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Abstract 
 
Environmental quality is directly influenced by the level of pollution generated by economic, industrial or anthropogenic activities 
and directly affect the citizens’ life quality and wellbeing, and ensuring a good status of environment it is a stringent topic that must 
become the major interest for the local public authorities. The main goal of this study is to evaluate the environmental quality in 
Iasi city, how the overall quality is influenced by the level of pollution and what are the actions and measures taken by the local 
authorities.  Thus, the research took into consideration the level for air pollution based on PM10 measured concentration for the 
period 2009-2018 and is structured on three levels: 1. the impact evaluation of the particulate matter (PM10) on public health; 2. 
the identification and impact evaluation of the mobile and static pollution sources on air quality in Iași city and 3. the relevance and 
effectiveness of the local public policies for air quality management. Also, beyond political strategies the article emphasize the fact 
that an increased level of the green areas could improve the air quality in Iasi city. Statistical correlations reflect a weak  association 
between the dynamics of the green areas during 2009-2018 and the level of PM10 pollutants. As rational player, interested in 
maximizing the votes and maintaining the political power at a constant level, the local officials develop strategies, programs and 
policies that should be more effective in environmental management field. 
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1. Introduction 

 
The theory of the rational choice offers a 

powerful explanatory framework for political-
decision making (Parsons, 2005). Thus the rational 
decision means to choose, in accord with convictions, 
the best alternatives for satisfying preferences (Elster, 
1988; Elster, 2015). According to Downs' theoretical 
model (1957a), the rational voter is the one who gives 
his vote to the one whom he thinks will bring the 
greatest advantages, compared to the other political 
offers (Downs, 1957a). At the same time, according to 

∗ Author to whom all correspondence should be addressed: e-mail: silviu.grecu@uaic.ro; bmrobu@gmail.com 
 

Downs’ model, political decision of those who have 
power, in the context of the dependence on the votes, 
is dominated by the desire to maximize political 
support, to win as many voters and to minimize 
electoral losses (Downs, 1957a). This fact forces 
rational decision-makers to correlate their political 
actions with what they consider that will maximize 
their votes (Downs, 1957b). In the absence of the 
information about citizens’ willing, their political 
knowledge or their assessment of the political 
decisions, rational decision-makers have to investigate 
all these aspects (Downs, 1957b). In this process, 
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political decision-makers will focus equally on the 
groups with a very high intensity of preferences and 
on the problems which could mostly influence the 
public opinion (Downs, 1957b). On the other hand, as 
Downs (1957a) points out, the rational citizen seeks to 
minimize the costs he has for his information, using 
mainly the syntheses of information, leaving others 
this task, or using the ideological structures for 
simplification (Downs, 1957a). Given the incertitude 
framework which characterize the sphere of the 
voters, political ideology could be seen as an efficient 
vehicle for political orientation, a kind of shortcut for 
rational citizens who need easy points and tools for 
sorting, classifying or ranking proposals, programs or 
political decisions, according to their own 
perspectives on what is good (Downs, 1957a; Freeden, 
2016; Hoffman and Graham, 2006). 

The perspective of being “green” involves to 
abandon the habits that negatively influence the 
ecosystems and their quality, or to limit the modern 
development that dominates the nature, and these are 
the environmentalists (Hards, 2011). In the other 
perspective, more extreme, the ecologists assume the 
eco-centrism and demand a serious rethinking of the 
society, a complete change of the image on the world, 
so that the nature, in its integrality, becomes the key-
point for interpreting human actions (Hards, 2011). 
Human activity can no longer claim prevalence over 
any other activities, the limits of nature must be 
accepted, transformed into benchmarks and guidelines 
for human behavior, and, starting from these 
perspectives, citizen’s lifestyle should be in harmony 
with the environment (Hards, 2011). Therefore, within 
the political movement of the greens, there are both a 
moderate tendency - which manifests itself by the will 
to protect, to conserve or to treat and enhance the 
environmental quality, for a healthy life - and an 
approach which considers the incremental approach as 
being inefficient, and which proposes major and 
radical changes of the modern lifestyle, of the modern 
social thinking and of manners of reporting to the 
nature (Harrison and Boyd, 2003). In this respect, we 
have to underline the political controversy between the 
ecologists and the greens, between the messages of 
those who advocate extreme measures against 
polluters, consumerism or industrialism, and the 
positions of those who believe that gradual reforms in 
current societies can take place, so that they should be 
friendlier with the environment (Harrison and Boyd, 
2003). 

Environmental issues have been set on the 
public agenda, being a major theme in the 
contemporary political debates (Jou and Dalton, 
2017). Thus, concepts such as "ecological democracy" 
or "ecological citizenship" are already being used and 
developed in the field of the social and political 
sciences (Fischer, 2017). At the local political level, 
all these aspects are considered necessary tools for 
responding to the imperatives of the environmental 
concern, and for preserving and improving the 
democratic political process (Fischer, 2017). There is 
a belief that participatory ecological governance is 

both necessary and possible in local communities 
(Fischer, 2017). In recent years, it can be observed an 
increased level of public preferences regarding the 
environmental issues. In this respect, there are 
numerous public demonstrations, debates and 
concerns about environmental quality damage, 
organized by non-governmental organizations (NGO) 
that are growing and developing worldwide (Carter, 
2018). For instance, Romania has a large number of 
NGO significantly playing in environmental 
protection field. Although on the official reports of the 
Ministry of Environment more than 1200 NGOs are 
listed (ME, 2016; Opincaru, 2017). However, at the 
local level – Iasi city, environmental issues directly 
affect the citizens’ quality lives. Taking into account 
the rise of the green ideology and civic organizations 
for protecting the environment, the multiplication of 
news about the deterioration of the environment and 
the negative impact of the environmental quality on 
the public health, environmental issues must become 
a matter of major interest for the local public 
administration. Also, according to the rational choice 
theory, public officials are obliged to solve this public 
issue, for maintain and maximize their political 
support. 

In correlation with all these premises, this 
study aims to measure, in terms of Downs' model of 
rational actor, the reaction of local political authorities 
of Iași city to environmental issues. One of the topics 
that have emerged lately in the public space of Iași is 
the air quality. The main environmental policies are 
always correlated with the local context, needs and 
realities (Cohen, 2018). The concern of the 
administration for pollution control is old, evolving 
with the industrial development and the need to 
diminish its negative effects on health and the 
environment, thus gradually imposing different 
standards of acceptability of economic practices and 
environmental quality (Knoepfel, 2007). There have 
been regulations aimed at reducing emissions, 
considered as pollutants, made by industry, transport 
or households, as well as reducing the concentrations 
of harmful substances existing on a certain surface 
(Knoepfel, 2007; Wang and Chang, 2018). More 
recently, in terms of urban community life, within the 
academic literature and administrative and local 
governance practices, the concept of sustainable city 
has been imposed, the protection of the environment 
remaining the main goal of this approach (Evans et al., 
2005). There are studies that show that the most 
popular practices for achieving the sustainable 
development are the conservation of green, the 
development of the low-polluting car sector, the 
promotion of environmentally friendly public 
transport, or the development of ecological standards 
in the field of construction (Cohen, 2018). 

A very important variable for the healthy 
environment is air quality. The main air pollutants 
analyzed by environmental experts, according to the 
European Standards are: particulate matter (PM2.5 
and PM10), nitrogen oxides, sulfur dioxide, carbon 
monoxide, volatile organic compounds or ozone - 
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these are coming mainly from the mobile sources of 
transportation, various combustion, industrial 
processes, or construction areas that involve 
demolition and / or construction (Quarmby et al., 
2019; Wang and Tseng, 2018). Therefore, public 
measures and policies are needed to implement a 
proper and more effective environmental management 
plan to reduce the air pollution, caused both by the 
local industry and transport activities (European 
Parliament, 2019). Among the most popular measures 
taken to improve the air quality are those related to car 
transportation (Quarmbyet al., 2019). In this regard, it 
is important to mention that the delimitation of low 
emission areas, where car traffic is drastically 
restricted; improving public transportation and biking 
infrastructure, so as to change the behavior related to 
the use of the personal car; introducing regulations on 
the speed of cars, encouraging the choice or switching 
to hybrid or electric cars; by building barriers on the 
side of the roads, meant to mitigate noise, as well as to 
retain some of the polluting elements; or by the 
introduction, according to careful studies, of areas and 
tree cover (Quarmby et al., 2019). 

Related to political decision for environmental 
protection, academic literature emphasizes several 
models for research the air quality and political 
strategies for reducing the level of the pollutants. In 
this respect, in EU countries political decisions were 
designed for reducing the road traffic sector which is 
considered to be one of the most important sources of 
pollutants with PM10 and NO2. Thus, the main 
strategies in EU space were “technical, traffic 
management, public transport, traffic restrictions, road 
construction, speed reduction, street cleaning and 
others. Technical measures are closely related to 
technological improvements to reduce emissions, for 
example through the investment on the progressive 
introduction of electric and hybrid vehicles” (Miranda 
et.al.,2015). Regarding the road traffic public 
administration could regulate the car circulation and 
parking. The development of the urban public 
transport, speed limitations and cleaning the streets are 
other public strategies for improving the air quality 
(Nagl, et.al., 2007).  

