to the 

identification, recognition, diagnosis, treatment, and prevention and control of all adverse health 
conditions resulting from hazardous environment exposures in the workplace, the home or the 

community. Many occupational and environmental health problems are similar, workers tend to be 
exposed more intensively to various hazards than community residents. As a result, the relationship 
between occupational exposures and adverse health effects has provided much of the information 

known about hazardous substances. Although there are many similarities and overlaps among 
occupational and environmental health, various health and safety disciplines have evolved over years 

and these fields have been separated in occupational health and environmental health. Occupational 
and environmental health and safety hazards can be classified as follows (Levy at.al, 2000) (Table 31): 
 

Table 31. Occupational and environmental health classification 
Safety hazards Health hazards 

It results in injury through the 
uncontrolled transfer energy to a 
vulnerable recipient from sources such 
as electrical, thermal, kinetic, and 
chemical or radiation energy. 

It results in environmental or occupational illness that could 
include: 

a) Chemical hazards: such as heavy metals, pesticides etc. 
b) Physical hazards: noise, vibration, pressure, extreme 

temperature, radiation etc. 
c) Biomechanical hazards: heavy lifting, forceful movements 

etc. that result in musculoskeletal disorders. 
d) Biological hazards: viruses, bacteria contamination and 

other microorganisms that may be transmitted through the 
air, water, food or direct contact. 

e) Psychological stress: high work stress environments, 
excessive work demands etc. 

 

 The assessment of occupational and environmental health depends very much on the culture 
and believes at regional level, of the health social construct, economic and technology development, 

the local context and key actors. To prevent occupational and environmental diseases and injury 
effectively, health professionals must know how to anticipate and recognize conditions in those who 
present with symptoms and those who are pre-symptomatic. Health professionals can also recognize 

abnormal trends by examining grouped data (Levy at.al, 2006). A systematic approach facilita tes 
consideration of all aspects of prevention in reducing or eliminating occupational hazards and it should 

be considering all three levels of prevention: primary, secondary and tertiary prevention. Primary 
prevention is designed to deter or avoid the occurrence of disease or injury. Secondary prevention is 
designed to identify and adequately treat a disease or injury process as soon as possible, often before 

any symptoms have developed, and tertiary prevention refers to treat a disorder when it has advanced 
beyond its early stages to avoid complications and limit disability or, if the condition is too advanced, 

to address rehabilitative and palliative needs. 
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 The correct diagnosis and approach to treatment of a person with an occupational or 

environmental illness or injury is essential to maximize opportunities for tertiary prevention. It can 
also promote primary and secondary prevention. A carefully designed surveillance program, using 
both case-and-rate-based approaches, promotes primary prevention. The selection and use of screening 

and monitoring tests that are appropriate to identify the risks promotes secondary prevention. When 
properly planned and integrated, these approaches contribute to: 

a) controlling risks at the source; 
b) identifying new risks at the earliest stages; 
c) delivering the best level of therapeutic care and rehabilitation for those who are ill or 

injured; 
d) preventing recurrence of disease and injury of affected people and occurrence of disease 

and injury in others who are exposed to similar risks; 
e) ensuring that those affected receive economic compensation; 
f) discovering new relationships between occupational and environmental exposures and  

disease. 
There is a stringent need to develop integrated indicators that could be applied for 

environmental health assessment, and, for that the following actions are first considered to be 
implemented: education and awareness, environmental hazard definition, technological innovation to 
develop new, cleaner and sustainable production and reduce the pressure from consumption and 

resources use. Environmental health indicators represents one means of meeting these needs, they 
provide a means of giving data by converting them into information of direct use to the decision 
makers. Usually, environmental quality measurements produce raw data; data that are aggregated and 

summarized to provide statistics that are analysed and re-expressed in the form of indicators used 
further by the decision makers (Briggs et.al, 1996). An environmental health indicator can be seen as 

a measure which summarises in a very facile manner and relevant terms some aspects of the 
relationship between the environment and health, expressing scientific knowledge about the linkage 
between, in a form that could help decision makers to make more informed, reasoned and appropriate 

choices (Briggs et.al, 1996). 
Environmental health   indicators can contribute to improved health management and policy 

everywhere. However, they are of particular value in countries in which traditional problems or access 
to natural resources remain, and in which issues of environmental pollution have traditionally taken 
second place to demands for economic development. Many countries, indeed, face problems of 

resource depletion, desertification and environmental pollution are rising while pollutions are 
undergoing rapid expansion. Recently, awareness has been growing of the partnerships between 

environmental protection organization and economic development companies, and, for that strategies 
for sustainable development were adopted to preserve the environment and enhance quality of life. If 
the decision-makers are to take the actions needed to prevent irreversible and costly health and 

environmental damage, they urgently need reliable and relevant information on levels of 
environmental pollution and their links with human health. 

The environmental health indicators are used to: 
- quantify the situation and emphasise its significance; 
- simplify the information and present it in a form directly relevant to the question being addressed; 

- highlight the trends of the questions and point possible solutions; 
- lead to the decision makers towards the choices available, to evaluate and compare the implica t ion 

of these choices; 
- provide a means of public information, and an opportunity for external scrutiny of decisions and 
policies. 
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 The environmental health indicators have a major role to play in relation to the protection and  

management of environmental health, but, it is important that they are properly conceived and 
understood (figure 47). 
 

 

 
Fig.47. Role of environmental health indicators in decision making process (Briggs et.al, 1996) 

 

 Given knowledge of the relationship between environmental exposure and health effect, both 

environmental indicators and health indicators can be converted into environmental health indicators 
that indicate the health outcome due to exposure to an environmental hazard. Thus, it is based upon 

the application of known or postulated environmental exposure health-effect relationship, and in this 
context tow general type of can be distinguished (Briggs et.al, 1996): 
 1. an exposure-based indicator projects forward from some knowledge about an environmenta l 

hazard to give an estimated measure of risk. Such indicators can be conceived as the combination of 
an environmental indicator with a known environment-health relationship (i.e. health effects due to air 

pollution).  
 2. an effect-based indicator projects backwards from the health outcome to give an indicator 
of the environmental cause (i.e. health effects due to the exposure to environmental radiation or soil 

pollution). 
 The importance of this environmental-health relationship within the concept of environmenta l 
health indicators cannot be over emphasized. It is only through knowledge of this link that an 

environmental indicator or a health indicator can be translated into an environmental health indicator. 
An environmental health indicator is thus an environmental indicator of a health indicator plus a known 

environment-health relationship. Another important characteristic of an environmental health indicator 
is its relationship with policy or management and it must relate to aspects of environme ntal health 
which are both of relevance to the decision makers concerned. Sometime, this indicators are expressed 

in terms of the health risk associated to specific environmental hazard. 
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I.3.2. Evaluation and Control  

1. Introduction 

For testing the theoretical framework, this paper aimed to observe the administrative impact on 
both environment issues and public health. The research objectives for this study are: i. to estimate the 

air quality’ impact on the public health considering the air quality indicator PM10; ii. to identify the 
main determinants of the environmental issues -air quality; iii. to measure the impact of the public 

policies, strategies and projects on the air quality management. Our hypothesis is that: As rational 
actor, local government is interested in environment issues for solving an important problem from the 
political agenda. Besides other political, economic or social issues, environmental issue could be seen 

as a major social and political problem, especially in industrialized or agglomerated cities. Also, this 
problem is integrated in the sphere of the ''sustainable development'', being a key-point in the EU 

regional, social and economic policies. The research method is represented by the case study of the 
environmental issues in Iaşi city. In Romanian environmental assessments based on EPA Reports, Iaşi 
is considered one of the most polluted cities, the main problem being represented by the air quality. 

Regarding the health policies, scholars, physicians and officials have observed an increased number 
of the patients with respiratory allergy. Both academic literature and medical practices reports that the 

main cause for this type of immunologic response could be related to air quality. Urban agglomera t ion 
and a high level of demographic density related to different mobile or static sources of the pollut ion 
are involved in increasing the level of pollutants.  

 
2. Experimental 

All the data are selected from secondary sources. In this meaning, we have extracted 

quantitative measures from the local political authorities and National Institute of Statistics. The study 
aides to explain the increasing level of PM10 in association with indicators from public health, 

geographical and ecological determinants and local public policies, strategies and projects. In this 
analytical framework, the level of PM10 represents the dependent variable. In a single situation PM10 
indicator was used as independent variable regarding the impact of the air quality on public health. In 

this order, in academic literature it is pointed out by several studies which emphasize the environmenta l 
impact on the public health. Moreover, some studies underlined the impact of the administra t ive 

capacity in the sphere of the environmental issues. Scholars are interested in generating statistical or 
stochastically models for predicting the relation between air pollution and public health (Brunekreef 
and Holgate, 2002). Air pollutants are studied in relation with respiratory diseases and immunologic 

responses (Seo et al., 2016). Beyond respiratory allergy, air pollution through different particulate 
matter (2.5 or 10) is strongly related to a high level of mortality (Pope III et al., 1992). At local level, 

different pollutants have a negative impact on public health. This fact generates premises for creating 
models and strategies for environmental security (Gavrilescu, 2009). Regarding this negative impact 
of the air quality in public health, we have to stress that environmental aspects should be seen as 

important issues for the political agenda. Thus, academic literature had tried to create the scientif ic 
framework for different local or national strategies or policies for the environmental quality protection. 

Environmental studies are interested in analysing the relation between epidemiologic impact and 
public policies (Anderson et al., 2012; Bell et al., 2011; Dominici et al., 2006; Olmo et al., 2011; Samet 
et al., 2000; Zigler and Dominici, 2014). Other studies are interested in designing multi-crite r ia 

methods for the assessment of the impact of the political decisions in environmental protection field, 
both in European and national political systems (Robu and Macoveanu, 2009). 

Beyond the impact of the air pollution on the public health, scholars are interested in monitor ing 
the mobile sources of pollution and administrative decisions for preserving the quality of the 
environment (Beattie et al., 2000; Woodfield et al., 2001). These perspectives should be related to both 
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political ideological perspectives (ecologism or environmentalism) and administrative capacity for 

generating public policies (Daily et al., 2009; Groffman et al., 2006; Herrick and Sarewitz, 2000; Rom, 
2012). An important indicator for estimating the impact of the public policies on the environmenta l 
issues, especially reflected in the air quality, is represented by the green areas (ha) and urban trees 

cover (Novak et al., 2006). As public policies, members from EU space agree on the positive effect of 
the green areas for protect environment and air quality (ECE, 2007). Related to this topic it is 

mandatory to stress the importance of the European projects such as Horizon 2014-2020 for shaping 
the new political priorities in case of Air Quality or Circular Economy and Waste Management as 
supporting tools for sustainable development (Sluser et. al., 2017). Other relevant factor involved in 

environmental decision-making is related to demography. Demographic density and geographica l 
conditions could be several predictors for shaping a good political strategy related to environmenta l 

issues. In correlation with demographical factors, economic and social costs are relevant for 
environmental public policies (Chiesa et al.,2014; Greens/EFA, 2019). Academic literature indicates 
several research directions for environmental policies: i. the impact of the air pollution with PM 2.5 

and PM 10 on the public health; ii. the impact of the mobile sources of pollution on the quality of the 
air in urban areas; iii. public policies for sustaining “green economy” and green areas; iv. the impact 

of the demographic indicators related to urban population and demographic density; v. the relevance 
of the economic expenditures, GDP and social costs for sustainable development. In this empirica l 
study, the following research variables as statistical indicators were used (Table 32): 

 
Table 32. Research variables 

Variable Symbol Data Source 

1.The increasing level of the particulate 

matter PM10 

𝛾 Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

2. Respiratory allergy: ASTHMA 𝛿  Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

3. Respiratory diseases: CHRONIC 

BRONCHITIS 

𝛿1 Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

Respiratory diseases: EMPHYSEMA 𝛿2 Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

5. Mobile sources of the air pollution 𝜃1  Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

6. Stationary sources of the air pollution 𝜃2  Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

7. Demographic density 휀 National Institute of Statistics  

(http://www.insse.ro) 

Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 
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8. Green Areas (m2/ in. and ha.) 𝜗 National Institute of Statistics, 

(http://www.insse.ro/cms/) 

and  

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

9. Local expenditures for environmental 

protection 

𝜑1 Local Budget in the municipality of Iași 

(https://www.primaria-iasi.ro/portal-iasi/pmi/informatii-de-

interes-public/97/bugetul-local) 

10. Governmental subsidies for 

environmental protection 

𝜑2 Local Budget in the municipality of Iași 

(https://www.primaria-iasi.ro/portal-iasi/pmi/informatii-de-

interes-public/97/bugetul-local) 

11. Political decisions, policies and 

strategies regarding environment 

𝜔 Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_3Allergy, Asthma & 

Immunology Research 0.01.2018.pdf), Indicator, Period: 

2018-2022 

12. Public projects for environment 

protection and air quality 

𝜔1 Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022, 

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

13. Private projects for environment 

protection and air quality 

𝜔2  Air Quality Plan in the Municipality of Iași for PM10 

Indicator, Period: 2018-2022,  

(http://www.primaria-iasi.ro/ imagin i-iasi/fisiere-

iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) 

 
This study uses a time series from the 2009-2018. Moreover, all the statistical observations are 

the average of the monthly measured concentration values of the PM10, respiratory diseases, mobile/ 
stationary sources of pollution. For local expenditures and governmental subsidies for environmenta l 

protection we use the average between semi-annually reported data. In practice, if we refer to air 
quality indicators we should emphasize the fact that there are more than 10 observations, because we 
estimate the average between 12 values which characterize each month. As quantitative design, this 

study aims to test the relation between air quality indicators and public health, ecological perspectives 
and administrative capacity through several regression equations (Eq.53-55):  

 
𝛿 = 𝛼 + 𝛽 ∗ 𝛾 + 𝑢𝑖𝑗, (53) 
where uij is the coefficient of the residuals 
𝛾 = 𝛼 + 𝛽1 ∗ 𝜃1 + 𝛽2 ∗ 𝜃2 + 𝛽3 ∗ 휀 + 𝛽4 ∗ 𝜗 + 𝑢𝑖𝑗, (54) 

where uij is the coefficient of the residuals 
𝛾 = 𝛼 + 𝛽1 ∗ 𝜑1 + 𝛽2 ∗ 𝜑2 + 𝛽3 ∗ 𝜔 + 𝛽4 ∗ 𝜔1 + 𝛽5 ∗ 𝜔2 + 𝑢𝑖𝑗, (55) 

where uij is the coefficient of the residuals. 
  

Regarding the mathematical models, this study aims to test through empirical data the impact 
of the air quality in the sphere of the public health and several implications for public decisions related 

to the management of the environment. In the first case we opt for a linear equation of regression 
between the impacts of the air quality (pollution with PM10) on the public health (cases with 
respiratory allergies and asthma). This statistical model developed in other academic studies which 

stress the fact that respiratory allergies are statistically correlated with the air pollution was applied 
(Pope III et al., 1992; Brunekreef and Holgate, 2002; Seo et al., 2016). Although this model implies a 
cause-effect mechanism, we are not interested in generating a deterministic approach between 

pollution and asthma. Moreover, we intent to observe the real impact of the air pollution with PM10 



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   109 

 
 

in Iasi city on the public health. We use OLS estimator between these variables, being interested to 

“minimize a quantity called the residual sum of squares” (Weisberg, 2005, 21). In practice, the paper 
intents to create a general and comprehensive view of the public management of the air quality in Iasi 
city. The second and third equations of regressions are multiple linear regressions (MLR). Thus, we 

use these models for observing the role played by different sources of pollution (mobile and stationary) 
for increasing the PM10 and the impact of the green areas for a better management of the air quality. 

In this respect, the last MLR reflects the role played by the political decision in shaping a good strategy/ 
plan for the management of the air quality in Iasi city.   
 

3. Results and discussion 

  There were measured both central tendency, dispersion and statistical distribution as presented 

in Table 2. The dependent variable: the increased level of PM10 has the mean 40.7 and median 34.63. 
The high level of 𝜎 = 17.22 reflects a high level of variability during 10 years. Right asymmetr ic 

distribution confirms the tendency for an increased level of PM10. Moreover the range reflects the 
magnitude of the phenomenon (a high level of pollution and reduced quality for the air in Iasi city in 
the last decade). Also, the impact on the public health is reflected by the average of the asthma: 608 

and chronic bronchitis: 831. High levels of the variances and standard deviances present the magnitude 
of the respiratory allergies and diseases in Iasi city. Regarding the green areas we should stress the fact 

that there are several variations in the green areas surfaces from 682 ha in 2009 to 695 ha in 2017-
2018. The same significance could be introduced to economic variables (local expenditures and 
governmental subsidies for environmental protection). In practice the mean of 2, 23% from the local 

budget is intended for secure and protect the natural environment. 
 

3.1. Air quality and public health issues on the local political agenda 
 Regarding the first objective of the case study: “to estimate the air quality’ impact on the public 
health”, we can underline the fact that there is a middle association between the increased level of the 

particulate matter PM10 and respiratory allergy as asthma. The County Department of the Public 
Health has reported an increased number of respiratory allergies generated by air pollution. This 

increased level of respiratory allergies and diseases is reflected by the statistical measures as: 455 
patients in 2010 and 582 patients in 2014. Thus, we can estimate an increased level with 27% of 
respiratory allergies from the beginning of the time series. If in a low rate of the increased level of 

PM10 was observed, in 2017 are reported very high values (83). Moreover, the air pollution could be 
regarded as a stringent issue both for citizens and public administration. The association between the 

increased level of PM10 and public health is explained through the statistical model which reflects 
with R2= 0.743 and adjusted R2 = 0.691, the middle positive correlation between respiratory diseases 
and the increased level of particulate matter PM10. Although, there was obtained a positive correlation 

between PM10 and asthma, and could not be proposed a cause-effect model between air quality and 
respiratory allergies or diseases. Moreover, in medical literature asthma has different biological causes 

and conditions, but the air quality could be seen as a favouring factor. The increased level of PM10 
could be seen as a risk factor for people who have different forms of respiratory allergies. In this 
context, scholars have observed that asthma depends on the social, ethnical, biological factors and the 

quality of the environment. Empirical studies demonstrated that the air quality is one of the risk factors 
in generating respiratory allergies (Eggleston, 1999). In this context, the coefficient of correlation 

between the increased level of PM 10 and chronic bronchitis (t=4.636, p=0.006) was measured. The 
same result is incident for the statistical association between pulmonary emphysema and the increased 
level of PM10 (t=3.29;  p=0.022). 
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Fig. 48. The Increasing level of particulate matter PM10 

 
  Although, the increased level of PM10 is associated to the increased level of respiratory 
diseases (asthma or chronic bronchitis) and there cannot be created a deterministic relation between 

these variables. Moreover, there are in progress studies to emphasize the impact of the air quality on 
the public health in Iasi city. 

 

 
 

Fig.49. Correlation between Particulate Matter PM10 and Asthma 
 

3.2. Green areas and the air pollution level  
In accordance to the second objective of the empirical case study: “to identify the main 

determinants of the environmental issues, especially of the air quality”, the relation between sources 
of the air pollution (both mobile and static sources), geographical determinants and ecologica l 
perspectives related to the magnitude of the green surfaces (both in ha and m2/ inhabitant), was 

measured. Although empirical evidence suggested a nonlinear dynamic of the mobile sources of the 
air pollution, and this could be due to the fact that urban traffic is one of the major components of the 

increased level of particulate matter (PM10).  Regarding the dynamics of the green areas there is a 
small variation with 682 ha and 22.7 m2/ inhabitant in 2009 and 695 ha and 24 m2/ inhabitant in 2018 
(Fig.50).  In the figure 4 is displayed the dynamics of the green surfaces in Iasi city during 2009-2018.  
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Fig.50. The dynamics of green areas in Iasi city during 2009-2018 

 
Thus, if mobile and static sources of the air pollution aren’t significant at the p < 0.05, green 

areas could be a predictor (with middle values of the statistical correlation) for estimating the dynamics 

of the particulate matter PM10 in this geographical area. The statistical model has R2= 0.277 and 
standardized 𝛽 = 0.526 between the dynamics of the green areas (both m2/ inhabitant and ha) and the 

pollution with PM10. In practice, a weak to medium association between green areas and the dynamics 
of the PM10 could be noticed. In this respect, an increased level of the public administration for 

increasing the green areas should be one of the environmental strategies in Iași city. If the situation of 
the green areas at the national level is analysed can be observed that in Bucharest are reported 4506 ha 
for 2108056 inhabitants, in Baia Mare (Maramureş County) are reported 1747 ha for 148027 

inhabitants, in Craiova (Dolj County) are reported 1040 ha of green areas for 306257 inhabitants, while 
in Cluj-Napoca (Cluj County) are reported 814 ha of green areas for 321337 inhabitants. In this context, 

Iasi city has a middle position in the top of the main Romanian cities, with a high level of green areas 
and green surfaces measured in m2/ inhabitant (Fisher, 2017; Iordache and Șoșea, 2017). In the figure 
51 is described the association between the dynamics of the green areas and PM10 pollution.  

 

 
 

Fig.51. The association between the particulate matter PM10 and Green areas (ha) in Iași city 
 

Beyond these statistical perspectives there should be observed that the highest density of the 

green areas is around the Iasi city. The figure 52 presents both the maps for administrative delimita t ion 
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of the Iasi city and the quality of the air and green surfaces. In this respect, around Iași city there are 

several green forests such as: Breazu (in North-West), Șorogari (hill and forest in North), Valea 
Lupului (in West), Valea Adâncă (South-West) and Tomești (South-East). Within the Iasi city there 
are few surfaces with green areas in the West and North West part of the city (Copou Area) and several 

small surfaces in the centre and southern part of the city. In the figure 52 are displayed both 
administrative and environmental maps of the Iași city. 

 

 
Fig. 52. Administrative map and green areas in Iași city (case study) 

 
3.3. Environmental policies, strategies and plans. The Nexus between public administration and 

Social Corporative Responsibility 

Related to the third empirical objective of the case study, we measure the impact of the public 
policies, strategies and projects on the air quality management. In this respect, the research aims to 

identify the association between local and governmental expenditure for environment protection, 
especially for the air quality, and the increased level of particulate matter PM10. In practice, we have 

extracted data from the local budget between 2010-2018, for estimating the percent from the local 
expenditures for environment protection and air quality. If in 2010 for environmental protection is 
allocated the value of 3494070 RON (5.57%), in 2017 in financial public administration reports is 

mentioned the value of 17565.34 RON (2.44%). Thus, local authorities allocate an average of 2.55%, 
with a standard deviation of 1.39% of the local expenditures for preserving and protecting the 
environmental quality. The lowest value of the local expenditure for protecting environment was 

allocated in 2013 (0.83%). Starting with 2016, an increased level of the local expenditures for the 
protection and management of the environment is registered. Thus, it is underlined the fact that in the 

period 2015-2016 environmental issues were considered important for the local public agenda. These 
budgetary policies were related both to medical reality and citizens' need for “clean air” and “clean 
city”. Although this matter hasn’t a definite solution, the presence of the Air Quality Plan in the 

Municipality of Iași for PM10 Indicator (Air Quality Plan, 2018, http://www.primaria-iasi.ro/imagini-
iasi/fisiere-iasi/1517480402-PCA_Iasi_rev_6.00_30.01.2018.pdf) could be seen as a qualitat ive 

indicator for administrative interest in environmental dimension. Regarding the governmenta l 
subsidies for environmental protection, in the local budget financial structure can be observed a rate 
of 3.23% for the year 2010 and 0.30% for the year 2016. Beyond the national interest in conserving 

and protecting environment, all statistical data reflect the local authority’s responsibilities for shaping 
the optimal strategies and projects for preserving environment and air quality in Iași city. The Fig.53 

presents the dynamics of the local expenditure for environmental protection during 2010-2017. The 
administrative capacity for shaping environmental policies, strategies and projects reflects the politica l 
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dimension of the ecological perspective. The lowest percentages from local budget allocated for 

environmental protection are reflected in a poor management of the air quality. 
Public administration reports a total number of 49 public projects, decisions and strategies 

during the period 2010-2017. Moreover, at the descriptive level, there is an average of 6 public 

projects/actions per year, regarding both environmental protection and air quality. For completing the 
public administrative capacity in the management of the environment, a total number of 8 

projects/actions initiated by the private corporations can be mentioned. The main political actor for 
generating and implementing environmental strategies for the management of the air quality is 
represented by the Iași local administration, in cooperation with several governmental specialized 

agencies. From the private sector, the main actor involved in the management of the environmenta l 
quality can be mentioned companies that developed and implemented actions/activities for waste 

management or circular economy. Local authorities have developed strategies for fluidization of the 
car traffic, strategies for new parking places, projects for developing bicycle routes, strategies for 
encouraging “green industry” and the modernization of the road infrastructure, as well as ecologica l 

actions for preserving green areas. Although there isn’t a strong relation between public policies and 
the decreasing of PM10 level, even there is an interest of the local administration for the environmenta l 

management. In comparison public to private, there are significant differences between public and 
private projects for environmental protection and air quality. One of the most important actions which 
could be implemented by the local authorities for an optimal management of the environment should 

be represented by the partnership between public political actors and corporations. This kind of 
partnership will encourage the development of the social corporative responsibility, emphasizing the 
environmental component and new opportunities for “green economy” or “green industry”. But, 

beyond this partnership, the main role in the environmental management should be attributed to the 
public administration (t=5.097, p=0.01), which has both judicial and political resorts for elaborating, 

implementing and evaluating the environmental policies. The main significant variable which reflects 
a stationary statistical model is represented both by an increased level of budgetary funds allocated for 
optimization of the air quality (p=0.05) and an increased number of political decisions regarding the 

environment (p=0.09). ARIMA model with R2= 0.66. as According to the method for prediction 
previously described, it is emphasized the fact that, with a middle level of likelihood, an increased 

level of budgetary funds allocated for environmental protection, in association with the partnership 
between public and private social and economic actors, based on social corporative responsibility, 
could be an optimal strategy for sustainable development in Iași city (Table 33). This case study shows 

that the influence of PM10 pollution on air quality in Iasi city is associated to the respiratory diseases 
and allergies. 

 

 

Fig.53. Local Expenditure for Environmental Protection in Iași city (2010-2017) 
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Fig. 54. The dynamics of the particulate matter PM10 and local expenditures for environmental 
protection 

 

 
 

Fig. 55. Local Public/ Private Projects for Environmental Protection and Air Quality 

 
Moreover, this social situation should be an important topic of discussion and analysis for local 

public administration. Even from 2014-2015, in administrative practices there can be observed an 
increased interest level of County Department for Public Health, Local Environmental Protection 
Agency, Local Council and stakeholders. Starting from these empirical findings, can be mentioned 

that the public investments for developing new green areas, associated to an increased level of 
percentages from local budget and the partnership between public and private economic factors, could 

be several strong points in establishing an effective environmental management. 
 

Table 33. ARIMA statistical model for explaining the management of the Air Quality in Iași city 
Variable Coefficient Std. Error t-Statistic Prob 

C 114.7447 28.55123 4.018907 0.0159 

LOCAL EXPENDITURES -15.98043 5.969845 -2.676858 0.0554 

PUBLIC PROJECT -5.280456 2.449488 -2.155739 0.0974 

PRIVATE PROJECT -2.321949 6.177743 -0.375857 0.7261 

R-squared 0.660096 Mean depended var  39.25000 

Adjusted R-squared 0.405168 S.D. depended var  22.57527 

S.E. of regression 17.41126 Akaike info criterion  8.858964 
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Sum swuaredresid 1212.608 Hannan-Quinn criter.  8.898685 

Log likelihood -31.43586   8.591064 

F-statistic 2.589311 Durbin-Watson stat  2.503920 

Prob (F-statistic) 0.190259    

 
This paper aimed to stress the relevance of the environmental protection issues for local public 

administration, the need and the perspectives, and, a new analytical framework, based on statistica l 

modelling of the environmental policies and air quality management at the local level in Iași city was 
developed. Thus, the main environmental issues in Iași city through an interdisciplinary perspective 

based on political ideology, environmental perspective and statistical models were analysed. The 
methodology considered a new approach as a cross-statistical analysis between political variables, 
public health indicators, environmental perspectives and social outcomes. The main results of this 

study emphasized the fact that the environmental issues in Iași city are relevant for local public 
administration. However, in the last years we observed the administrative interest for solving 

environmental issues, in conditions in which Iași city is one of the most polluted geographical areas 
from Romania. This topic is present on public agenda, local authorities generating an operational plan 
and strategy for ameliorating the air quality. But the administration is obliged to pay very much 

attention to its plans, so that these plans should be applied, and sufficiently ambitious. At the empirica l 
level, we have stressed several strong positive associations between air quality and respiratory 

diseases. In this respect, public health has to be a major concern both for local and national politica l 
strategies and legislation. Green cover, measured in m2/ inhabitant, is related to the air quality. Several 
budgetary reconsiderations for the environment protection, associated to social corporative 

responsibility in the field of the partnership between public administration and private stakeholders 
could be a key-point in sustaining “green industry” and sustainable development. This study has 

several limitations that derive from the access to the dataset regarding statistical indicators for a long 
time. Moreover, the functional model based on linear or multi linear equations of regressions could be 
seen as limitation of the statistical and methodological tools. This article is a radiography of the air 

quality in Iași city, reflecting that environmental issues are important, from the rational choice 
perspective, for local public administration. Another limitation is generating by the lack of the 

predictive models. It is very difficult to predict political behaviours of the political decision-makers 
related to environmental policies. Secondary dataset creates us the opportunity of describing several 
conditions and effects of the air pollution in Iași city. Further studies will focus on the relation between 

PM2.5 pollution and the impact on public health considering the environmental protection framework 
in Iași city. The chemical compositions of the PM10 and their associations with the public health 

indicators could be more comprehensive for understanding the real impact on air quality and for 
shaping decisions models for public administration. All statistical results indicate the role played by 
the local authorities in generating environmental policies for reducing PM10 level that has negative 

consequences on public health. New electoral cycle 2020-2024 could be seen as a political vector for 
create new environmental responsibilities for local political actors. As rational actor, interested in 

maximizing the votes and conserving political power, local officials should develop strategies, 
programs and policies for a better management of the environment. Beyond the public-private 
partnership, we agree that a better coordination between health, transport and environmental policies 

could be a key-point for local political authorities. 
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I.3.3. Industrial Hygiene and Safety 

 

The impact and risk assessment of environmental quality - air or soil level pollution - can be 
done using multi-criterial methods nor global or single indices that rely on measured concentration of 

certain pollutants at a certain moment. Thus, one of the most applied method is the Single Pollut ion 
Index (PI) that is an index that can be used to determine which heavy metal represents the highest 

threat for a soil environment is the Single Pollution Index (PI). This is also necessary for the 
calculations of some of complex indices, e.g., the Nemerow Pollution Index (PINemerow) (Guan et al. 
2014) and the Pollution Load Index (PLI) (Varol, 2011), and is described below (Kowalska et.al, 

2018). 
 

𝑃𝐼 =
𝐶𝑛

𝐺𝐵
     eq.56 

where: PI – pollution index 
 Cn – heavy metal measured concentration in soil 
 GB –heavy metal geochemical background concentration. 

  
According to Pollution index (PI), the soil pollution is varying from absent (PI<1) to very 

strong polluted (PI>5) (Table 34) (Kowalska et.al., 2018). The Contamination factor (Cf,) is the 
assessment of soil contamination that can also be carried (Kowalska et.al, 2018). This index enables 
the assessment of soil contamination, taking into account the content of heavy metal from the surface 

of the soil and values of pre-industrial reference levels given by Håkanson (1980) (Table 35, 36) 
(Kowalska et.al, 2018; Liu et.al, 2018). 

 

𝐶𝑓 =
𝐶𝑚

𝐶𝑝−𝑖
     eq.57 

where: Cm – mean content of heavy metal from at least five samples of individual metal; 

 Cp-i – pre-industrial reference value for the pollutant. 
 