European practices for increasing the air 
quality are based on FAIRMODE (Forum for Air 
Quality Modelling) community and tools. This forum 
is addressed to scholars and practitioners engaged in 
the management of the air quality for sharing different 
models, practices, experiences and results. In this 
respect, FAIRMODE aims to: create modelers of the 
air quality, to create protocols or tools for air 
management, to improve plans, policies or measures 
regarding the air quality and to formulate further 
recommendations for sustainable environmental 
development (Pisoni et.al.,2019). This pilot study 
could be seen as a good tool for air quality evaluation 
both for researchers/ scholars interested in 
environmental management and for political decision-
makers engaged in designing environmental public 
policies. Beyond traditional factors which generate an 
increased level of air pollution, experts observed that 

green areas could have both positive and negative 
effects for the air quality. Many empirical studies 
demonstrated that vegetation characteristics could 
have an adverse effect of road-side vegetation on near-
road air quality (Abhijith, 2017). 
 
2. Methodology 
 

For testing the theoretical framework, this 
paper aims 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 agglomeration 
and a high level of demographic density related to 
different mobile or static sources of the pollution are 
involved in increasing the level of pollutants.  

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 aims 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 environmental impact on 
the public health. Moreover, some studies underlined 
the impact of the administrative 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 
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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 scientific framework 
for different local or national strategies or policies for 
the environmental quality protection. Environmental 
studies are interested in analyzing 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-criteria 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 monitoring 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 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 environmental 
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). 

Another relevant factor involved in 
environmental decision-making is related to 
demography. Demographic density and geographical 
conditions could be several predictors for shaping a 
good political strategy related to environmental 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 
empirical study, the following research variables as 
statistical indicators were used (Table 1): 

 
Table 1. Research variables 

 
c Symbol Data Source 

1.The increasing level of the 
particulate matter PM10 

𝛾𝛾 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022 
(http://www.primaria-iasi.ro/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 

2. Respiratory allergy: 
ASTHMA 

𝛿𝛿 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022 
(http://www.primaria-iasi.ro/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 

3. Respiratory diseases: 
CHRONIC BRONCHITIS 

𝛿𝛿1 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022 
(http://www.primaria-iasi.ro/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 

4.Respiratory diseases: 
EMPHYSEMA 

𝛿𝛿2 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022 
(http://www.primaria-iasi.ro/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 

5. Mobile sources of the air 
pollution 

𝜃𝜃1 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022 
(http://www.primaria-iasi.ro/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 

6. Stationary sources of the air 
pollution 

𝜃𝜃2 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022 
(http://www.primaria-iasi.ro/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 

7. Demographic density 𝜀𝜀 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/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 
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8. Green Areas (m2/ in. and ha.) 𝜗𝜗 National Institute of Statistics, 

(http://www.insse.ro/cms/) 
and  
(http://www.primaria-iasi.ro/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 

9. Local expenditures for 
environmental protection 

𝜑𝜑1 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 

𝜑𝜑2 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 

𝜔𝜔 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022 
(http://www.primaria-iasi.ro/imagini-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 

𝜔𝜔1 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022, 
(http://www.primaria-iasi.ro/imagini-iasi/fisiere-iasi/1517480402-
PCA_Iasi_rev_6.00_30.01.2018.pdf) 

13. Private projects for 
environment protection and air 
quality 

𝜔𝜔2 Air Quality Plan in the Municipality of Iași for PM10 Indicator, Period: 2018-2022, 
(http://www.primaria-iasi.ro/imagini-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 environmental 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 (Eqs.1-
3): 
 

iju+∗+= γβαδ  (1) 
 
where uij is the coefficient of the residuals 
 

iju+∗+++∗+∗+= ϑβεβθβθβαγ 432211
 (2) 

 
where uij is the coefficient of the residuals 
 

iju+∗+∗+∗+∗+∗+= 251432211 ωβωβωβϕβϕβαγ
 
 (3) 
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 
impact 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 (Brunekreef and Holgate, 2002; 

Pope III et al., 1992; 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 
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). 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 asymmetric 
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 
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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. In the Tables 2 and 3 are presented all 
the descriptive statistic measures for the research 
variables.  

 
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”, this work underlines 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, it can be estimated an increased level 
with 27% of respiratory allergies from the beginning 
of the time series.

 
Table 2. Descriptive Statistics for Research variables: Environmental Quality, public health and local expenditures for 

environmental protection 
 

 

Increasing of 
particulate 

matter PM10 
level 

Respiratory dieses: 
asthma 

Respiratory 
dieses: 
chronic 

bronchitis 

Respiratory 
dieses: 

emphysema 

Mobile source 
air pollution 

Local expenditures 
for environmental 

protection 

N  10 10 10 10 10 10 
Mean  40.71 608.14 831.28 63.0000 93.06 2.28 
Median  34.63 582.00 700.00 62.0000 92.90 2.44 
Mode  26.00a 582.00 607.00 44.00a 43.12 a .11 a 
Std. 
Deviation  17.22 162.62 446.50 29.96665 39.03 1.53 

Variance  296.60 26446.47 199364.23 898,000 1523.54 2.36 
Skewness  2.01 1.42 2.57 1.759 -0.07 0.98 
Std. Error of 
Skewness  0.68 0.79 0.79 0.794 0.84 0.71 

Kurtosis  4.02 2.64 6.70 3.658 -2.08 2.30 
Std. Error of 
Kurtosis  1.33 1.58 1.58 1.587 1.74 1.40 

Range  57.00 481.00 1230.00 90,00 91.92 5.46 
Percentiles  25 31.62 455.00 607.00 44.0000 55.33 1.26 
 50 34.63 582.00 700.00 62.0000 92.90 2.44 
 75 43.20 672.00 732.00 69.0000 135.01 2.85 
 

Table 3. Descriptive Indicators: Governmental subsidies for environmental protection, green areas, sources of pollution and 
projects for increasing the quality of the environment 

 

 

Governmental.   
subsides for 

environmental 
protection 

Green 
areas 

(M2/IN) 

Green 
areas 
(ha) 

Demography 

Political 
decisions, 

policies and 
strategies 
regarding 

environment 

Public projects 
for 

environment 
protection and 

air quality 

Private 
projects for 

environment 
protection and 

air quality 

Surface 
sources of 

air 
pollution 

Stationary 
sources of 

air 
pollution 

N  10 10 10 10 10 10 10 10 10 
Mean  1.37 23.02 685.55 345907.66 7.12 6.12 0.88 46.66 12.70 
Median  0.00 22.70 682.00 341503.00 6.50 4.50 1.00 20.60 3.48 
Mode  0.00 22.70 682.00 334124,00a 5,00a 3,00a 0.00 15,15a 3,10a 
Std. 
Deviation  2.39 0.55 5.50 12396.88 3.48 3.39 1.05 49.94 16.30 

Variance  5.74 0.31 30.27 153682748.25 12.12 11.55 1.11 294.17 265.86 
Skewness  1.98 1.56 1.40 0.38 0.51 0.76 1.09 1.70 1.73 
Std. Error 
of 
Skewness 

 0.71 0.71 0.71 0.71 0.75 0.75 0.71 1.22 1.22 

Kurtosis  3.80 0.63 0.31 -1.992 -1.270 -1.368 0.611   
Std. Error 
of Kurtosis  1.40 1.40 1.40 1.40 1.48 1.48 1.40   

Range  7.00 1.30 130 28018.00 9.00 8.00 3.00 89.10 28.43 
Percentiles  25 0.00 22.70 682.00 334374.50 4.25 3.25 0.00 15.15 3.10 
 50 0.00 22.70 682.00 341503.00 6.50 4.50 1.00 20.60 3.48 
 75 2.54 23.42 690.00 360071.00 11.00 10.25 1.50   
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If in a low rate of the increased level of PM10 
was observed, in 2017 are reported very high values 
(83) (Fig.1). Moreover, the air quality protection for 
citizens should mandatorily involved the public 
administration at central and local level. 

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 favoring 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). In the Fig. 
2 the graph presents the association between asthma 
and the increased level of 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. In the Fig. 1 is displayed 

the increased level of particulate matter PM10 in Iași 
city during 2009-2018 and in Fig. 2 the correlation 
between PM10 pollution and asthma disease.  

 
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 ecological 
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. 3). In the Fig. 4 
is displayed the dynamics of the green surfaces 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. 

 
 

 
 

Fig. 1. The Increasing level of particulate matter PM10 
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Fig.2. Correlation between Particulate Matter PM10 and Asthma 
 

If the situation of the green areas at the national 
level is analyzed can be observed that in Bucharest are 
reported 4506 ha for 2 108 056 inhabitants, in Baia 
Mare (Maramureş County) are reported 1747 ha for 
148 027 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 (Fischer, 2017; Iordache and Șoșea, 2017). 
In the Fig. 4 is described the association between the 
dynamics of the green areas and PM10 pollution. 

Beyond these statistical perspectives there 
should be observed that the highest density of the 
green areas is around the Iasi city. The Fig. 5 presents 
both the maps for administrative delimitation 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), Șorogary (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 center 
and southern part of the city. Fig. 5 displays both 
administrative and environmental maps of the Iași 
city. 

 
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. 
 

 

 
 

Fig. 3. The dynamics of green areas in Iasi city during 2009-2018 
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Fig. 4. The association between the particulate matter PM10 and Green areas (ha) in Iași city 

 

 
 

Fig. 5. Administrative map and green areas in Iași city 
 

 
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 
34,94070 RON (5,57%), in 2017 in financial public 
administration reports is mentioned the value of 
17.565,34 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 qualitative indicator for administrative interest in 
environmental dimension. Regarding the 
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governmental 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. 6 
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 political 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 environmental 
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  

ecological 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 
environmental management (Fig. 7). Fig. 8 displays 
the dynamics of the projects for environment 
developed both by local authorities and private actors. 