Table 34. Contamination classes of Single Pollution Index (PI) 

Class Value of PI Soil pollution 

1 PI <1 absent 

2 1< PI< 2 low 

3 2< PI< 3 moderate 

4 3< PI< 5 strong 

5 PI >5 very strong 

 
Table 35. Pre-industrial reference level and toxicity response (µg∙g-1)  

Elements Hg Cd As Cu Pb Cr Zn Ni 

 µg∙g-1 

Pre-industrial reference level 0.25 1.0 15 50 70 90 175 5 

Toxicity response 40 30 10 5 5 2 2 5 

 
Table 36. Contamination Factor (Cf ) and Degree of Contamination (Cdeg) interpretation 

Cf  Contamination Cdeg  Contamination 

< 1 low contamination < 8 low degree of contamination 

1-3 moderate contamination 8-16 moderate degree of contamination 
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3-6 considerable contamination 16-32 
considerable degree of 
contamination 

> 6  very high contamination  > 32 very high degree of contamination 

 

 All these indices are quantified for one individual pollutant, but it can also be calculated the 
global pollution index as the sum of n individual pollution index. Global pollution index (IPG), the 

method applied for this situation is one of the methods generally used to evaluate the environmenta l 
quality that takes into consideration the measured concentration of each pollutant and its environmenta l 
standard (Carlig et.al, 2008; Sluser et.al, 2017; Robu et.al, 2015). Based on this, each quality indicator 

is assigned with a grade from 1 to 10, where value 10 is given in case of no pollution (ideal situation) 
and value 1 is assigned in case of severe pollution (when the measured concentration is more than 3 

times higher than environmental standard). The working principles previously presented. For each type 
of pollution measured, there is needed to apply different action nor to remediate, control or prevent, 
so the principles of integrated pollution prevention and control (IPPC) are considered in order to 

minimize the environmental impacts and health hazards.  
 

 The impact assessment was developed considering the Iasi county/city as case study, taking 
into consideration the data previously presented in table 34 and based on the methodology described 
before and according to tables 34-36. In figure 56 are presented the results of impact assessment in 

case of heavy metal soil pollution in Iasi city (Fig.56). The Global pollution index was quantified 
according to the following equation (eq.58): 
 

     IPG =
100

b̅2    eq.58 

Where: 𝑏 – is the average of all grades assigned for each individual pollutant. 

 

 
 

Fig.56. Impact assessment results on sources of pollution and type of pollutant measured at 

5 cm depth and 30 cm depth  
 

 The environmental impact assessment considered the soil pollution level in Iasi city and 
metropolitan area only. The identified pollutants are hydrocarbons, heavy metals and extractible 
compounds, and the sources of pollution are the industries nearby and traffic combustions. Thus, it 

was concluded that the soil quality is severely affected by oil hydrocarbons, and, due to this type of 
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emissions, there is a major risk that the oil hydrocarbons reach the surface and ground water, negative ly 

influence the aquatic ecosystems. Even the measured concentrations of heavy metal are under 
environmental standards, there is a major risk for human health considering the bio accessibility for 
such pollutants. Also, the presence of heavy metals in soil is, in some cases, blocking biological and 

microbiological activities. Thus, in six measurements points was measured a major significant impact 
in case of hydrocarbons pollution, and in the Northern area of Iasi city a likely significant impact in 

case of Zn and Pb pollution. 
 
 In case of air pollution and environmental health assessment a combination of health hazard 

indicators and environmental quality indicators were used, thus the environmental assessment methods 
were combined with risk assessment methodology. Thus, human health risk assessment was done to 

estimate the health effects of certain pollutants, and non-carcinogenic and carcinogenic risk 
assessment, for exposed children and adults, were evaluated for Iasi city, case study. For non-
carcinogenic health risk assessment, it was assumed that, adults and children are exposed to pollutants 

contamination via three different pathways: 1) oral intake (Intake ingestion); 2) inhalation of pollutants 
via mouth and nose (Intake inhalation) and 3) absorption of toxicants via skin (Intake dermal).  The 

pollution indexes were calculated as follows: air pollution index, ecological risk index and human 
health risk index: 
 

𝑃𝐼 =
𝑀𝐶𝑖

𝑀𝐴𝐶𝑖
     

where: MCi – measured concentration in case of i quality indicator; 

 MACi – maximum allowed concentration in case of i quality indicator. 
 

 Air pollution index in case of multiple contaminants is calculated as follows: 

 
  

If the air pollution index has values under 1, then there is unpolluted air, if it has values between 

1 and 2, then there is a pollution in admissible limits (acceptable level), and for values between 2 and 
3 is moderately pollution, while for values between 3 and 4, there is a highly polluted environment. 

The Ecological Risk index (ERI) was based on elemental abundance and release capacity data 
published by Hakanson (1980), and it was introduced to assess the degree of ecological risks posed by 
metals in soil. The ERI results reflect both the toxicity of pollutants and the response of the 

environment (Wu et.al, 2018), and it is calculated as: 
 

 𝐸𝑖 = Ti x Ci 
where Ei- ecological index in case of i quality indicator; 

 Ti - biological toxic factor for air pollutant i, (mg/m3); 
Ci – measured concentration of air pollutant i (mg/m3). 

 
The total ecological risk index is:  

 
 

ERI ERI<40  40<ERI<80  80 <ERI<160  160<ERI<320  ERI>320 

Description low risk  moderate risk  considerable risk  high risk  very high risk 

 



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   119 

 
 

Health risk assessments of pollutants are widely used to quantify both carcinogenic and non-

carcinogenic risks to humans via ingestion, inhalation, dermal, and dietary exposures pathways. The 
methods for the risk assessment followed the guidelines and Exposure Factors Handbook of the U.S. 
Environmental Protection Agency (USEPA, 1986). In this study, the average daily doses (ADDs) (mg 

kg−1 day−1) of potentially toxic pollutants via ingestion (ADDing), dermal contact (ADDderm), and 
inhalation (ADDinh) for both adults and children were calculated. 

 

 

 

 
where:  
ADDinh - the average inhaled daily doses, (mg/kg/day); 
Ci – measured concentration of air pollutant i, (mg/m3); 

IR – inhaled air volume (m3/day);  
InhRadults = 20 m3/day; InhRchildren = 7.6 m3/day 

EF -  exposure frequency (350 days/y); 
ED – expuration duration (years); EDadults = 24 years; EDchildren = 6 years 
PEF – polluation emission rate; PEF = 1.36 m3/day 

BW – body weight (kg); BWadults = 60 kg; BWchildren = 15 kg;  
AT – average time of exposure (days); AT = ED * 365 days 

ATadults = 8760 days; ATchildren = 2190 days. 
 
 The final results of assessed situation showed that there is no risk in case of air pollution nor 

ecological risk, but significant health hazards were calculated in case of children. 
 

Table 37. Air pollution index (PI) – results 

 
 
  

MONITORING 

STATION INDICATOR MAC Ci PI = Ci/MAC PLI PLI MEDIU

NO2 40 43.14 1.0785

SO2 125 5 0.0400

PM10 40 43.87 1.0968

CO 10 0.25 0.0250

O3 120 37.27 0.3106

NO2 40 30.25 0.7563

SO2 125 4.82 0.0386

PM10 40 34.15 0.8538

PM2,5 20 28.7 1.4350

NO2 40 24.01 0.6003

SO2 125 3.97 0.0318

0.2595

IS-1 

IS-2 

IS-3 

0.2056

0.4348

0.1381
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Table 38. Ecological risk index – results 

 
 

Table 39. Health hazard assessment – results 
STATION INDICATOR Ci 

(mg/m3) 

HQadults = 

ADDinh/RfD 

HQchild = 

ADDinh/RfD 

HQadult

s 

HQchild 

IS-1  NO2 0.04314 0.191301902 0.290778891 0.39405

2 

0.59895

9 
SO2 0.005 0.002350255 0.003572388 

PM10 0.04387 0.06873713 0.104480437 

CO 0.25 0.006528487 0.0099233 

O3 0.03727 0.1251343 0.190204136 

IS-2  NO2 0.03025 0.134141922 0.203895722 0.38263

6 

0.58160

7 
SO2 0.00482 0.002265646 0.003443782 

PM10 0.03415 0.053507476 0.081331364 

PM2,5 0.0287 0.192720924 0.292935804 

IS-3 NO2 0.02401 0.106470994 0.16183591 0.10833

7 

0.16467

2 

SO2 0.00397 0.001866103 0.002836476 

   
0.885025138 1.34523821 

  

 

 
 

  

MONITORING 

STATION INDICATOR Ci Ti Ei = Ti x Ci ERI ERI city

NO2 43.14 0.1500 6.4710

SO2 5 0.0262 0.1310

PM10 43.87 3.0000 131.6100

CO 250 1.1500 287.5000

O3 37.27 0.2400 8.9448

NO2 30.25 0.1500 4.5375

SO2 4.82 0.0262 0.1263

PM10 34.15 3.0000 102.4500

PM2,5 28.7 3.0000 86.1000

NO2 24.01 0.1500 3.6015

SO2 3.97 0.0262 0.1040

IS-1

IS-2 

IS-3 

210.53

434.66

193.21

3.71
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a) 

 

 
b) 

 

 
c) 
 

Fig.57. Environmental Health Assessment results: a) environmental impact assessment, b) 

ecological assessment, c) health hazard assessment 
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II. Environmental Treatment and Management 

 
II.1. Environmental Quality Monitoring and Treatment Technologies 
 

II.1.1. Environmental Quality Monitoring  

1. Environmental protection and radioactivity monitoring 

The exposure to various sources of ionizing radiation, such as natural radiation sources, medical 
applications, industrial practices, effluents from nuclear installations, fallout from nuclear weapon 
testing, and the impact of nuclear accidents increased the levels of ionizing radiation, which can be 

harmful to human health. Some of the long-lived radioactive elements are more present nowadays in 
air, water, soil and living organisms, including humans. The phenomenon of natural radioactivity is 

widespread in the environment and it is due to extra-terrestrial sources and radioactive elements 
contained in the Earth's crust. Natural radioactivity includes three major categories: primordial 
radionuclides, the offspring of primordial radionuclides, and cosmogenic radionuclides formed by the 

interaction of cosmic rays with the atmosphere (Benchea et al., 2013; Cretescu et al., 2013). The 
activity of these natural radionuclides, also called radioactive materials occurs naturally, and it is 

enhanced artificially by various processes, this results in a new category of radionuclides, appointed 
radioactive material enriched technological. Among the best known mentio n: 235U (uranium-235), 238U 
(uranium-238), 232Th (thorium-232), 226Ra (radium-226), 222Rn (radon-222) and 40K (potassium-40). 

Most people spend a long time inside buildings, so natural radioactivity originating from 
building site and the used construction materials is an important source of radiation exposure. All 

construction materials contain a certain amount of radionuclides. Materials derived from rocks and 
soils contain the naturally occurring radionuclides of 238U and 232Th radioactive series and the 
radioisotope 40K. The most important natural radionuclides in building materials are 226Ra and 224Ra 

from 238U and 232Th series and 40K. The building materials, both of natural origin and containing 
industrial by-products, have been shown to significantly contribute to the exposure of the population 

to natural radioactivity. For buildings, soil in which they are embedded is the main source of radon, 
and, in certain situations, can add other sources of radioactivity from building products used for 
structural elements and finishes. Radioactive exposure due to construction materials can be classified 

into external and internal (Cretescu et al., 2013). The first one, is caused by direct gamma radiation, 
and the second one is due to inhalation of radon (222Rn), the thoron (220Rn) and the daughters of these 

radioisotopes. Radon is part of the radioactive uranium, which is present in building materials. Being 
an inert gas, radon can easily reach solid media, such as construction materials. Also, building 
materials represent the main source of indoor air strand, but these isotope concentrations are reduced. 

Thoron activity inside the building can be significant only in cases where the construction materia ls 
used shows high concentrations of thorium. The natural radioactivity of building materials is usually 

determined from 226Ra, 232Th and 40K contents.  As radium and its decay products produce 98.5 % of 
the radiological effects of the members of uranium series, the contribution from the 238U has been 
replaced with the decay product 226Ra.  The world-wide average concentrations of radium, thorium 

and potassium in the earth’s cover about 40 Bq/kg, 40 Bq/kg and 400 Bq/kg, respectively.  
Concentrations of radium, thorium and potassium in Earth's crust surface, generally, have averages 

around 40 Bq/kg, 40 Bq/kg and 400 Bq/kg respectively.  
It is well known that materials used in construction are made from raw materials extracted from 

the soil, so undoubtedly they will always have certain doses of natural radionuclides concentrations. It 
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is compulsory to be carried out checks on radioactivity of products used in constructions, which are 

sheltering people and animals, and consequently, the concentrations of natural radionuclides in the 
indoor environment should be as low as possible, and in limits established by regulations. Checks 
should be made in case the exposure levels exceed the required levels of exposures and their normal 

variations. The largest source of radon is in the soil. Radon penetrates freely into the building through 
cracks from the soil or differencing from building materials or even water. Premises in sufficient ly 

large quantities of radon and its decay of short-lived products are mostly found in an unventilated 
room. The more air aerosol particles, the greater part of radon decay products are deposited on them. 
Therefore, smoky atmosphere of short-lived radon decay products in the air of the room is more than 

a clean room with the same amount of radon in the air. The EU norms (EU Report, 1999) establish the 
natural radioactivity of building materials and the maximum level in the EU countries (Table 40). 

 
Table 40. Natural and maximum level for radioactivity (upon EU Report, 1999) 

Building products 

Natural activity of radionuclides 

concentrations 

(Bq/kg) 

Maximum activity of radionuclides 

concentrations 

(Bq/kg) 
226Ra 232Th 40K 226Ra 232Th 40K 

Concrete 40 30 400 240 190 1600 
Aerated and Light 
weight concrete  

60 40 430 2600 190 1600 

Clay (red) bricks 50 50 670 200 200 2000 
Sand-lime bricks 10 10 330 25 30 700  

Natural buildings 
stones 

60 60 640 500 310 4000 

Natural Gypsum 10 10 80 70 100 200 

By-product gypsum 390 20 60 1100 160 300 
Blast furnace slag 270 70 240 2100 340 1000 

Coal fly ash 180 100 650 1100 300 1500 

*https://ec.europa.eu/energy/sites/ener/files/documents/112.pdf 

 
In Romania it is forbidden to manufacture, import and supply materials for the construction of 

houses and other buildings with social function, for which the concentrations of 226Ra, 232Th and 40K, 

expressed as radioactivity index, not to exceed inside buildings design level for radon of 200 Bq /m3  
for buildings to be constructed since 2005 and of 400 Bq/m3 for those built before 2005. These limits 

were established according to national regulation (CNCAN, 2004). In accordance with Romanian 
Technical Norm, (Technical Norm, 1997), the concentration of pollutants within the functional units 
is limited as follows: 

 The radioactivity content of 222Rn and / or 220Rn (thoron) in the air (coming from the ground 
or building materials) shall not exceed the annual average of 140 Bq/m3.  

 The content of natural radioactive of construction materials must comply with radioactivity of 
the raw materials from which they are made of, being prohibited the intentional addition of 
natural or artificial radioactive elements; 

 For materials in civil, social and industrial building is prohibited the use of the radioactive 
waste or tailings, sand, slag and sludge resulting from the processing of chemical fertilizers 

that contain natural and artificial radioactive elements with values above the raw material 
values that are used routinely in construction. 
The European technical guidance (EU Report, 1999) is a significant reference document for 

the European Commission in the view of future legislative initiatives. It suggests the need of setting 
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radioactivity controls of building materials on the choice of a dose criterion for controls and an 

exemption level. The dose verification methodology for controls is established by the national 
authority in accordance with national requirements, while in European standards it is regulated that the 
effective doses exceeding 1.0 mSv/year should be taken into account. Higher doses should be accepted 

only in highly specific circumstances, where materials are locally used. However, if deemed 
appropriate and not impractical, controls can be based on a lower dose criterion. In conclusion, it is 

recommended to choose dose criteria nationally in the range 0.3 – 1.0 mSv/year of excess gamma dose 
to that received outdoors. The limit values chosen for the index I depend on the dose criterion adopted 
and the use of the material (Table 41). 

 

Table 41. Limit values for the radiation index, I, according to the dose criterion adopted 
Accumulation level of 

radionuclides  
0.3 mSv/year 1.0 mSv/year 

Type of material Radiation index (I) 
Building materials used in bulk 
amounts 

I ≤ 0,5 I ≤ 1,0 

Superficial and other materials with 
restricted use 

I ≤ 2,0 I ≤ 6,0 

 
2. Material and method 

2.1. Studied material: Autoclaved Aerated Concrete (AAC) 
Each building or building component must meet a set of technical conditions concerning 

sustainability over time, structural robustness, fire resistance, strength and stability of the construction, 

hygienic and physical conditions, architectural, environmental protection etc. Sustainable development 
requires the use of energy efficient materials, but they are also characterized by a clean life cycle 

(manufacture, use, recycling or reuse). Buildings with structural masonry walls or masonry panels 
framed in reinforced concrete / steel made of autoclaved aerated concrete blocks must satisfy all 
requirements related to the built site and, also, the specific conditions for the environmental protection 

provided by regulated norms. Autoclaved aerated concrete (AAC) is a building material with a porous 
structure made of a mixture of sand, cement, lime, gypsum, water and gas generator. Autoclaved 

aerated concrete products are subjected to heat treatment in autoclave at high pressure and temperature. 
Blocks made of AAC used for masonry buildings are characterized by low bulk density, acceptable 
mechanical resistance to compression, tensile and bending, and exceptional thermal and sound 

insulation. The most important physical and mechanical properties of autoclaved aerated concrete are 
shown in Table 42. 

 

Table 42. Physical and mechanical properties of autoclaved aerated concrete 
Properties 

Symbol UM Property values 
AAC 

The dry density (± 50) ρ kg/m3 400÷650 

Average compressive strength (minimum 
value) 
- Normal on the support face; 
- Parallel to the support face (compressive 
on ends) 

 

fmed 

fmed,h 

 
N/mm2 
N/mm2 

 
2.5÷5 
2.5÷5 

Thermal conductivity equivalent - λ10 sec 

(± 0.02) 
λ W/mK 0.10÷0.16 

Fire resistance (according to the thinness)  hours 1.75÷7 

Sound insulation  dB 32÷47 
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All structures are somewhat radioactive. The standard ISO 21931 (ISO, 2010) for reducing the 
environmental impact of buildings aimed at improving the environmental performance of buildings by 
providing an international framework on the methods used for environmental impact assessment. 

Building materials emitting gamma radiation should be within the scope of EURATOM Council 
Directive (EU Directive, 2013), but should also be regarded as construction products as defined in 

European Regulation no. 305 from 2011 (EU Regulation, 2011) in the sense that that Regulat ion 
applies to construction works emitting dangerous substances or dangerous radiation. 
 

2.2. Standardized method to analyse radioactivity of building materials 
Usually, the natural radioactivity of building materials could be generated by the presence of 

most frequented 3 radionuclides distributed in the environment. Radionuclides are nuclides that are 
unstable due to neutron/proton ratio into atomic nucleus, spontaneously splitting up with energy 
emission. This process is namely radioactive decay and takes place when the particles from the 

nucleus are not bended enough by the characteristic energy of nuclear interactions. As a 
consequence of instability, the radionuclides could generate the alpha or beta decay, and for each 

emission the gamma ray are emitted in order to reach the ground state after a radioactive decay. A 
radionuclide come in an exited state due to the additional energy generated by splitting the nucleus 
and by returning to the ground state emits one or more gamma rays of the discrete energies. In a gamma 

ray spectrum, it is represented the distribution of the gamma ray intensity in terms of number of 
disintegration (counts per channel) as a function of their energy channels. (Fig. 58).  The main 
information which could be obtained from such spectrum is related to the qualitative and quantitat ive 

analysis of radionuclides during the counting, taking into account the geometry of sample and the 
procedure of counting. The gamma emission spectrum could be registered due to the interaction of 

radiation with material detector, which should be very sensitive when an ionisation radiation is issued. 
The best detector is made by high purity germanium, kept at very low temperature (-196 oC) in order 
to avoid the electronic noise generated at ambient temperature in any semiconductor material.  In order 

to reduce the amount of background radiation to interact with detector material, a steel lined lead 
castles is recommended to be around the detector. The total photon gamma energy (in keV) 

corresponds to each voltage changes in the detector circuits. Even if these voltages are low, further 
these are amplified and then converted to a digital signal using an Analogue Digital Converter, being 
stored in a ‘channel’ which correspond to that energy. The photon energy ranges between 0 and 1,500 

keV for detectors made by high purity germanium. The energy /channel is calculated by dividing the 
above mentioned energy to the number of channels which is depending on ADC resolution (e.g. for 12 

Bit: 212 = 4096 or for 14 Bit: 214= 8194), finally obtained around 0.18 keV/channel. 
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Fig. 58. Gamma emission spectrum, with energy channels on the x-axis and number of counts per 

channel on the y-axis 
 

In order to obtain an activity concentration in Bq/kg of the investigated sample, a calibrat ion 

factor is needed, taking into consideration that the activity of radionuclides is expressed in 
disintegration per second, which means one Becquerel (Bq) and the mass of sample is previously 

determined,  being expressed in Kg. 
 

Table 43. The associated gamma energies (in keV) for direct measured radionuclides (upon Esparon 

and Pfitzner, 2010) 

238U series 232Th series Other Isotopes 

234Th @ 63 keV 228Ac @ 338 keV 40K @ 1461 keV 

234Pa @ 1001 keV 228Ac @ 911 keV 137Cs @ 662keV 
230Th @ 68 keV 228Ac @ 969 keV  

214Pb @ 295 224Ra @ 241 keV  

214Pb @ 352 keV 212Pb @ 239 keV  

214Bi @ 609 keV 212Bi @ 40 keV  

210Pb @ 46 keV 208Tl @ 583 keV  

 
Table 44. Radionuclides indirectly derived from the measured radionuclides in Table 4 

238U series 232Th series 

238U 228Ra 

226Ra 228Th 

 

2.3. Samples preparation 
In order to compare the obtained results with the results from other laboratories (includ ing 

literature data) the samples should be prepared and analysed according to the standard methods and 
the results should be expressed in consistent units for similar materials, e.g. building materials activity 
concentrations in Bq/kg dry weight.  
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2.3.1. Delay time for establishing 
226

Ra equilibrium 

A delay time of at least 23 days between pressing the sample and counting using a high purity 

germanium detector is required for 
226

Ra and its 
214

Pb and 
214

Bi to reach equilibrium in order to 

calculate the activity of 
226

Ra in the sample. To achieve this equilibrium, the ‘press’ container must be 

completely gas tight to retain the 
222

Rn (radon) gas, a decay product of 
226

Ra (Esparon and Pfitzner, 
2010). 

2.3.2. Calibration of the high purity germanium detector 
By using traceable standards and rigorous calibration procedures, the correct calibration factors 

for the detectors could be ensured. In order to fulfil all the variables and achieve high accuracy in 
gamma spectrometry it is essential to prepare the samples to assure high homogeneity before 
interaction with the detector. For radionuclide standards this is especially critical because typically a 

small volume of high activity source material is mixed in a large volume of low activity matrix material 
(Esparon and Pfitzner, 2010). The calibration factors derived from these standards are used to calculate 

the activity concentrations in many samples. Standards are prepared in (at least) triplicate so that 
systematic uncertainties of the calibration may be determined. All calculated uncertainties are 1 
standard deviation (1sd) in the same units as their associated value (Esparon and Pfitzner, 2010).  

 Radium (226Ra): A pure 226Ra source must be used for this standard and should avoid 
238U which contains 235U emitting a gamma-ray at 185.7 keV which causes interference with 

the 186.0 keV line of 226Ra.  

 Uranium (238U)  

 Prerequisite 1 

 To complete the 238U calibration, the ratios from a 226Ra standard calculated in the same 
geometry and matrix on the same detector is required (Esparon and Pfitzner, 2010). This is necessary 

in order to calculate the contribution of 226Ra to the 186 keV peak, and thus by subtraction, the 235U 
counts in this peak. It is compulsory to ensure that the 226Ra ratios used are from an equivalent matrix 

and geometry as well as the 238U standard that is analysed (Esparon and Pfitzner, 2010). 
 Prerequisite 2 

 The international approved procedure to analyse radio-isotopes (Esparon and Pfitzner, 2010), 

recommends that the 238U standard to be cast or sealed for at least 23 days to allow the radon daughters 
(214Pb & 214Bi) to reach equilibrium with radon (222Rn), before analysing. Also, to check if the 238U 

source material is at least 1 year old and this will ensure that 234Th is in equilibrium with its parent, 
238U. To check the activity (in Bq) and total propagated uncertainty the same steps as on the preparation 
card have to be followed (Esparon and Pfitzner, 2010).  

 Thorium (232Th): The source material used to make 232Th series isotope standards 

must have all daughter products in secular equilibrium. It is recommended (Esparon and 

Pfitzner, 2010) that, since initial separation, the 232Th standard source should be of at least 50 

years age, ensure that the whole series is in equilibrium with the parent 232Th. If the 232Th 
standard is not in equilibrium, the 228Ra, and its progeny, will not be of equal activity to 232Th. 

Alpha spectrometry analysis of the source standard may be required to confirm equilibrium 

(Esparon and Pfitzner, 2010).  
2.3.3. Reporting the results 

The results obtained by using gamma spectrometry as analytical tool, are activity 
concentrations of radionuclides, expressed in Bq/kg. 
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2.3.4. Quality assurance and validation 

In order to check the real tolerances of detectors during the measurements of backgrounds and 
standards in comparison with the specified tolerances, this checking operation should be done within 
frequent counting measurements.  For the low radionuclide activity concentrations, as are those found 

in environmental samples, the gamma spectrometry method could provide reliable and accurate results 
if the gamma spectrometer is periodically tested and calibrated. 

2.3.5. Calibration method 
Calibration could be done by direct measurement of radionuclide standards prepared in the 

same geometry and matrix as the samples under investigation. 

2.3.6. Calculations of uncertainty 
The uncertainties on all calibration factors, backgrounds and internal calculations are at 1 

Standard Deviation (1 s.d.). Relative uncertainties are propagated using (Esparon and Pfitzner, 2010): 
 
Δtotal = (nΣΔn

2)1/2           

 
where: Δtotal = total relative uncertainty; Δn = relative uncertainty of each contributing step n.  

 

2.3.7. Database 
According to international norms concerning the measurements of radioactivity, SQL 

(Structured Query Language) database stores the following type of data (Esparon and Pfitzner, 2010):   

 sample details, such as collection site and date etc., 

 the instrument backgrounds and uncertainties for each detector, 

 calibration factors and uncertainties for each geometry for each detector 

 all sample data calculated during the analysis process, each time an analysis is completed. 

 
2.4. Experimental procedure 

 The main steps followed to measure the concentration of radio-isotopes present in AAC 
samples were: continuum background subtraction, normalization processes, instrument/matr ix 
background subtraction, activity concentration for isotopes, reporting of results, quality assurance,  and 

in order to determine the radioactivity of building materials, the following procedure was carried out 
at the Radiochemical Laboratory of the Department of Chemistry of Aristotle University of 

Thessaloniki and at Technical University of Iasi, Romania. The samples, after drying, were pulverized 
into a fine powder and passed through a standard 1 mm mesh size (ASTM No. 18). The homogenized 
samples were placed in cylindrical containers (volume 350 mL) after addition of 2% charcoal and then 

sealed hermetically in order to prevent the escape of airborne radon isotopes (Manolopoulou et al., 
2004). All samples were weighed and stored for at least four weeks prior to measurement to attain 

radioactive secular equilibrium between 226Ra and 222Rn and their short-lived. Gamma-ray 
spectrometry measurements were performed using a Canberra HPGe detector (CANBERRA, REGe 
detector, efficiency 20%, energy resolution 2.1 keV for the 1332 keV 60Co γ-radiation). The system 

was connected with a standard computer-based gamma-spectroscopy set-up.  The detector was 
shielded using a 10-cm-thick low background lead shield (model Canberra 747E). The gamma-ray 

background spectra were measured and the measuring time ranged from 10 to 25 h. The energy and 
efficiency calibrations were performed with standard reference sources of IAEA though the IAEACU-
2007-03 worldwide open proficiency test. 
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3. Results and discussion 

Based on the recorded spectra for each AAC sample the concentration of the main natural 
radioisotopes were determined according to the above mentioned methodology. Thus, using the 
specialized software it is possible to obtain the integrated peaks corresponding to the main 

radioisotopes from the associated data base. In order to point out the characteristics of spectra for the 
measured AAC samples in Fig. 59 it is shown a recorded spectra for one investigated sample, which 

is most representative for all investigated samples. The activities of the natural radionuclides 226Ra and 
232Th were determined assuming a state of secular equilibrium associated with decays of 214Pb (295 
and 352 keV) and 214Bi (609, 1120 keV) as well as of 228Ac (911 and 969 keV), 212Pb (239 keV) and 
208Tl (583 keV) respectively. The peaks at 1461 and 662 keV correspond to 40K and 137Cs respectively. 
It should be mentioned that a very small concentration of artificial radioisotopes, i.e. 137Cs were 

determined, probably as a consequence of former nuclear accident around our area. This is only a trace 
concentration which could have a neglect effect toward environment and human health in comparison 
with the bigger concentration of natural radioisotopes. In order to estimate their effect the radiation 

index, I, was calculated using average activity concentrations of 226Ra, 232Th and 40K, according to Eq. 
(59): 

 

  𝐼 =
𝐶𝑅𝑎 −226

300𝐵𝑞 /𝑘𝑔
+

𝐶𝑇ℎ−332

200𝐵𝑞 /𝑘𝑔
+

𝐶𝐾−40

3000𝐵𝑞 /𝑘𝑔
≤ 0.5    (59) 

 
Table 45. Test results of radioactivity concentrations for autoclaved aerated concrete samples 

 

Autoclaved 

Aerated 

Concrete 

(AAC) 

Samples 

(no.) 

226Ra 

(Bq/kg) 

232Th 

(Bq/kg) 

40K 

(Bq/kg) 

Radiation index 

I 

1 13.50+2.74 5.94+1.87 168.50+19.73 0.13090 

2 5.15+1.63 8.02+1.75 427.10+25.42 0.19960 

3 23.60+3.22 12.40+4.12 247.10+21.20 0.22300 

4 2.67+1.96 17.10+3.22 208.90+20.67 0.16400 

5 2.52+1.87 8.81+1.79 139.90+17.23 0.09910 

6 77.19+6.43 33.92+3.43 177.09+19.78 0.48590 

7 66.33+6.11 31.11+3.09 280.11+29.56 0.47002 

8 5.5+1.94 8.6+1.81 248.00+27.67 0.14400 

9 11.09+2.46 7.62+2.06 407.32+26.14 0.21080 

Average 24.56+ 15.73+ 221.33+ 0.236369 

 
According to the obtained results, the natural radioisotope concentration in all samples are 

ranged in normal limits, and the radioactive index I was in all investigated case smaller than 0.5, which 
shows an average value smaller than the half of maximum allowed limit in Romania (0.5). 
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Fig. 59. The characteristic spectra of the measured AAC samples 

 
4. Risk assessment 

It is well know that radon inhalation depends on radioisotope concentration in air and, also, 

on what type of decomposition products coupled with aerosol particles is. Previous investiga t ion 
showed that respiratory cancer can be induced by radon and its short-lived decay products in the 

distribution. The radon emissions and its decay products are related to the fact that they can cause 
respiratory tract and lung cancer. Inhalation of saturated air with radon short-lived decay products 
always settle and decompose in the respiratory tract, and then the emitted alpha particles penetrate and 

start to damage the tissues, Fig. 60 and Fig. 61. Derived from the balance body it will create a 
degenerated cell, thus, radon and its decay products can damage only surface of bronchial epithelia l 

cells of lung tissue, and the effect could be significant. As a result, after a certain period of time (15-
40 years) it may develop lung cancer. Even small and short-lived decay products of radon levels may 
be harmful. The fact that radon and its decay products can cause cancer, the investigators determined 

for the miners and people who is living in a space with relatively large amount of radon (Essl et al., 
2011; Topuz et al., 2011; Zhang et al., 2010). 

 

 
 

Fig. 60. The radon effect on the human body  Fig. 61. Ways of Radon entering the house 

 
Most important short-lived radon decays products are Po, Pb, Bi and due to the exposure to 

radon up to 30 000 people are dying every year in United States, while in Ireland radon in homes 
causes one lung cancer patient from avoidable 50 diseases and in Sweden during the year radon and 
its decay products affect 300 - 1500 people. For example, investigations in Lithuania showed that in a 

one year from radon-induced lung cancer are killed more than 100 people, and in Romania or Greece 
less than 80. The new approaches in impact and risk assessment aim to bridge the gap between regional 

and national methods generally used and to integrate them by providing a common framework for their 
expression. These tools are applied to all stages of a construction project, from design through to 
construction, operation, maintenance, refurbishment and deconstruction, to ensure that the finished 

product is an eco-friendly building considering that the impact is as much as possible minimized and 
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the risk is at acceptable level (Stefanescu et al., 2013; Robu et al., 2015; Teodosiu et al., 2014; Utasi 

et al., 2014). Smoking tobacco and radon for the human body are similar to those as lung cancer. 
Scientific studies have shown that smoking increases the negative impact of radon and for smokers the 
risk of cancer is much higher than a non-smoker, even if they both are exposed to the same amount of 

radon. Although the overall effect of smoking and radon is still under investigation, there are reasons 
to believe that the amount of radon in buildings increased 4 times the probability of a smoker person 

developing lung cancer while it increases about 9 times more likely to develop lung cancer than in the 
same premises in case of non-smoker. 