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. 
According to the method for prediction previously 
described (Tables 2 and 3), 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 4). 

   
 

 
 

Fig. 6. Local Expenditure for Environmental Protection in Iași city (2010-2017) 
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Fig. 7. The dynamics of the particulate matter PM10 and local expenditures for environmental protection 
 

 
 

Fig. 8. Local Public/ Private Projects for Environmental Protection and Air Quality 
 

 
This case study shows that the influence of 

PM10 pollution on air quality in Iasi city is associated 
to the respiratory diseases and allergies. 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. 
 
4. Conclusions 
 

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 statistical 
modeling 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 analyzed.  
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Table 4. 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 EXPEDITURES -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 
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    
 

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 empirical 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 
political 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 behaviors 
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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Abstract 
 
The Strategy of Waste Management, Horizon 2014-2020, states 8 major objectives with the role of establishing new priorities for 
Waste Management. Thus, one of the proposed measures for the next 5 years is encouraging the wastes exploitation for energy 
recovery. In this context, the main goal of our study was to evaluate the level of pollution considering 5 closed municipal waste 
dump sites from the North-East region of Romania over the period 2013-2015, having in mind at a first glance, the possibility of 
methane emissions valorization in the form of biogas. Rapid Impact Assessment Matrix and Leopold’s Matrix were used for the 
environmental impact assessment. The results of the environmental impact assessment showed that the impact on environmental 
quality was very high for Vaslui and Iasi counties, due to pollution migration from North to South of the studied region, and from 
one environmental component to another (e.g. from soil to ground water). On the other side, the results obtained by monitoring 
the emissions generated by the waste dump sites from Botosani County revealed there is a major impact an air quality. The 
overall impact, quantified by two conventional methods shows that at regional level, heavy metals are the most contributing 
pollutants to environmental impact, thus it is necessary to implement measures to remediate and protect soil and ground water 
quality. The results of this study revealed that there are no major negative impacts or fire risks directly generated by waste dump 
sites, and biogas is not valuable for energy recovery goals. 
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1. Introduction 
 
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 et al., 2012; 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 
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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 industrial 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 (Bonoli et al., 2015; Fernández-Nava et 
al., 2014; Gavrilescu et al., 2015; Ghinea et al., 2016; 
Gworek et al., 2015; Hlihor et al., 2009; Ionescu et 
al., 2015; Schiopu and Gavrilescu, 2010a, b). The 
main goal of this paper was to evaluate the level of 
pollution considering closed municipal 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 environmental laboratories. 
An environmental impact assessment strategy was 
considered based on two conventional 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 valorization 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 biofilters to prevent air and water pollution. 
On the other hand, if the methane concentration is 
lower than 15%, the technical norms recommend 
only the biological filtration of gaseous fluxes 
resulted from closed municipal wastes landfills, as a 
measure of pollution prevention and control (MO 
757, 2004). Since methane concentration was very 
low, based on technical standards recommendations 

the decision was that methane emissions valorization 
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): i) 
prioritization of efforts and its correlations in wastes 
management field connected to other strategies; ii) 
prevention of wastes generation and reuse, recycle, 
valorization; implementation of integrated waste 
management; iii) development and implementation of 
environmental technologies oriented to valorize 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 environmental standards, 
thus emissions (liquid and gaseous) had adversely 
affected the environmental quality. For example, 
leachate which is highly concentrated in pollutants 
could negatively affect the quality of different 
environmental compartments.  

Fig. 1 shows a map of the system boundaries 
considered within this paper. This work is focused on 
the NE region of Romania, Botosani, Iasi and Vaslui 
counties  (Botosani,   Iasi,  Husi,  Birlad and Negresti 
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 cities), considering their geographic situation at the 
cross border with Republic of Moldova. A brief 
description of main characteristics of analyzed dump 
sites is given in Table 1. 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. 

 
Fig. 1. Map of systems boundaries 

 
2.2. Sampling and methodology  

 
All investigations performed on the landfill 

site were developed according to current legislation 
(GD 449, 2013; MO 592, 2002; MO 757, 2004; MO 
161, 2006).  

Ground water samples were analyzed 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 analyzed 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 analyzed by 
GC-MS must be sufficiently 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 analyzed 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; 
Fialkov 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, sulfur 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 analyzer (model OLDHAM 
MX 21 PLUS), equipped with specific sensors for 
each indicator monitored. The analyzer was 
metrological verified at the National Institute of 
Metrology Bucharest, Romania.  

 
Table 1. Brief description of analyzed 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 

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. 
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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 geotechnical 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 gray loam with brown 
areas, impermeable. Six geotechnical drilling based 
on mechanical 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 analyzed, 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 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. 2). 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 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) (Eq. 4): 

 
I = M x S  (4) 

 
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. 

Fig. 2 presents the 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); 
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Fig. 2. Working principles in impact assessment 
 
- 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 prevention 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 environmental 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.  

 
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 2 presents 
the collected data. 
 

3.2. Dynamic of pollution at regional level 
 
The municipal waste deposits from the 

analyzed 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 
analyzer, i.e. 0,002 mg/m3) (Table 2). 

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. 3). 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, 2017; 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 sulfur 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.  
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Table 2. 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/Nm3

) 
(MC) (MC) MAC1 

Indicat
or 
(Mg/L) 

(MC) (MC) MAC2 Indicator 
(Mg/Kg) (MC) (MC) MAC3 

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 
NO3-  3.33 18.40 1.00 Mn 7.05 8.32 900 

CO  3.33 8  10 

PO4- 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 0.1025 0.2 COD-
Cr 11.73 18.22 10.00 

Hydrocar
bons (5 
cm 
depth) 

210 135 100 

SO 0.12 0.1175 0.35 N-NH4   1.33 0.94 0.40 

Hydrocar
bons (30 
cm 
depth) 

420 170 100 

CO 12 11.22 10 NO3-  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 135.51 136.86 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  - PO4- 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 120.12 122.32 100.00 

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 137.75 139.25 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 NO3-  4.7500 7.2200 1.0000 Cd 2.92 3.12 1 
Carbon 
dioxide 4.50 4.31  - PO4- 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 122.46 124.5   

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 134.25 135.56 30 
SO 0.001 0.001 0.35 N-NH4   1.4200 0.9400 0.4000 Cu 23.75 24.22 20 
CO 0.002 0.002 10.00 NO3-  4.4600 7.9600 1.0000 Cd 2.67 2.84 1 
Dioxid 
carbon 12.50 11.00  - PO4- 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 121.05 122.16 100 

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 bodies 

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 
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a) b) 

 
 

 

c) d) 
 

Fig. 3. 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) 
 
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). 

 
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 
municipal 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. 4 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 environmental 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 remediation and pollution 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 technical regulations (MO, 2002, 
2004, 2006), there are recommended two types of 
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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. 

 

 
 

Fig. 4. Impact assessment results: ES - environmental 
scores by Rapid Impact Assessment Matrix; IM – impact 

by Leopold’s matrix 
 

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 installations 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. 
 
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 precipitation 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. 5, when methane 
content is below 15%, it is recommended to use 
“Biological filtering” as landfill gas treatment 
measure. 

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. 

 

 
Fig. 5. Possibilities of treating waste gas by methane 

content 
 
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 
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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 technical 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 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 geotechnical 
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.  

 
4. Conclusions 

 
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 
valorization 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 
Authorities in agreement with local Authorities have 
to elaborate new Urban Development Plan, Strategies 
and Policies for Air and Soil Protection. 
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Abstract 
 
This paper presents the results of measurements related to the activity concentrations of 226Ra, 232Th and 40K in autoclaved 
aerated concrete (AAC) used as building materials for various constructions in Romania. Radiation index (I) and the hazard index 
(HI) were estimated to assess the risk arising from the usage of AAC materials. Our study considered various AAC samples 
produced by different companies, in 2015. The activity concentrations of 226Ra, 232Th and 40K were measured using by a gamma-
ray spectrometer with HPGe detector. The average activity concentrations of 226Ra, 232Th and 40K were found to be 24.6, 15.7 and 
respectively, 221.3 Bq/kg. The findings were compiled in accordance with the normative of national and international reference, 
and showed a very good environmental behavior regarding the emission of radionuclides from the analyzed AAC samples. There 
is no risk for human beings and the radiation index is under the regulations, even if the worst scenario is considered as reference 
(<0.5), the hazard index (HI) being in all situations under the acceptable level. 
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1. Introduction 
 
The exposure to various sources of ionizing 

radiation, such as natural radiation, medical 
applications, industrial practices, effluents from 
nuclear installations, fallout from nuclear weapon 
testing, and the impact of nuclear accidents are 
associated to increased levels of ionizing radiation, 
which can be harmful to human health. Nowadays, 
some of the long-lived radioactive elements are 
present in air, water, soil and living organisms, 
including humans. The phenomenon of natural 

radioactivity is widespread in the environment 
mainly 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 
(Buema et al., 2014; Popovici et al., 2002). 

Radioactive exposure due to construction 
materials can be categorized as external and internal 
(Popovici et al., 2002). The first one is caused by 
direct gamma radiation, while the second one is due 
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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. 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 
(Buema et al., 2014; Gavrilescu et al., 2009). It 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 
EU norms (EU Report, 1999) establish the natural 
radioactivity of building materials and the maximum 
level in the EU countries (Table 1). 

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 radiation 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; Technical Norms, 1997). 

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 
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. 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 as reference for the index I depend on 
the dose criterion adopted and the use of the material 
(Table 2). 

The aim of this paper was to support decision 
making process of the Romanian AAC producers 
regarding the safety of using in building construction 
such materials prepared on defined receipt from 
natural components. Thus, nine samples of AAC 
made in Romania were analyzed from its radio-
activity point of view, and concentrations of 226Ra, 
232Th and 40K were measured. Based on the 
laboratory measurements, the radiation index and 
hazard index were calculated. 
 
2. Material and methods 
 
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.  

 
Table 1. 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 building 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 
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Table 2. 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 

 
Table 3. 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 thicknesses)  hours 1.75÷7 

Sound insulation  dB 32÷47 
 
The most important physical and mechanical 

properties of autoclaved aerated concrete are shown 
in Table 3. 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. The scope of EURATOM Council 
Directive (EU Directive, 2013) should be fulfilled by 
building materials which emit gamma radiation, but 
they should also be considered as construction 
products as defined by EU Regulation (2011) which 
specifies that construction works emitting dangerous 
substances or dangerous radiation are covered by this 
regulation. 

 
2.2. Standardized method to analyze radioactivity of 
building materials 

 
Usually, the natural radioactivity of building 

materials could be generated by the presence of most 
frequented three 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 tackes place when the particles from the nucleus 
are not binded 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 produces 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. 1). The main information which could be 
obtained from such spectrum is related to the 
qualitative and quantitative 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 overall energy of gamma photons (in 
keV) matches 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.  

To obtain an activity concentration in Bq/kg 
of the investigated sample, a calibration 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 
measured in kg). 

 
2.3. Samples preparation 

 
The obtained results may be compared with 

the results from other laboratories (including 
literature data) if the samples are 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 (Papadopoulos et 
al., 2013; Papastefanou et al., 2005).  
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Fig. 1. Gamma emission spectrum, with energy channels on the x-axis and number of counts per channel on the y-axis 
 

2.3.1. Delay time for establishing 226Ra equilibrium 
A delay time of at least 23 days between 

pressing the sample and counting using a high purity 
germanium detector is required for 226Ra and its 214Pb 
and 214Bi to reach equilibrium in order to calculate 
the activity of 226Ra in the sample. To achieve this 
equilibrium, the ‘press’ container must be completely 
gas tight to retain the 222Rn (radon) gas, a decay 
product of 226Ra (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 
accomplish all variable requirements as well as 
achieve good accurateness in gamma spectrometry, it 
is imperative to systematise the samples so as to 
guarantee a high uniformity before interaction with 
the detector. This is particularly critical in the case of 
radionuclide standards, since usually 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).  

 
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. 

 
 

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 testing 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 Eq. (1) (Esparon and Pfitzner, 
2010). 

 

Δtotal = (nΣΔn
2)1/2  (1) 

 

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, Structured Query 
Language (SQL) database supplies the following 
type of data (Esparon and Pfitzner, 2010):   

 trial specifics, like collection site, date etc., 
 the apparatus credentials and uncertainties 
for each gauge, 
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 adjustment features and uncertainties for 
each detector configuration, 
 all trial data computed throughout analysis 
developments, any time an investigation is 
accomplished. 

 
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/matrix 
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, 
Greece. 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. 

 
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 obtained the 
integrated peaks corresponding to the the main 
radioisotopes from the associated data base. In order 
to point out the characteristics of spectra for the 
measured AAC samples in Fig. 2 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. (2). 

 

5.0
/3000/200/300

40232226


kgBq

C

kgBq

C

kgBq

C
I KThRa  (2) 

 
According to the obtained results, the natural 
radioisotope concentration in all samples are ranged 
in normal limits, and the radiation index I 
(Papadopoulos et al., 2013; Papastefanou et al., 2005) 
was in all investigated cases smaller than 0.5, which 
shows an average value smaller than the half of 
maximum allowed limit in Romania (0.5). 
 
4. Risk assessment 

 
Radon inhalation depends on radioisotope 

concentration in air and, also, on what type of 
decomposition products coupled with aerosol 
particles is, and previous investigation 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. 3 and Fig. 4).  

Derived from the balance body it will create a 
degenerated cell, thus, radon and its decay products 
can damage only surface of bronchial epithelial 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; Gavrilescu 
et al., 2009; Topuz et al., 2011; Zhang et al., 2010). 

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.  
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Fig. 2. The characteristic spectra of the measured AAC samples 
 

Table 4. 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 
 

 
Fig. 3. The radon effect on the human body 

 

 
Fig. 4. Ways of Radon entering the house 

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 the 
risk is at acceptable level (Pavel et al., 2009; Robu et 
al., 2015; Stefanescu et al., 2013; 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. 
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Table 5. 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 

 
Table 6. Hazard index (HI) in function with radiation 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 
0.14400 0.144 0.288 
0.21080 0.2108 0.4216 

I1- the maximum allowed value for radiation index, as 1.00 
I0.5- the maximum allowed value for radiation index, considering the worst scenario as 0.5 
HI1- the hazard index calculated based on radiation index, as 1.00 
HI0.5- the hazard index based on radiation 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). 

 
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 5. 

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 4, 
and considering the calculated value of radiation 
index I (Eq. 1), the hazard index HI was calculated in 
order to quantify the risk that could arise for the 
assessed situation (Papadopoulos et al., 2013; 
Papastefanou et al., 2005). 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 radiation index I, and 
maximum allowed concentration according to 

international standards, in this case 0.5 and 1.0 
(Table 6). 

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 radiation index), there is no risk according to 
measured concentration - calculated I and the results 
of HI. It can be mentioned that in only one situation, 
e.g. sample 6, there could arise a risk but at 
acceptable level, within the limits. 
 
5. Conclusions 

 
The current study focused on autoclaved 

aerated concrete (AAC) products and its likely 
radioactivity. AAC is a very popular and cost 
effective material in Romania, 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 evaluated 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 radiation 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 environmental 
behavior regarding the emission of radiation and 
radioactive gas accumulation in indoor space of 
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buildings, generated by AAC produced in Romania 
in 2015.  

The current 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 AAC 
evaluated products from Romania, produced in 2015, 
have the radiation index much lower than the 
European limit (0.5) and there is no risk in using 
them as building materials. The radiation 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 favor of 
opportunities to use those materials in civil and 
industrial construction. 
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Abstract
Purpose Wastewater treatment plants produce high envi-
ronmental impacts on receiving water bodies and pose
economic burdens on municipalities or industrial facili-
ties. Their overall operational costs and achieved effluent
quality depend very much on the influent type, presence
of priority pollutants, treatment technology and required
effluent quality (for discharge or for recycle/reuse). Life
cycle assessment (LCA), environmental impact quantifi-
cation (EIQ) and water footprint (WF) are important in-
struments for sustainability assessments applied for prod-
ucts, production and consumption evaluations in connec-
tion with natural resources depletion and pollution threats.
This study focuses on the environmental assessment of a
municipal wastewater treatment plant (MWWTP) dis-
charges by means of these three evaluation methods with
the purpose to understand their (methodological) weak
and strong points in capturing the impacts. Such a com-
parative analysis is necessary to understand how the

(individual) advantages provided by each of these instru-
ments can be complimentarily used to improve an assess-
ment framework for various stakeholders concerned with
water use cycle management (regional water operators,
water management authority, public authorities, research
entities, societal organizations, etc.).
Methods The three assessment methodologies (LCA, EIQ,
WF) are presented, implemented and critically analysed based
on a unitary set of data concerning the MWWTP of Iasi city (a
municipality of approx. 300,000 inhabitants situated in the
North Eastern region of Romania), the wastewater and river
water quality indicators as well as all the other relevant data
being collected for the year 2012.
Results and discussion Although the three methodologies
have different principles for environmental impact quantifica-
tion, the results have shown that most impacts induced to
surface waters due to Iasi MWWTP effluents are given by
the nutrients (nitrogen and phosphorous compounds), which
could induce an eutrophication impact, and to a lesser extent
by pollutants responsible for toxicity impacts (such as heavy
metals).
Conclusions Based on the results of this comparative study, a
critical analysis of these three methods was realized by con-
sidering the data requirements, their development and integra-
tion status. Furthermore, the strong and weak points that are
relevant for eachmethod implementation and their subsequent
use by decision-makers and Water Authorities are discussed,
in the context of legislative requirements (including the Water
Framework Directive), actual development of regional water
operators and stakeholders' interests.

Keywords Environmental impact quantification . Life cycle
assessment . (Grey) water footprint . Municipal wastewater
treatment plant
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1 Introduction

Water is one of the most precious natural resources which has
been the subject of ever increasing environmental impacts, as a
consequence of its continuous exploitation for meeting the hu-
man needs for economic and social development and those due
to climate change. Rivers are exposed to severe problems due to
multiple uses such as drinking/industrial water, food, hydropow-
er, navigation, irrigation and recreation, etc., being also the place
to discharge municipal/industrial wastewaters with various de-
grees of treatment. The Integrated Water Resources
Management concept implementation and the achievement of
the objectives of the Water Framework Directive (WFD) raise
high challenges for the EU member states, which have to solve
in an integrated way the issues related to thewater use cycle (i.e.
water supply, industrial andmunicipal use, wastewater treatment
and recycling) (Lemos et al. 2013; Teodosiu et al. 2012;
Teodosiu et al. 2013). The most important WFD objective re-
quires that, by 2015, all water bodies within Europe achieve a
good status which is defined for each type of water resources
based on a set of physical–chemical and ecological characteris-
tics (EC 2000).