 

Table 46. Lifetime risk of getting lung cancer due to radon exposure 
Radon levels in 

the domestic 

environment 
(Bq/m3) 

Non-smoker 30 years before 

the onset of 

smoking 

50 years before 

the onset of 

smoking 

Smokers 

20 Less than 1 from 200 1 from 60 1 from 18 1 from 7 
200 1 from 190 1 from 48 1 from 14 1 from 5 

800 1 to 100 1 to 28 1 to 8 1 to 3 

 
Research Europe Institute, funded by the European Commission and the charity Cancer 

Research United Kingdom, have shown that radon in the home increases the risk of lung cancer. 

Independent Report "Radon and Public Health says that radon is determined annually for more than 
1,100 deaths in the UK associated with lung cancer. The lifetime risks of lung cancer due to radon 
exposure in case of smokers are presented in Table 46. The largest source of radon is in the soil, and 

it penetrates freely into the building through cracks from the soil or differencing from building 
materials or even water. Premises in sufficiently large quantities of radon and its decay of short-lived 

products are mostly found in an unventilated room. The more air aerosol particles, the greater part of 
radon decay products are deposited. Therefore, smoky atmosphere of short-lived radon decay products 
in the air of the room is more dangerous than a clean room with the same amount of radon in the air. 

According to the results presented in Table 47, and considering the calculated value of 
radioactivity index I, the hazard index HI was calculated in order to quantify the risk that could arise 

for the assessed situation. The hazard could be a term confused with the term of risk, and even some 
experts do not give specific definitions, the hazard is any source of potential damage, harm or adverse 
health effects on something or someone under certain conditions, and basically, a hazard can cause 

harm or adverse effects (Robu et al., 2007). The hazard index is defined as the ratio between the 
measured concentrations of certain pollutant, in this case radio-isotopes expressed by radioactivity 

index I, and maximum allowed concentration according to international standards, in this case 0.5 and 
1.0 (Table 47). 

 

Table 47. Hazard index (HI) in function with radioactivity index (I) 
I (measured) I1 (maximum 

allowed) 

I0.5 (maximum 

allowed) 

HI1 HI0.5 Classification 

of HI 

0.13090 1.00 0.50 0.1309 0.2618 HI < 1, there is 
no risk 0.19960 0.1996 0.3992 

0.22300 0.223 0.446 

0.16400 0.164 0.328 
0.09910 0.0991 0.1982 

0.48590 0.4859 0.9718 

0.47002 0.47002 0.94004 
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0.14400 0.144 0.288 
0.21080 0.2108 0.4216 

I1- the maximum allowed value for radioactivity index, as 1.00 

I0.5- the maximum allowed value for radioactivity index, considering the worst scenario as 0.5  

HI1- the hazard index calculated based on radioactivity index, as 1.00  

HI0.5- the hazard index based on radioactivity index, considering the worst scenario as 0.5 

H I> 1 unacceptable risk; HI < 1 there is no risk; HI = 1 acceptable risk (within limits). 

 
It can be concluded that, for the assessed situation, when two scenario were considered in case 

of assessing the exposure to certain radio-isotopes (using radioactivity index), there is no risk 

according to measured concentration - calculated I and the results of HI. It can be mentioned only one 
situation of sample 7, there could arise a risk but at acceptable level, within the limits. The current 

study focuses on autoclaved aerated concrete (AAC) products and its likely radioactivity. AAC is a 
very popular and cost effective material in Romania. There are many producers of this kind of building 
materials, based on the natural row materials, which is normal to contain a small concentration of 

natural radioisotopes. A trace concentration of artificial isotopes were detected which lead to 
conclusion that the concentration of artificial radioisotopes in these materials are almost zero. 

According to the obtained results, the natural radioisotope (radium, thorium and potassium) 
concentration in autoclaved aerated concrete produced in Romania are ranged in normal limits (the 
range of values from medium to maximum accepted EU, without exceeding the maximum), and the 

radioactive index I was in all investigated cases smaller than 0.5, which show an average value of 
(0.236), smaller than the half of allowed limit. The results of these investigations carried out, in 
accordance with standards of national and international reference, a very good environmenta l 

behaviour regarding the emission of radiation and radioactive gas accumulation in indoor space of 
buildings, generated by AAC produced in Romania in 2015. The investigation revealed that the 

concentration of radon accumulated as a result of processes of disintegration of radionuclide existing 
in AAC, in indoor air from buildings do not exceed the maximum admissible limit of 200 Bq/m³. It 
was previously proved that the highest source of radon is the soil and, therefore, radon enters buildings 

through cracks open in the ground or in building materials. By assembly the concentrations of the 
radionuclides derived from soil with those produced by the construction products that goes into floors , 

that sum is mainly responsible for these radionuclides present in indoor air. Noting that only a fraction 
of the radon produced in the volume of products used in buildings reach their external surface and thus 
is released into the air inside the rooms built on these materials. Concentrations of radon inside 

buildings are usually small, approx. 10 to 20 Bq/m3, accounting for only 5-10% of the standard 
imposed by the European Commission (200 Bq/m3). This research proved that there is no risk for 

environment or human health due to exposure of radioactivity if it is within the limits mentioned and 
approved by European technical norms. The conducted study revealed the fact that the AAC products 
from Romania, produced in 2015, have the radioactivity index much lower than the European limit 

(0.5) and there is no risk if they are used as building materials. The radioactivity index should be used 
only as a screening tool for identifying materials that may be of interest in terms of public health 

insurance. Any decision restricting the use of material / product must be based on a specific 
concentration level, identified through case studies. Hence it can be concluded that the phenomenon 
of radioactivity is very complex, due to transformations and equilibrium that occur during the process 

of disintegration, and the amounts disclosed for clues of radioactivity may change in favour of 
opportunities to use those materials in civil and industrial construction. 
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II.1.2. Modelling and Simulation  

Modelling of equilibrium data for the Cd (II) adsorption by peat using non-linear 

regression analysis (Balan et.al, 2017) is one of the most important methods to assess the effectiveness 
of an adsorbent considering its adsorption capacity, whose determination is based on equilibr ium 

experiments and various isotherm models with two or three parameters (Langmuir, Freundlich, 
Temkin, Redlich–Peterson, Koble-Corrigan etc). In addition, the different parameters of these 

isotherms models often provide information about the surface properties and affinity of the adsorbent 
and about adsorption mechanism (monolayer or multilayer adsorption). Due to the simplicity in 
estimation, the most common method to predict the model which best fits the adsorption isotherm is 

the linear regression analysis, where the constants of the isotherms are determined using the linear ized 
equations of the models. However, transformation of nonlinear isotherm equations in linearized shape 

tends to change the distribution of the error, and thus distort the model parameters. In recent years, 
non-linear analysis has been proposed as a better method to obtain the isotherm parameters and 
determine the fit of the isotherm expressions (Foo and Hamed, 2010; Subramanyam and Das, 2009). 

The non-linear regression method provides a more rigorous mathematically way for determining the 
isotherm parameters by using the original form of the isotherm equation. The method implies the 

minimization of error distribution between the experimental data and the predicted isotherm by an 
iterative procedure. Several error deviation functions have been used to adequately measure the 
goodness of fit of the models (Ncibi, 2008). The objective of this work was to optimize adsorption 

process of Cd (II) on this peat by determining the adsorption capacity of the peat depending on the 
solution pH and temperature and to find, using non-linear regression analysis, and the models that 
accurately describe the experimental results of adsorption isotherms. The information on the 

mechanism of Cd (II) adsorption on the peat is complemented by evaluation of the thermodynamic 
parameters of the process and FT-IR spectroscopy analysis. 

 
1. Experimental 

Experiments were carried out using as adsorbent Sphagnum moss peat collected at 1 m depth 

from the peat bog Poiana Stampei, Romania. The material, previously air-dried, grounded and sieved 
to particles with size of 1-2 mm, has a water content of 10.5-11%, ash content 4.85%, total organic 

mater 84 - 85%, cation exchange capacity of 0.57 meq/g, pH in deionised water (1:5 w/v) = 4.0 ± 0.1 
and pHZPC = 3.7 (Balan et al., 2008). Cadmium stock solution (1017 mg Cd (II)/L) was prepared 
using analytical reagent grade cadmium sulphate salt (3CdSO4 · 8H2O) by dissolving required 

quantity in deionised water; the working solutions were obtained by successive dilution of the stock 
solution. Batch experiments were carried out with peat to investigate adsorption isotherms of cadmium 

at different pH values and temperatures. Optimal experimental conditions were selected according to 
previous results (Balan et al., 2008) and are following: peat dose = 4 g/L, phases contact time of 6 h 
and an Cd (II) concentration range of 22.5 to 134.9 mg/L. All experiments were conducted in duplicate 

and the average values were used for further calculation. The amount of cadmium adsorbed on peat qe 
(mg/g) was calculated using Eq. 60:  

 

     (60) 

where C0 and Ce (mg/L) are the initial and residual (equilibrium) concentration of Cd (II) in solution 
respectively, V (L) is the solution volume and m (g) is the mass of the dry peat. 
 

Infrared spectroscopic analysis of the peat before and after adsorption of Cd (II) ions was 
performed using a FT-IR BioRad spectrometer FTS2000 on KBr pellets. Measurements were recorded 
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in the wavelength range 4000 - 400 cm-1, using a resolution of 4 cm-1 and 32 scans / min. Equilibr ium 

relationship between the adsorbate species and the adsorbent is described by adsorption isotherms 
which are obtained by plotting concentration of adsorbate retained in solid phase (qe, mg/g) against 
concentration of adsorbate that remaining in solution (Ce, mg/L), at a fixed temperature. There are 

several isotherm models for analysing experimental equilibrium data; in this study the isotherms of 
two parameter (Langmuir, Freundlich, Temkin, Dubinin-Radushkevich) and three-parameter 

(Redlich-Peterson, Sips, Toth) were applied. The non-linear method implies an optimization routine 
to minimize the deviation between the theoretically predicted values of the isotherms and the 
experimentally measured data. The optimization procedure requires an error function able to evaluate 

the goodness-of-fit of the experimental data to the proposed models (Foo and Hamed, 2010). In our 
study, the applicability of all model isotherm equations to the Cd (II) - peat system was estimated using 

four nonlinear error functions, namely the coefficient of determination (R2), the average relative error 
(ARE), the root mean square error (RMSE) and the Chi-square test (χ2). The determination coefficients 
(R2) show the fitting degree of the experimental data with isotherm equation; the highest R2 value 

(maximum 1) indicates the best fit. The values of ARE, RMSE and χ2 error functions. 
 

2. Results and discussion   

2.1. Adsorption isotherms 

The values of qe and Ce for Cd (II) adsorption by peat at various solution pH obtained by batch 

equilibrium experiments have been analysed by four two-parameter (Freundlich, Langmuir, Temkin, 
Dubinin-Radushkevich) and three three-parameter (Redlich-Peterson, Sips, Toth) isotherm models. 
Fig. 1 illustrates nonlinear Freundlich, Langmuir and Redlich-Peterson isotherms for the adsorption of 

Cd(II) by peat at different values of the solution pH. Previous studies indicated that, after equilibrat ion, 
solution pH decreases due to releasing of hydrogen ions from peat into solution (2Peat-COOH + Cd2+ 

⇄ (Peat-COO)2Cd + 2H+); the higher the initial Cd(II) concentration, the greater pH decrease (Balan 
et al., 2008, 2017). These data are in good agreement with other published results (Paliulis, 2015). The 

effect of decreasing solution pH may be minimal if using buffer solutions which kept the pH within a 
narrow range. Thus, the highest adsorption capacity of cadmium on peat was obtained in acetate buffer 

solutions of pH=5±0,1 in which, due to the buffering action of the system, competition of H+ ions for 
the active sites of the sorbent was much decreased. The empirical Freundlich isotherm, based on a 
multilayer adsorption onto heterogeneous surfaces with an exponential distribution of sites and their 

energies, is not the best model for describing the adsorption of Cd(II) on peat because of high values 
of ARE, RMSE and χ2 functions and R2 values generally lower than other models. The values of n 

parameter (intensity of adsorption) vary between 2 and 4, indicating good adsorption characteristics.  
The Langmuir model, describing the monolayer adsorption onto a homogeneous surface with 

a finite number of identical binding sites and without interactions between adsorbed species, estimates 

the practical adsorption capacity when all sites are occupied (qm) as well as the affinity between 
adsorbent and adsorbate (KL). The experimental data well fitted Langmuir isotherm with high R2 

values (0.992 to 0.999) and low ARE, RMSE and Chi-square test values. The maximum adsorption 
capacity qm increases from 7.87 mg/g to 15.48 mg/g in sulfuric solutions and up to 27.92 mg/g in 
acetate buffer solutions. The KL parameter values increase with increasing of solution pH suggesting 

higher adsorption energy at higher pH. The essential characteristic of the Langmuir equation is the 
separation factor or dimensionless equilibrium parameter, RL, calculated by following equation: 
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where KL is the Langmuir constant and C0 is the initial concentration of metal ions. The value of 

separation parameter RL provides important information about the nature of adsorption: irrevers ib le 
(RL=0), favourable (0 <RL<1), linear (RL=1), unfavourable (RL>1). The RL was found to be 0.034 
to 0.474 for concentrations of 22.48 to 134.88 mg/L of Cd (II) indicating the favourable adsorption.  

The Temkin model assuming a uniform distribution of the binding energies and a linear 
decrease of the heat of adsorption with coverage due to the adsorbate-adsorbate interactions well 

describes the data of Cd (II) adsorption by peat; high determination coefficients (>0.99) and low ARE, 
RMSE and χ2 functions are observed. The values of binding constant KT increase with solution pH 
increasing but the parameters related to the heat of adsorption (bT) are in opposite trend. The Dubinin-

Radushkevich model based on a Gaussian energy distribution onto a heterogeneous porous surface 
gives a good fit for Cd (II) adsorption by peat with high R2 values (0.980 – 0.991) and low ARE, 

RMSE and χ2 values. The theoretical saturation capacity increase with pH increasing and values are 
higher than those obtained from Langmuir model, probably because the D-R isotherm follows a pore 
filling mechanism. The mean free energy of adsorption, E (kJ/mol), defined as the free energy change 

for the transfer of 1 moll of metal ions from solution infinity to the surface of the adsorbent, may 
provide information about the nature of the adsorption process. The obtained E values are  in the energy 

range 8 - 16 kJ/moll, indicating that adsorption proceeds via an ion exchange reaction between Cd(II) 
ions and functional groups of the peat; exception is value of E = 7.12 kJ/moll obtained at pH=3 which 
corresponds rather to a physical adsorption process. The Redlich and Peterson isotherm incorporates 

the features of the Langmuir and Freundlich isotherms into a single equation which contains three 
parameters, ARP, BRP and g (heterogeneity parameter). There are following limiting behaviours : 
Langmuir form for g = 1, Freundlich form when ARP and BRP are much greater than unity, and 

Henry’s law form for g = 0. It is observed (Table 3) that g values corresponding to the Cd(II) adsorption 
by peat varies between 0.86 and 1.0 showing that the adsorption data can be preferably fitted with 

Langmuir model. The ratio ARP/BRP may be related to the monolayer adsorption capacity (when g 
approaches unity ARP/BRP has similar values to qm from Langmuir model). The Sips model combines 
Langmuir and Freundlich isotherms assuming that the surface is homogeneous but adsorption process 

implies adsorbate-adsorbate interactions. At low adsorbate concentrations, Sips isotherm reduces to 
the Freundlich isotherm while at high adsorbate concentrations it predicts a monolayer adsorption 

capacity characteristic of the Langmuir isotherm (Ho et al., 2002). The Toth isotherm was derived 
from the potential theory and was widely used to describe adsorption on heterogeneous adsorbent 
surfaces; more the model exponent t is away from unity, to more heterogeneous is system. When t is 

equal to unity, the Toth isotherm equation reduces to Langmuir equation.  It is obviously a good 
agreement between corresponding maximum adsorption capacity values obtained from Sips, Toth and 

Langmuir models. However, it is believed that adsorption capacity obtained from Sips and Toth 
equations could be more realistic that from Langmuir equation. The higher R2 values and lower ARE, 
RMSE and χ2 values suggest the applicability of the three parameter isotherms to describe the 

equilibrium data of Cd(II) sorption by peat. The experimental data concerning influence of temperature 
solution on the cadmium adsorption capacity of the peat were also analysed using two- parameter 

(Freundlich, Langmuir, Temkin, Dubinin-Radushkevich) and three-parameter (Redlich-Peterson, Sips, 
Toth) isotherm models. Correlation between experimental and calculated adsorption equilibr ium 
capacities qe using the Freundlich, Langmuir and Redlich-Peterson isotherms for sorption of Cd(II) by 

peat at different temperature values and pH=5.5±0.1 is shown in Fig. 62. As shown in Fig. 62, 
adsorption of cadmium on peat decreases when temperature increased from 293 K to 333 K indicat ing 

an exothermic process. Similar observations regarding the influence of the temperature on the Cd(II) 
adsorption on different materials have been communicated by many authors (Sari and Tuzen, 2008; 
Srivastava and Hasan, 2011). 



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   136 

 
 

The data shows that Freundlich model produces the lowest R2 values and the highest ARE, 

RMSE and χ2 values and thus it is not best to describe Cd (II) adsorption on the peat. The Freundlich 
constant, KF, which is related to adsorption capacity, decreases with temperature, suggesting that the 
adsorption process is exothermic; the n values for all studied temperatures are greater than three 

indicating favorable adsorption.  
 
 

 
Fig. 62. Experimental data and calculated Freundlich, Langmuir and Redlich-Peterson isotherms of 

Cd(II) adsorption by peat at different temperatures and pH=5.5±0.1 

 

3.2. Thermodynamic parameters 

Results of the study concerning the temperature effect on the Cd (II) ions adsorption by peat 

were completed by evaluating the thermodynamic parameters of the process. Calculation of the free 
energy change (ΔG0) requires the values of thermodynamic distribution coefficient (K0), defined by 

the ratio qe/Ce , where qe is the equilibrium concentration of Cd(II) on the peat (mg/L) and Ce is the 
equilibrium concentration of Cd(II) in solution (mg/L). The K0 values were obtained using the method 
proposed by Khan and Sing (Khan and Sing, 1987), by plotting ln(qe/Ce) versus qe and extrapolating 

to zero qe  (Fig. 63). The Gibbs free energy (ΔG0) is negative at all studied temperature, showing that 
adsorption of Cd (II) by peat is feasible and follows a spontaneous trend. It is known that the values 

ΔG0 between -20 and 0 kJ/moll are compatible with the electrostatic interaction between adsorption 
sites and metal ions while values more negative than – 40 kJ/moll (-80 to - 400 kJ/moll) involve charge 
sharing and transfer from adsorbent surface to the metal ions to form a coordinative bond 

(chemisorption) (Horsfal and Spiff, 2005). The relatively low ΔG0 values obtained in this study (< -
10 kJ/moll) indicate that physisorption is the dominating mechanism of the adsorption of Cd(II) by 

peat. The negative value of enthalpy change (ΔH0) confirms that adsorption is accompanied by the 
heat evolution and so, the adsorption process is exothermic in nature. Similar results have been 
reported for cadmium adsorption onto oxidized granular activated carbon (Huang et al., 2007), 

Caladium bicolour biomass (Horsfal and Spiff, 2005), coconut copra meal (Ho and Ofomaja, 2006; 
Srivastava and Hasan, 2011). Generally, the heat evolved during physical adsorption is in the range of 

2.1 – 20.9 kJ/moll, but the enthalpy changes for ion exchange reactions are usually smaller than 8.4 
kJ/moll (Saha and Chowdhury, 2011).  
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Fig. 63. Plots of ln qe/Ce versus qe (a) and of thermodynamic distribution coefficient K0 versus 

1/T for the adsorption of Cd(II) ions by peat (b) 
 

The calculated value of ΔH0 suggest that the adsorption of Cd(II) ions by peat is reached via 

physisorption including electrostatic interactions. The entropy change (ΔS0) is negative, indicating a 
decreased randomness at the solid-liquid interface during the adsorption process of Cd (II) ions by peat 
(the system becomes more structured); however the value of ΔS0 is very small suggesting rather that 

no significant change occurs in the peat structure during adsorption. Also, it was found that ΔH0 > T 
ΔS0, indicating that the influence of enthalpy is more remarkable than entropy in this study (the process 

is enthalpy driven).  
 
3.3. Isostatic heat of adsorption 

The differential isostatic heat of adsorption (ΔHx), defined as the heat absorbed or released 
during adsorption reaction at constant surface coverage and different temperatures, was calculated 

from the slope of plot lnCe vs 1/T, according to the Clausius-Clapeyron equation; the equilibr ium 
concentration of adsorbate, Ce (mg/L), at constant qe is obtained from the adsorption isotherm data at 
different temperatures. The isostatics corresponding to different equilibrium surface loading (qe = 6, 

8, 9, 10, 11 mg Cd(II)/g peat) are shown in Fig. 64. As can be seen, for all constant amount of Cd(II) 
adsorbed by peat, the ln Ce varies linear with temperature and the calculated values of ΔHx are 

negative confirming the exothermic nature of adsorption. The dependence of the isostatic heat of 
adsorption on surface loading is used as an indication of the degree of heterogeneity of the adsorbent 
surface (Saha and Chowdhury, 2011). The variation of ΔHx with surface loading (Fig. 63) shows that 

the adsorbent surface is energetically heterogeneous and both adsorbate - adsorbate and adsorbate - 
adsorbent interactions are present. The observed increase in the isostatic heat of adsorption with 

increasing loading may be due to the increase in lateral interactions between the adsorbed Cd(II) ions. 
The values of the isostatic heat of adsorption ranges between -10 and -20 kJ/moll indicating that 
adsorption of Cd(II) by peat is a physical process involving electrostatic interactions. 
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Fig. 64. Plots of ln Ce against 1/T for adsorption of Cd(II) ions by peat at constant surface 

coverage (a) and variation of isostatic heat of adsorption with surface loading (b) 
 

3.4. FT-IR analysis 

To investigate the nature of interactions between the functional groups of peat and Cd(II) ions 
a FT-IR study was carried out and the spectra of the peat before and after adsorption of Cd(II) are 

shown in Fig. 65. The FT-IR spectra of the peat show the presence of a large number of the functiona l 
groups, reflecting the complex nature of the adsorbent material. The most important peaks could be 
assigned as follows (Krumins et al., 2012; Biester et al., 2014). The broad absorption band at 3700-

3000 cm-1 (centred at 3414 cm-1) is assigned to stretching vibrations of –OH groups in alcohols, 
phenols and carbohydrates, while absorption in the range 2900-2800 cm-1 reflect aliphatic C-H 

vibrations of -CH3 and -CH2 groups. Absorption in the range from 2000 to 1500 cm-1 is characterist ic 
for functional groups with double bonds, usually C=O and C=C. The peak at ~1732 cm-1 is assigned 
to C=O stretching of carbonyl and carboxyl groups (carboxylic acids and aromatic esters), while the 

peak at ~1631.7 cm-1 is indicative of aromatic C=C and asymmetric COO- group vibrations (lignin 
and other aromatics or aliphatic carboxylates). In the region below 1500 cm-1 (fingerprint region), 

absorption peaks at 1450-1350 cm-1 can be assigned to OH deformations and C-O stretch of phenols 
or CH deformation in phenolic and aliphatic structures. Absorption in the region 1200-1000 cm-1 
shows stretching of C-O bonds in carbohydrates; typically in this area the band around 1040 cm-1 is 

attributed to polysaccharides. After Cd(II) ions loading, the most of characteristic peaks are 
unchanged, however are evident some changes in position, shape and intensity of the peaks assigned 
to carboxyl and hydroxyl groups of the peat. Thus, the peak at 1732 cm-1 assigned to C=O in un-

dissociated carboxyl group practically disappear, while absorption peaks at 1631.7 cm-1 (asymmetr ic 
COO-) is clearly stronger and shifted to 1612.4 cm-1 suggesting  that the Cd (II) ions binding may 

occur via carboxylic groups of the sorbent. Also, the peak at around 3414.7 cm-1, attributed to the -
OH vibrations in carboxylic and alcoholic groups, is slightly shifted to the higher wave numbers 
(3419.7 cm-1) indicating involvement of these groups in metal ions binding on the peat surface. 
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Fig. 65. FT-IR spectra of the peat before and after adsorption of Cd(II) ions (pH=5.5, 

T=293K) 
 

Adsorption of Cd(II) on peat increased with an increase in pH (3 - 5.5) and decreased with 

temperature increasing (293-333 K). Generally, equilibrium data fitted better in three-parameter 
isotherm models than two-parameter models. Langmuir isotherm effectively described the 
experimental data; the maximum adsorption capacity is comparable with those of other 

nonconventional and low cost adsorbents. The mean free energy of sorption (E) estimated from 
Dubinin-Radushkevich model shows that the ion exchange is the predominant mechanism of the 

adsorption. The thermodynamic parameters indicated that the adsorption process is spontaneous and 
feasible, exothermic and accompanied by negative entropy, suggesting a physical adsorption process 
involving electrostatic interactions. The isostatic heat of adsorption increased with an increase in 

surface loading indicating that surface of the peat is energetically heterogeneous and there may be 
some lateral interactions between adsorbed ions. The FT-IR spectra of the peat before and after 

cadmium loading shows the changes in position, shape and intensity of the peaks assigned to carboxyl 
and hydroxyl groups of the peat, suggesting the Cd (II) ions binding via carboxylic groups of the 
sorbent. 
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II.1.3. Environmental Treatment Processes, Pollutants Removal and Valorisation 

1. Treatment Processes and Pollutants Removal 

Decisions on remediation are one of the most difficult management issues of municipal and 
national agencies, since contaminated soil and groundwater have been the subject of great attention in 

the latest decade, while much assessment and clean-up work were carried out (Gavrilescu 2005; Scholz 
and Schnabel 2006). For the treatment of contaminated ground, soil vapour extraction (SVE), 

solidification/stabilization, in situ soil flushing are most frequently used while for groundwater 
remediation air sparking (AS) is commonly used (Kim et al. 2002; Khan et al. 2004; Gavrilescu 2005, 
2009). This subject gains much interest as much as the assessment of contamination is uncertain, the 

costs of remediation are high, and the impacts on the environment are multiple (Scholz and Schnabel 
2006). In addition, the remediation of these contaminants is essential to promote public health, 

environmental quality, and the economy. Many activities lead to pollution of soil and groundwater, 
such as: 

– leaching from municipal and chemical landfills; 

– abandoned dumpsites; 
– accidental spills of chemical or waste materials; 

– improper underground injection of liquid wastes; and 
– placement of septic tank systems in hydrological and geological unsuitable locations, 

improper chemical application of fertilizers and pesticides for agricultural and domestic vegetative 

processes. 
In the second half of the 20th century, increasing efforts were made toward containing and 

cleaning contaminated groundwater (Kovalock 2000; Harrison 2001; Gavrilescu 2005). Nowadays, 

contamination of soil and groundwater by various contaminants is an extensive and difficult 
environmental problem that would like to benefit from innovative and emerging technologies. Owing 

to specific properties of some contaminants, remediation efforts devoted at macroscale for removing 
soil and groundwater contamination by applying, for example, pump-and-treat have had quite limited 
success during time. The main justification consists in that the most pollutants are not highly mobile 

in the subsurface, since they are only weakly water soluble and tend to remain as a separate non-
aqueous phase liquid (NAPL). Moreover, they are many organic contaminants denser than water 

(DNAPL) that migrate downward in the aquifer and bio accumulate and bio concentrate since most of 
them are persistent in the environment. In addition, heavy metals released in soils and groundwater 
tend also to concentrate and bio accumulate in the neighbourhoods. All these make the remediation 

processes costly and sometimes ineffective, especially for ex situ treatments, while some of them do 
not address or remove the source. Under this pressure, several remediation technologies have been 

developed in the last years for the decontamination of polluted sites and many of them have proved to 
be very promising to clean-up water and soils contaminated by a wide range of hazardous pollutants 
(Nyer 1992; Hyman and Dupont 2001; Suthersan 2001; Gavrilescu 2006; Pavel and Gavrilescu 2008).  

Many countries have devoted resources to developing advanced, innovative remediation 
technologies, and some new methodologies and tools for evaluating the applicability and sustainability 

of the different technical options. As a consequence, emerging technologies can represent an important 
tool to face the crucial problems of environmental recovery. Research and development efforts are 
extending their applicability and improving their economic sustainability, leading in the years to come 

to their increasing use and to a very promising industrial market development especially in developing 
countries (Hyman and Dupont 2001). The selection of appropriate technologies is often a difficult, but 

extremely important step in the successful remediation of a contaminated site, since most remediation 
technologies are site specific (Khan et al. 2004). Therefore, decision making on the application of 
remediation alternatives is a key step after a broad analysis and appraisal of contaminants and their 
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impacts on environment. In addition, more efficient and economical approaches are needed to 

remediate contaminated soil and groundwater. 
 
Selection of remediation method - Objectives and criteria 

Clean-up goals should be established for each media (water, soil, and air) at levels which 
adequately protect human health and the environment, since the selection of the most appropriate soil 

and sediment remediation method depends on several factors, such as site characterist ics, 
concentration, types of pollutants to be removed, and the end use of the contaminated media (Mulligan 
et al. 2001; Gavrilescu et al. 2009). The process of developing and evaluating remediation alternat ives 

can be divided into steps (Lister 2004) (Fig. 66): 
• establishment of remedial action objectives and clean-up level: requirements, procedures, and 

expectations for conducting a remediation plan; definition of general response actions; administra t ive 
principles for clean-up; threshold requirements (the degree of protection of human health and the 
environment, compliance with legal requirements and regulations); permanent solutions to the 

maximum extent practicable; a reasonable restoration time frame; and public concerns; 
• development of remediation alternatives (scenarios): particular approaches to remediation are 

thought for a contaminant or class of contaminants in one medium, also involving the definit ion of 
general response actions, identification and screening of available technologies on the basis of 
technical fezability for specific remediation processes for contaminated media; 

• screening of alternatives: a further screening is made for evaluating overall effectiveness in 
protecting human health and the environment, for: 

– technical implementation, which assess the capacity to build, consistently operate, and meet 

technology specific regulations until remedial action is fully performed; 
– administrative feasibility, which practically denotes the implementation, that is the capability 

to obtain approvals from a variety of agencies, satisfactoriness to the community, the accessibility of 
services and facility to build and drive the option, the availability of specific equipment and specialized 
work; and 

• detailed analysis of alternatives: analysis of each alternative considering—volumes or areas 
of contaminated media; technologies to be used; required performance related to screened 

technologies; short- and long-term effectiveness; toxicity, mobility, or volume of contaminants; costs; 
compliance with applicable or relevant and legal requirements; overall protection of the environment 
and human health; state and community acceptance. 

In order to facilitate the selection process, some criteria for alternatives evaluation were 
proposed (Lister 2004): 

(1) short-term effectiveness; 
(2) long-term effectiveness; 
(3) reduction in toxicity, mobility, or volume; 

(4) implementation; 
(5) cost; 

(6) compliance with applicable or relevant and appropriate requirements; 
(7) overall protection of human health and the environment; 
(8) State acceptance; and (9) community acceptance. 
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Fig. 66. Steps in evaluating remediation alternatives (adapted upon Lister 2004) 

 
Remediation methods 

The choice of the best method for remediation of a given site is quite difficult because it 
requires data for assessing the environmental consequences of contamination are not readily 

available. In addition, the range of application of some remediation technologies can be limited by 
energy and costs considerations. The initial step, often the most critical one, of a typical soil and/or 
groundwater remediation project is to determine the extent of contamination. It is often accomplished 

by site characterization and reme- dial investigation (RI) (Fig. 66). Site characterization is to 
determine the conditions on and beneath a site that are pertinent to hazardous waste management. 

When site remediation is deemed necessary, RI will be employed. RI activities consist of site 
characterization and additional data collection. 

 

Categories of remediation methods 

Techniques for soil remediation can globally be applied in three ways (Dott et al. 1995; 

USEPA 2000; Mulligan et al. 2001; Gavrilescu 2004, 2005; Khan et al. 2004; Gavrilescu et al. 
2009): 
•  in  situ:  contaminants  are  removed   on   the   place the contamination occurred; when soil is 

polluted the remediation method is applied without excavating the soil; examples: chemica l 
oxidation, enhanced bioremediation, metals stabilization; 

•  on site: contaminated soil is excavated, decontaminated on site and returned to the origina l 

location; and ex situ: contaminated soil is excavated and transported for treatment/process ing 
elsewhere. 