Wastewater treatments plants (WWTPs) produce high im-
pacts on the receiving water bodies, both environmental and
economic, but it is also true that these impacts would be much
higher in their absence. Their overall costs and achieved ef-
fluent quality depend very much on the influent type and
presence of priority pollutants, treatment technology and re-
quired effluent quality (for discharge or for recycle/reuse)
(Rodriguez-Garcia et al. 2011). It is also worth mentioning
that some impacts caused by municipal wastewater treatment
plants (MWWTPs) may also be produced due to the non-
exploitation of the potential energy from organic matter and
the fertilizer values of nutrients (Hospido et al. 2004; Law et
al. 2013; Pretel et al. 2013).

In the context of integrated water resources management
andmore precisely of the wastewater management practices, it
is important to develop and use impact evaluation methods
that are able to capture (by identification, description and
quantification) as easily as possible (from a methodological
point of view) the complexity of the water-related impacts
associated to wastewater treatment and discharges. This im-
plies that these methods have to be capable to accurately de-
scribe, compare and prioritize among impacts (in various en-
vironmental compartments) and/or treatment processes, so as
to enable treatment processes evaluation or site comparison.

It is important tomention the contributions of Bthe life cycle
methodology ,̂ Bthe footprint instruments^ and Bthe environ-
mental assessments^ for the efficient use of water resources.
In this broad assessment field, researches have been devel-
oped (in parallel) to respond to river basin management needs
by integrating them with specific issues of production and
consumption at the water use cycle level (Boulay et al.

2013; Kounina et al. 2013; Ridoutt and Pfister 2012; Čuček
et al. 2012). In this wider context of sustainability assessments
in the water use cycle, the environmental component is of
paramount importance due to the complexities of the water-
related impacts and the need for scientifically founded actions
and decisions in water resources management.

Under the broad term of environmental assessments, there
have been developed and used several types of mandatory or
voluntary procedures and methods with the scope of identifying,
describing and evaluating the causes and effects of environmen-
tal impacts. As presented in Table 1, environmental impact as-
sessment (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). EIA
uses different types of instruments and applies to different types
of activities (projects and/or existing production and services
processes) and has as main deliverable a form of environmental
impact statement (EIS) (UNEP 2002). For the environmental
impact evaluation, there are available both qualitative and quan-
titative impact evaluation methods that are being used to assign
(qualitatively) or compute (quantitatively) numerical values for
the environmental impacts (Buytaert et al. 2011; Ness et al.
2007; Singh et al. 2012).

The life cycle assessment (LCA) methodology standardized
by ISO 14040: 2006 (ISO 2006a) and ISO 14044: 2006 (ISO
2006b) has gained an increasing interest from researchers and
water professionals to be used on water/wastewater systems be-
cause it evaluates various aspects of water use cycle systems
relying on advantages such as: the numerical characterization
of impacts based on cause–effect relationships, the definition
and characterization of multiple environmental impacts (Zhang
et al. 2015; Corominas et al. 2013).

There are also some drawbacks of LCA that limit its advan-
tages, and these refer to the data quality needed for a thorough
LCA water study, as well as to some methodological issues in
completely describing water-related impacts, within the well-
established life cycle impact methodologies (Corominas et al.
2013; Koehler 2008). Traditionally, water resources are regarded
in most of the LCA reports and studies as transport medium for
useful products or pollutants, and in some of these studies, the
impact of water resources use is being considered just as water
consumption (Barjoveanu et al. 2014).

The water footprint (WF) instrument was introduced by
Hoekstra in 2002 as a spatially and temporally specific indi-
cator, showing when, where and how the water is used (di-
rectly or indirectly) and polluted, helping managers to identify
the main water users and to associate different kind of agri-
cultural, municipal and industrial water users in the system
(Hoekstra 2003; Hoekstra and Chapagain 2008).

The blue water footprint is related to the surface and
groundwater water resources use along the product supply
chain; the green water footprint refers to consumption of rain-
water (not as runoff), while the grey water footprint refers to
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pollution and is defined as the volume of freshwater required
to assimilate the load of pollutants based on existing ambient
water quality standards (Hoekstra et al. 2011).

The Water Footprint Assessment (WFA) is a methodology
that addresses freshwater resources appropriation in a four-
step approach, i.e. setting goals and scope, WF accounting
(blue, green and grey WF), sustainability assessment and re-
sponse formulation (Boulay et al. 2013).

In this study, three different environmental impact assessment
instruments are being tested to evaluate the impacts caused by
municipal wastewater discharges. These instruments refer to:
environmental impact quantification (EIQ), the life cycle assess-
ment (LCA) and the grey water footprint accounting (GWF).
These instruments are developed and tested in a rather different
and broader context than their traditional or conventional uses,
which represent the main innovative aspect brought by this
study. Thus, the proposed EIQ index considers for calculating
the impact, the wastewater characteristics (flow and quality)
simultaneously with the receiving river characteristics (flow
and quality). The grey water footprint tool is used differently
as compared to the traditional case, where it is employed to
assess product systems. In our study, the grey water footprint
is used to evaluate the local (virtual) impacts caused by waste-
water discharge. Also, for this study, the life cycle assessment
has been applied to the end-use phase of the water use cycle, i.e.
the wastewater discharges.

The objective of this paper is to comparatively analyse
these three assessment instruments (LCA, EIQ and GWF)
by considering a common case study (a MWWTP) and to
understand their (methodological) weak and strong points in
capturing the impacts due to wastewater discharges. Such a
comparative analysis is necessary to understand how the
(individual) advantages provided by each of these instruments
can be complimentarily used to improve an assessment frame-
work for various stakeholders concerned with water use cycle
management (regional water operators, water management
authority, public authorities, research entities, societal organi-
zations, etc.). This endeavour is particularly motivated for
regions where new water-related legislation and targets have
to be enforced in a short period of time, based on infrastructure
development. The study considers, for the three methods im-
plementation, the same type of water quality indicators for the
effluents of the municipal wastewater treatment plant of Iasi
(SC APAVITAL SA Iasi), in correlation with the indicators
relevant for surface water quality where these wastewaters are
discharged, all data being collected for 2012.

The main criteria in applying and comparing thesemethods
are related to: (i) the overall data needed and the analysis of
resulted impact categories, (ii) the relevance and the easiness
of applying these methods for the assessment of actual im-
pacts of municipal wastewater discharges considering the
WFD objectives and specific legislation requirements, and
(iii) the analysis of combined application of these methods,

especially for assessing environmental impacts related to the
development of the water system infrastructures of the region-
al water and wastewater treatment operators and the support
for decision making.

2 Overview of studies for environmental assessment
of wastewater discharges

Table 2 presents an overview of the recent studies that deal
with the three types of instruments (LCA, EIQ, GWF) for
wastewater treatment and/or the water use cycle, pointing
out a limited number of cases that deal with the combined
use of these instruments. These case studies refer to the as-
sessment of wastewater treatment, selection of (advanced)
treatment alternatives for improving the quality of effluent
prior to discharge or wastewater recycling or reuse, sludge
treatment alternatives.

Several research on LCA for wastewater treatment evalua-
tion reviewed by Corominas et al. (2013) and Zhang et al.
(2015) have demonstrated not only the growing interest for
research in this field, but also the great diversity of these stud-
ies. The most important differences among the reviewed stud-
ies relate to: functional units, systems boundaries, impact cat-
egories and life cycle impact assessment methodologies,
which greatly impair detailed study comparison and general-
ization of results.

Available literature on evaluating wastewater systems by
LCA shows, in general, that removing more pollutants from
discharged wastewater generates increased impacts especially
in the energy-connected impact categories and that increasing
attention should be directed towards advanced wastewater
treatment technologies able to remove emerging (priority) pol-
lutants (Corominas et al. 2013; Rodriguez-Garcia et al. 2011).
In this context, the adaptation of existing methodologies to
better represent regional local and even site-specific condi-
tions in LCA studies (Zhang et al. 2015), together with im-
proving data quality and reducing uncertainty represent major
research directions in this field of LCA studies (Yoshida et al.
2014) are required.

Only few studies consider a comparison between LCA and
other EIQ evaluations, Jegannathan and Nielsen (2013), ap-
proaching these issues in their review applied for enzymatic
processes. EIQ is more advantageous because of its simplicity,
but still has two important drawbacks that need to be consid-
ered in future environmental assessments: (1) it focuses on a
single process ignoring the upstream production processes
and (2) it uses single metrics and does not differentiate
various effects induced in environment. Gutiérrez et al.
(2010) studied the link between life cycle (LCA) and environ-
mental impact assessment and emphasized that LCA requires
large amount of data and generates large amount of results that
can be difficult to be interpreted, and for this reason, LCA
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would better work in association with other environmental
assessment tools such as methods for impact quantification
that can include more accessible data sets, or the water
footprint.

As it may be observed from Table 2, the environmental
impacts of the wastewater treatment plants are in most cases
based on the LCA evaluations and not by applying EIQ
methods that quantify the environmental impacts, so as to
consider the problems posed by the national/regional legisla-
tion referring to surface water quality in the context of

integrated water resources management (Barjoveanu et al.
2010; Cojocariu et al. 2011; Teodosiu et al. 2012; Teodosiu
et al. 2013).

The water footprint (WF) is an indicator, with geographic
and temporal specificity, presenting water consumption vol-
umes by source and polluted volumes by type of pollution; the
determination of its components (blue, green and grey) is re-
alized in the water footprint accounting stage. WF mainly
depends on the local water system vulnerability and on the
amount of water collected by producers and consumers within

Table 2 Overview of studies for
environmental impact assessment
of wastewater discharges

Authors, Publication year Study focus/application

Life Cycle Assessment (LCA)

Zhang et al. 2015 Extensive review of LCA studies on biological wastewater treatment
focused on environmental impact categories (LCIA results)

Lane et al. 2015 LCA of Urban water systems, Australia

Mills et al. 2014 LCA evaluation of Sludge treatment technologies in UK

Corominas et al. 2013 Extensive review of 45 papers concerning with LCA of WW focused
on methodological aspects of LCA studies

Montejo et al. 2013 LCA of eight Mechanical – Biological Treatment -based waste
management scenarios in Spain

Pretel et al. 2013 LCA of submerged anaerobic MBRs

Tong et al. 2013 LCA of wastewater from industrial park in China

Valderrama et al. 2013 Comparative LCA of sewage sludge valorisation

El-Sayed et al. 2010 LCA on Alexandria urban water system

Lemos et al. 2013 LCA of Aveiro (Portugal) urban water system

Dodbiba et al. 2009 Comparative LCA study on Removal of As from wastewater by adsorption

Environmental Impact Quantification (EIQ)

Teodosiu et al. 2013 Integrated impact and risk assessment of wastewater discharges from
municipal/industrial/agricultural facilities by EIA

Cojocariu et al. 2012 Integrated impact and risk Assessment of the agricultural and related
industries by EIA

Barjoveanu et al. 2010 Integrated impact and risk assessment of WWTPs for sustainable river
basin management

Grey Water Footprint (GWF)

Wang et al. 2013 Assessment of freshwater consumption and impact of water pollution along
industrial production chain from yarn to fabric (blue and grey WF)

Unger et al. 2013 Blue, green and grey WF assessment in the TATA industries.

Shao and Chen 2013 Water Footprint Assessment for wastewater treatment. Hybrid analysis
and WF assessment; WWT

construction, operation and demolition

Ene and Teodosiu 2011a;b Assessment of the grey water footprint for wastewater discharges

Multiple / Combination of methods

Morera et al. 2015 Blue and grey WF calculation for 3 scenarios of wastewater treatment.
WF and LCA framework comparison.

Garrido-Baserba et al. 2014 LCA and DSS

Jefferies et al. 2012 WF and LCA comparison on water consumption

Sala et al. 2013 Report on WF as LCIA indicator for water consumption

Chen et al. 2012 MFA and LCA; LCA and ERA

Gutiérrez et al. 2010 LCA and multivariate analysis
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the same system (Hoekstra et al. 2011). However, the results
of WF accounting are not completely informative with regard
to local sustainability becauseWF provides only an evaluation
of water abstraction or utilization, with no reference to local or
regional conditions under which it was performed (Jeswani
and Azapagic 2011). The water footprint assessment (WFA)
is sought as a next step to WF accounting and is designed to
support better water management, including its use and allo-
cation, and focuses on a complex analysis of the environmen-
tal sustainability, economic efficiency and social equity of
freshwater use and allocation (Boulay et al. 2013). However,
it should be noted that the few research efforts for using the
water footprint assessment as a sustainability assessment tool
have primarily focused on the blue and green components of
the WF targeting more the water use (consumption) impacts
and far less the wastewater discharge impacts as indicated by
the grey WF. Thus, Shao and Chen (2013) have performed an
environmental and economic assessment of a wastewater
treatment plant by calculating its WF components in the
building and operation phases. In a recent study, Morera et
al. (2015) have used the WFA methodology (blue and green
components of WF) to evaluate the environmental impacts of
a wastewater treatment plant in Spain.

Several studies have been developed for GWF accounting
at different levels but mainly for production or product sys-
tems. For example, Hoekstra and Mekonnen (2012) have
quantified and mapped at a high spatial resolution the green,
blue and grey WFs within countries associated with agricul-
tural production, industrial production and domestic water
supply by estimating annual averages for the period 1996–
2005. Franke and Mathews (2013) have assessed the grey
WF within the cotton clothing supply chain based on the con-
tamination of water resources through the chemicals applied
in cotton cultivation. Only few examples of using the GF as an
environmental assessment tool to evaluate surface water pol-
lution impacts are available. Using real data collected from 22
wastewater treatment plants, studies realized by Ene and
Teodosiu (2011a; b) were the first assessing the grey water
footprint for wastewater discharges in Romania, considering
the local conditions (natural background concentrations in a
receiving water body and the ambient water quality standards
for the receiving freshwater body).

For this study, we only perform the GWF accounting and
not water footprint assessment, as our purpose is to better
understand how to improve environmental assessment (as a
component of sustainability assessment) and to enable meth-
odological comparison with the other instruments.
Furthermore, if for the blue and green components of the
WF, various scarcity indexes have been proposed and used
as sustainability indicators (or references), for the GWF, to
our current knowledge, there is no such reference available
for environmental sustainability assessment. A solution to this
drawback would be to use as reference the GWF

corresponding to the maximum allowed concentrations for
ambient water quality, as presented in the next sections.

3 Case study and methodologies

3.1 Wastewater treatment system description
and boundaries

The wastewater treatment plant of Iasi City is operated by SC
APAVITAL SA which is the most important regional water
operator in North-Eastern Romania, with responsibilities in
water supply and wastewater management for more than
880,000 people at the county level and approx. 300,000 in-
habitants of Iasi and the boundary area (Apavital 2012;
Teodosiu et al. 2012). APAVITAL SA Iasi is rapidly increas-
ing its operational area in Iasi and the surrounding cities and
villages, which brings new technical and management chal-
lenges (Barjoveanu et al. 2011). In this context, this study
presents a framework for a comparative assessment instru-
ments that could be used by the regional water operator to
set objectives and prioritize among technical solutions for its
further development.

The Iasi municipal wastewater treatment plant (MWWTP)
consists of two conventional mechanical–biological wastewa-
ter treatment lines which were recently fully refurbished and
upgraded. The first wastewater line (line I in Table 3) com-
prises the conventional activated sludge technology, while the
second line (the newest) comprises a two-step activated sludge
process (first stage with very high organic load, second stage
normal organic and sludge load) (line II in Table 3). Sludge
disposal is performed by anaerobic mesophilic digestion of
the excess primary and biological sludge together with biogas
production followed by landfilling. At the present moment, a
nutrient removal stage is under construction. The most impor-
tant operational parameters of the Iasi WWTP are presented in
Table 3.

The current technology of the Iasi MWWTP is able to
remove pollutants to the levels presented considering the wa-
ter quality indicators average values for 2012, as depicted in
Table 4. In the same table, the water quality indicators for the
reference, maximum allowed and river concentrations are also
presented, data which are further used for the implementation
and comparison of these methods.

3.2 LCA methodology

The life cycle analyses presented in this study is organized
according to ISO 14040 specifications which comprise the
following phases: goal and scope definition, life cycle inven-
tory compiling, life cycle impact assessment and results
interpretation. For this study, the system boundaries were de-
fined for the 2012 situation, based on the actual configuration
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of the Iasi municipal wastewater treatment plant, and they
include the wastewater treatment processes, the sludge treat-
ment technologies and the auxiliary processes.

The goal and scope of the study is to evaluate the overall
performance of the Iasi MWWTP in 2012, considering 1 m3

of treated wastewater as the functional unit. The study con-
siders only the actual operational phase of the Iasi municipal
wastewater treatment plant for all the evaluation instruments,
this being the reason why the construction and disman-
tling phases of its life cycle were not considered. Thus,
the life cycle inventory contains data coming directly
from this plant, data that have been determined during
2012 and processed subsequently as presented in Table
4 and in the Electronic Supplementary Material (Annex
1, LCI of the Iasi MWWTP).

LCIA has been performed using the midpoint ReCiPe
method (version 1.12) for the categories presented in Table 5
(Goedkoop et al. 2012). Normalized results were obtained for
an European weighting set. Furthermore, a second LCIA
method Ecological Scarcity 2013 (1.02) was used to validate
the results obtained with ReCipe. This method was used be-
cause it seems to be one of the closest LCIA methods to the
other impact instruments used in this study. Ecological
Scarcity 2013 considers the distance to target principle to cal-
culate eco-factors for substances derived from environmental
laws and regulations or political targets (Frischknecht and
Büsser Knöpfel 2013).

3.3 Environmental impact quantification index
methodology

The environmental impact quantification index proposed in this
paper is based on previous studies performed by Barjoveanu et
al. (2010), Ştefănescu et al. (2013) and Teodosiu et al. (2012),
mainly towards integrating environmental impact with environ-
mental risk assessment. For these previous studies, an environ-
mental impact index was computed as a function of the impact

magnitude (considering the flows of discharged wastewaters)
and impact severity (considering the measured concentrations
of water quality indicators) and natural quality state of the river
(Teodosiu et al. 2013).