In general, remediation technologies are classified into four categories based on the process 
acting on the contaminant (Kovalock 2000; USEPA 2000; Gavrilescu 2005, 2009, 
http://www.on.ec.gc.ca/pollution/ecnpd/tabs/tab22-e. html): 

1.  Removal: the contaminant or contaminated medium are physically treated without the need for 
separation from the host medium. Contaminated soil is excavated and deposited in a predestined 

http://www.on.ec.gc.ca/pollution/ecnpd/tabs/tab22-e.html
http://www.on.ec.gc.ca/pollution/ecnpd/tabs/tab22-e.html
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place, where natural attenuation may contribute to pollution reduction. 

2.  Separation: the contaminants are removed from the host medium (soil or water). Many types of 
separations can be applied as ex situ processes, such as: gravity separation and sieving/p hysica l 
separation (well-developed processes, been primary methods for treating municipal wastewaters), 

magnetic separation. Technologies commonly used for extraction and separation of contaminants 
from environmental media can include: soil treatment by thermal desorption, solvent extraction, 

soil washing, and soil vapour extraction; ground water treatment by air stripping, carbon 
adsorption, ion exchange, or some combination of these technologies. 

3.  Destruction: contaminants are chemically or biologically destroyed or neutralized to produce less 

toxic compounds. The destruction technologies can be applied in situ or ex situ to contamina ted 
media. 

4.  Containment: the migration of the contaminant is impeded or the toxic compounds are 
immobilized at the surface and subsurface. Containment technologies or immobilization involve 
the placement of contaminants in a secure landfill or construction of slurry walls. Immobilizat ion 

technologies include stabilization, solidification, but they are not permanently effective so that 
some maintenance is required. Stabilization technologies are often proposed for remediating sites 

contaminated by metals or other inorganic species. 
 

Removal, separation, and destruction are processes that reduce or remove the contaminant. 

Containment technologies, on the other hand, control the migration of a contaminant to sensitive 
receptors without reducing or removing the contaminant. The approaches include isolation, 
immobilization, toxicity reduction, physical separation, and extraction (Mulligan et al. 2001). These 

technologies used to treat soils, sediments, sludge, solid-matrix waste and ground- water are based 
on physical, chemical, and biological processes (Suthersan 2001; Gavrilescu 2006). A number of 

technologies considered ‘‘conventional’’ technologies have been adapted from general commercia l 
uses in other industrial sectors. Other technologies, referred as ‘‘innovative’’ are technologies that 
have been developed specifically for the site remediation industry (http://www. 

on.ec.gc.ca/pollution/ecnpd/). 
 

Processes involved in soil and groundwater remediation 

The information necessary to be gathered in order to apply certain group of remediation 
practices rely upon there coordinates (Charbeneau et al. 1992; Gavrilescu 2006; Robu et al. 2008): 

–  one must know whether the contamination has been occurred in the environment but the amount 
and timing of the release may remain in question; 

–  the potential transport pathways from the point of release (subsurface transport pathway, volatile 
losses, resuspension of the soil, and atmospheric transport); and 

–  a determination of whether there is a potentially exposed population (if one finds that there is no 

potentially exposed population at various points then there is no risk to the population and the 
need for remediation should be reconsidered). 

The criteria for comparison are based on on-site technology (in situ/ex situ) except for 
landfilling and incineration. All the criteria are grouped under three major headings (Hyman and 
Dupont 2001; Li 2008; Lemming et al. 2010) such as: 

(a)  technical considerations, which include information on site-specific requirements 
(temperature, moisture, soil texture and granulometry, permeability as a result of clay presence, 

organic matter contents, and neighbourhoods); also information on technical and resources 
requirements should be accounted (needs for pre-treatment; requirements for energy, fuel, and 
power; chemicals; equipment and labour; monitoring; transportation; needs for post-treatment; 

http://www.on.ec.gc.ca/pollution/ecnpd/
http://www.on.ec.gc.ca/pollution/ecnpd/
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(b)  health and environmental considerations (possibility of hazardous and odours by-product(s) 

emergence; impact on the local, regional and global environment; quality of water, soil and 
sediments after remediation); and 

(c )  economic considerations (in fact all costs for fulfilling criteria above: a, b). 

Process options, grouped as technologies can be, therefore, applied either for ex situ or in situ 
treatment methods, separately for soil and groundwater remediation. In situ technologies for 

groundwater and soil clean-up have achieved extensive recognition in the past quite a few years as 
cost-effective options to excavation-based remedial methods (Nyer 1992; Hardisty and Ozdemiroglu 
2005). In situ methods are generally considered less capital demanding and slower than ex situ 

methods, which entail excavation, physical treatment (Table 2). Some technologies apply to both 
media, soil and groundwater and address problems, such as: reducing leaching potential and removing 

contaminants, destroying organic contaminants. An organized method of listing potentially applicable 
process options was provided by USEPA (1996) as ‘‘general response actions’’ (Table 2) (Hyman and 
Dupont 2001). Remediation processes for soils are generally well developed and emerging 

technologies are easier to be established owing to the experience gained up to now. For groundwater 
contamination, there is a much less robust set of remediation approaches available at this time. When 

a remediation option has to be applied, the following aspects should be accounted (Hyman and Dupont 
2001; Gavrilescu 2005, 2008; Pavel and Gavrilescu 2008): 

• each environmental component affected by a completed risk exposure pathway should 

be remediated; 
• the majority of contaminant mass as likely to be located in soil; 
• groundwater remediation should be coordinated in the unsaturated zone; 

• these technologies have to be established technologies; 
• technology selection can be guided by performance of nearly remediation projects at 

similar sites; and 
• these generalized concerns are based on projects demonstrating acceptable 

performance and cost effectiveness. 

 
Technologies for contaminants removal - Technologies for metals removal 

Metals are among the most representative inorganic pollutants in the environment in general 
and in soil and groundwater in particular. Soil and groundwater may be contaminated with metals 
from wastewater discharges or by direct contact with sludges, mining wastes, airborne emissions, solid 

waste processing, sludges, and spills. The fate and transport of a metal in soil and groundwater depend 
extensively on the chemical form and speciation of the metal (Gavrilescu 2004; Gavrilescu et al. 2009; 

Pavel et al. 2009, 2010; Schiopu et al. 2009). Various reactions may take place affecting the metals 
speciation and mobility, including acid/base, oxidation/reduction, and precipitation/dissolution, 
sorption, or ion exchange. Precipitation, sorption, and ion exchange reactions can delay the migrat ion 

of metals in groundwater. The rate and extent of these reactions will depend on factors such as pH, 
Eh, complexation with other dissolved constituents, sorption and ion exchange capacity of the 

geological materials, and organic matter content (Evanko and Dzombak 1997; Gavrilescu 2004; Khan 
et al. 2004). Ground water flow characteristics also influence the transport of metal contaminants. Few 
well-established technologies are available for treating these types of contaminants, but a number of 

promising technologies are in the development stage. In the case of heavy metals, treatment 
technologies must involve some form of contaminant mobilization, either in order to move it to a 

location where it can be treated or immobilization aiming to stabilize it in place and prevent further 
spreading, since metal contaminants are generally non-degradable (NRC 1999). 
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Biological processes 

Biological activity of some living organism types can be adequately exploited for metals 
removal from the environment, by designing emerging technologies (Gavrilescu 2004; Khan et al. 
2004; Gavrilescu and Chisti 2005; Wang and Chen 2006; Pavel and Gavrilescu 2008; Hlihor and 

Gavrilescu 2009; Vijayaraghavan and Yun 2009). Since heavy metals cannot be biologica lly 
degraded, Means and Hinchee (1994) emphasized the biological mechanisms responsible for heavy 

metals remediation, and discussed about adsorption, uptake, and reactions (oxido-reduction, 
methylation/demethylation). Based on these mechanisms, new technologies were developed, such as: 
bio sorption, bioleaching, bio extraction, and bio oxidation/bio reduction, which are not new for other 

areas, but are recently applied for metals removal from the environment. Most of these technologies 
are commonly used for the remediation of organic contaminants, but are beginning to be applied for 

metal remediation, some of them are developed at the bench and pilot scale only (Evanko and 
Dzombak 1997). Bioaccumulation involves the bound of the pollutant on the surface cell wall, 
followed by its accumulation inside the living cell (Chojnacka 2010). The mechanism of 

bioaccumulation, which engages the metal transfer from soil or groundwater to biomass may occur on 
both living and dead cells, depending on soil structure and composition, as was highlighted above 

(Maharia et al. 2010). Also, heavy metals may disperse through the various trophic levels depending 
on the bioaccumulation availability of heavy metals (Bishop 2002; Vijver et al. 2004; Wang and Chen 
2006; Arunakumara and Zhang 2008). Bioaccumulation as well as bio augmentation of heavy metals 

by food chain damage the organism normal activities and finally could affect the human health. Some 
studies deal with heavy metals bioaccumulation in plants, reaching sometimes elevated levels in edible 
plants and vegetables. Vijver et al. (2004) reviewed some accumulation strategies, considering that 

essential and non-essential metal ions may follow different processes. Bioaccumulation of heavy 
metals in the cultivated mushrooms was analysed, sometimes comparative to green plants (Tuzen et 

al. 1998), when it was observed that these cultivated fruits can be good heavy metals accumulators. 
Maharia et al. (2010) focused their studies on heavy metals status and bioaccumulation in medicina l 
plants. Some alternatives of this emerging technology are applicable to heavy metal remediation (Salt 

et al. 1995, 1998; Chaney et al. 1997; Pilon-Smits 2005; Gavrilescu et al. 2009): 
• phytoextraction, which uses metal-accumulating plants to remove toxic metals from 

soil by uptake and translocation of metal contaminants in the soil by plant roots into the aboveground 
part of the plants (also called as phytoaccumulation); planting and harvesting of plants may be repeated 
as to bring soil contaminant levels down to permissible limits; there are plants which are able to absorb 

unusually large amounts of metals in comparison to other plants (called hyperaccumulators); 
• rhizofiltration, which uses plant raised in greenhouses hydroponically, with their roots 

in water rather than in soil to remove heavy metals from polluted soils and waters; once a large root 
system has been developed, contaminated water brought in contact with the plants or the plants are 
floated in the contaminated water; plants are harvested and disposed as the roots become saturated 

with contaminants; 
• phytostabilization, which uses plants to eliminate the bioavailability of toxic metals 

from soils; certain plant species are able to immobilize contaminants in the soil and groundwater 
through absorption and accumulation by roots, adsorption onto roots, or precipitation within the root 
zone and physical stabilization of soils; the mobility of the contaminants is reduced and their migrat ion 

to the groundwater or air prevented; and 
• phytovolatilization, which is the uptake and transpiration of a contaminant by a plant: 

the contaminant is then released from the plant possibly in a modified form to the atmosphere; volatile 
metals (mercury and selenium) are taken up, changed in species, and transpired. 
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The phytoremediation process is assisted by water presence, sunlight, rainfalls, and contribute 

to CO2 reduction in the atmosphere. Phytoextraction seems to be the most applied phyto- remediat ion 
procedure, especially when the availability of uranium from soil to plants is improved by applying 
some methods such as chelation (for example adding citrate), complexation aiming to solubilize, 

detoxify, and enhance U accumulation  by  plants  (Dushenkov  et  al.  1999;  Duque`ne et al. 2006). 
 

Redox processes 

The toxicity or mobility of metal contaminants can be decreased by three types of reactions 
that can be used for this purpose, such as: oxidation, reduction, and neutralization. It is ascertained 

that oxidation–reduction (redox) pro- cesses are probably among the most relevant transformation 
reactions affecting contaminants in the subsurface in general and heavy metals in particular. Chemica l 

oxidation, which changes the oxidation state of the metal atom through the loss of electrons can be 
performed using commercial oxidizing agents (hydrogen peroxide, hypochlorite and chlorine gas, and 
potassium permanganate). Reduction reactions, which occur by adding electrons are initiated by 

commercially reduction reagents such as: alkali metals (Na, K), sulfur dioxide, ferrous sulfate, and 
sulfite salts. Oxidation or reduction can detoxify, precipitate, or solubilize the metals (NRC 1994). 

Abiotic and biotic redox reactions strongly affect the solubility and mobility of heavy metals. Highly 
oxidizing conditions in the environment are favourite at an equilibrium  potential  Eh  of  about  ?800  
millivolts  (mV), while highly  reducing  conditions,  an  Eh  of  about  -400 mV (Means and Hinchee 

1994; Evanko and Dzombak 1997; Boulding and Ginn 2004; Gavrilescu 2004). Some microorganisms 
can be manipulated for metal remediation since they are able to oxidize/reduce metal contaminants 
directly, in the so-called microbially mediated oxidation and reduction reactions, while others pro- 

duce chemical oxidizing/reducing agents that interact with the metals to produce a change in oxidation 
state. For example, it was observed that arsenic and iron are readily reduced in the presence of 

appropriate microorganisms, while mercury and cadmium may be oxidized through microbia l 
processes (Evanko and Dzombak 1997; Rawlings 2005; Ramasamy and Parwin Banu 2007). 

 

Electro kinetics 

The use of electric fields is an innovative method for in situ restoration of contaminated soils 

and groundwater. Electro remediation involves passage through soil of direct current between 
appropriately distributed electrodes (Page and Page 2002). As a process applied for separation and 
extraction of contaminants such as heavy metals, radio- nuclides, or organic contaminants, electro 

kinetics was reported to be a feasible alternative for remediation of saturated or unsaturated soils, 
sludge, and sediments (Alshawabkeh 2009; Gavrilescu et al. 2009). Electro kinetic remediation is a 

developing technology for in situ removal of heavy metals and radionuclides from contaminated soil. 
The application of direct current and subsequent voltage gradient in a porous medium leads to two 
transport phenomena. Two main phenomena can be present (Lindgren and Brady 1997; Alshawabkeh 

2009; Gavrilescu et al. 2009): 
(1) dissolved ionic species in the soil–water solution migrate toward the opposite-charged 

electrode, at a rate which depends on the local potential gradient, as well as charge and mobility of 
ions (electro migration) and 

(2) a bulk flow of soil–water is induced toward the cathode, at a rate which depends on the 

local potential gradient and zeta potential of soil (electro osmosis). 
The combination of these two transport phenomena generates the movement of contaminant 

ions toward one of the electrodes. The direction and rate of movement of an ionic metal species will 
depend on its charge, both in magnitude and polarity, as well as the magnitude of the electro osmosis-
induced flow velocity. Non-ionic  species will be transported along with the electro osmosis-induced 
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water flow (ITRC 1997). Various methods, developed by combining electro kinetics with other 

techniques, are being applied for remediation: electro heating, uses heat generated by electro kinetics 
in combination with extraction methods to remove volatile and semi volatile compounds; electro 
acoustical soil decontamination, which combines electro kinetics with sonic vibration applied in the 

form of sonic or ultrasonic energy and altering the properties of a liquid contaminant in soil; electro-  
osmosis with treatment zones that are installed directly in the contaminated soils to form an integrated 

in situ remedial process, where electro-osmosis as a liquid pump to flush contaminants from the soil 
into the treatment zones of degradation. The efficiency of electro kinetic methods depends on particle 
size, ion mobility, contaminant con- centration and the type of species, their solubility in the specific 

soil, their electrical charge, total ionic concentration, their location and form in the soil, and 
availability of organic matter in the soil (Acar et al. 1995; Kornilovich et al. 2005). 

 
Technologies for persistent organic pollutants removal 

Persistent organic pollutants (POPs) are those chemicals that are not degraded over a 

reasonable period of time, usually measured in decades or more. The POPs of most concern are those 
that build up in the environment or are bio accumulated and/or biomagnified in the food chain. The 

chemical characteristics of POPs are relatively similar. Many are polyhalogenated aromatic 
hydrocarbons (PHAHs), or other polycyclic aromatic hydrocarbons (PAHs) that are very slowly 
metabolized or otherwise degraded (Suthersan 2001; Lehr et al. 2001; UNEP/ ADEME 2005). POPs 

remediation technologies use physical, chemical, or biological processes that attempt to eliminate, 
reduce, isolate, or stabilize a contaminant or a group of contaminants (NRC 1997; Crawford et al. 
2004; Gavrilescu 2005; Rubin and Burhan 2006). 

Chemical degradation or abiotic degradation occur by different reactions includ i ng 
hydrolysis, oxidation–reduction, and ionization that usually happen through the presence of acidity or 

alkalinity, therefore, related to pH (Tarr 2003; Gavrilescu 2005). In general, the emerging technologies 
based on chemical reactions occur ex situ, but some of them are applied in situ or on site. Advanced 
Oxidation Processes (AOPs) represent a promising technology for the treatment of media containing 

persistent organic pollutants, dyes, pharmaceuticals and personal care products (PPCPs), and 
especially endocrine disrupting chemicals (EDCs) (Esplugas et al. 2007; Bautista et al. 2007; Peternel 

et al. 2007; Caliman and Gavrilescu 2009). Ozone-UV radiation—hydrogen peroxide oxidation 
technologies belong to advanced oxidation technologies (AOP) and are characterized by generation 
of hydrogen radicals with high-oxidation capacity, which react non- selectively with organic matters 

in water. The process is high cost since both ozone and UV radiation requires energy, and ozone 
generation and photoreactors are expensive (Beltran 2003). Heterogeneous catalysis may be applied 

to generate oxidizing species, based on the pho- tonic excitation of a solid (Pichat 2003; Konstantinou 
and Albanis 2003; Patsoura et al. 2007; Caliman et al. 2008; Betianu et al. 2008). The mechanism of 
the photodegradation depends on the radiation used. 

Supercritical oxidation process (SCWO) uses supercritical water as a medium for oxidizing 
organic matters (Barner et al. 1992; Cocero et al. 2002; Jayaweera 2003). It involves the mixing of 

organic pollutant with water and an oxidant (air or oxygen) at high temperatures (150–300°C) and 
pressures ([200 bar) for degrading priority pollutants, agricultural chemicals, industrial waste, and 
sludge. Jayaweera (2003) has mentioned that SCWO process can easily be designed as a full-sca le 

containment process which does not release atmospheric pollutants. The use of catalysts (both in 
homogeneous or heterogeneous conditions) was found to increase the rate of oxidation and slow 

oxidation rates for certain intermediates. In addition, post- treatment of the effluents from SCWO 
process is not necessary. 



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   148 

 
 

Bioremediation is oriented to treat contaminated groundwater and sites polluted with POPs, 

but their selection to treat a specific compartment has to take into account three basic principles: the 
amenability of the pollutant to biological transformation to less toxic products (biochemistry), the 
accessibility of the contaminant to microorganisms (bioavailability) and the opportunity for 

optimization of biological activity (bioactivity) (Dua et al. 2002; Crawford et al. 2004; Ward and Singh 
2004; Gavrilescu 2005). Most part of the theoretical and practical basis for POPs bioremediation falls 

in the area of heavy metals bioremediation. In situ treatment is restricted by the depth of the soil that 
can be in fact treated, as well as by the effective oxygen diffusion to ensure desirable rates of 
bioremediation extend. Ex situ techniques involve the excavation or removal of contaminated soil 

from ground. Bioaugmentation entails the addition of microorganisms indigenous or exogenous to the 
contaminated sites, but two factors has to be considered as limiting the use of supplementary microbia l 

cultures, such as (El Fantroussi and Agathos 2005; Gavrilescu 2005; Semprini et al. 2007): (1) non-
indigenous cultures rarely compete well enough with an indigenous population to develop and sustain 
useful population levels and (2) most soils with long-term exposure to biodegradable waste have 

indigenous microorganisms that are effective degrades if the land treatment unit is well managed. 
Biosparging requires injection of pressurized air under the water table to increase oxygen 

concentrations and enhance the rate of biological degradation of contaminants by naturally occurring 
bacteria (Gavrilescu 2005; Kao et al. 2008). The contact between soil and groundwater is very good, 
since the mixing in the saturated zone is enhanced. Biosparging enhances both aerobic biodegradation 

and volatilization, and is commonly applied to remaining hydrocarbon source zone remediat ion 
(Lambert et al. 2009). 

 

Nanotechnology in soil and groundwater remediation - Nanotechnology and 

environmental remediation 

Nanotechnology refers to materials and structures with nanoscale dimensions (1–100 nm). 
Nanoscale particles proved the potential of novel nanomaterials for treatment of surface waters, 
groundwater, wastewater, soil, sediments contaminated by heavy metals, organic and inorganic sol- 

utes, microorganisms. In addition, they are able to cost effectively address some difficult problems 
connected to soil and groundwater decontamination (Masciangioli and Zhang 2003; Zhang 2003; 

Theron et al. 2008). The presence of nanoparticles in the environment may include nanoscale colloids, 
with special properties that play a relevant role in the fate, transport, transformation, and 
bioavailability of pollutants in soil and groundwater. Their small size allows nanoparticle both easy to 

be transported by groundwater and their injection under pressure or gravity to contaminated plumes 
in the view of treatment (Zhang 2003). In the early of 1990s, the research was focused on the reducing 

capacity of metallic compounds, such as zero-  valent iron (ZVI) owing to their ability to treat a wide 
range of contaminants in water, wastewater, groundwater, soil, sediments, and gaseous streams (Zhang 
2003; Watlington 2005; Tratnyek and Johnson 2006). The potential and most encountered applications 

of nanotechnology for environmental remediation in general, and soil and groundwater, in particula r 
can be classified as (Tratnyek and Johnson 2006): environmentally benign and sustainable products, 

seen as green chemistry or pollution prevention; remediation and sensors for environmental agents.  
Besides the treatment of chemical contaminants, nanotechnologies can play a significant role in 
developing emerging technologies for detection and decontamination of harmful biological agents, 

both in situ and ex situ, since nanoparticles provide a very good flexibility for both treatment methods 
(Zhang 2003). 

Nanotechnology in treatment and remediation 

Nanoparticles of some oxidants, reductants, and nutrients can promote contaminant 
transformation and stimulating microbial growth, owing to their small size and large sur- face area. 
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Some recent researches have revealed that nanoscale zero-valent iron (nZVI) particles prove to be 

effective in the transformation of a large variety of environmental contaminants, while they are 
inexpensive and non-toxic (Zhang 2003). They are 5–40 nm sized Fe0/Fe oxide particles that rapidly 
transform many environmental contaminants to non-aggressive products. Tratnyek and Johnson 

(2006) revealed the considerable potential and real benefits of using nanoparticles containing zero-
valent iron (nZVI) as an emerging technology in remediating soil and groundwater. The applicat ion 

of nano-iron and its derivatives for groundwater and soil remediation is focused on an extremely wide 
range of contaminants such as: 

– chlorinated hydrocarbons (carbon tetrachloride, chloroform, dichloromethane, di, tri, 

tetra, penta, hexachloro- benzenes, lindane, vinyl chloride, and polychlorinated biphenils (PCBs); 
– metals (mercury, nickel, silver, and cadmium); 

– pesticides (DDT and HCH); 
– dyes (orange II, chrysoidine, tropaeolin, acid orange, and acid red); 
– salts (dichromate, perchlorate, and nitrate); and 

– nitroaromatics. 
In most applied in land procedure for groundwater and soil decontamination using ZVI has 

been as permeable reactive barriers (PRBs), which can intercept plumes in the subsurface and 
remediate them (Watlington 2005; USEPA 1998). Another remediation procedure refers to 
nanoparticle injection, at greater depths and in areas where PRBs cannot be applied, which may 

facilitate pollution remediation at source (Watlington 2005). This way, the contaminant migration is 
hindered, while the presence of nZVI in the source zone is suspected to amplify the concentrat ion 
gradients, thus enhancing mass transfer of contaminants, especially from dense non-aqueous phase 

liquids (DNAPL) to dissolved phase (Watlington 2005). A further solution is offered by emulsified 
zero-valent iron (EZVI), which can especially be addressed to soils and groundwater contaminated 

with volatile organic com- pounds (VOCs) as DNAPL (Quinn et al. 2005; Watlington 2005). 
Nanoparticles for pollutant immobilization 

In situ remediation, potentially more cost effective than ex situ methods can be performed 

using nanoparticles, which can be anchored onto a solid matrix (carbon, zeolite, and membrane) 
enhancing water, wastewater, or gaseous streams treatment. Nanoparticles reactive or absorptive could 

be injected directly in the subsurface, being effectively to immobilize heavy metals and radionuclides 
(Zhang 2003; Elliot and Zhang 2001). This way two possible mechanisms can occur: generating in 
situ reactive zones with relatively immobile nanoparticles, or nanoparticles can migrate as a plume 

toward the contaminated zones. A variety of nanoparticle types may be applied for in situ remediation, 
such as: iron nanoparticles (nZVI), non- ionic amphiphilic polyurethane, and alumina-supported noble 

metals (Horst et al. 2004; Gavaskar et al. 2005; Tungittiplakorn et al. 2005; Tratnyek and Johnson 
2006). Contaminants remediation by adsorption occurs by a self-assembling process and, for example, 
as self-assembled nanolayers on mesoporous supports (SAMMS) (Tratnyek and Johnson 2006). 

Contaminants as selenite, chromate, arsenate, and mercury can be retained onto mesoporous ceramic 
supports with a high-surface area (*1,000 m2/g) or a dendritic polymers. 

Nanotechnology for contaminants degradation 

Chlorinated organics (trichloroethylene) can be effectively degraded to inoffensive compounds 
through direct sub- surface injection of nanoscale iron particles. Also, nanoscale bimetallic particles, 

such as iron/silver, iron/ palladium, palladium/gold are excellent reductants and catalysts for 
degrading persistent pollutants such as PCBs, organochlorine pesticides, and halogenated organic sol- 

vents (Grittini et al. 1995; Wang and Zhang 1997; Nutt et al. 2005; Watlington 2005; Quinn et al. 
2007). Even in the middle of 1990s, Grittini et al. (1995) reported the application of bimetallic 
nanosocial iron particles (BNIP) as an enhancement of the nZVI technology, in the form of bimetallic 
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system of palladium and iron, which could rapidly degrade PCBs. Some anions (perchlorate, nitrate, 

and dichromate) as well as heavy metals and radionuclides can be reduced using iron-based 
nanoparticles. In large band-gap, semiconductors TiO2 and ZnO2 can assist the removal of organic 
contaminants from soil and groundwater. The potential benefits of  quantum-sized  (\10 nm) photo 

catalysts are already recognized for contaminants degradation applications, as an ex situ strategy 
(Tratnyek and Johnson 2006). 

Comparison of process alternatives and options 

Due to economic and logistical reasons, the management of contaminated sites follows a tiered 
approach with increased efforts and expenses at each step. Applicability screening of a certain group 

of technologies is generally based on effectiveness and costs. They can be grouped according to the 
basic principle for remediation: removal or destruction. For both alternatives, the followin g 

information should be put together: favourable and unfavourable conditions for each medium, process 
and costs drivers.  

Economics of groundwater and soil remediation and protection 

The concepts of sustainability, optimality, and intervention are particularly relevant when 
considering the economics of groundwater remediation and protection. Estimated costs should be 

those required to bring a site up to the minimum standard prior to contamination, also considering that 
remediation and mitigation activities may involve the acquisition of substantial capital resources. The 
main economic analysis practice applied for groundwater and soil remediation economic assessment 

is the cost–benefit analysis (CBA) (Hardisty and Ozdemiroglu 2005; UNEP/ADEME 2005), which 
compares the monetary value of benefits occurring from a project or policy with the monetary value 
of its costs. Therefore, the optimal remediation level is attained when the net benefit (benefits minus 

costs) of remediation is maximized. In the context of soil and/or groundwater remediation, benefits 
are assessed as the environmental damage avoided plus other benefits of clean-up. The other term, the 

cost consists of financial and environmental costs for remediation achievement. The participation of 
potentially responsible parties and public authorities can differ, depending on the nature of the 
measures to be put into practice under the contaminated land management policy. While responsible 

parties are normally key stakeholders under the ‘‘polluter pays’’ principle, there are a number of 
phases which can only be carried out by public authorities—in particular all phases relative to 

organization of the general site management policy, e.g. inventories, prioritization etc. Also, 
remediation goals accounted by remediation metrics should be assisted by sustainability goals, 
although remediation goals and sustainability goals can be difficult to combine, since determining 

sustainability is somewhat arbitrary. Remediation ends could be: standards, containment, mass 
removal, reducing streams, and reducing risks. They are quantified by: concentrations, cost per ton or 

cubic meter of soil or water, and cost per year (Nichols 2008). Sustainability goals refer to preservation 
of natural resources, energy minimization, minimization of CO2 emissions, maximizing recycle/reuse 
ratio, and minimizing footprint. Remediation processes for soils are generally well developed and 

emerging technologies are easier to be established owing to the experience achieved up to now. For 
groundwater contamination, it seems that there is a much less robust set of available remediat ion 

approach at this time. Applicability screening of a certain group of technologies is generally based on 
effectiveness and costs. Remedial objective options are assessed using the cost– benefit analysis or 
partial cost–benefit analysis together with multicriteria analysis, incorporating a constraints and policy 

analysis. Research and development actions are still needed for emerging technologies to bring them 
to the market place for full-scale implementation. 
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2. Valorisation processes 

A. BIODIESEL PRODUCTION FROM SOME CULTIVARS OF RAPES 

1. Oleaginous plants for bio-diesel production 

Rape is one of the most important oleaginous plants, as a result of the high contents of seed oil 

that is ranged between 43 and 52 % and is the third of importance in the world, after soy and palm. At 
the same time, the rape seed is excellent as oil food due to the plants improvement that yielded to 

varieties and lately, to hybrids, free of erucid acid as well as glucosinolates. Another very important 
usage of rape is in the biodiesel production. The recent international politics, to which also our country 
should adhere, aimed at increasing the environment quality and at ensuring a sustainab le development. 

In this context, the reduction of greenhouse emissions that mainly arise from conventional fuel burning 
(coal, oil) constitutes a priority. This is the main reason for which numerous research teams focused 

on finding procedures for producing bio-diesel. The literature shows that one of the possible raw 
materials that may be used for this purpose is the rape seed (Becker et.al., 1995; He and Bao, 2003; 
Mailer et.al., 1994). The performances of 3 new varieties of rape - cultivars compared to several 

commercial sorts have been assessed. Both the tested and the commercial varieties have been 
cultivated on a common agricultural land from the city of Iasi surroundings, using common 

technologies.  The assessment of the performances was achieved by determining the contents of fats 
in the seeds, the production per hectare and the oil content for each type of crop. The results have 
showed that the tree new cultivars of rape allow the production of an amount of oil higher that the 

commercial ones and may be used to produce bio-diesel at industrial scale. 
 

2. Experimental  

2.1. Materials 

The 3 new varieties of rape that were tested within this work have been provided by the Faculty 

of Agricultural Sciences and Veterinary Medicine Iasi, and were noted as follows: series I: I. 1 – I. 16; 
series II: II. 1 – II. 12 and series III: III. 1 – III. 14. In order to compare the achieved results, 5 
commercial varieties of rape were used: Elektra, Lorenz, Zeppelin, Hycolor and Monarch that have 

been selected on the basis of their share of using in agriculture. All the tested rape varieties have been 
cultivated on agricultural land from surroundings of Iasi city, in 2009. Several characteristics of the 

soil used for the rape crops are presented in Table 48.  
 

Table 48.  Soil characteristics 
Horizon 
depth 

(cm) 

pH units CaCO3 
(%) 

Total 
Nitrogen 

(%) 

Organic 
carbon 

(%) 

0-20 6.68 0.0 0.178 1.30 

20-28 6.78 0.0 0.149 1.39 

28-40 7.01 0.0 0.104 0.55 

40-56 7.12 0.0 0.165 0.61 

56-80 7.32 8.9 0.110 0.26 

80-90 7.95 17.3 0.109 0.16 

 

2.2. Methods 

All the rape samples were crushed up to a granulation ranged between 0.2 and 0.3 mm, with 

an electric crusher Grindomix GM.200 at a speed rate of 500 rpm. For fat extraction, samples of 10 g 
from each type of rape were weighted using an analytic balance and further inserted in the cartridge of 
a Soxhlet where also 150 ml solvent were added. As organic solvent used for extraction was the 

benzene (purchased from Aldrich) due to the fact that the preliminary results have showed that in this 
case, the needed time for complete extraction of the fat exhibits the lowest value (6 hours). At the end 
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of the extraction time, the extraction flask that was used for collecting the fats was dried at 105 0C, for 

4 hours. The fat content for each sample was determined using the Eq. (61): 
 

 % fat =  10012 


a

mm
  (61) 

where:  
m2 – the mass of the flask after extraction (g);  
m1 – the mass of the flask before extraction (g);  

a – the amount of sample used for extraction (g). 
The total amount of fat for each cultivar, both the new tested and the commercial ones, was 

calculated as the product between the percentage content of fats and the average yield per hectare 
  
3. Results and discussions 

In the majority of the cases, selection of a certain variety for the rape crops is mainly achieved 
in function of the acquisition price of the needed seeds as well as of the estimated yield per hectare. 

The lower this price and the higher estimated yield, the most preferred the respective variety by the 
agricultural producers. Since the cultivars that constitute the subject of this study are new and still 
tested at pilot scale (onto small surfaces of agricultural lands) the real price for seed acquisition could 

not be estimated. This is the reason why the study of their cultivation efficiency may be done taking 
into account the yield per hectare only. The values for the yield per hectare in the cases of the tested 

cultivar but also for the commercial varieties are illustrated in Fig. 67. One may observe from Fig. 1 
that all the new tested cultivars allow the achievement of an average yield per hectare comparable to 
that accomplished by cultivation of the commercial varieties of rape. However, the cultivars from the 

third series exhibit a higher share of the values of the average yield which exceed 5 kg/ha (42.86) in 
comparison to the cultivars from the series I (18.75 %) and series II (25.0 %), respectively.  
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(c) 

 
(d) 

Fig.67. The values of the rape average yield per hectare for: (a) cultivar I.1 – I.16; (b) cultivar II.1 
– II.12; (c) cultivar III.1 – III.14 and (d) the considered commercial varieties 

 

Lately, the literature studies showed that the efficiency of the rape crops must be analysed also 
from the point of view of the fat content of the obtained seeds. This parameter may be directly 

correlated with the quality of the seeds and has a great importance mainly when the rape cultivation is 
made for industrial purposes (e.g. for producing bio-diesel or rape oils). For this purpose the contents 
of fats have been determined by extraction with organic solvents. The values of the percentage fat 

contents, which were experimentally determined for each cultivar from the new types tested as well as 
for the commercial varieties considered within this study, are depicted in Fig. 68. The results presented 

in Fig. 2 reveal that the highest content in fats is found in the rape seeds from the cultivar III (whose 
average is around the value of 48.08 %) which is superior to the fat content of the commercial verities 
Elektra, Lorenz, Hycolor and Monarch but comparable to that of the Zeppelin variety. 
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(c) 

 
(d) 

Fig. 68. The values of the percentage fats of the rape seeds for: (a) cultivar I.1 – I.16; (b) cultivar 
II.1 – II.12; (c) cultivar III.1 – III.14 and (d) the considered commercial varieties 

 

On the other hand, the cultivars from the series I and II have a lower content that the cultivar 
III (the average being of 46.42 % for series I, and 44.41 % for series II, respectively) but comparable 

to the value of this parameters for the commercial varieties (Elektra, Lorenz, Hycolor and Monarch). 
Starting from these experimental results, one could estimate the amount of rape oil produced per each 
hectare cultivated with rape. The values of the amounts of oil reported per a hectare for each cultivar 

from the 3 new tested varieties (I, II, and III, respectively) alongside the values for the commercia l 
varieties considered within this study, are presented in Fig.69. It can be observed that the highest 

amount of oil reported at a hectare of rape crop is achieved for cultivar III (with an average of 2.18 
kg/ha), followed by the cultivar I (with an average of 2.12 kg/ha) and the cultivar III (with an average 
of 1.99 kg/ha). These values are comparable to the average value obtained for the commercial varieties 

considered in this study (Elektra, Lorenz, Hycolor and Monarch) that is equal to 2.31 kg/ha. 
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(c) 

 
(d) 

Fig. 69. The amount of oil produced for each hectare cultivated with rape in the case of: (a) 
cultivar I.1 – I.16; (b) cultivar II.1 – II.12; (c) cultivar III.1 – III.14 and (d) the considered 

commercial varieties 

 
In this study the performances of three new cultivars of rapes (I, II and III, respective ly), 

compared to several commercial varieties (Elektra, Lorenz, Hycolor and Monarch) were evaluated. 
Both the tested cultivars and the commercial varieties have been cultivated onto common agricultura l 
land from the surroundings of Iasi city, using common cultivation technology. The assessment of the 

performances was done by determining the seed yield per hectare, the seed fat content and the amount 
of oil produced for each hectare cultivated with rape. The experimental results revealed that all the 

tested cultivars (I, II and III, respectively) lead to a yield per hectare that is comparable to that resulted 
when commercial varieties of rape have been used. The cultivars belonging to series III have a greater 
average values of yield that exceeds 5 % (42.86 %) compared to the cultivars from series I (18.75 %) 

and series II (25.0 %), respectively. The highest fat contents are observed at the rape seeds from 
cultivar III (whose average is 48.08 %), followed by the rape seeds from cultivar I (average 46.42 %), 

and the ones from cultivar II (average 44.41 %). For all the studied cultivars the fat contents are 
comparable to the values achieved for this parameter in the case of the commercial varieties (Elektra, 
Lorenz, Hycolor and Monarch). The greatest amount of oil reported per a hectare cultivated with rape 

is observed for the cultivar III (with an average of 2.18 kg/ha), followed by the cultivar I (with an 
average of 2.12 kg/ha) and the cultivar III (with an average of 1.99 kg/ha) and these values are 
comparable to the values obtained for the commercial varieties used within this study (Elektra, Lorenz, 

Hycolor and Monarch). All these observations allowed one stating that the new tested cultivars (series 
I, II and III, respectively) may constitute a viable alternative for yielding good quality seeds that are 

able to improve the performances of the rape crops. 
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B. FLY ASH WASTE VALORISATION 

According to Davidovits (Davidovits, 2011), the geopolymer cement is a binding system that 
hardens at room temperature, like regular Portland cement and can be used to replace ordinary Portland 
cement in various applications such as: construction engineering (non-structural elements, concrete, 

pavements and products), transportation infrastructure, fire proof, floors resistant to acidic media, 
matrix for immobilization of toxic, hazardous and radioactive wastes, wastewaters and gases treatment 

and other applications (Aguirre-Guerrero et al., 2017; Asl et al., 2017; Banduraet al., 2017). The fly 
ash waste is suitable for geopolymer production if it contains silica and alumina reactive phases and 
its valorisation depends on the reactivity, in close relation to the chemical composition, particle size 

distribution etc. The reactivity can be improved by calcination, grinding, mechanical activation, 
chemical activation etc. The new materials for cement replacement can be obtained from slag, rock-

based, fly ash, metakaolin etc. (Zawrah et al.,2016). The fly ash-based geopolymer cement can be 
either alkali-activated or slag/fly (Davidovits, 2011; Palomo et al., 1999). The alkali-activated fly ash 
geopolymer requires heating at 60–80◦C for hardening and is not manufactured separately, becoming 

part of the resulting fly ash based concrete. By treating the fly ash with NaOH solution, the particles 
are embedded in an alumino-silicate gel (zeolites type: chabazite, Na-Y, hydroxysodalite and sodalite) 

if the Si/Al ratio varies between 1 and 2. If the Si/Al ratio is over 2, the fly ash particles are embedded 
in a geopolymeric matrix (Ca,K)-poly(sialate-siloxo) (Davidovits, 2013). The major difference 
between the cement binder and geopolymer is the hardening of geopolymer cement by 

polycondensation with obtaining of oligo-(sialate-siloxo) into potassium/sodiumpoly (sialate-siloxo) 
cross linked network (Davidovits, 2011). The geopolymeric materials combine the properties of 
inorganic polymers, ceramics and cements, having improved properties, especially high compressive 

strength, durability, low thermal conductivity, thermal stability, hardness, chemical stability, corrosion 
stability, fire resistance, heavy metal immobilization, low manufacturing energy etc. (Ciobanu et al., 

2017; Xiyili et al., 2017). The geopolymers have the empirical formula: Na(K)x[–(SiO2)y–
AlO2]xzH2O, where x is the degree of polymerization, y may be 1, 2 or 3 and z is the number of water 
molecules from the network (Liew et al., 2017). The geopolymer binders can be produced from 

materials rich in Si and Al, raw materials or wastes such as fly ash, incineration ash, granulated blast, 
furnace slag, clays - metakaolinit or any other waste sources (Harja et al., 2009a, 2009b). These 

materials must be thermally activated with sodium or potassium hydroxide solution or sodium 
metasilicate (Duxson et al., 2006). Frequently, geopolymers are prepared from fly ash and alkaline 
solution by different activation methods: sol–gel or diffusion methods at different temperatures. Three 

stages are reported in the geopolymerization process: (i) the dissolution of raw materials in the alkaline 
solution; (ii) the formation of small coagulated structures by reorganization and diffusion of dissolved 

ions and (iii) the formation of hydrated products by the polycondensation of species from solution 
(Abdel-Gawwadand Abo-El-Enein, 2016; Aziz et al., 2016). By the valorisation of the fly ash waste, 
many environmental and economic benefits could be obtained. However, nowadays, in the world 75% 

from ashes aren’t yet used, while in Romania the percentage is even lower, this waste being used in 
ceramic brick fabrication or as road filler only (Harja et al., 2016). On the other hand, the geopolymer 

binder is a low−CO2 cementious material; it saves up to 80% of CO2 emissions caused by the cement 
industry (Davidovits, 2011). No less important is the economy of natural resources (lime stone, clay 
etc.) and the lower energy consumption (Ciobanu et al., 2017). While according to the current 

literature, the fly ash treatment occurs directly in the polymeric matrix of concrete, a separate 
modification of the fly ash waste was taken into consideration in our proposed approach. This method 

has the advantages that it can be carried out at the generation site of fly ash waste, thus the temperature 
required being provided by the flue gase safer the economizer. The amount of heat required for the 
process will be significantly lower since the heating is to be provided only for a reduced mass of ash. 
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Also, the special disposal sites for the fly ash wastes outside the thermal power plants are not necessary 

anymore. Taking into account the concepts of sustainable development and circular economy, this 
study provided a novel approach to the synthesis and characterisation of binders for cement 
replacement, as an advanced and cost-effective solution for fly ash waste valorisation. This new trend 

is to considering an integrated engineering approach by starting from the waste material (fly ash) 
followed by its alkaline activation treatment process and the study of the most important process 

parameters, by using the experimental design matrix, as well as the analysis of chemical composition, 
morphology, physical and mechanical properties of the synthesized materials from their perspective 
for application as a binder cement replacement. Such an approach will generate significant benefits for 

the environment and save resources and energy, due to skipping of the clinker production and lower 
CO2 emissions (it is well known that production of 1 tone of clinker generates 1 tone of CO2). The 

developed researches aimed to point out the effects of the main operational parameters on the alkali-
activation of low calcium containing fly ash to achieving the valorisation of the local available waste 
from Iasi Municipality, Romania (Cretescu et.al, 2018).  

For the fly ash used in the experimental study the following chemical composition was 
obtained: SiO2 – 50.82÷51.83%; Al2O3– 15.47÷16.08%; Fe2O3–6.42÷6.44%; CaO–5.21÷5.31%; 

MgO–1.07÷1.09%. Due to the fact that over than 70% of the fly ashes constituted of oxides of Al, Si, 
Fe, it can be valorised according to the standard SR EN 450-1: 2012. The fly ash had the following 
characteristics: apparent density of 2544.52 kg/m3, diameter of 0.428 µm for 75% from particles and 

specific Blaine surface of 209.2 m2/kg (Bucur et al., 2014; Harja et al., 2008). Based on preliminary 
experiments described in previous studies (Harja et al., 2009a, 2009b; Harja, 2016) the range of 
operating parameters was established and used for the experimental design matrix. The alkaline 

solutions used for the fly ash modification were NaOH of different concentration (6, 7.57, 8, 10, 12 
and 12.43 M). The fly ash was mixed with the alkali solutions of NaOH (technical grade, purchased 

from AG CHEMI GROUP Ltd, Czech Republic) and water and the resulted slurries were heated at 
different temperatures for 4 h. After this thermal attack, the materials were removed and cooled to 
room temperature, let to rest for 20 h and filtered (the solutions were analysed), washed up to constant 

pH and dried to constant mass. The samples (standard and testing) were prepared by mixing sand, 
cement (standard) and a mixture of 75% cement and 25% synthesized materials (samples), respectively 

and water. The synthesized materials were grinded up to a maximum 20% refuse on a 45 µm sieve. 
During the preparation sand, cement and synthesized materials were blended within a concrete mixer 
for five minutes, then water was added, and the mixing process was continued for other five minutes. 

Each fresh mixture was poured into moulds, tamped down and compacted by traditional methods (SR 
EN, 3832-8:, 1999). The samples, minimum three for each composition, were kept 4 days in water at 

(20 ± 2)◦C, 46 h in the thermostat bath at (50 ± 2)◦C, then 2 h in water at 20◦C for cooling. The above 
mentioned testing was conducted on cube specimen with universal testing machine, by using a 
hydraulic press with automated system, at a rate of 0.25 MPa/s. The physical characterization of the 

produced samples provides more in-depth understanding of the inorganic polymer to support future 
study and commercialization. The results of developed experiments revealed that the microstruc ture 

of the synthesized materials is a heterogeneous mixture of geopolymer gel, reacted micro and 
macrospheres of fly ash, non-reacted fly ash grains and alkaline compounds precipitates (Cretescu 
et.al, 2018). Due to the different experimental conditions, a significant influence over the morphology 

of synthesized materials could have been observed. After the activation, the SEM analysis showed that 
some spheres and alumino-silicate gel unreacted with molar ratios (Si/Al: 1.1–1.6). Also, it was 

observed that many needle or stripe-shaped particles at the surface of the geopolymer binder, and the 
explanation for the presence of needle-shaped particles is the high concentration of alkali solution, 
when the unreacted alkali precipitated on the surface as needle or stripe-shaped particles. These 
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particles demonstrated the capability of the synthesized materials for future growth. Some small zeolite 

crystals were formed at the surface of initial particles. Based on the microstructure of the synthes ized 
materials, it can observe that the microspheres are surrounded with reaction products. Concerning the 
microstructure of the synthesized materials, they show a matrix with geopolymer nano-precipita tes 

and impurities (Medri et al., 2010; Papa et al., 2018). The microstructure confirmed that the reaction 
partially occurred on the surface and the irregular flakes formed induced surface modifications. The  

microstructure of Samples S5, S9, S13, S14 and S15 showed zeolite particles covered with the partially 
reacted fly ash spheres, derived from the Si/Al local change and by the Na+cation exchange. The cubic 
and the rhomboidal phases may appear on the fly ash surface (Papa et al., 2018). The exhaustive 

characterization of the microstructure is presented in other scientific published papers (Harja et al., 
2009a, 2009b, Medri et al., 2010; Papa et al., 2018). One conclusion is that the density has an influence 

on the mechanical properties of the materials. The highest density value was obtained for Si/Al ratio 
between 1.8 and 2.2. These samples were obtained by activation with NaOH solution 10 M at 
temperatures over 45◦C. When more diluted solutions were used, crystallohydrates were formed, 

determining the density decrease. 
It was seen that part of the obtained materials have an average diameter larger than that of the 

fly ash, meaning that in certain conditions a process of forming and growing of crystallization seeds 
occurs, mainly on the readily formed particles, as observed also from the SEM images. An opposite 
behaviour is the important size decrease up to the nanometric range, due to the destruction of the init ia l 

particles and forming of new phases. In an attempt to correlate the synthesis conditions with the particle 
size, there was observed that there is no parameter mainly responsible for this phenomenon, but 
accumulative set of conditions favourizing the formation of nanometric particles. The main particle 

diameter is directly proportional with the real density. The particles with a main diameter around 5 µm 
are obtained in the samples with high densities, over 2600 kg/m3. The obtained data analysis proved 

that the high ratios liquid/solid and/or solutions of concentration 12 M, as well as at low liquid/so l id 
ratios of 0.8 and NaOH solutions of 6–8 M, favour the seeds growing process. The nanometre size 
particles are obtained for NaOH 10 M and liquid/solid ratio of 2. In conclusion, the main factor that 

influences the particle size range is the Na+ ions content from the treatment solution. 
In conclusion, after running experiments on morphological analysis, SEM micrograph and 

particle size distribution for the synthesized materials, EDX, FTIR and XRD analysis, as well as 
selective phase dissolution and mechanical characterization the results revealed that these are 
important steps towards the use of fly ash waste as alternative building material at industrial scale in 

Iasi city. Low calcium fly ash geopolymer could provide to the construction industry a second choice 
of materials for ensuring long-term sustainability of the resource usage during the infrastruc ture 

development. This could also help reducing the abundant waste generated by the neighbouring thermal 
power plant. Taking into account the concepts of sustainable development and circular economy, the 
wastes or by-products of an industry may be used as raw materials for other industries. The new fly 

ash based synthesized materials can be used as a binder for cement replacement since they offer an 
advanced and cost-effective solution for waste valorisation problems. Knowing the optimal alkali 

activation conditions is important for producing environmental friendly products that may be used as 
good alternatives to traditional cement materials. The valorisation process of fly ash waste as a binder 
cement replacement generates significant benefits for environment and has an important economic 

impact, because fly ash is used as an alternative material for geopolymer synthesis for building 
materials production. Geopolymer materials are environmentally friendly, with moderate energy 

consumption for synthesis and low CO2 emission as compared with ordinary cement binders (Cretescu 
et.al, 2019). 
   



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   159 

 
 

 

II.2. Environmental Policies, Planning and Management 
 

II.2.1. Tools for Integrated Environmental Management 

1. Introduction 

The central element in the implementation of integrated water resources management is the 

water use cycle which is defined as a series of phases in which water resources are extracted, processed, 
used for ensuring various human needs (human consumption, industry, agriculture, energy productio n 
etc.). The post-use phases of this cycle refer to wastewater collection and treatment, the discharge into 

the natural environment or the recycling/reused for municipal or industrial applications. The ultimate 
goal of the integrated water resources management is to deal with the complex interactions in the water 

use cycle in a sustainable way. The minimization of water – related environmental impacts in the water 
use cycle has been a major research topic for the scientific community and the water professionals, at 
both national and international levels. Although numerous research topics have been developed to 

approach various water-related aspects, and a lot of progress has been achieved especially in the fields 
of water and wastewater treatment technologies, or in the study of human – natural impacts and 

interactions in the water use cycle, there are far less research initiatives that approach the water 
resources management in an integrated manner. Integration in water resources management refers to 
multiple perspectives, considering the universal role of water resources for both natural and human 

processes. These integration perspectives usually refer to: the complexity of water resources uses at 
all scales and the natural – human systems interactions including the complex interrelations between 

various types of water resources and water uses; multi- and inter-disciplinary issues of the water-
related research topics, integration of activities and outcomes at various decision and operational levels 
(Teodosiu, 2007). 

 

2. Sustainability challenges in the water use cycle  

2.1. Impacts and uncertainties in the natural – anthropogenic water cycle 

The first level of organization in integrated water resources management refers to the study 
and sustainable administration of the interactions between the natural environment and the social-

technical systems, with reference to water uses. The water use cycle is a complex system because of 
the multitude of water resources types and because of the multitude of water uses. For simplicity, the 

impacts caused by using water resources have been grouped into three categories: quantitative water 
depletion caused mainly by various water consumptions (e.g. for household, industrial and agriculture 
purposes), water quality deterioration and structural ecosystems modifications (Comandaru et al., 

2012). The most important challenge related to the sustainable management of water uses is raised by 
the difficulties of identifying and minimizing in an integrated way all the impacts caused by the various 

types of water uses from different types of water resources. These actions (identification and 
minimization of impacts) form the backbone of the subsequent levels in water resources management: 
organizational level (stakeholder participation) and implementation level (management instruments). 

Furthermore, the system complexity considers the need to manage changes in water quality, the spatial 
and temporal dynamics of water availability, and the array of uncertainties like extreme events 

(flooding, droughts), pollution accidents and climate changes. At the same time, the insuffic ient 
infrastructure for collection and treatment of wastewaters, together with the insufficient removal of 
priority pollutants by existing conventional treatment systems and the few examples of advanced 

wastewater treatment complete a circle of water quality related problems, which may be broken only 
through an integrative approach towards these issues.  
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2.2. Strategic and operational challenges in the water use cycle  

According to the principles of the Water Framework Directive, sustainable water management 
processes should be organized at river basin level, considering a multi-stakeholder participatory 
process in order to identify and solve all the water-related problems in a given area. This integrated 

participatory process should include various stakeholders like the water resources management 
authority, the water services providers, the water users (households, industry and agriculture) and other 

interested parties. The level of involvement of these stakeholders, as well as their interests, professiona l 
background and capabilities are quite different, and these aspects add new challenges to the 
coordinated efforts needed to solve the specific organizational, technical, economic, legal and 

administrative issues of water resources management. Although the WFD provides a general 
organizational scheme for water resources management, current practice indicates that key 

responsibilities in this process are taken by the Water Management Authorities (ANAR and the Water 
Directorates organized at the basin level) which has organizational, implementation and control roles, 
and the water services providers (or regional water operators) which have responsibilities related to 

water supply, as well as for the wastewater collection and treatment. Beside these, research and 
development institutions (RDI) act as supporting partners in developing new technologies and 

management instruments that would contribute to the continuous improvement of water resources and 
the respective management practices. In the Romanian context, beside the water supply and wastewater 
management challenges that were briefly presented above, water resources management problems are 

enhanced also at the organizational level of the water management processes, where the water services 
providers were involved in a reorganization process which consisted in the re-establishment of 
relations between the water infrastructure ownership (local or regional administrative authorit ies) and 

the water services providers. Although the intensions behind this reorganization process were positive, 
especially to reduce excessive fragmentation and to improve the technical and financial performance 

in the water sector, this reorganization process has added additional responsibilities for the water 
services providers which were reorganized as regional water operators. These mainly refer to 
improving connections rates to water supply and wastewater treatment at a much wider lever 

(especially considering the rural development needs for water-related infrastructure) and with more 
serious problems related to water quality (Barjoveanu et al., 2011). 

 
2.3. Research support in water resources management 

The minimization of water – related environmental impacts and human health risks has been a 

major research topic for the scientific community and the sectors professionals, at both national and 
international levels for a relatively long period of time. However, it has to be noted that the vast 

majority of these research efforts and initiatives has been conducted separately by research institut ions 
and the water sector professionals. Most of the research inputs have targeted the development of better 
and more reliable water and wastewater treatment technologies, and the “meeting point” of researchers 

with water services has been traditionally the technical issues related to optimization of existent 
technologies or the implementation of new technologies into full-scale operational water and 

wastewater treatment plants. Despite this important progress, there is still a major gap in what effective 
cooperation between research and water services professionals should be in the framework of 
participatory processes in sustainable water resources management. Cooperation between these parties 

should extend in other directions in order to support scientifically-based decision processes in water 
resources management. Thus, researchers and the water services professionals should cooperate for 

development of efficient management instruments for the assessment and control of impacts in the 
water use cycle. The development of management instruments will focus on the whole water use cycle, 
while the technological development activities are split between partners and water use phases: the 
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advanced water treatment processes will be studied in order to provide technical solutions to control 

human health risks given by water quality issues through removing contaminants like nitrite, nitrates 
and natural organic matter, while the advanced wastewater treatment processes will be studied in order 
to solve the environmental impacts (and subsequent human health risks) associated to wastewater 

discharge and reuse. Finally, the technological developments of the project which will be carried out 
to pilot scale by the water regional operators will be integrated with the innovative assessment 

instruments developed within the project in order to present a perspective on the development of the 
two water systems and to identify the associated challenges that the two water regional operators would 
have to face in scaling up these processes to the full production systems scale. What distinguishes the 

WATUSER Project among other similar research efforts are the following characteristics: 
a) Integration: the environmental, technical, operational and management problems are 

approached within the water use cycle in an integrated and coherent manner. The integrat ion 
perspectives of the project refer to multiple aspects: firstly, to the water related problems on the entire 
water use cycle at the level of regional water operators, taking into consideration the inter-relationships 

in the complex natural environment–technological anthropogenic system, as well as the spatial-
temporal variability of water quality and availability; secondly, the framework of objectives and 

activities integrates assessment studies with technological development and testing at pilot scale which 
enables the improvement of regional water operators management as well as the evaluation of the 
development perspectives of water and wastewater services for small communities. 

b) Multidisciplinarity: the project activities address problems in multiple science areas related 
to water resources management: environmental management (water resources management, impact 
and risk assessment, water foot printing, life cycle assessment, environmental performance indicators) 

and engineering sciences: chemical and environmental engineering (electrochemical processes, 
advanced oxidation processes, membrane processes), computer engineering (integrated monitor ing 

system for water related impacts and risk surveys design and implementation).  
c) Originality, novelty & innovation: the project develops an integrated system of management 

instrument and technological developments to tackle water related impacts and risks on the whole 

water use cycle at regional level. The scale of the project consortium, as well as the complexity of the 
activities within the WATUSER project represents a premiere for both the Romanian academia and 

the regional water operators. 
 

3. Environmental Impact and Human Health Risks Assessment Toolbox 

The main methodologies used refer to of an integrative set of assessment instruments related 
to water use cycle (such as environmental impact and risks assessment, life cycle assessment, grey 

water footprint, human health risk assessment) that enable identification and quantification of 
environmental impacts and risks and human health risks generated by series of target pollutants which 
include: nitrites, nitrates, natural organic matter, microorganisms and a number of priority organic 

pollutants. 
3.1. Assessment framework 

The approach of considering the whole water use cycle is highly complex, especially because 
of the spatial and temporal variability of the water quality changes for the component systems. As it is 
presented in Fig. 2, different environmental impacts and risks as well as different human-related risks 

may appear at different stages of the water use cycle. For example, the human related risks appear 
mainly in the water abstraction, water treatment and water distribution stages, while the most important 

environmental impacts are generated in the end phases of the cycle, mainly in the collection, treatment, 
discharges and recycling/reuse of wastewaters. 
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Fig.70. Diagram of relationships between water related impacts and waterborne health risks  
(Teodosiu et.al, 2012) 

 

Recent studies at the level of Prut river basin proved that the insufficiently treated wastewater 
(by conventional treatment, i.e. mechanical and biological) represent the major pollution sources (in 

terms of priority pollutants, and nutrients) for the Prut river and its tributaries (Barjoveanu et al., 
2010a). It is very difficult to link (by establishing a scientifically-based or real-data supported causal 
relationship between) the environmental impacts (i.e. discharging insufficiently treated wastewaters) 

to the human health risks because of the difficulty of assessing all spatial and temporal changes that 
contaminants suffer (through pollutant transport, dilution and transformation processes) from the 

discharge point to the water abstraction point for further water treatment down-stream. To solve these 
issues, but at the same time to generate a close-to-reality image of environmental impacts and human 
health risks, a different approach in assessing environmental impacts and especially human related 

risks has been proposed. This approach consists in calculating environmental impacts and risks at the 
wastewater discharge points for targeted organic and non-organic pollutants that may cause high risks 

for the efficiency of down-stream water treatment plants. This impact image forms a worst case-
scenario which will be used as a reference scenario for the human related risks and environmenta l 
impacts induced by discharging wastewaters into the natural environment (target pollutants: priority 

organic compounds). This scenario will be subsequently used for comparing the efficiency of the 
advanced wastewater treatment technologies in mitigating these impacts and risks. At the same time, 
human health risks will be calculated at the water abstraction points resulting in a reference situation 

against which the performance of the advanced water treatment technologies will be compared (target 
pollutants: nitrites and nitrates). 

 
3.2. Probabilistic Human Health Risk Assessment in the water use cycle  

Water Safety Plans (WSA), promoted by the World Health Organization (WHO) are developed 

in order to identify the risks to human health that can occur at each stage of drinking water production, 
so the risks that could be manifested over time can be identified and minimized since the first stage of 

drinking water supply: abstraction, transport, treatment, distribution and consumption. Any approach 
to human health risk assessment should consider (but will not be limited to) some key questions that 
include: 1. What can happen (which is the risk)? 2. What is the probability of occurrence (event)? 3. 

Which are the consequences?. 
As defined by the World Health Organization (WHO), USEPA and at European level by the 

98/83/EC Directive, human health risk assessment is performed by a probabilistic approach which 
consists in the following steps (Tartakovsky, 2012): 
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a. Defining the initiating event, for water-related risks this refers to the identification of pollutants 

or contaminants in water,  
b. Identify all causes that contribute to the initiating events,  
c. Building a fault tree,  

d. Develop a minimum set of event scenarios that would have probability for a negative event to 
occur (e.g. increasing pollutant concentration in water), 

e. Description and estimation of the probability that a certain negative event with certain 
consequences would occur. This consists in the determination of all factors that influence the event 
probability,  

f. Calculate the probability of occurrence for certain consequences of the risk event. 
Steps (a) - (b) answer to questions (1) and (3), while steps (c) - (f) answer to question (2), questions 

mentioned previously.  
As stated above, risk assessment is approached in a probabilistic manner, thus the human health risk 
may be calculated considering: risk exposure, risk probability and the risk probability of occurrence, 

as expressed in Eq. (62). 
 

   RpELCRHHR         (62) 

where:  
p – risk probability,  

R – specific contaminant toxicity, as defined in literature and REACH Directive and,  
ELCR, the excess lifetime cancer risk. 

 
ELCR calculates the daily exposure of an individual to a certain water-borne contaminant 

during a year, considering an exposure factor (α), as presented in Eqs. (63) and (64). 

 

    ),( txCELCR         (63)  

   
BW

EFIR






365
        (64)  

where: 

ELCR - Excess Lifetime Cancer Risk 
α – Human exposure factor to a pollutant in a year, 
C(x, t) – pollutant concentration (mg/L) at point x and moment t,  

IR - ingestion rate, mg/day 
ER - exposure frequency,  

BW - body weight, kg. 
 

By, replacing the terms defined by Eqs. (63) and (64) in Eq. (62) the overall formula for risk 

calculation is given (Eq. 65). 
 

RptxC
BWdays

EFIR
HHR 




 ),(

365
      (65) 

 
This approach enables the human health risk assessment in various circumstances and 

scenarios. For example, for the WATUSER Project, coordinated by Professor Teodosiu (Teodosiu 
et.al, 2012), the human health risk assessment is be performed for the water treatment and distribution 
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steps, considering the contaminant concentrations for a series of target pollutants. The initial analysis 

is focused on water quality issues and a set of water quality parameters that will be selected for 
calculating environmental impacts and human health risks. Previous assessments have indicated that 
major water quality problems, as well as human related risks are caused by high concentrations 

pollutants like nitrites, nitrates, natural organic matter and certain priority organic pollutants. These 
risks may arise because of the complex pollutant transport and transformation processes between the 

wastewater discharge and the water abstraction points. Therefore, the impact and risks assessments 
will be focused on these water quality indicators and the results will be used to define a reference 
scenario against which the innovative advanced water and wastewater treatment processes will be 

further evaluated. 
 

3.3. Environmental Impact and Risk Assessment in the water use cycle 

Environmental Impact Assessment (EIA) has been employed to reach better decisions and has 
continually engaged the attention of academics, policy makers and environmental impact assessment 

practitioners (Kuitunen et al., 2007; Robu and Macoveanu, 2010; Sandham and Pretorius, 2008). 
Generally, EIA describes the induced impacts on natural components, meanwhile risk assessment 

(RA), traditionally refers only to human health (originally referred to occupational health, then public 
health and safety) and recently, its mean was expanded to the environmental level (Lexer et al., 2006).  
These differences do not constitute an obstacle to the integration of these two procedures into one that 

provides more comprehensive environmental information. Particularly, environmental impact 
assessment has tended to focus more on identifying environmental impacts associated with activit ies, 
while the risk assessment involves a very rigorous analysis of all impacts, the probability, and 

magnitude and/or gravity effects induced on environmental components (Barjoveanu et al., 2010a). 
Both procedures (RA & EIA) aim to identify and quantify in a properly and realistically manner the 

actual problems or the possible consequences of the planned decisions, in order to facilitate the process 
of choosing wisely the best alternative to mitigate these problems. While examples for applying 
complete environmental RA in EIA may be rather rare on an European level (Lexer et al., 2006), 

certain risk assessment techniques have in fact been frequently used in EIAs, in particular techniques 
of human health risk assessment (Canter, 1993), assessment of distribution and exposure paths of 

pollutants (Steele-Valentín and Padilla, 2009; Wu et al., 2009; Wycisk et al., 2006), exposure and 
dose-response assessments for substances (Huijbregts et al., 2005). For water resources, including the 
RA in EIA was especially targeted in defining and quantifying risks related to groundwater pollut ion 

(Passarella et al., 2002), but there are limited case-studies available on quantifying the integrated 
impacts-risks relations related to surface water resources. The integrated method for impact and risk 

assessment (EIRA) described in this paper is based on previous works which represents one of the first 
efforts of address and interpret in a joint manner the environmental impacts and associated risks of 
industrial activities (Robu, 2005; Robu et al., 2005; Robu and Macoveanu, 2010). This method 

considers a widely used definition of risk: a measure that combines the probability, or frequency, of 
the occurrence of a particular hazard and the magnitude of the adverse consequences or harm arising 

to the quality of human health or the natural and man-made environment as a result from exposure to 
that hazard (Brookes, 2001; Calow, 1998; Crawford-Brown, 1999; DEFRA, 2000; Kolluru, 1996). The 
Environmental Impact and Associated Risk Assessment (EIRA) methodology developed in this study 

considers environmental risks (ER) as a function of the magnitude of environmental impacts (EI) and 
their probability of occurrence (as presented in Eq. 66) (Enzernhoefer et al, 2012; Tartakovsky, 2012; 

Topuz et al., 2011). 
 