This instrument developed to quantify the environmental
impacts due to MWWTP discharges takes into account two
impact components. The first refers to the specific water qual-
ity indicators mentioned in national standards and which have
to be fulfilled. The second one takes into account the flows of
discharged wastewaters into surface waters. In this way, the
instrument for environmental impact quantification considers
the concentrations of water quality indicators and takes into
account the local conditions such as: the quality of the receiv-
ing water body and the river flow. The methodology pro-
posed in this study (EIQ index) considers the polluters
loads (first term in Eq. (1)), a reference concentration (sec-
ond term in Eq. (1)) and the ratio between the discharge
(Qdet) and the river flows (Qriv) (third term). Depending
on the reference concentration (cref), two situations may be
distinguished when computing the environmental impact:
(a) by considering the flow and quality of the receiving
water natural state (water quality indicators determined at
the river spring section) and (b) by considering the flow
and quality of the receiving water body from just upstream
of the discharge point of the MWWTP effluents. This
methodology takes into account the ratio between the flow
of discharged wastewater (Qdet) and the river flow (Qriv)
(Eq.(1)).

EIQ ¼ cdet⋅Qdetð Þ þ criv⋅Qrivð Þ
Qdet þ Qrivð Þ ⋅

1

cre f
⋅
Qdet

Qriv
ð1Þ

where:

EIQ is the environmental impact quantification index
(dimensionless);

Table 3 Iasi MWWTP design
parameters Parameter Unit Line I Line II TOTAL

Flow (dry weather) m3/s 1.8 2.4 4.2

Removal capacities

Biochemical oxygen demand (BOD) load kg/day 24,000 32,000 56,000

Chemical oxygen demand (COD) load kg/day 48,000 64,000 112,000

Total solids load kg/day 24,000 32,000 56,000

Total N load kg/day 3000 4000 7000

Total P load kg/day 400 533 933

Sludge management

Average sludge production m3/day – – 128

Average biogas production Nm3/day – – 12,700
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cdet is the measured concentration of each of the water
quality indicators in the MWWTP effluent (mg/L);
criv is the measured concentration of each of the water
quality indicators upstream of the MWWTP discharge
point (mg/L);
cref is the concentrations of water quality indicators con-
sidered as reference for EIQ calculations. For case (a), the
receiving water quality in its natural state (water quality
indicators determined at the river spring section- cspring
from Table 4) and cref = cspring. For case (b), the receiving
water quality indicators are considered for the river up-
stream of the MWWTP (criv from Table 4) and cref = criv;
Qdet is the discharged municipal wastewater flow (m3/s);
Qriv is the river flow (m3/s).

In this manner, the quantification of the environmental
impacts of certain pollutants by considering also the local
conditions becomes possible by considering also the local
conditions, and not only the maximum allowed concen-
trations correlated with the WFD. The reference line in
this case is EIQ= 1, when the polluters do not negatively
influence the river water quality at local level. If the first
term from Eq. (1) is higher than the measured concentra-
tion for the same quality indicator in the river spring sec-
tion (cspring) or measured concentration from upstream
(criv), and the wastewater flow equals the river flow, then
there is a negative impact upon the surface water quality
and the aquatic ecosystem.

3.4 Grey water footprint accounting methodology

The grey water footprint (GWF) was calculated by using the
methodology described in BThe Water Footprint Assessment
Manual—Setting the Global Standard^ (Hoekstra et al. 2011),
according to which, the GWF reveals the Bappropriated
waste assimilation capacity .̂ The benefit of quantifying
water pollution analysis in these terms (appropriated wa-
ter volumes) is that it aggregates several types of pollu-
tion indicators into a single denominator or index, which
is the adequate volume of water for waste assimilation
(Hoekstra et al. 2011).

In this context, the GWF represents the virtual dilution of the
wastewater effluent so as to meet the national quality standards
for the receiving river. According to Hoekstra et al. (2011), the
grey water footprint for point pollution sources can be calculat-
ed as presented in Eq. (2): the effluent flow (Qdet) multiplied by
the pollutant concentration in the effluent (cdet) minus the actual
concentration of the intake water (criv), divided by the differ-
ence between the ambient water quality standard (themaximum
acceptable concentration cmax_ambient_water) for that pollutant
and its natural background concentration in the receiving water
body (cref = cspring).T
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GWF ¼ ceffl−cact
cmax−cnat

⋅Qeffl ¼
cdet−criv

cmax ambient water−cspring
⋅Qdet ð2Þ

Where:

GWF is the grey water footprint (Mm3/month)
Ceffl = cdet is the measured concentration of each of the
water quality indicators in the MWWTP effluent (mg/L);
cact = criv is the measured concentration of each of the
water quality indicators upstream of the MWWTP dis-
charge point (mg/L);
cmax= cmax_ambient_water is the concentration for ambient
water quality standard which is the maximum allowed
concentration for a given river quality (mg/L);
cnat = cspring is the natural background concentration, i.e.-
concentration in the spring section of the river, mg/L;
Qeffl =Qdet is the wastewater flow, m

3/month.

In Eq. (2), the component beforeQeffl represents the Bdilution
factor^, and it expresses the number of times that the effluent
flow needs to be diluted with ambient water to attain the maxi-
mum allowed concentration level. It is important to identify the
water quality standards and the natural concentrations (both vary
for surface and groundwater bodies) that will be applied in grey
water footprint accounting. Both cref and cmax_ambrient_water need
to be established according to the national legislation for each of
the pollutants contained in the effluent discharged to the

receiving water bodies. In this case, because data were available,
we have used the natural background concentrations (cnat=cspring
from Table 4) and the multi-annual average concentrations in the
spring section of the receiving river. For the maximum allowed
limits (cmax_ambrient_water), we have used the values for class II
water quality as defined by the Water Framework Directive and
presented as guidelines in the national legislation (Environmental
Ministry Order 161/2006) (Romanian Government 2006;
Teodosiu et al. 2013).

Due to the multidimensional character of wastewater qual-
ity, the total grey water footprint (GWFtot) was estimated to be
the maximum between the monthly virtual volumes of water
required for the dilution of all the analysed pollutants (Eq. (3))
since this kind of assessment takes into consideration both the
size of the wastewater volumes impacts and pollutant concen-
trations and the vulnerability of the receiving water body.

GWFtot ¼ max GWFið Þ; volume=timeð Þ ð3Þ

4 Results and discussion

4.1 Life cycle assessment of the Iasi MWWTP

The general environmental profiles of the Iasi MWWTP are
presented in Fig. 1a by using the ReCiPe method (version
1.12) and Fig. 1b by using the Ecological Scarcity 2013method.

Table 5 LCIA impact categories

Abbr. Impact category Characterization units Abbr Impact category Unit
ReCiPe 1.12 Ecological Scarcity 2013

CC Climate change kg (CO2 to air) WT Water resources UPB

OZ Ozone depletion kg (CFC-11 to air) ER Energy Resources UPB

HT Human toxicity kg (14DCB to urban air) MR Mineral Resources UPB

POF Photochemical oxidant formation kg (NMVOC to air) LU Land use UPB

PMF Particulate matter formation kg (PM10 to air) GW Global Warming UPB

IR Ionizing radiation kg (U235 to air) OZ Ozone layer depletion UPB

TA Terrestrial acidification kg (SO2 to air) AP Main air pollutants and PM UPB

F-Eu Freshwater eutrophication kg (P to freshwater) C-Air Carcinogenic substances into air UPB

M-Eu Marine eutrophication kg (N to freshwater) HM-Air Heavy metals into air UPB

TET Terrestrial ecotoxicity kg (14DCB to industrial soil) WP Water pollutants UPB

FET Freshwater ecotoxicity kg (14DCB to freshwater) POP POP into water UPB

MET Marine ecotoxicity kg (14DCB to marine water) HM-Wat Heavy metals into water UPB

ALO Agricultural land occupation m² year−1 (agricultural land) PEST Pesticides into soil UPB

ULO Urban land occupation m2a HM-Soil Heavy metals into soil UPB

NLT Natural land transformation m2 RAD-Air Radioactive substances into air UPB

WD Water depletion m3 RAD-Wat Radioactive substances into water UPB

MD Metal depletion kg Fe eq Noise Noise UPB

FD Fossil depletion kg oil eq Waste Non radioactive waste to deposit UPB

RAD-waste Radioactive waste to deposit UPB
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When using the midpoint ReCiPe method (Fig. 1a), the
water-related impact categories (e.g. Freshwater & Marine
Eutrophication and Freshwater & Marine Ecotoxicity) appear
as the most relevant ones due to the discharge of the treated
wastewater. Conversely, all the other impact categories are
less relevant for the European normalization set that the

midpoint ReCiPe uses, but as it can be observed in the snippet
of Fig. 1a (characterisation results), the electric power con-
sumption and sludge management processes contribute to
the impacts of these other categories. In terms of absolute
impact values, the midpoint ReCiPe LCIA shows a contribu-
tion of the Iasi MWWTP of 0.00197 kg eq P for F-Eu and
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Fig. 1 a Environmental profile of Iasi MWWTP by using the mid-point ReCiPe method. b Environmental profile of Iasi MWWTP by using the
Ecological Scarcity 2013 method
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0.012 kg eq N for M-Eu and contribution of 0.144 kg CO2 eq
for climate change, which are in the range of values presented
by Loubet et al. (2014) in a review that evaluated 117 LCA
studies of water systems.

When using the Ecological Scarcity 2013method (Fig. 1b),
the most important impact categories are the water pollution
(WP) and heavy-metal into water (HM-Wat) due to pollutants
discharge. In the other impact categories, the most important
contributor is the electric power consumption, while the
sludge management processes contribute only to the main
air pollutants and PM (AP) and the heavy metals into soil
(HM-soil).