   ER EI P        (66) 
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where:  

ER – environmental risk;  
EI – environmental impact;  
P – probability of impact occurrence. 

 
The EIRA methodology is an instrument that takes into consideration simultaneously two types 

of impacts on surface waters that are addressed in the legislation. From legal and operational stand 
points, any given pollution source in Romania is obliged to comply with legal limits for pollutant 
concentrations and with maximum allowed wastewater discharge flows, but in practice, these two 

requirements are not correlated when a water use permit is issued, or for compliance and control 
activities. The EIRA methodology addresses this legal drawback and evaluates the environmenta l 

impacts based on the pollutant loads, which means that the impact magnitude is represented by 
considering the product between the pollutant concentration and the wastewater flows (pollutant 
loads), as presented in Eq (67).  

 

   det det

max max

C Q
EI IU

C Q


 


     (67) 

where:  

Qdet – the average wastewater flow discharged by the pollution source (measured value), m3/s. 
Qmax – maximum contracted wastewater flow, according to the environmental permit, m3/s. 

Cdet – the average pollutant concentration (as given by a specific the water quality indicator) in the 
effluent, mg/L. 
Cmax – the maximum allowed concentration (MAC) for wastewater discharging into natural receivers, 

mg/L.  
IU - Importance unit, (dimensionless).  

 
Because water resources face multiple problems due to concentrated and diffuse pollut ion 

sources and, at the same time, are connected to other environmental components, biodiversity, ground 

water quality, human health, the development of a simple, integrative and objective assessment method 
that considers all the impact components on water resources can be a valuable instrument for decision 

making for the water use cycle management at the level of regional water operators. The development 
of such a method represents an innovative contribution and it will consist in developing an impact 
assessment instrument, which considers in quantifying impacts beside (waste)water quality indicators 

aspects like wastewater discharges (flows), as well as the state of the receiving water body (river flow 
and water quality). This approach is based on a previous research (Barjoveanu et al., 2010a) which has 

proposed an integrated methodology for environmental impact and risk assessment, as well as on a 
surface water quality monitoring study (Barjoveanu et al., 2010a), that have emphasized the need for 
accounting aspects like wastewater quality and quantity, as well as the state of the receiving water 

body in calculating environmental impacts on the water resources and in evaluating different 
alternatives for development of the water services.  

 
3.4. Water footprint instrument  

The water footprint (WF) is a concept developed by Hoekstra (2004, 2008) which in a very 

short time, induced a real interest in the scientific community of water resources management, because 
it is an indicator of freshwater use that looks not only at direct water use of a consumer or producer, 

but also at the indirect water uses. The water footprint is a multidimensional indicator, showing water 
consumption volumes by source and polluted volumes by type of pollution, all components of a total 
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water footprint being specified geographically and temporally. The blue water footprint refers to 

consumption of blue water resources (surface and groundwater) along the supply chain of a product. 
The green water footprint refers to consumption of green water resources (rainwater insofar as it does 
not become run-off). The grey water footprint (GWF) that indicates the degree of freshwater pollut ion 

was introduced first by Hoekstra and Chapagain (2008),  refers to the pollution potential and is defined 
as the volume of freshwater that is required to assimilate the load of pollutants given natural 

background concentrations and existing ambient water quality standards (Hoekstra et al., 2011). In 
Romania the first water footprint studies have been realized by Ene and Teodosiu (2009) and have 
been developed for the river basin scale and industrial applications. Recent studies that quantified grey 

water footprints (Aldaya and Hoekstra, 2010; Bulsink et al., 2010; Dabrowski et al., 2009; Ene, 2011; 
Ene et al., 2012; Gerbens-Leenes et al., 2009; Mekonnen and Hoekstra, 2010; Mekonnen and Hoekstra, 

2011; Van Oel et al., 2009), focused on nitrogen pollution in a particular and on one region, or for 
particular activities or products. The main reason of the grey water footprint quantification of the 
pollution sources and pollutants is the identification of the “hotspots” with high pollution risks (Ene 

and Teodosiu, 2011a; 2011b). The grey water footprint is an indicator of the water pollution intens ity, 
expressed in terms of freshwater volume required to assimilate the existing load of pollutants (Hoekstra 

et al., 2011). According to Hoekstra et al. (2011), the grey water footprint for non-point pollut ion 
sources (Eq. 7) can be assessed as the effluent flow (Qeffl, in volume/time) multiplied by the pollutant 
concentration in the effluent (Ceffl, in mass/volume) minus the actual concentration of the intake water 

(Cact, in mass/volume), divided by the difference between the ambient water quality standard (the 
maximum acceptable concentration Cmax, in mass/volume) for that pollutant and its natural 
concentration in the receiving water body (Cnat, in mass/volume). The grey water footprint can then 

be assessed as expressed by Eq. 68. 
 

 ,

max

effl act

proc grey effl

nat

c c
WF Q

c c


 


  [volume/time]     (68) 

 
The component situated before Qeffl is the "dilution factor", expressing the number of times 

that the effluent flow needs to be diluted with ambient water so to attain the maximum allowed 
concentration level. The natural concentration in a receiving water body is the concentration that might 
exist if there were no human interferences in the catchment. For human-made substances that usually 

do not exist in water, Cnat = 0. If the natural concentrations are not known exactly but only estimated 
to be low, for simplicity might assume that Cnat = 0. In spite of that, it will result in underestimated 

grey water footprint once Cnat is practically not equal to zero. The natural background concentration 
in a receiving water body is the concentration in the water body that would occur because of no human 
intervention in the catchment (it can be considered the 1st quality class). The standard concentration is 

the ambient water quality standard for the receiving freshwater body as is required from Water 
Framework Directive to attain the “good quality status” (which can be considered as 2nd quality class) 

(Order 161, 2006). The limit value of the main pollutants depends on river categories. Specified limit 
values for Romania, for the relevant quality parameters for each class are presented by Ene and 
Teodosiu (2011a) and Ene and Teodosiu (2011b). 

 
3.5. Life cycle assessment in water supply and wastewater treatment 

One of the most intensively used tools for the assessment of environmental impacts of 
commodities and products is the Life Cycle Assessment (LCA). This is a standardized method, 
according to ISO 14040 and is generally employed for measuring the impacts of various products and 

production processes across their entire lifespan (Barjoveanu et al., 2010b; Finnveden et al., 2009). 
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The difference between the LCA approach and the other assessment instruments is that the LCA 

approach considers a standardized method for assessing environmental impacts, which fall into 
different categories and classes (usually environmental health, human health and water resources). 
Although LCA has grown into a successful instrument for consumer products and various production 

processes, LCA is still lacking comprehensive approaches to evaluate the environmental impacts 
associated with the water cycle management (Lundie et al., 2004; Pfister et al., 2009). Traditiona lly, 

water resources are regarded in most of the LCA reports and studies, as a transport medium for useful 
products or pollutants (Dvarionienė et al., 2012), the impact of water resources use being considered 
just as water consumption, while the water quality issues are considered to a lesser extent. There are 

few studies available in the LCA literature that focus on water as a product or as a result of a production 
process which causes various impacts on the environment. This study presents the major challenges 

for sustainable management at the level of the water use cycle in Romania, as well as a coherent and 
integrated evaluation framework for the use of different assessment instruments (environmental impact 
and risk assessment, human health risk assessment, grey water footprint, and life cycle assessment). 

These instruments can facilitate the development of a reference scenario and a base for further analysis 
of the water use cycle in two Romanian regions (Iasi and Timisoara) by taking into consideration the 

technical developments of the systems, the environmental impacts and associated risks as well as 
human health risks reduction. The water use cycle is characterized by very complex interact ions 
between the natural system components (water resources types) and the social and technical systems 

(water uses – water use cycle) which lead to a very complex array of environmental impacts and risks 
and human health risks. These form the backbone of the subsequent levels in water resources 
management: organizational level (stakeholder participation) and implementation level (management 

instruments). In the Romanian context, the organizational level of the water use cycle management has 
been recently the subject of numerous changes, especially at the level of the water services providers, 

which were (partly) reorganized as regional water operators.  
 

4. Case study. Experimental data. Integrated approach 

The environmental impact assessment of municipal wastewaters entering the natural system 
was performed considering a series of 5 indicators, as presented in table 49, together with their 

respective maximum allowed concentrations for discharging in natural water bodies, as regulated by 
the national legislation, through the Government Decision no. 352/2005. These indicators were 
considered based on the fact that they are the most representative for characterizing munic ipa l 

wastewater, but also considering the available data series. The initial method developed by Robu 
(2005) and improved by Robu et al. (2005) used a classification scale for comparing the environmenta l 

impacts and the associated risks to different environmental components, based on the calculation of 
the impacts and risks for the same quality indicators, but for different environmental components. 
Because for our case study, only one environmental component (surface water) was considered, the 

scale proposed by the method developers could not be used as a reference. In these conditions, a new 
approach to analysing the results was used: to compare the results for the 7 point-source polluters (the 

WWTPs) and, furthermore, to analyse the contribution of each polluter indicator to the overall impacts 
and respective risks. 

Table 49. Wastewater quality indicators 
No. Indicator Symbol Units MAC 

1. Biological oxygen demand BOD mg/L 25 

2. Chemical oxygen demand COD mg/L 125 

3.  Total suspended solids  TSS mg/L 35 

4. Ammonia NH4
+ mg/L 2 

5.  Detergents Concentration DET Mg/L 0.5 
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This case study is focused on assessing the environmental impacts and the associated risks by 

7 municipal wastewater treatment plants from Iasi County during 2005. Iasi County is located in the 
north-eastern Romania with the administrative centre at Iasi. This county has a total area of 5,476 km² 
and it lies on a plain of three river basins – Prut, Siret and Barlad river basins, the catchment areas of 

these rivers occupying 3,551 km2 (Prut), 1,013 km2 (Siret) and 912 km2 (Barlad), and it is home to 
approximately 2.1 million inhabitants (DAP, 2009). The 7 locations were selected to allow a 

comparison between the polluting sources, so the wastewater treatment plants should have the same 
operational features (mechanical and biological treatment processes), as well as on the available data 
for the 5 indicators, as presented in table 50. Furthermore, 4 of the 7 locations discharge their effluents 

into the same water body, the Bahlui River, 1 (Targu Frumos WWTP) discharges its effluent into a 
tributary of the Bahlui River, as presented in figure 71. One may notice that the Iasi Munic ipa l 

wastewater treatment plant has by far the highest capacity to treat municipal effluents, both in terms 
of population equivalent and average outlet flow, while the other wastewater treatment plants are 
significantly lower.  

 
Table 50.  Wastewater treatment plants characteristics 

No. Wastewater 

treatment plant 

Description Population 

equivalent* 

Average 

flow, L/s 

Receiving 

body 

1 Iasi  Urban Mechanical and biological treatment 660,000 1900 Bahlui 

2 Harlau Urban Mechanical and biological treatment 12,056 11.2 Bahlui 

3 Belcesti Rural Mechanical and biological treatment 11,662 4.6 Bahlui 

4 Targu Frumos Urban Mechanical and biological treatment 14,572 37 Bahluiet 

5 Podu Iloaiei Urban Mechanical and biological treatment 9,900 7 Bahlui 

6 Vladeni Rural Mechanical and biological treatment 6,290 2 Miletin 

7 Raducaneni Rural Mechanical and biological treatment 8,400 9.6 Bohotin 

 *1 population equivalent (p.e.) = 60 g BOD/day in the treatment plant influent  

  

 
Fig. 71. The locations of the evaluated municipalities wastewater treatment plants in Iasi County 

 

The performances of the selected WWTP, as presented in table 51, shows that except the Iasi 
WWTP, all the other treatment facilities present rather poor removal efficiencies (RE) for every 
indicator, which is also confirmed by the often monthly average values that overcome the MAC values 

(highlighted in table 51).  
 

 
 
 

http://en.wikipedia.org/wiki/Romania
http://en.wikipedia.org/wiki/Ia%C5%9Fi
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Table 51. Wastewater Treatment Plants Performance 

WWTP 
Values 

Indicators, mg/L 

BOD COD TSS NH4
+ DET 

MAC 25 125 35 2 0.5 

 Iasi 

  

  

Average  26.49 78.40 25.61 0.54 0.11 

Max 54.70 183.00 73.00 3.80 0.60 

Min 15.90 51.00 8.00 0.01 0.00 

RE (% ) 74.52 57.93 62.21 96.61 96.11 

 Targu Frumos 

  

  

Average 87.73 229.65 77.67 25.24 0.66 

MAX 241.00 444.00 533.00 47.01 3.10 

MIN 26.00 53.00 19.00 5.09 0.02 

RE (% ) 29.90 34.97 46.42 34.23 66.26 

Podu Iloaiei 

  

Average 88.14 221.26 71.39 27.28 1.94 

MAX 178.00 411.00 177.00 55.60 9.20 

MIN 33.70 82.00 0.00 12.10 0.00 

RE (% ) 44.44 38.50 45.49 32.71 36.62 

 Raducaneni 

  

  

Average  61.92 194.20 62.02 21.42 1.26 

MAX 182.00 1152.00 241.00 37.20 6.80 

MIN 20.20 61.40 13.00 2.40 0.05 

RE (% ) 68.71 62.35 54.66 50.59 70.83 

 Harlau 

  

  

Average  42.12 111.74 55.76 1.28 0.24 

MAX 273.00 223.00 150.00 12.70 2.42 

MIN 12.00 48.40 16.00 0.04 0.04 

RE (%) 74.92 72.02 70.05 99.27 81.25 

 Vladeni 

  

  

Average  189.87 387.05 87.77 140.34 6.38 

MAX 308.00 695.00 228.00 478.40 21.10 

MIN 53.00 136.00 15.00 2.20 0.12 

RE (% ) 62.03 48.93 63.07 33.43 58.24 

 Belcesti 

  

  

Average 76.33 176.85 54.54 34.45 1.08 

MAX 251.00 410.00 188.00 135.20 6.17 

MIN 23.30 57.30 9.00 15.30 0.02 

RE (%) 14.73 27.66 31.37  47.25 

 

The integrated method was applied to assess the environmental impact and associated 

risk for the seven wastewater treatment plants, using the monthly average values of the 5 indicators. 

The probabilities of occurrence of these impacts were calculated for each indicator, with formula given 
by eq. 6, as a frequency of discharge events that overcome 70% of MAC, over a data series that covered 

one year (2005). Thus, it was possible to compare the impacts and associated risks for each location 
and for every impact component, as presented in the next figures. Figure 72 presents the results of the 
integrated quantification of impacts and associated risks induced by the 7 wastewater treatment plants, 

considering the 5 quality indicators. This graph shows a comparison of the performances of the 
WWTPs in Iasi County, and one may observe that the highest impacts and risks are caused by the 

Vladeni WWTP, followed by Belcesti and Podu Iloaiei, while the lowest impacts and risks are induced 
by the Iasi WWTP, although it produces the highest outlet effluent flows. The impacts and associated 
risks present very close values, which is also caused by the high probability values for most of the 

indicators, especially for the rural WWTP. This shows that unless the efficiency of the wastewater 
treatment plants increases, the risks remain very high and the magnitude of the polluting events may 

also cause irreversible damages to the receiving water bodies. The integrated methodology has allowed 
a comparison of impacts and respective risks structures based on environmental indicators, as 
presented in figure 73. 
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Table 52. Impact probabilities of wastewater quality indicators 
 WWTP PBOD PCOD PTSS PNH4+ PDET 

Iasi 0.96 0.15 43 0.07 0.07 

Harlau 0.88 0.67 0.75 0.13 0.17 

Belcesti 1 1 0.75 1 0.5 

Targu Frumos 1 0.83 0.83 1 0.54 

Podu Iloaiei 1 0.96 0.91 0.96 0.78 

Vladeni 1 1 0.82 1 0.95 

Raducaneni 1 0.83 0.71 1 0.63 
 

 
Figure 72. Integrated quantification of environmental impacts and associated risks 

  

 While for the Iasi and Harlau WWTPs, the distribution of impacts and risks indicators is fairly 

uniform, for the other WWTPs one may note that the dominant impact and risk component is the 
ammonium pollution. This is caused by the completely different effluent characteristics of the urban 
and rural areas respectively. For rural areas, the incoming wastewater has much higher ammonia 

concentrations, as a consequence of individual animal husbandry and potential nutrient run-offs into 
the sewage systems, as revealed for Vladeni, Raducaneni and Belcesti. Very high values for ammonia 

impacts and risks were also recorded for Targu Frumos and Podu Iloaiei, which although are denoted 
as urban centers, they presents strong rural characteristics, as demonstrated also by this assessment.  
 

 
a) 

 
b) 

Fig. 73. Breakdown components of impacts (a) and risks (b)  
  

The results of the integrated method of assessing the risks and impacts of the receiving water 
bodies is very well correlated to the ecological assessment performed by the Prut Water Directorate 

according to the WFD methodology and presented in table 53 which indicates that this method is 
suitable for assessing the impacts and risks of point sources on surface water bodies. 
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Table 53. Reviving bodies’ water quality in 2005 
No. Wastewater 

treatment plant 

Receiving 

water body 

Quality 

Category 

Affected 

Length, km 

1 Harlau Bahlui III – moderate 36 

2 Belcesti Bahlui V – bad 8 

3 Podu Iloaiei Bahlui IV – poor 37 

4 Targu Frumos Bahluiet IV-V poor- bad  3 

5 Iasi  Bahlui V – bad  15 

6 Vladeni Miletin IV – poor 35 

7 Raducaneni Bohotin IV – poor  12 
 

This study performed a critical quantification of environmental impact and associated risks 
induced into natural water bodies (tributaries of the Prut River), by 7 municipal wastewater treatment 

plants from Iasi County, Romania. The integrated assessment is based onto a method that allows the 
determination of impacts and risks of point-sources on a single environmental component, in this case 
surface waters, based onto multiple impact components considering the representative quality 

indicators. The results have shown that all of the analysed wastewater treatment plants present very 
high risks for the surface waters, from both the point of view of the magnitude (environmental impacts), as well 

as from the probability of occurrence which confirms the weak points of the existing infrastructure. The 
method can also provide information on the components and probabilities for every impact category, 

which in our case demonstrated that for the rural wastewater treatment plants there are serious 
problems related to ammonia discharges.  
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II.2.2. Sustainable Development, Policies and Planning  

1. Industrial sectors 

1.1. Sustainable development and impact assessment 

The main procedures used for environmental assessment within sustainable development 

concept are impact assessment, risk assessment, life cycle assessment and environmental performance 
assessment. Environmental Impact Assessment (EIA) aims to predict environmental impacts at an 

early stage in project planning and design, find ways and means to reduce adverse impacts, shape 
projects to suit to the local environment and present the predictions and options to decision-makers, 
while the life cycle assessment (LCA) is estimating environmental burdens for energy and materia ls 

used and wastes released into the environment, and identifying opportunities for environmenta l 
improvements. The assessment includes the entire life cycle of the product, process or an activity 

starting from extraction (or excavation), processing, manufacturing, transportation, distribution, use, 
recycle, and final disposal. The LCA guides regulatory agencies and other stakeholders for decision-
making in design, selection and evaluation of a process. It may be used to evaluate the environmenta l 

impacts of a segment within a product or process’s life cycle where the greatest reduction in resource 
requirements and emissions can be achieved. By using EIA and LCA both, environmental and 

economic benefits can be achieved, such as reduced cost and time of project implementation and 
design, avoided treatment/clean-up costs and impacts of laws and regulations (UNEP, 1999). 

To evaluate the quality of environmental components (air, water, soil, and human health), 

environmental management applied tools as risk assessment (RA), environmental impact assessment 
(EIA), and life cycle assessment (LCA). EIA has tended to focus on the identification of impacts 
associated with planned activities or projects (Demidova, 2001; Robu, 2005), whereas environmenta l 

risk assessment (ERA) involves a rigorous analysis of those impacts: the calculation of the probability, 
and magnitude of effects (Robu et al., 2009). The application of risk management tools aid in selec tion 

of discreet, technically feasible and scientifically justifiable actions that will protect environment and 
human health in a cost-effective way. The risk based on life cycle assessment (RBLCA) is a process 
of weighting policy alternatives and selecting the most appropriate action by integrating the 

environmental risk assessment with social, economic, and political attributes to reach a decision (Robu 
et al., 2007). For environmental impact assessment there are three procedures broadly used at national 

level: impact assessment for new activities/projects, impact assessment for activities functioning and 
strategic environmental impact assessment for plans, programs and policies. Environmental impact 
and risk assessments consider human health and environmental components issues from different 

aspects. For this reason one can assume that the integration of risk assessment (RA) and environmenta l 
impact assessment (EIA) is a complex issue, which deserves to be considered from different aspects. 

Nowadays, the trend is to integrate the main environmental assessment procedures into one, in order 
to have compete picture of an effects induced in environment by a plan, program or policy, not only 
for activities or projects as currently. 

 
1.2. Strategic Environmental Assessment (SEA) in Romania 

1.2.1. International frame for SEA 
As generally understood, Strategic Environmental Assessment (SEA) is a systematic and 

anticipatory process, undertaken to analyse the environmental effects of proposed plans, programs and 

other strategic actions and to integrate the findings into decision-making. In the Protocol on SEA to 
the United Nations Economic Commission for Europe (UNECE) Convention on EIA in a 

Transboundary Context (hereafter the SEA Protocol) SEA refers to: the evaluation of the likely 
environmental, including health, effects, which comprises the determination of the scope of an 
environmental report and its preparation, the carrying-out of public participation and consultations, 
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and the taking into account of the environmental report and the results of the public participation and 

consultations in a plan or program. The international regulations context is stated up by the followings : 
1. European Council Directive 2001/42/EC, surnamed SEA Directive and which refers to the   
evaluation of environmental effects of some plans, programs and policies, and it is applied from July 

2001 (ECD, 2001). 
2. United Nations Economic Commission for Europe (UNECE) Protocol for Strategic Environmenta l 

Assessment signed by Romania too on 21st of May, 2003 within the 5th Ministerial Conference 
Environment for Europe, held at Kiev, Ukraine. This regulation is surnamed SEA Protocol (Protocol 
on Strategic Environmental Impact Assessment) and approves the European Convention concerning 

strategic environmental impact assessment for plans, programs, policies that could influence not only 
the owners, in transboundary context. 

 
1.2.2. National frame for SEA 

Considering the international regulations (ECD, 2001), Romanian authorities for 

environmental protection have stated the national regulations that refer to the strategic environmenta l 
impact assessment, which is not required in the following situations: 

a) for projects, programs that have as unique goal the national defence and civil protection; 
b) for projects, programs that have financially and budgetary characteristics; 
c) for projects, programs oriented to financial support of rural development through European fond for 

Agriculture Orientation and Guaranty – Section Guaranty 2007. 
The European Directive and SEA Protocol have been transposed into Romanian legisla t ion 

after three years since the European regulations have been implemented, as follows: 

1. Governmental Decision no. 1076/2004 surnamed SEA Governmental Decision, regarding the 
procedure for strategic environmental impact assessment for plans or programs, published in 

Romanian Official Monitor, part I, no. 707 from 5th of August, 2004 (GD, 2004); 
2. Order no. 117/02.02.2006 for approval of Handbook of procedure for strategic environmental impact 
assessment for plans, programs and policies (Order, 2006a). 

3. Order no. 995/21.09.2006 for approval of List for plans, programs that are required for Strategic 
Environmental impact assessment, in accordance with Governmental Decision 1076/2004 (Order,  

2006b). 
The Romanian authorities for environmental protection have stated that the Governmenta l 

Decision for SEA is amending other national regulations used before 2004 for environmental impact 

assessment, which are: 
a) Order of Ministry of Waters, Forests and Environmental Protection no. 125/1996 for approval of 

Procedures for regulation of economic and social activities with significant impact on environment, 
published in Romanian Official Monitor, part I, no. 73 from 11th of April, 1996 with further its  
amendments (Order, 1996); 

b) Order of Ministry of Waters, Forests and Environmental Protection and of Ministry for Public works 
and territorial development no. 214/RT/16/NN/1999 for approval of procedures for Environmenta l 

impact assessment in order to obtain the Environmental Permit, published in Romanian Offic ia l 
Monitor, part I, no. 187 from 30 April, 1999 (Order, 1999). 
 

1.3. Multi-criteria method for strategic environmental assessment 

1.3.1. The SEA objectives 

The main objective of strategic environmental impact assessment for plans, programs and 
policies is to ensure a high level of environmental protection and to integrate the environmental aspects 
into preparation, elaboration and approval of certain plans, programs or policies that promote 
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sustainable development. The specific objectives of SEA, considering the environmental protection 

strategy and sustainable development concept are: 
a) to ensure that the effects of implementation of plans, programs or policies are taken into 
account, and the details are considered too, before their implementation and even before their approval;  

b) to set up common requirements for SEA procedure, needed to ensure a high level of 
environmental protection; 

c) to define a final regulation frame that could allow the approval of plans, programs or policies 
based on the environmental information collected within SEA procedure, considering the same 
requirements. 

 
1.3.2. Procedural Steps in Strategic Environmental Assessments 

 The strategic environmental impact assessment is applied from neither the beginning of plan, 
program, policy elaboration, before its approval nor sending into regulation frame, and it follows three 
very important steps (Fig.1): 

1. the aiming and scoping of plans, program, policy in SEA procedure; 
2. the defining and finalizing of the plan, program, policy and elaboration of the Environmenta l 

Report; 
3. the final analyses of the quality of Environmental Report and decision making. 
 

1.3.3. Multi-criteria method 

The multi-criteria method proposed to assess the plans, programs or policies is considering 
each option proposed within assessed plan/program/policy and the way of reaching the environmenta l 

criteria. The proposed matrix is going to be applied for a master plan, proposed at regional level 
regarding the management of flooding situations. Using this matrix the interactions of each option with 

each environmental criterion are considered, individually, and, overall, the effects are estimated using 
key symbols (Table 54).  

 

Table 54. Key symbol proposed in multi-criteria method 
Key Symbol Definition  

+ + Likely to perform positively against the environmental criteria and deliver 
enhancement opportunities  

+ Likely to perform positively against the environmental criteria 
0 Unlikely to have any significant effects 

- Likely to perform negatively against the environmental criteria 
 - - Likely to have a long-term negative effect on the environmental criteria  

+/- Likely to perform positively and negatively against the criteria  

 
In proposed method each group of management measures/options within certain management 

actions are proposed, is assessed considering environmental component defined by specific 

environmental criteria (Table 55). The environmental criteria considered are: biodiversity, flora and 
fauna; population, human health and material assets; water, soils, cultural heritage and landscape. 

 
Table 55. Multi-criteria analyses (example) 

Plan/Program/Policy Environmental criteria 

Overall 

Management 

option proposed 

Group 1 

(MOPG1) 

Management 

Actions proposed 

within group 1 

(MAPG1) 

Biodiversity, flora 

and fauna 

Population, 

human 

health and 

material 

assets 

Water Soils 

Cultural 

heritage 

and 

landscape 
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Option 1 Action 1 

Action 2 
Action 3 

- ' - -' - -' - -' - -' 

 - -' 

Option 2 Action 1 

Action 2 
Action 3 

- -' - -' - -' - -' - -' 

- -' 

Option 3 Action 1 

Action 2 

Action 3 
Action 4 

++' ++' ++' ++' +' 

++' 

Option 4 Action 1 

Action 2 
Action 3 

- +/- +/- +/- +/- 

 +/- 

Option 5 Action 1 

Action 2 

+' +' +' +' +' 

 +' 

Overall +/-' +' +' +/-' +' +/-' 

 

1.4. Results analyses 

The SEA process assists authorities responsible for plans and programs, as well as decision-
makers. The main benefits of SEA consist in: providing high level of environmental protection, 

improvement of the quality of plan, program or policy making, increases the efficiency of decision 
making, facilitation of identification of new opportunities for development, prevention of costly 
mistakes, increases the overall transparency of strategic decision-making and allows the early 

consideration of the opinions of key stakeholders in the plan or program making process and 
facilitation of trans-boundary cooperation. Strategic Environmental Assessment (SEA) process 

informs planners, decision makers and affected public on the sustainability of strategic decisions , 
facilitates the search for the best alternative and ensures a democratic decision making process. This 
enhances the credibility of decisions and leads to more cost- and time-effective environmenta l 

assessment at the project level. For this purpose, a good-quality SEA process (IAIA, 2002): 
1. is integrated which: 

a. Ensures an appropriate environmental assessment of all strategic decisions relevant for 
the achievement of sustainable development.  

b. Addresses the interrelationships of biophysical, social and economic aspects.  

c. Is tiered to policies in relevant sectors and (transboundary) regions and, where 
appropriate, to project EIA and decision making. 

2. is sustainability led that involves:  
a. Facilitates identification of development options and alternative proposals that are more 

sustainable. 

3. is focused:  
a. Provides sufficient, reliable and usable information for development planning and 

decision making.  
b. Concentrates on key issues of sustainable development.  
c. Is customized to the characteristics of the decision making process.  

d. Is cost- and time-effective. 
4. is accountable: 

a. Is the responsibility of the leading agencies for the strategic decision to be taken.  
b. Is carried out with professionalism, rigor, fairness, impartiality and balance.  
c. Is subject to independent checks and verification. 

d. Documents and justifies how sustainability issues were taken into account in decision 
making. 

5. is participative: 
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a. Informs and involves interested and affected public and government bodies throughout 

the decision making process.  
b. Explicitly addresses their inputs and concerns in documentation and decision making.  
c. Has clear, easily-understood information requirements and ensures sufficient access to 

all relevant information. 
6. is iterative:  

a. Ensures availability of the assessment results early enough to influence the decision 
making process and inspire future planning.  

b. Provides sufficient information on the actual impacts of implementing a strategic 

decision, to judge whether this decision should be amended and to provide a basis for future decisions.  
 

The purpose of this work was to describe the state of the art of strategic environmenta l 
assessment procedure in Europe, and the way of its implementation in Romania. The main European 
regulations transposed at Romanian level were also presented. This paper described a multicrite r ia 

method that could be applied for strategic environmental assessment of plans or programs. In proposed 
method each group of management measures/options within certain management actions are proposed, 

is assessed considering environmental component defined by specific environmental criteria. The 
environmental criteria considered are: biodiversity, flora and fauna; population, human health and 
material assets; water, soils, cultural heritage and landscape. In this way the interaction with 

environmental criteria of each option and of each action proposed within each option is assessed 
considering certain key symbols. The matrix offers a detailed analysis for each management option 
from assessed plan/program/policy, and a general overview too. In this way the decision making 

process is becoming more transparently and improved. The main benefits of SEA consist in: providing 
high level of environmental protection, improvement of the quality of plan, program or policy making, 

increases the efficiency of decision making, facilitation of identification of new opportunities for 
development, prevention of costly mistakes, increases the overall transparency of strategic decision-
making and allows the early consideration of the opinions of key stakeholders in the plan or program 

making process and facilitation of trans-boundary cooperation. 
 

2. Agriculture sector 

2.1. Sustainable development concept and agriculture 

2.1.1. Sustainable agriculture 

The idea of sustainable farming relies on raising its yield along with a safe and constant gain 
with minimum environmental impact and by ensuring the population’s food security. Sustainab le 

agriculture is a large concept that encompasses the complexity of this production system, the biologica l 
stability of farming plants and varieties, the conservation and protection of natural resources, but also 
the implementing and generalization of high-output modern technologies. Sustainable agriculture 

involves economically viable technologies over a long time span with large crops, obtained with lower 
costs. Any agricultural system must have as high as possible a long-term productivity which is not 

only determined by the quality of the resources pool, but also by the socio-economic framework. This 
is why the agricultural production systems’ sustainability has at the same time a physical and a socio-
economical dimension. In order to be sustainable and viable, a system must meet the following 

requirements: 
• maintain and improve the physical environment; 

• resistance toward external pressure or strong perturbations; 
• satisfy the society’s needs in terms of food products; 
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• ensure the economic and social welfare of farmers. The system’s solidity depends on social 

justice and not only on the provision of a momentary income, but also on a constant financial support 
that avoids land decay and farmer poverty and which consolidates rural communities (Fig. 1).  
• renew natural resources and preserves the “natural” reserve at an acceptable level; 

• fight the irreversibility of economic and biological processes by risk prevention strategies, 
point technological progress toward environment protection, and reasonably and fairly distribute 

prosperity. 
Sustainability is an ecological concept that has economic consequences; it recognizes the 

dependence of economic growth and farmer’s welfare on natural resources that all living systems rely 

upon, such as crop areas and livestock (Fig. 73) (Bran, 2002; Bran et al., 1999; Manescu and Stefan, 
2005). Sustainable agriculture must envisage the following aspects: maintain the production potential 

over a long time span, use rational agricultural practices, manage and protect natural resources, 
preserve agricultural biodiversity, secure farming profitability, provide sufficient and enough food for 
the entire population, social and human equity and ethics fostering. Sustainable agriculture must rely 

upon the farmers’ tasks, requirements and aspirations, as well as on the restrictions they confront with 
not only in farming activities, but also in domestic and non-farming activities. Under conditions of 

intensive and sustainable agriculture, when the farmer dynamically and dramatically intervenes as a 
modifying and regulating factor in the production process, it is necessary to know the environmenta l 
physical and chemical factors that work together in shaping the crop and the cultures’ requirements 

towards them as well. The ecological support that sustains the normal development of the vital 
processes within the plants must be also well known. The biological activity of the plants, as well as 
the technologies adapted in order to obtain the crop take place in energy and substance transfer units 

that act on certain geographical areas. Keeping the balance of the production factors, their scientif ic 
dosage according to the plant’s biological requirements and with the local soil and climate conditions 

is the key to ecological agriculture. In this context, Food and Agriculture Organization of the United 
Nations (F.A.O.) (Bran, 2002; Bran and Ioan, 2004; Manescu and Stefan, 2005) considers that “for a 
sustainable development, natural resources must be preserved and prepared and technical and 

institutional changes must be performed so as to satisfy the needs of present and future generations. In 
farming, fishing and forestry, this means to preserve land, waters and zoo-genetic and phyto-genetic 

inheritance and to utilize environmentally-safe, well technically adapted and socially-acceptab le 
means” (Parpală, 1995). 
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Fig. 73. Sustainable development in agriculture (Bran, 2002; Manescu and Stefan, 2005) 
 

 
Fig.74. Principles of sustainable agriculture 
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2.1.2. Actions for sustainable agriculture 

The issues presented by FAO in its Report analysed at the 107th Session held on October 10th 
1994, which became the United Nations Development Program stipulates sustainable agriculture 
fostering and involves the following actions (Bran and Ioan, 2004; Manescu and Stefan, 2005):  

1. technological: overall pest control of plant parasites, set up of integrated plant nutrit ion 
systems, preservation and improvement of crop areas, sustainable agro-technical measures; 

2. biological: preservation and use of plants’ genetic resources, development of high-yie ld 
and nutritional contents hybrids and varieties; 

3. environmental: protection and improvement of the farming environment; 

4. socio-economical: farming policies compatible with sustainable agriculture objectives 
at national or sector scale, effective water and soil management, viable national or local-scale 

agricultural development programs, participation of rural communities, authorities, and organizat ions 
in the set up and implementing of these programs, and fostering of management and information 
systems usage; 

5. research and development: set up of a national and regional network of R&D, as well 
as fostering the scientific and technological results among farmers, and monitoring of the 

aforementioned actions in order to make them reach the farmer as soon as possible and at affordable 
costs. 

  

2.1.3. Sustainable agriculture in Romania 

Romania has survival agriculture with very low economic efficiency small family crop fields 
and therefore implementing sustainable agriculture principles on the basis of internationa l 

organizations criteria and other countries’ best practices is very difficult. In Romania, only 3.7 million 
ha of crop land meet sustainable farming criteria. 12 million ha out of the 16 million of farming land 

are subject to human factors. Seven million ha of crop land are vulnerable to surface and in-depth 
erosion and to landslides. Erosion is intense on 3.5 million ha out of this surface area, reaching as much 
as 20-25 to/ha per year in Vrancea and Buzău counties from Romania, compared to a soil regeneration 

capacity of 2-3 to/ha per year (Bran, 2002; Bran and Ioan, 2004; Manescu and Stefan, 2005).  
The experience of countries with intensive farming shows that mechanization is a fundamenta l 

sustainable agriculture criterion that is only applicable on large crop areas in economically-viab le 
farms. Mechanization also means a high yield, which represents another basic sustainable agriculture 
criterion. The implementation of sustainable agriculture in Romania in family-owned farms must be 

performed according to the country’s specific conditions and still requires a vast amount of research, 
re-structuring and investment and special policies designed to correlate the farming sector with the 

other economic sectors as well. (Bran and Ioan, 2004; Manescu and Stefan, 2005; Răuţă et al., 1997).  
For Romania a set of general principles that might solve the problem is put forward (Bran, 2002; 
Manescu and Stefan, 2005; Răuţă et al., 1997): 

• the legal settlement of farming land resources, especially of high quality land. It is not 
specified whether these crop areas remain crumbled to pieces in small farms, or will be integrated in 

farm associations which can be systematically state-subsidized in order to achieve a high yield; 
• fostering of plant production – animal husbandry integration and with other collateral 

activities. Combined farms are capable of providing their own fodder; a 1-3 ha farm cannot acquire 

this task; only 10-20 ha farms can do it. 
• natural resources (soil, water, plants, livestock) protection and improvement by 

landscape restoring, which also includes crop land arrangement and organization and irrigations and 
land improvement; 
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• development of an agriculture in harmony with nature, favouring eco-types related to 

natural flora and fauna, and restoring biodiversity and protecting the cultural and newly-created 
heritage. 

Two main principles govern the farming policies at global level. The first one consists of crops 

increase, the training of high performance worldwide-competitive farmers. The second principle deals 
with creating conditions that allow the farmers’ income to equal the income in other economic sectors.  

The main objectives and actions regarding environmental agriculture are: 
1. To obtain chemicals-free farming products; 
2. To achieve diversified, balanced, sustainable farming systems that ensure the natural 

resources protection and public health; 
3. To comply with the major basic principles of environmental farming: 

• development of production structures and soils based upon highly-adaptable breeds, 
species, and varieties; 

• constant support and improvement of the natural soil fertility; 

• integration of animal husbandry with the plant-growing and plant by-products 
production system; 

• rational use of conventional energy resources and their gradual replacement by 
renewable ones; 

• use of farming technologies in plant-growing and animal husbandry that meet the 

breeds’, varieties’, and species’ requirements. 
4. The conversion of conventional farming into an environmental one will consider the 

development of a viable sustainable agricultural eco-system. The conversion timeline will be as 

follows: for annual field crops – 2 years; for perennial plants and fruit tree orchards and vineyards – 3 
years; for grazing meadows and fodder cultures – 2 years; for cattle – 12 months; for small ruminants 

and swine – 6 months; for milk-giving animals – 12 weeks; for poultry – 10 weeks; for beekeeping – 
1 year. 

 

2.2. Tools for sustainable agriculture 

The most important European legislations approved by European Committee are the 

regulations that represent strong tools of Environmental Committee that have a general applicability - 
they are compulsory and directly applied to European Union members; and the directives that are tools 
by with European Council or Committee requires to Members States of European Union to transpose 

them in its legislation. 
The European Union has stated the following general goals: 

1. equilateral promote of economic and social progress, specially trough creation of 
environment without borders, trough straightness of economic and social cohesion and trough 
establishment of economic and monetary union that final goals is use of one unique currency;  

2. increasing of the presence of European identities at international, world level, trough 
appliance of an external policy for security, safety and common defence; 

3. protection of rights and interests of humans from member states of European Union 
trough establishment of common citizenship; 

4. development of close cooperation in justice field and internal affair; 

5. improvement of experience of European legislation by reviewing of settled protocols 
and agreements in order to ensure the efficiency of European institutions mechanism. 

To achieve the goals settled by European Union, the following directions are considered: 
• common commercial policy; 
• common policy in agriculture and fishery fields; 
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• common policy in transports field; 

• common policy in social field, including European Social Funds; 
• strengthening of economical and social cohesion;  
• policy in environmental protection field;  

• strengthening of competitiveness in industry field;  
• sustain the research and technological development;  

• initiation and development of trans-European networks;  
• the achievement of high level of health protection;  
• the contribution to high quality education;  

• policy of development cooperation;  
• policy to protect the consumers;  

• policies for energy fields, civil protection and tourism. 
 

2.2. Standards and world organization 

The governments from main developed countries with advanced agriculture sustain the 
ecological agro products that are healthier and have high nutritional principles. In United States of 

America it was conducted the Organic National Program, and, currently, Federal Low of Organic agro 
products allow to the organic certified farms to produce ecological products by organic agriculture. In 
Europe, there is a large area of regulations and directives, especially of European Council and 

European Commission, concerning the agriculture and ecological agriculture, such as: Regulation of 
European Council no. 2092/1991 from 24th June (ECR, 1991a) and its amendments; Regulation of 
European Council (EC) no. 1804/1999 from 19th of July (ECR, 1999) and the regulations of 

International Federation for Organic Agriculture Movement (IFOAM). The norms and directives 
concerning the biodynamic agriculture, biological and organic don’t negatively influence the 

conventional ecological agriculture, but it completes, enlarge their field, taking into account the current 
quality of natural environment, biogeography characteristics, the current state of agricultural systems 
and the assurance of safety food for people from all over. Sustainable agriculture contributes to 

prevent, control the ecological disasters, the re-enhancement of ecosystems, soil fertilization and 
improvement of national quality of food. This type of agriculture uses conventional practices from 

technical-scientifically point of view. The most important organization that promotes the suitable 
practices for sustainable agriculture is IFOAM, founded in 1972 at Versailles and it has developed its 
activities in more than ninety countries. So that, IFOAM through its regulations (ECR, 1991b) have 

established the goals of sustainable agriculture that have to be achieved by farmers: 
1. to produce agro products with high nutritional quality and in needed quantities; 

2. to develop and improve the life systems going through biological cycle; 
3. to promote and improve the biological cycles in agrarian systems, in respect with 

microorganism, soil flora and fauna, cultures and animals growths.  

At world level there is not yet well established an international regulation that could define the 
directions for production and control of organic products; the directives of IFOAM are different, and 

there are differences between Law of biological food production (OFPA/1990) from USA and 
Regulation of European Union (VO 2092/91/EWG) (ECR, 1992; Law, 1992)) and Codex Alimentary 
of USA (http://www.codexalimentarius.net/web/index_en.jsp). 

At European level, at the beginning of ‘90s the biological production of plants was regulated 
by European Commission, but it was improved nowadays. Thus, the Regulation of European Council 

(ECR, 1991a, b) states a very important step in process of biological agriculture promotion at European 
level, but not only, and the framework, labels, production aspects and the way of products control are 
established. Biological/organic/ecological agriculture requires to avoid the use of chemical fertilizer 
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and pesticides, and to create an equal market and to protect the consumers the minimum requirements 

are established by this regulation, and these are as follows: 
• to avoid the use of chemical fertilisers and pesticides, reduction of water and soil 

pollution; 

• maintenance of soil structure by uses of special techniques such as vegetables 
plantation; 

• to enhance the biodiversity, directly by choosing to cultivate species that unusually are 
not cultivated, and indirectly using practices for control of pollution. 

In the last years there are adopted more regulations in this field, sustainable agriculture and 

financial support could be obtained from European Commission by the following regulations (ECR, 
1991a; ECR 1991b; ECR, 1992; ECR, 1993a, ECR, 1993b; ECR, 1999): 

• European Council Regulation no. 2092/1991 and its amendments on organic production 
of agricultural products and indications referring to on agricultural products and foodstuffs, Offic ia l 
Journal L 198, 22/07/1991.  

• European Council Regulation No. 2328/91 regarding the improvement of agricultura l 
systems, amended by Commission Regulation (E.C.) No 2631/94 (4). 

• European Council Regulation no. 2078/92 on Agricultural Production Methods 
Compatible with the Requirements of the Protection of the Environment and the Maintenance.  

• European Council Regulation No. 2052/88 of 24th June 1988 on the tasks of the 

Structural Funds and their effectiveness and on coordination of their activities between themselves and 
with the operation of the European Investment Bank and the other existing financial instruments, 
published in European Official Journal No. L185, 15.7.88, p.9, as amended by Council Regulat ion 

(EEC) No. 2081/93 of 20th July 1993, published in European Official Journal No. L193, 31.7.93, p.5. 
• European Council Regulation No 3669/93 of 22 December 1993 amending Regulat ions 

(EEC) No 2328/91, (EEC) No 866/90, (EEC) No 1360/78, (EEC) No 1035/72 and (EEC) No 449/69 
with a view to expediting the adjustment of production, processing and marketing structures as part of 
the reform of the common agricultural policy. 

• European Council Regulation no. 1804/1999 on measures to provide information on, 
and to promote, agricultural products in third countries, supplementing Regulation (EEC) No 2092/91 

on organic production of agricultural products and indications referring thereto on agricultura l 
products and foodstuffs to include livestock production, published in Official Journal of the European 
Communities L 222, 1999. 

European Commission has adopted the specific regulations, mentioned above which consist in 
an important framework for organic zoo technical field in order to achieve the sustainable agriculture. 

The sustainable agriculture has been partly achieved by the followings: 
1. education and awareness for organic/biological/ecological agriculture; 
2. financial support for farmers to promote and practice sustainable agriculture; 

3. technical support for farmers to apply the proper techniques, practices for sustainab le 
agriculture. 

Regarding the products control and eco-labelling, the European regulations requires that any 
farmer who practice organic/ecological agriculture to notify the government authority for agriculture 
and follow its procedure. If the farmer is applying in the same time ecological agriculture and 

conventional agriculture, it is compulsory to clearly define the land and products obtained by 
conventional and ecological agriculture, and the same plants cannot be cultivated. If these requirements 

are not followed the government authority can forbid the practice of ecological agriculture and eco-
label is not awarded by farmer. The European regulations are very clearly in this direction of eco-
labelling of agro products, and it is established what kind of agro products can be eco-labelled. 
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The integration of Romanian agriculture into European ones has as main consequence the agro-

industrial production that need to be adapted to European quality standards. In this context, the 
ecological agriculture and ecological or organic or biological products are more sustained and 
promoted by financing the ecological farms and eco-labelling procedure. In Romania, this type of 

agriculture more friendly with environment is not still well recognized and legislation was provided 
such as: 

• Governmental Decision no. 917/2001 ( G.D.,2001)  
• Ministerial Order no. 527/2003, published in Official Monitor no 613/2003 (Minister ia l 

Order, 2003a)  

• Ministerial Order no. 721/2003, published in Official Monitor no. 701/2003 
(Ministerial Order, 2003b)  

• Ministerial Order no. 317/191 from 28th of June, 2006 regarding the modification of 
Order of Ministry of Agriculture, Food and Forests and of National Authority for Consumers 
Protection no. 417/110/20024 for approval of specific roles regarding the eco-labeling of agricultura l 

products, published in Official Monitor no. 598/2006 (Ministerial Order, 2006a). 
• Ministerial Order of Ministry of Agriculture, Forests and Rural Development no. 662/6 

September 2006 that modifies and completes the Ordinance 34/2000 regarding the ecological agro-
food products  (Ministerial Order, 2006b)  
 

2.3. Common agriculture policies 

2.3.1. Typology and orientation 
The common agriculture policies for interventions are made for different sector, markets and 

types of farmers, due to the fact that their mains are influenced by complexity of activities in agriculture 
sector. The agriculture policies are market and consumers oriented and there are three types of polic ies 

(Macoveanu et al., 2008, Manescu and Stefan, 2005): 
a) Interventions policies for markets of agriculture products;   
b) Structural policies, for facilitation of access of the farmers to production equipments and 

technologies;  
c) Permanent policies to sustain the entrepreneur and small farmers and to increase the 

integration of first tow policies. 
 
2.3.2. New perspectives 

For the first time, in December 1995, in Madrid, European Commission presented to European 
Council the Agriculture Strategy (Bran and Ioan, 2004; Manescu and Stefan, 2005) that underlined the 

important role of competitiveness in agriculture sector in European and world market and the necessity 
of an integrated agriculture policy. Later on, in November 1996 a European Report regarding the 
cohesion in European Union highlighted the necessity of sustainable development in agriculture sector 

through a market of price and products oriented. The increasing of efforts for integration of economic 
potential to ecological aspects in rural areas is obvious year by year. The main document that sustains 

all these principles established in Common Agriculture Policy is Agenda 2000. Thus the Common 
Agriculture Policy approaches on long terms the following aspects: agricultural markets, food demand, 
agricultural production, prices for agricultural products, negotiations, East extension, consumer’s 

requirements, and trends in environmental protection in agriculture sector. The further goals of 
agricultural policy, underlined in Agenda 2000 are:  

• Increasing and improvement of competitiveness; 
• Production of agricultural products considering the consumers demands and quality 

standards, for assuring the principle of safety food in European Union; 



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   184 

 
 

• Stability and safety for workers in agricultural sectors; 

• Ecological methods for productions in agricultural sectors and sustainable agriculture, 
considering the preservation of natural resources and natural views. 

 

There are two very important aspects that need to be considering for development of sustainab le 
agriculture: the status quo of current agriculture policy and the reform (Macoveanu et.al, 2008, 

Manescu and Stefan, 2005; Robu, 2005). European Union limited the frame legislation and common 
goals for development of new strategies that will define the minimum needed for unique rolls in order 
to avoid the different interpretations by each member.  

 
2.4. Strategy of sustainable agriculture in Romania 

In agriculture field and sustainable development of rural areas, the strategic goals for Romania 
are proposed (Appendix, 2008; Macoveanu et al., 2008):  

1. The reinforcement of private sector for agriculture considering the following aspects: 

•  The increasing of retrocession process landed properties,  
•  The financial support to promote the efficient agriculture farms, 

•  The found the culture insurance for calamity situations. 
2. The financial support for private sector in agriculture, but differently in order to increases 

the performances:  

• the creation of a subsidy system directly addressed to farmers, based on the criteria of 
transparency and economic efficiency, 

• the supporting the activities of national interest for combating pests and diseases and 

ensuring the need for chemical fertilizers and pesticides, 
•  the stimulation of agriculture products markets considering the standards for food 

safety and quality, 
•  The consultancy offered by specialists to farmers for implementation of new 

technologies and quality standards in agriculture. 

3. The support and development of environmental protection principles and measures in 
agriculture:  

• The identification of areas that present environmental restraints and financially support 
the farmers from these areas, 

• The development and implementation of ecological or organic or sustainab le 

agriculture;  
• The allocation of special founds for farmers who practice sustainable agriculture in 

order to cover the financial differences resulted from practicing conventional agriculture and 
sustainable agriculture.  

4. The awareness and training of farmers regarding the green technologies in agriculture sector, 

the European programs for financially supporting the sustainable agriculture and the need of young 
people to be involved in agriculture sector.  

5. The improvement of organizational structures and standards marketing, food quality 
assurance, safety food al European level. 

6. The development of rural areas considering the current services from these areas, the 

infrastructure and cultural heritage.  
7. The implementation of Acquis communitaire for applying the Common Agriculture Policy. 

 
The organizational strategy of conventional farms, based on sustainable development concept 

is taking into account the followings: 
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• The possibility to create farms on medium or large scale, comparing with individua l 

farmers with very few possibilities to explore the land. 
• The consolidation of agriculture farms at high scale considering the consultancy 

companies that can offer the know-how and management practices for this field.   

• The support by government for a fair price on the market for good products concordant 
with quality and safety food standards. 

• The funding of specialized organism for the control of chemicals use in agriculture and 
for establishment of maximum values/quantities allowed for using in agriculture field. 

The sustainable agriculture farms is taking into account the optimization of technologies that 

consider the economical use of chemicals in agriculture, at minimum level, if possible, and the 
production at high quality and required quantities with lower prices. From practicing the sustainab le 

agriculture it resulted that the ecological farms have a higher income than the others, 35.9% compared 
with 29% in conventional farms. The higher income in ecological farms is due to the lower costs 
involved in practices for ecological agriculture, and due to the high quality of ecological products more 

often sold on agriculture market.  
In sustainable agriculture operates a variety of culture systems that are subject of pedo-climatic 

factors, also, the use of techniques of land cultivation, the increasing flows of technology and how they 
are affected are other important factors considered in sustainable agriculture development. In 
traditional farming systems are covered those conventional ones, from small and medium land areas, 

including parts of artificial chemicals use and mechanization, but also intensive and mechanization of 
chemicals use, frequently based on high conventional energy consuming and methods are applied for 
industrial cultivation in large areas. The amendment of sustainable agriculture is an effective way to 

protect the environment, maintaining soil fertility and natural processes within ecological agriculture 
system. Currently, there is in Europe a large archive of regulations and directives, specially emitted by 

European Council and European Commission regarding the sustainable agriculture and ecologica l 
products. The main regulations applied at European level are regulation no. 2328/91 regarding the 
improvement of agricultural systems, amended by regulation no 2631/94 (4), regulation no. 2092/1991 

and its amendments on organic production of agricultural products and indications referring to on 
agricultural products and foodstuffs; regulation n 3669/93 that amending regulations no 2328/91, no 

866/90, no 1360/78, no 1035/72 and no 449/69 with a view to expediting the adjustment of production, 
processing and marketing structures as part of the reform of the common agricultural policy. Also, 
very important regulations for sustainable agriculture are the regulations emitted by Internationa l 

Federation of Organic Agriculture Movement (IFOAM). The European legislation has been translated 
at national level, and the main Romanian regulations for ecological agriculture are the Governmenta l 

Ordinance no 662 from 2006 that modifies and completes the Governmental Ordinance no 34/2000 
regarding the ecological agro-food products, and Governmental Ordinance no 152/2005 is referring to 
integrated pollution prevention and control. At world level there is still not adopted a unique 

international regulation that can define the directions for sustainable production in agriculture and the 
quality of organic/ecological products. The regulations emitted by International Federation of Organic 

Agriculture Movement (IFOAM) are different comparing with the regulations of other internationa l 
organizations for ecological agriculture, such as European Union Regulation (VO 2092/91/EWG) or 
Codex Alimentary of United States of America. In Romania biological or ecological or organic 

agriculture doesn’t have an official recognition, its development being based on European Union 
regulations regarding the environmental protection, and these new aspects are further to be considered 

for national strategy for sustainable agriculture. 
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2.5 European management practices for sustainable agriculture 

Many different terms have come to be used to imply sustainability in agricultural systems such 
as: eco-agriculture, permaculture, organic, ecological, low-input, and biodynamic, environmentally-  
sensitive, community-based, wise-use, and farm-fresh and extensive. There is continuing and intense 

debate about whether agricultural systems using some of these terms qualify as sustainable. Systems 
high in sustainability are making the best use of nature’s goods and services whilst not damaging these 

assets, and the key principles are the followings (Crissman et.al, 1998): 
1. integrate natural processes such as nutrient cycling, nitrogen fixation, soil regeneration and 
natural enemies of pests into food production processes; 

2. minimize the use of non-renewable inputs that damage the environment or harm the health of 
farmers and consumers; 

3. make productive use of the knowledge and skills of farmers, so improving their self-reliance 
and substituting human capital for costly inputs; 
4. make productive use of people’s capacities to cooperate to solve common agricultural and 

natural resource problems, such as for pest, watershed, irrigation, and forest and credit management. 
The idea of agricultural sustainability means that if a technology works to improve productivity 

for farmers, and does not harm the environment, then it is likely to be beneficial on sustainability 
grounds. Agricultural systems emphasizing these principles are also multi- functional within 
landscapes and economies. They jointly produce food and other goods for farm families and markets, 

but also contribute to a range of valued public goods, such as clean water, wildlife, carbon 
sequestration in soils, flood protection, groundwater recharge and landscape amenity value (Baumol 
and Oates, 1988; Georgiou et.al, 1998; WSSD, 2002). Sustainability implies intensification of 

resources – making better use of existing resources (e.g. land, water, and biodiversity) and 
technologies. The intensification using natural, social and human capital assets, combined with the use 

of best available technologies and inputs (best genotypes and best ecological management) that 
minimize or eliminate harm to the environment, can be termed sustainable intensification (Altieri M., 
1995; Hester and Harrison. 2005).  

Agriculture can negatively affect the environment through overuse of natural resources as 
inputs or through their use as a sink for pollution. Such effects are called negative externalities because 

they are usually non-market effects and therefore their costs are not part of market prices. Negative 
externalities are one of the classic causes of market failure whereby the polluter does not pay the full 
costs of their actions, and therefore these costs are called external costs (Defra, 2005; NASS, 1993). 

Farmers have few generally incentives to prevent pesticides escaping to water bodies, the atmosphere 
and to nearby nature as they transfer the full cost of cleaning up the environmental consequences to 

society at large. In the same way, pesticide manufacturers do not pay the full cost of all their products, 
as they do not suffer from any adverse side effects that may occur. Partly as a result of lack of 
information, there is little agreement on the economic costs of externalities in agriculture. Some 

authors suggest that the current system of economic calculations grossly underestimates the current 
and future value of natural capital. Such valuation of ecosystem services remains controversial because 

of methodological and measurement problems and because of its role in influencing public opinions 
and policy decisions. The great success of industrialized agriculture in recent decades has masked 
significant negative externalities, many of which arise from pesticide overuse and misuse (Gulden and 

Entz, 2005). A key aspect of modern agriculture is how it uses land and other natural resources 
intensively to produce high yields of crops and other products. These processes depend on the use of 

fertilizers and agro-chemicals to control pests and diseases. Modern agricultural practices have, in the 
relatively recent past, prioritized food production above environmental concerns and, as a result, 
adverse impacts on biodiversity and water quality have been commonplace. These adverse effects are 
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very specific to particular countries and regions. This is partly because of differences in management 

practices and partly because of natural environmental heterogeneity (Downey R., 1999; P2Pays, 1995). 
It has been recognized that the effects on water quantity and quality, rates of soil erosion and 

biodiversity have been reaching levels where the costs of mitigation and remediation are sufficient ly 

high to affect taxpayers’ pockets (e.g. water bills can nowadays reflect the need to protect 
environmental resources). Concurrently, in many regions of the world, particularly in north-west of 

Europe, there are moves to reform institutions such as the Common Agricultural Policy (CAP) in a 
way that redresses the balance between agricultural yields and environmental goods and services.  

Thus, it has been accepted that any rebalancing of priorities would only be possible if land 

managers and owners were able to make a continuing living from the land. There is now a substantia l 
move to encourage agriculture to use land and crop management practices that are more sustainab le 

(fig.75). The use of appropriate agronomic practices is essential while growing herbicide tolerant 
varieties if this technology is to remain effective. It is recommended the promotion and maintenance 
of careful management practices for growers who use these crops to minimize the development of 

multiple resistances. 
 

 

 

Fig.75. Management practices for sustainable agriculture 
 

There are a number of beneficial management practices (BMPs) which agricultural producers 
can incorporate into their farming practices to decrease their impact on greenhouse gas emissions. 
These BMPs can be placed into four management sectors: soil and land management, livestock 

management, crop management, and nutrient management (LeBaron and McFarland, 1990; Lee and 
Colt, 2005; Muir and Rattanamongkolgul, 2005). 

 
Soil and land management 

Reducing the number of tillage passes over a field decreases CO2 emissions by both lowering 

total fuel consumption and sequestering, or storing, carbon in the soil. While zero tillage systems emit 
less carbon (C) through fuel and machinery use, they do exhibit greater herbicide use (Table 56); 

however, the use of herbicides in agriculture constitutes a very small portion of total carbon emissions 
(less than 7%/year). 
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Table 56. Comparison of carbon emissions (C/ha/yr) in conventional and zero tillage systems  
 Conventional tillage (CT) Zero tillage (ZT) ZT as % of CT 

Machinery 10.55 7.08 67.1 

Fuel  22.56 14.57 64.6 

N fertilizer 54.9 51.53 93.9 

P fertilizer 7.7 7.34 95.3 

Herbicide 4.52 5.87 129.8 

 
The carbon content of restored wetland basins increases at a rate 2 times greater than if the 

wetland basin was left in the cropping system (Hester and Harrison, 2005). As well, the crop seeded 
in low-lying areas of the field often drowns out, building up azoth concentrations in the soil; therefore, 

the potential for N2O emissions in these depression areas is high. Although seeding and harvesting 
around wetlands may be unfavourable to producers, including these areas in the cropping system is 
often a waste of seed and fertilizer (Gulden and Entz, 2005). 

 
Livestock management 

Higher quality feed needs less time in the rumen for digestion, leading to a decrease in methane 
emissions from cattle. The Westman Agricultural Diversification Organization (WADO) carried out a 
study and underlined that to decrease the risk of anaerobic decomposition of manure and lower CH4 

emissions, it is important to avoid stockpiling manure. The amount of bedding should also be kept to 
a minimum as the high C content of straw favours CH4 production. Thus a best management practice 

could be avoiding excessive manure applications may also prevent the build-up of N in the soil (Janzen 
et.al, 2003).  

 

Crop management 

Establishing perennial forages is an important issue in agriculture sector. Perennial forages, 

such as alfalfa, require fewer tillage passes, extract N from deep in the soil and have the ability to 
sequester C deeper in the soil (due to the deep rooting habit of the crop). Growing the legume crops is 
another appropriate practice that could be applied as best management practice in agriculture because 

the legume crops have the ability to “fix” their own N, thus requiring less N fertilizer during the season 
in which they are grown (Lee and Colt, 2005; Altieri M, 1995). 

 
Nutrient management 

Nitrogen source, rate, timing and placement should all be considered to match the availability 

of N to the requirements of the crop (use N fertilizer efficiently). Soil testing is a key part of this 
strategy as it informs the producer of N availability in the soil and N requirements for the subsequent 

crop. It is extremely important that residual N is not carried over through the winter, considering the 
potential for loss as N2O during spring thaw (Janzen et.al, 2003). 

 

Integrated pest management (IPM) 

IPM is a decision-making process that can be used by growers to reduce pesticide use by 

evaluating the need for controls of pests on their fields and evaluating all available alternatives to 
controlling those pests. Globally, there is a need to agree on a definition of IPM, and communicate this 
definition to the stakeholders that work in the agriculture industry. Apparently, many growers are 

intimidated by IPM because, from their point of view, this could be an approach in which no pesticides 
are used, but IPM approaches do not eliminate the use of pesticides (LeBaron and McFarland, 1990; 

Riekman and Cavers, 2005). 
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Challenges in establishing Beneficial Management Practices (BMP) 

The major challenge with establishing full BMPs is in the lack of quantitative data on the 
impact that these practices have on greenhouse gas production. In many cases, it is assumed that BMPs 
will decrease greenhouse gas emissions, based on current knowledge of the processes creating the 

gases. In the case of N2O, research is currently being carried out on the landscape element of these 
emissions, but understanding the effect of landscape on emissions is complex. Nowadays, the 

orientation is to decrease greenhouse gas emissions, and for this it is important that precise data be 
collected to better understand the potential of these BMPs and their impact on mitigating greenhouse 
gas emissions. 

 
Other management issues for sustainable agriculture 

In order to make land management more sustainable, key issues of the internationa l 
sustainability agenda need to be taken on board by any economic or social group trying to reach the 
goal of sustainability. These issues can be extracted from the United Nations document Plan of 

Implementation of the World Summit on Sustainable Development, Johannesburg, 2002 and from 
related documents prepared under the auspices of the United Nations Economic Commission for 

Europe as follows: 
• Patterns of consumption and production need to be examined throughout their complete 

life-cycle in order to determine the balance between economic and social advantage and environmenta l 

impacts. Such studies have to determine the capacity of the environment to produce a range of 
ecosystem services from any given parcel of land, to consider the function of soil in flood defence 
where the capacity of soil to absorb water can be a key mitigating factor. 

• Stakeholders need to be aware of the options for managing land in different ways. In 
considering options, the risks and opportunities associated with each option need to be taken into 

account. Awareness of options, risks and opportunities will help them make an informed choice as to 
which option is the most sustainable given their particular set of social, economic and environmenta l 
circumstances. 

• Stakeholders need to be engaged not only in the decision-making process but also in 
formulating information gathering and research activity designed to help them make informed choices 

(i.e. choices made with knowledge of the outcomes of decisions). The process of stakeholder 
engagement should make it possible to resolve conflicts over natural resources and devise sustainab le 
management plans that should secure the livelihoods of future generations and the interests of the 

environment. 
• Decisions on sustainable land-management may need to be made at geographical scales 

that are above the traditional decision-making unit of the field, farm or estate. In other words, land 
owners and managers may need to make decisions at the scale of the river catchments or the landscape. 
This would entail levels of co-operation between stakeholders of a very different kind to that which 

society is used to. One key to success would be the provision of information on options for land 
management at such scales. 

• To make land management practices work, indicators of sustainability will need to be 
developed using multi-criteria techniques. For such indicators, or for key components of multi-crite r ia 
indicators, there would need to be thresholds of acceptability that were based on an understanding of 

ecological and environmental processes regulating biodiversity or setting the rates of biogeochemica l 
or hydrological cycles. Thresholds would have to be set such that remedial action could be taken before 

any problems became serious enough to do harm or damage.  
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The agricultural sectors can cause environmental contamination by various pollutants involved 

in its processes such as organic compounds and heavy metals which need to be studied closely, since 
they are generally toxic to animals and plants. The main risk is contamination of water supply or food 
chain via crops. Impact on agriculture is also arising from unintended adverse effects of herbicide and 

pesticide use considering that they may harm human health, environment and may create problems in 
agriculture if used in excess. This is the reason that European organism for agriculture established 

policies, strategies and best management practices that can converge to sustainable agriculture at 
European level. Adopting the key management issues is challenging for all concerned, it may well be 
that agriculture is a good area in which to test them and establish good working practices. This is 

because the agricultural sector has already dealt with environmental issues over a number of years. A 
system of regulation of pesticide use has evolved with a strong scientific base in the area of pest and 

disease control. In many senses this system of regulation has the effect of balancing, through a network 
of committees, the need for adequate supplies of good quality food against concerns for human health 
and environmental integrity. Good quality of impact and risk assessment has been the key to success 

in agriculture sector. But, landscape level management has yet to be tried. There are very few tools, 
easy to use to help make such systems work, and further policies should be stated in order to establish 

clearly the best practices for sustainable agriculture. 
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II.2.3. Ecological Awareness and Educational Strategies  

1. Ecological awareness 

The main focus of sustainable development is on rational usage of natural resources, which run 
the risk of depletion and degradation, also on obtaining a decent standard of living for the present and 

future generations, equitable distribution of general and specific income, with an emphasis on the 
ecological constituent of the environment. The importance of the sustainable development problems, 

the fight against pollution and the negative effects of the global climate change, led in 1992 to the set-
up of the first UN conference (Earth Summit), which was followed by those from Johannesburg in 
2002, New York 1997, Kyoto 2004 and Montreal 2006. For the EU general strategy, sustainab le 

development has become a concern of substance; the Maastricht treaty highlights the fact that 
sustainable development is a political objective, applicable to all member states. In 2001, the Council 

of Europe meeting at Gothenburg (Sweden) adopted the first EU sustainable development strategy, 
which was modified in 2002, 2005 and 2006. So, the EU Council passed a new sustainab le 
development strategy, taking into consideration the fact that there were new members. This strategy 

has a uniform, coherent character with a clear purpose, related to various ways of exploiting and 
developing natural resources. Thus, each country can follow the main coordinates of this strategy and, 

at the same time, can create their own sustainable development strategy, in accordance with the specific 
characteristics of their natural, social and economic circumstances. The clarification of the sustainab le 
development concept led to particularized implementations, in various areas of economy, favouring 

the theoretical approach of tourism. So, the World Tourism Organization (WTO), and other UN 
organizations tried to fulfil the sustainable development conditions in tourism; WTO organized a 
number of international activities for sustainable development in tourism throughout 2008. 

The environment and all of its components make up a sum of workable resources, on which 
tourist activities depend. The interdependence between environment and tourism results from the fact 

that the earnings derived from tourism are more valuable than natural and cultural resources. 
For many decades, tourism has been beheld not only in terms of its economic advantages: income 
growth, more jobs, practical applications for less known resources, but also in terms of its authentic ity: 

creating conditions of uncontrolled development of tourist activities in many countries, which are 
renowned for their remarkable tourist heritage. The sustainable approach of tourism demands that 

some goals should be achieved, and in order to protect the environment, embodying them must regard 
the interdependence between tourism and other economic divisions: 
- support less environment-harming tourist activities; 

- reduce the pollution produced by tourism; 
- respect diversity, cultural identity, equal opportunities and cut any kind of discrimination; 

- implement tourism projects on innovation and economic and social competitiveness, where the 
individual and collective prosperity conforms with the environment, in order to broaden the 
applicability of sustainable development (SHU, 2008). 

 
Sustainable tourism and environmental education 

Tourism has achieved outstanding things: it is an instrument for transferring welfare and for 
creating jobs, but still, it has a number of limitations, such as: cultural impact, transportation and 
conventional tourism. The cultural impact of tourism has not always had a positive character. Thus, in 

some situations it can conduce to the extinction of local customs, the alteration of political balance, 
and in some cases it can lead to the loss of local control over the activity. Transportation can add to 

the effects of global warming and can affect the atmosphere (for example air and road transport release 
massive quantities of emissions in the atmosphere). The relationship between conventional tourism, 
on the one hand, and culture and environment, on the other hand, is an irreversible and faulty one, 
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because the latter are considered resources meant to be exploited and depleted. Conventional tourism 

is a short-term industry, which survives through permanent development. Achieving a sustainab le 
tourism requires an open and long-term approach, materialized through partnerships with those 
interested and through obtaining special skills and the capacity to accept the necessary risks. The 

partners can be chosen from the public or private sector, as well as from the non-profit organizations. 
The partnership implies/refers to: involvement of the media, public education, training courses for 

people working in tourism, policy planning, marketing, elaborating regulations and giving up the 
regulations when needed, finding a system to stimulate new ideas by the public sector. The quality and 
the role of education are fundamental when establishing partnerships, but especially to the inherent 

structure of the group/macro-group. It is obvious that, of all types of education, the environmental one 
is meeting the requirements of such a context. “The main objective of environmental education is to 

improve the quality of life, by providing the knowledge, the skills, the motivations and the values that 
the population needs in order to take on the responsibility of maintaining the quality  of the 
environment” (Macoveanu, 2005). 

In general, “environmental education studies the influence of human activities upon the 
environment” observing mainly the animals and the human beings in the natural and artific ia l 

environment. The purpose of  environmental education is to create positive attitudes, a “sustainab le 
behaviour” towards the environment, which means that the purpose of environmental education 
consists in “understanding one’s own behaviour and the way it  can affect the quality of environment” 

relying on the knowledge about social and environmental systems, but also on the emotional and 
ethical constituent – the responsibility area, the value system and the necessary attitude for building a 
stable/sustainable society (Ioan et al., 2008; Ioan, 2010). In other words, as Burcu and Burcu (2005) 

show, environmental education is “a cross-curricular topic, which helps people understand nature, live 
as members of the biosphere, aiming to develop their ability to support the normal environmenta l 

activity”. In the same reference we find the following approach to environmental education: 
– education about environment, which explains the way natural systems work; 
– education in the environment, which provides the relevance, the reality and the practical 

experience of learning; 
– education for the environment completes the forms of education mentioned earlier. It develops 

the sense of responsibility towards the environment, develops the skills and the motivation to 
participate in the action of improving the environment, and asserts the ability to approach a lifestyle, 
which is compatible with the responsible use of resources”. 

Environmental education mainly refers to being aware of problems, as well as understand ing 
personal values, through “the discovery” of attitude and understanding, by helping people to evaluate 

and clarify their feelings towards the environment, in this way helping people to solve their problems. 
Thus, every person is helped to understand the fact that people have different values and those conflic ts 
between these values must be approached in order to prevent and solve the environmental problems. 

The practical aspect of environmental education is that various skils can be formed – for example, 
planting a tree, reducing electricity consumption, damaging less the environment (Ecologica l 

Education, 2008). When people study the environmental problems, the knowledge is gathered both on 
the basis of scientific information and also by approaching historical, cultural and social elements; the 
environment consists not only in nature, but also buildings, highways, power plants, things that must 

be taken into consideration when one organizes environmental education activities. In the Ecologica l 
Education Manual (Ecological Education, 2008) the main five purposes of environmental education 

are discussed and highlighted: 
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Awareness: it helps people understand and care about the environment and environmental problems; 

it develops the ability to understand and distinguish the incentives, to process, smooth and develop 
these perceptions; it contributes to the use of these new skills in various situations. 
Knowledge: it helps people gain a basic understanding of the environmental activity, of the human 

interaction with the environment, of how the environmental problems occur and how can people deal 
with them. 

Attitude: it comes in support of individuals, helping them get a set of values and feelings of concern 
for the environment, motivation and commitment to participate in maintaining the environmenta l 
quality. 

Habits help people acquire the skills needed to identify and investigate the environmental problems, 
contributing to finding a solution for these problems. 

Participation: people can use their acquired knowledge and skills, thus gaining experience, when they 
participate in positive and well-thought manifestations, which may lead to some answers for problems.  

Sustainable tourism, a tool and an implementation method for environmental education, is a 

concept designed to conduct tourism in the interest of all parties: the host habitats and their 
communities, tourists and the tourism industry. This way, it tends to achieve a balance between 

development and conservation, to find the best-suited kind of tourism for a certain area, taking into 
consideration environment and culture. With the aim to achieve this balance, it is necessary to stimulate 
and promote environmental education. The North-East Region of Romania could reap the benefits of 

environmental education, because it is an area where life standard is impaired, compared with other 
regions of the country, and sustainable tourism could rehabilitate the economic and social standards. 
All the more, through the concept of sustainable tourism, tourist activities and development are 

planned, and also tourism is integrated in a balanced relationship which includes the evolution of 
society. 

 

2. Sustainable education  

As stated in the Rio Declaration on Environment and Development Issues, education plays a 

key role among the 18 principles of sustainability: “Environmental issues are best handled with the 
participation of all concerned citizens. Nations shall facilitate and encourage public awareness and 

participation by making environmental information widely available” (Rio Declaration, 1992). 
Education for sustainable development is the most effective tool to acquire sustainability since it 
endows the individual with the necessary basic skills, determines correct behaviours, and generates 

awareness. “It seeks to develop the knowledge, skills, perspectives and values which will empower 
people of all ages to assume responsibility for creating and enjoying a sustainable future.” (UNESCO, 

1998). Chapter 36 of Agenda 21 defines four major directions to be followed by education for 
sustainable development (Agenda 21, 1992): 
1. Improve basic education 

2. Reorient existing education to address sustainable development 
3. Developing public understanding and awareness 

4. Training 
The first two items refer to education in the classical sense, which means school (grammar 

school, gymnasium, and high school) and higher education (university) and for this reason, they do 

not fit to the framework of the present guide. The last two directions correspond perfectly to the present 
approach. In the report “Education and Learning for Sustainable Consumption”, issued in 1999 by 

OECD, the statement “education and learning initiatives can play a positive role” (OECD, 1999) means 
that promoting sustainability through life- long learning will develop the citizens’ environmenta l 
competence and will determine them to radically change their consumption patterns in a sustainab le 
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manner. Understanding that an individual or a group of individuals structured on the most different 

criteria (for instance: a family, a professional group such as students, managers or administration staff, 
third-age persons, persons with disabilities, etc.) has needs that have to be satisfied, to educate in order 
to address sustainability means to develop attitudes, behaviours, and skills that allow to satisfy the 

needs in the general framework of sustainability. This is why we must firstly define which these needs 
are and by what means these needs can be satisfied in a sustainable way.  

The second step is to define which abilities/capabilities/skills need to be developed at a general 
level, the next one is to define transferability and which are its criteria and its limits, and the last step 
is to define assessment/evaluation criteria for the effectiveness of the education/training activit ie s 

performed. The main metamorphosis that must occur in the individuals’ mentalities is that of the 
substitution of immediate interest by interest in preserving next generations’ heritage, which means to 

educate those abilities that can be created within any group in similar conditions (through 
transferability) by adapting (familiarizing and assimilating) the general needs matrix in order to reach 
the superior level corresponding to the sustainable development mentality. When trying to define the 

essence of this approach, it is needed to start from the idea that each individual, regardless of his/her 
ethnic origin, education level, social status or position etc. has a set of fundamental needs. These needs 

mean more or less survival and they represent the “selfish” side of each of the human being. There are 
two ways these needs can be satisfied: the “hard” manner, when the individual satisfies his/her needs 
no matter how (not caring about anything), and the “soft” one, when the individual is aware of the fact 

that he or she is part of a community and therefore there are other members that must be taken into 
consideration. The individual’s way of acting is determined by the attitude towards the environment 
(the world he/she lives in). This is why is first essential to define those fundamental needs of an 

individual that lead to an unsustainable development of humankind. They constitute what we call the 
matrix which is present in each individual and which has to be stimulated to “grow” just like as bread 

in order to go beyond the stage of immediate satisfaction. 
 

 
Fig.76. The concept at the basis of the guide (Ioan et.al, 2005) 
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Behaviour refers to the overall reactivity of the human being. Consequently, the response to 

the stimulus represented by education for sustainable development will be the sustainable mentality 
quantifiable by the behaviours and attitudes of an individual, a group, or a population. By public 
participation we may have the feedback of the needs and wishes of the community, when checking 

whether the essential elements of education for sustainable development can be adopted and 
implemented by that community. One can also evaluate the outcome of an education for sustainab le 

development program by assessing the activities of former learners as multipliers. The way they 
propagate the knowledge and the way they use their new skills for this goal can be a very useful tool 
of evaluation. Evaluation as well as education must be performed on different levels by means of 

programs adapted to each category. 
Evaluation of the compatibility of students' transversal competencies with the 

environmental engineering field requirements considering the theoretical horizon of psycho-
pedagogical and sociological sciences, the professional performance of the specialist is strongly 
dependent on the compatibility between his personality characteristics - beyond the theoretical and 

practical knowledge specific to the profession - and particular requirements of the different 
occupations of the respective specialization. This assertion can also be inferred from the regulatory 

documentation of the design and organization of higher education programs at national level, where 
we find that distinct professional competences and transversal competences such as "Autonomy and 
Responsibility", "Social Interaction" and "Personal Development" have been defined, the latter having 

the function of boosting the value of premiums. Trying out after graduating different occupations to 
identify compatibility is an inefficient strategy that involves certain risks for both the graduate - 
repeated dissatisfaction leads to the loss of self-esteem with serious consequences - and for the forming 

institution that jeopardizes its image. At the level of the Bachelor and Master Degree studies in 
Environmental Engineering educational domain, the students' personality dimensions as an expression 

of compatibility between the specific requirements of occupations characteristics were analysed 
(Carcea et.al, 2017). 

Research methodology assumed some research hypothesis Specialization in environmenta l 

engineering offers a wide variety of occupations that have some common requirements, general for the  
specialization and some requirements specific to occupations in certain professional functions. In this 

preliminary investigation, the knowledge of the general and specific requirements of the different 
occupations relevant to the field of specialization in environmental engineering is assessed in terms of 
an introspective approach of the professionals in the field. The requirement in the data collection tool 

specifies that the respondent should relate to his/her own personality in the field in which he/she carries 
out his/her activity, to the requirements of his/her specific position. The data collection tool in the form 

of an inventory of defined personality features is offered for on-line completion by dissemination in 
specialized institutions and professional backgrounds, such as the Environmental Inspectorate, The 
Environmental Protection Agency, Education and Research Institutions, Industrial Environment, 

independent consultancy companies. 
The Data Collection Inventory (ICT) brings together criteria for characterizing the personality 

from three interdependent perspectives defined by valid instruments as follows: 
– Enhanced personality traits after the Big Five DECAS test adapted for the Romanian 

population 

– Vocational Structured Interests in Occupational Themes JVIS Model 
– Interpersonal behaviour according to M. Zlate (2004). 

A total of 35 professionals with different occupations in the field of the environment responded 
to the inventory as follows: 13 environmental commissioners, 6 researchers and teachers, 6 
environmental counsellors, 5 environmental inspectors in industrial firms, 3 service managers in the 
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field, 1 independent consultant and 1 economist. Features such as CONSCIOUSNESS and 

STABILITY are claimed as necessary in the vast majority of occupations; the exception is made by 
the Environmental Inspector from industrial companies to which AGREABILITY appears to be more 
important than STABILITY. The brief analysis of the data allows the following findings to be made: 

1. The profile of personality highly compatible with the characteristic activity of environmenta l 
engineering is clearly outlined and concerns the following elements: Conscientiousness, Emotiona l 

Stability, Logic, Objectivity and Cooperation. Except for emotional stability, these dimensions are 
educational and must be targeted through explicit teaching activities of cross curricular training during 
the undergraduate studies. Topics of self-organizing study, technological discipline, or disciplines such 

as Organizational Psychology, Leadership and Interpersonal Relationships, Psycho-Sociology of 
Small Groups/Professional Teams, Creative Psychology, Innovation Techniques, etc., are 

recommended. 
2. Different engineering occupations involve different transversal competencies, meaning that 

functions with specific guidance and control content require priority of convenience and cooperation, 

while organizational and leadership functions predominantly require stability, objectivity and 
compliance with conventions in the sense of severe compliance procedures and algorithms. 

The curriculum defines the status of the discipline in the program, the objectives of the discipline 
through which the competences can be achieved and the thematic contents by which the objectives are 
achieved by categories of theoretical and applied activities. The Romanian National Council of 

Scientific Research (NCSR) has defined the transversal competencies for the Bachelor's Degree 
Program in Environmental Engineering based on the Level Descriptor of transversal competencies.  

a. Transversal competencies (TC) are globally defined across the curriculum in the sense that 

the structural elements of the competencies concerned are not specified in years of study; 
b. Value or attitude acquisitions are not found in the definition of transversal competencies, 

even though some formative disciplines of descriptors foresee and address through their content 
aspects such as: professional and personal development, responsibility, entrepreneurship, social 
interaction; 

c. The structural features of TC's competency do not include the specificity of the engineer ing 
profession in terms of restrictions/technological discipline, awareness of environmenta l 

costs/implications and the impact of new technologies on the person, society or the work market; 
d. The structural elements of TC2's competency do not include issues that concern specific 

activities in the diversity of occupations accessible to specialization (e.g. entrepreneurship, marketing, 

human resources, consultancy etc.); 
e. The structural elements of TC3's competency do not address important issues, such as the 

consolidation of vocational interests, the cultivation of a constellation of motivations for professiona l 
development with career aspirations in the field and at the level of studies, as well as the 
instrumentation of the gathering, storing and processing of information through modern documentat ion 

techniques as a way of increasing adaptability to professional life. 
The disciplines associated with transversal competencies are studied predominantly in the 

second half of the bachelor's programs, in the final years and some disciplines are formally associated 
in their entirety with cross curricular competences, such as modern languages or physical education 
and sport. The clear majority of the descriptive disciplines related to descriptors do not clearly indicate 

the level of transversal skills. The formal criteria agreed within a multidisciplinary team consisting of 
a psychologist, pedagogue and experienced engineers, as well as concerns about the training of 

technical design staff. The training program analysed is characterized by a relatively confusing strategy 
of training transversal competencies as the objectives are defined in a general way, on the training 
cycle, without being operationalized on specific objectives, by years of study. In terms of the status of 



      “Gheorghe Asachi” Technical University of Iasi    Brindusa Mihaela Sluser 

 

 

 

 
Habilitation Thesis   197 

 
 

the training strategy, declaratively, the disciplines associated with transversal competencies are mostly 

compulsory, with credits corresponding to the standards, but these disciplines are not specific to the 
formation of the defining factors of the transversal competencies. 

In the current system of transversal skills training in the analysed study programs, we have not 

identified a coherent and differentiated strategy on the occupations listed in the Romanian Agency for 
Quality Assurance in Higher Education accreditation Document, as: 

a. The occupations covered by the bachelor's training plan belong to a very wide range of 
occupations in the COR, at least on the size of the functions from technological engineering to design 
and research; 

b. The defined transversal competencies are directly related to the national matrix of the 
National Qualifications Framework in Higher Education, valid for higher education as a whole, 

without being derived from the technical specificity of an engineering program; 
c. Transversal competencies are not progressively operationalized by years of study; 
d. By the formal criterion used and the disjunctive mode of association of the disciplines, the 

transversal competencies are treated non-integrated to the overall formation, unitary and differentiated 
by occupational categories of the specialist. 

In order to optimize this approach, some general measures were proposed: 
M1. Establishing an organizational entity of university didactic consultancy to ensure the 

consistency of supporting documents for the design of  the educational strategy based on professiona l 

psycho-pedagogical research through: deductive derivation of the competencies-objectives-contents 
ratios, information/consultations regarding the behavioural (psycho-social) content of transversal 
competencies and their explicit and implicit training. 

M2. Crediting educational and career counselling programs supervised by specialists in 
departments of teacher training with higher didactic degrees (self-knowledge, learning to learn, 

stimulation of vocational interests, self- motivation, professional career training). 
M3. Though valuing of the individual identity of the student, the potential of personal 

development through offers of optional complementary specialization packages certified according to 

the department of teacher training model, by occupations representative of the level of studies. 
 

 

  
Fig. 77. Expressed vocational interests in employment 

themes - support of professional performance 

Fig.78. Expected social behaviour in the working 

environment 
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Table 57. Strategic milestones for cross-curricular skills formation 
Descriptors of Transversal 

Skills Training 

Related Activities 

 
Defining Strategic Objectives for 

Transversal Skills 

1. To identify the specific skills to the COR occupations covered by the study 

program, based on broad interdisciplinary research, through the integrated 

involvement of the academic and the economic environment; 

2. Defining the competencies on the three categories of learning outcomes 

provided by the CNCIS document, depending on the technical specificity of 

engineering in general, of the occupations covered by the study program; 

3. Build the progress scheme of cross-curricular training over years of study. 

 
Associating disciplines 

1. Establishing the credit report devoted to the formation of transversal 

competencies implicitly through specialized disciplines and explicitly through 

disciplines specific to transversal skills formation; 

2. Building the thematic module or specialized disciplines specific to cross -

curricular training (Exp. Theory and Practice of the University Study, Engineering  

Psychology, Leadership and Group Dynamics, Professional Communication, etc.) 

by cycles and years of study. 

Integration of forms of 

educational/formative 

activities 

 

1. Establishing ways in which fundamental and technical disciplines contribute 

to the formation of transversal competencies, e.g., homework helps increase 

conscientiousness; independent papers (summaries, syntheses, papers, reviews) 

help personal development; group projects help to engage in professional co-

operation; personalized practice under tutorship helps develop autonomy; 

2. Elaboration of counselling programs with a credited contribution to the 

formation of transversal competencies, 

especially on the dimension of personal development. 
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PART II. ACADEMIC AND SCIENTIFIC RESEARCH 

FUTURE WORK  
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II.1. Scientific Research Goals 

 
The international and national specializations that contributed to the candidate’s professiona l 

development, as well as the doctoral and post-doctoral fellowships (e.g. Marrie Currie Training Site), 

and the international experience exchanges at prestigious European Universities and at State 
University of New York at Buffalo, Colorado State University, USA, have improved the field of 

environmental impact and risk assessment, and clearly defined the further scientific research goals. 
Thus, considering the fact that for more than 20 years I have been part of a high quality research 

group in the Environmental Engineering and Management field, and, based on the scientific results 

previously obtained and internationally recognised, the future scientific work will focus on: 
i. improving the integrated methods that could be applied for environmental assessment, as 

well as for health assessment – developing of new environmental health assessment; 
ii. developing and improving methods used for occupational health assessment, industrial 

hygiene and safety; 

iii. developing of online inter-laboratories that could facilitate multiple and simultaneous 
applications of environmental assessment tools and comparison of certain instruments generally used 

in decision making process; 
iv. developing new approaches in social responsibility and assuring the transfer of know how 

in practice to improve decision making process. 

 

 
 
I was/am the coordinator of 12 research contracts or grants, and in the last 5 years I conducted 

or supervised research grants or environmental quality and monitoring contracts financed by economic 
companies, and from which the following contracts/projects are mentioned: 

1. World Bank funds, Romanian Secondary Education (ROSE) project, contract AG 
195/NC/SGU/II/13.09.2019–StepUp,(2019-2022) (http://www.cercetare.icpm.tuiasi.ro/rose_stepup/). 

2. Research contract no. 901P/2015, Studies regarding the radioactivity level of 

construction materials made from bricks and ACB, beneficiary S.C. PRO – BCA Organizatia Patronala 
a Producatorilor de BCA. 

3. Research contract no. 1399P/17.09.2015, Waste dump monitoring in Campia Turzii, 
Cluj, beneficiary S.C. Proexrom SRL, (2015-2017). 
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 Among the research grants developed lately and in which I have been part of, I mention my 

contribution to those that the scientific goals were/are directly correlated to my expertise: project 
SUSTENVPRO - Sustainable Environmental treatment and integrated processes, wastewaters reuse 
and solid wastes valorisation, Grant PN-III-P1-1.2-PCCDI-2017-0245, coordinated by professor 

Carmen Teodosiu, contract no. 26/2018, period 2018-2020 (http://sustenvpro.dimm.tuiasi.ro/); project 
WATUSER - Integrated System for Reducing Environmental and Human-Related Impacts and Risks 

in the Water Use Cycle WATUSER, Research Grant 60/2012, PN-II-PT-PCCA-2011 (National 
Collaborative Applied Research Project), 2012-2016,; project STEDIWAT - Technical and Decision 
Making Support System for Sustainable Water Management, Research Grant 32125/2008, PNCDI II 

(National Programme for Research, development and Innovation II), 2008 – 2011, both projects 
coordinated by Professor dr. eng. Carmen Teodosiu. One of the research objectives of WATUSER 

(http://www.ch.tuiasi.ro/cercetare/parteneriate/watuser/Home.htm) project was to develop innovative 
evaluation instruments that will enable the identification and abatement of environmental and human-
related impacts and risks over the whole water use, thus specific instruments for the identificat ion, 

quantification and control of environmental impacts and risks, over the water use cycle, applied to 
regional water operator were developed. My contribution was to develop and improve an integrated 

index for environmental impact and risk assessment, as well as to identification and assessment of 
health hazard related to the water use cycle. In case of STEDIWAT project 
(http://omicron.ch.tuiasi.ro/stediwat/)  my contribution was directly addressed to the development of 

technical innovative support related to monitoring, modelling and prediction tools to be used for 
integrated and sustainable water resources management at basin level. Within these projects the 
integrated approach in environmental impact and risk assessment, developed by the candidate in 2005 

and improved or adapted for various situations to be applied for development of decision support 
system that could ensure the scientific data base when environmental decisions are made.   

 As the candidate deeply considers the coninouity principle and coherent integrated approach 
in development strategy og Environmnetal engineering and Management field, as the previous 
collaborations should continue and development of new scientific research direction are considered 

through: 
a) financial support to update and improve the research and teaching laboratories by developing 

new laboratory on Environmnetal Assessments and Management topic; 
b) involvement in current laboratory works and activities of Laboratory for Environmneta l 

Components Analysis and Control (LACMED) and other associated laboratories under Department of 

Environmnetal Engineering and Management; 
c) development and improvement of collaboration with economic and industrial companies 

with the goal of know-how transfer, consultancy on environmnetal matters; 
d) continuous development of Environmnetal Assessment research topic, considering 

integrated approaches in applying certain tools for environmnetal assessment and management; 

e) development of new environmnetal assessments applications, not only for economic or 
industrial activities, but for products, services, policies, development plans as well; 

f) development of environmnetal clusters or Nexus in Environmental Assessments. 
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II.2. Academic Future Activity 

 

The academic activity and its national and international visibility is recognized by 

organizations that act in the field of Environmental Engineering and Management. Thus, the candidate 
is founder or co-founder, president or vicepresident or board member as follows: 

 
A. Member of professional organizations: 
 - president of academic Organization for Environmental Enineering and Sustainable Development, 

NGO founded in 1997; 
- board member and co-founder of National Society for Environmental Sciences and Engineering; 

- member of Romanian Association of Environmental Experst from Romania; 
- member of American Industrial Hygiene Association, Denver, Colorado, USA. 
- member of Intermediunet Romanian Association (INRO). 

 
B. Reviewer or board member of International Scientific Journals: 

- reviewer and financial manager of Environmental Engineering and Management Journal; 
- board member of Current Environmnetal Management Journal, Proceedia Journal and European 
Journal of Science and Theology; 

- reviewer for Journal of Environmental Management,  Environnemental Monitoring and Assessment, 
Waste management Journal. 
 

C. Member of national or international evaluation and control teams, under national authorities (e.g. 
Ministry of Finance, Ministry of Environment, Ministry of Research and Education – ANCS) and 

member of internal evaluation group regarding the educational programs (B.Sc. and M.Sc.) at TUIasi 
(http://chestionar.uefiscdi.ro/docs/programe_de_studii.pdf, pagina 23 and 
http://pe.forhe.ro/ro/metodologia-de-evaluare). 

 
D. International / national institutional mutual agreement or Erasmus agreement with American 

Industrial Hygiene Association-Rocky Mountain Section, Colorado, USA, Colorado School of Mines, 
USA and Erasmus Agreement with Colorado State Unniveristy, Forth Collins, USA and Lisbon 
University, Portugal, National Inspectorate for Emergency Situations, Romania, Research institute 

from Turkey. 
 

Thus, I will continue to be present and active in the life of the academic community, I will 
contribute to the development of collaborative relationships, partnerships with prestigious 
international universities, I will continue to coordinate students in order to develop dissertation/license 

projects. I will also support and collaborate with the department's PhD students enrolled in the PhD 
program in the field of Environmental Engineering. The internal and international specializations that 

were achieved lately in the field of environmental assessments (including environmental impact 
assessment, risk assessment, integrated impact and risk approaches and environmental audit), as well 
as experience that I gained as an environmental expert recognized and certified by the Ministry of 

Environment and Climate Change (Environmental Plan/Programs Report, Environmental Impac t 
Report for the evaluation of new projects/activities, Environmental balances for the evaluation of 

activities in operation) have contributed to the development of environmental assessments application.  
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As mentioned before, my educational and academic objectives naturally reflected in:  

a) Continuously developing the content of these subjects and related applications so that the 
graduate of these courses is able to manage the identified environmental issues;  

b) Development of new topics in the stated field and integrate them in one instrument to 

improving decision making process;  
c) Developing students' capacity to approach practical, more easily case studies, real problems 

and to find viable solutions;  
d) Development of an environmental assessments laboratory, equipped with Internet-connected 

PCs with the aim of improving the application part of the competition disciplines, so that certain 

seminars, projects can be carried out by students online (www.tosia.com, www.plurel.com, etc.).  
 

 In this context, I propose to promote an autonomous, active, students situational training based 
on constructivist approach, which mainly involves:  

• student oriented educational process, direct, interactive student involvement and 

participation;  
• conducting classes and laboratory applications in participatory form, in which students learn 

a lot from the roles they play;  
• the teacher's abandonment of the expert’s roles and organizer in favor of those of guide, 

participant and observer;  

• stimulating creativity, fostering independent thinking, action; 
• stimulating curiosity as the main purpose of training work;  
• generating intrinsic motivation as a result of specially created stimulating situations.  

 
Success in my academic, didactic career is also conditioned to achieve the following goals that 

I propose:  
• supporting the teaching activity by publishing all the courses by Educational Ministry 

recognized publishing houses;  

• modernizing the educational process by using IT solutions and multi-media presentations;  
• development of e-learning publications for course materials and applications;  

• implementing interactive teaching methods based on collaborative creativity; 
• diversification of methods for assessing the quality of student training;  
• expanding the partnership relationship with students;  

• improving the material base in the teaching laboratories;  
• carrying out diploma and dissertation work in co – guardianship with high-profile companies;  

• direct correlation of teaching activities with scientific research activities;  
• improvement through short internships in universities abroad.  
 

When we want to develop or initiate a plan for the future, an idea, a vision we must consider 
our development  - personal development, firstly. Exceeding individual boundaries contributes to the 

continuous improvement and the development of models that can create generations. Constantin Noica 
said "a school where the teacher does not learn his/her-self, it is an absurdity", and what we have to 
give to others and what should actually be the objective of a teacher is very well illustrated in the 

following quote:  
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"Moods, this must be given to others; no content, no advice, no teachings. That's why here (-in 

school) you don't need lessons. Even you are askedby a student, you don't have to give "lessons". A 
book you read from library, a Bach Prelude that you quietly put in the evening or an example of 
intellectual serenity, are much more educational than a “lesson”. Those young people (students) see 

that you want to incorporate an idea and they start incorporating one too (the one thought)."  
Constantin Noica, Philosophical Journal, 1944  

 
 The power of the model, the "own example" – this is what we, as teachers should promote. 

We are actually talking about ourselves as people who want to become, altruistically and voluntar i ly, 

through everything we do, so that to become an example for those with whom we interact, to build 
edifices, but not for ourselves benefit, but for the others. They aim to that spiritual development and 

they become a model in everything (the way they feel, thinking and acting). The question arises: how 
are models actually born? Is it in their structure, is it a grace or are they primary forms trained and 
exhilarating to turn themselves into something other than what they are - models for others? The 

answer is - it is personal development, overcoming individual boundaries that brings us to a higher 
plane and which, by the power of example, can train other individuals in the same direction thus 

forming a generation with the same ideal. 
 
My university career development plan considers my personal development altruistically and 

aims to follow a path based on the models of past or current generations, which have spiritually and 
intellectually developed to the highest standards. This my priority that I have constantly as referee.  
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