A closer look at the water-related impact contributions of
the Iasi MWWTP would reveal that, according to the ReCiPe
method, eutrophication is due to phosphorus species (F-Eu)
and nitrogen species respectively (M-Eu), while in the
Freshwater Ecotoxicity category, the calculated impact is
due only to the heavy metal species, with no contribution from
organic pollutants, as data for specific organics was unavail-
able. In the case of the Ecological Scarcity method, water-
related impacts are grouped into three categories: Water pol-
lution (to which contribute most of the organic waterborne
emissions, expressed in our case as COD, but also the other
eutrophication contributors as N and P species), POPs into
water (for which unfortunately, in our case no data were avail-
able) and Heavy metals into water.

In this respect, it is important to note that there is a differ-
ence between how impacts are expressed by current LCA
methodologies and what type of water quality indicators
should be monitored by theMWWTPs. For example, the rem-
nant organic pollution in discharged wastewaters is measured
usually by a global indicator (COD), but this is not accounted
for in ReCiPe, which, in turn, considers a multitude of organic
compounds as contributors to water pollution (FET category).
Conversely, the Ecological Scarcity 2013 method not only
accounts the COD in the water pollution category, but also
considers other organic species in the POPs of the water cat-
egory. It is relevant to note that there is an increasing research
interest for identifying and quantifying impacts (Ratola et al.
2012) due to remnant organic pollution in wastewater dis-
charge and to include them into LCA studies (Alfonsín et al.
2014).

This difference between the actual MWWTPs monitoring
and the LCIA requirements induces problems related to the
data quality for LCA studies because usually the monitoring
frequency for each indicator is imposed by the legislative/
water authority requirements (Table 3). Thus, one may discov-
er that indicators that are monitored on a routine basis by the
MWWTP for operational or environmental purposes are just
partially connected to the impacts in LCIA methodologies
(e.g. COD as global indicator for organic pollution is not rep-
resented in ReCiPe in the corresponding relevant impact cat-
egories, i.e. eutrophication), while infrequently monitored

indicators are given a greater importance in the same LCIA
methodologies (e.g. the heavy metals and POPs).

This analysis shows that, for the Iasi MWWTP, the most
important impacts are given by the wastewater discharges and
the electricity consumption, but it is important to note that the
two LCIA methods do not account for the local aspects in
computing the MWWTP impacts, fact which limit the inter-
pretation of results, especially for non-LCA professionals.

Although there is a growing interest in the LCA commu-
nity to better represent regionalized impacts in LCA studies
(Loubet et al. 2014; Zhang et al. 2015), these efforts are main-
ly conducted towards representing consumptive water uses
(Kounina et al. 2013) and to a lesser extent towards the the
pollution-related water impacts (Gallego et al. 2010). From a
MWWTP practitioner point of view, regionalized impacts
would certainly improve LCA usefulness, as it would be im-
portant that the local conditions should be better represented
in calculating impacts to enable better decisions regarding
wastewater management, but at this moment, frameworks
for calculating site-dependant impacts for water pollution are
unavailable.

To overcome the current limitation of the LCA methods in
describing local impacts, two scenarios have been created to
be used as impact references in analysing the results and to
provide a minimal comparison framework with the other two
methods used in this paper. One scenario considers the waste-
water discharge at MAC levels and the other one considers
wastewater discharge with no treatment.
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In Fig. 2a, a comparison of relevant impact categories are
presented by using the midpoint ReCiPe method which shows
that, in general, the current discharge has lower impacts than
the maximum allowed ones, with the exception of M-EU,
where due to the very high nitrate concentrations (approx. 2
times higher on average than the MAC, as presented in Table
4), the current discharge impact is higher than the MAC one.
In the human toxicity (HT) and terrestrial ecotoxicity (TET)
categories, the impacts are negligible compared to the other
categories. In the FET and MET categories, where the impact
is attributed to heavy metals, one may observe that the MAC
levels are very permissive, and there is little difference be-
tween the treated and untreated effluents. This trend is con-
firmed when using the ecological scarcity method (Fig. 2b).
Also, in Fig. 2b, in the water pollution category, the current
discharge levels are close to theMAC ones, but not overcome.

4.2 Quantification of the environmental impacts of the Iasi
MWWTP

The environmental impact generated by the effluent of the
MWWTP was assessed by considering the measured concen-
trations of 12 water quality indicators monitored in the efflu-
ent of MWWTP over 2012, upstream of wastewater
discharging point and in the natural state of the river spring
section, as presented in Table 4.

The environmental impact quantification method high-
lights the major hotspots and identifies and prioritizes the
pollutants for which prevention and control activities should
be considered as emergency. The environmental impact index
values obtained from Eq. (1) for each water quality indicator
offer an indication about the pollutants that cause impacts on
surface water and contribute to the identification and prioriti-
zation of environmental issues and emergency measures in-
side the MWWTP.

The calculated impact EIQ values were compared against
two distinct situations (for both, EIQref = 1):

a. When the reference section was considered the river
spring section (natural background concentrations) and

b. When the reference section was considered the river sec-
tion just upstream of the Iasi MWWTP discharge point.

For both situations, in the case of impact index lower or
equal to 1, there are no negative effects induced on the envi-
ronmental quality (surface water), while values above 1 indi-
cate a pollution contribution for that given indicator, but with
different significance for the two situations.

The results of environmental impact quantification of the
effluent of municipal WWTP revealed that the major negative
impact is caused by the pollution with nitrogen and phospho-
rous compounds, phenolics and heavy metals, in the case of
considering as reference the quality of river spring section

(Fig. 3). When the quality of the upstream river section is
considered as reference, the major negative impact is caused
by pollution with nitrogen and phosphorous compounds and
phenolics. Even if the monitored pollutants in the effluent are
under the maximum allowed limits, the impact indexes quan-
tify the individual contribution of the polluter (Iasi MWWTP)
and indicate some negative effects on surface water as com-
pared with its natural status.

The results presented in Fig. 3 show that, for the Iasi
MWWTP, impacts are generated by nitrate, nitrite, phospho-
rous and phenolics, as quantified for both situations. This
means that for impacts higher than 1, even if the MWWTP
effluent is within the MAC limits, there is a pollution contri-
bution of the IasiMWWTP to the receiving river which can be
interpreted differently, but with respect to the local river con-
ditions (flow and quality).

From a methodological point of view, the results demon-
strate the flexibility of this environmental quantification meth-
od, enabling different assessment perspectives to be consid-
ered. For example, in the first situation (case a), calculated
values indicate the individual contribution of a given polluter
as compared to the natural background concentrations of the
river and could be used to compare several polluters that dis-
charge in the same water body. In the second situation (case
b), the impact values indicate the individual contribution of a
polluter as compared to the local conditions (at the discharge
point) and could be used to identify immediate measures or to
quantify specific contributions (in fact, impact levels under the
EIQref value of 1 indicate a positive environmental impact by
dilution).

Also, it is important to note that the case presented in this
study is based on measured water and wastewater quality data
for 2012, both for the discharge point and on the river. In this
respect, data availability can represent a limitation for the
method, but this can be overcome by coupling this method
with various other instruments like on-line monitoring and
water quality modelling.

This methodology for environmental impact quantification
applied on the case of surface water presents the main advan-
tages that the individual contribution of each pollution source

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

E
I

Impact category
spring river section upstream river section ref

Fig. 3 Environmental impacts (EIQ) (compared to the quality of the river
spring section and to the upstream of the discharge point section)

406 Int J Life Cycle Assess (2016) 21:395–411



is quantified and a master plan for water management at river
basin scale, or national level, could be elaborated considering
the individual negative effects induced on surface water and
the compulsory measures and actions that need to be assured
by each polluter in order to preserve the natural river water
quality status.

4.3 Grey water footprint accounting for the Iasi MWWTP

The grey water footprint accounting was based on the meth-
odology described in the BWater Footprint Assessment
Manual^ (Hoekstra et al. 2011). However, for the grey water
footprint accounting, the water quality standards and the nat-
ural concentrations of the receiving water body were identi-
fied in accordance with the Romanian legislation (Romanian
Government 2006). The dilution factor highlights the pollut-
ant contribution to the effluent quality, although it does not
have any influence on the receiving water quality ameliora-
tion. The dilution factor is higher as the concentration of pol-
lutants in effluents and in the receiving water body is higher.
According to this methodology, negative dilution factors are
possible, which would mean discharging water at a higher
quality than the receiving water body. In our case, the negative
dilution factors were adopted as zero, attesting the fact that
those pollutants do not negatively influence the receiving wa-
ter body (cdet < criv). The dilution factors for the analysed pol-
lutants at the Iasi MWWTP plant are presented in Table 4.

The dilution factors associated with nutrients (nitrogen
compounds like NO2

− and NO3
− and total phosphorus) are

the highest among the calculated ones, clearly denoting the
urgent need that the municipal wastewater treatment plant is
upgraded for nutrient removal.

The calculated positive (>0) grey water footprint values
(actual GWF in Fig. 4) do not indicate that the water quality
standards are exceeded, but emphasizes that the assimilation
capacity of the receiving river has been partially consumed.

The results show that the total GWF is related to the nitro-
gen compounds discharged into the natural receiver, with a
maximum value of 31.82Mm3/month, representing the virtual
required volume of water needed to dilute the receiving water
body in order to maintain its water quality to a level that

corresponds to the Water Framework Directive objectives
and will not influence the downstream consumers, the ecosys-
tems or the human health.

These results are compared in the same figure to a hypo-
thetical scenario according to which all wastewater effluents
would be discharged at the maximum allowed concentrations
(GWF-MAC series in Fig. 4, cdet =MAC), as presented in the
Governmental Decision 352/2005 (Romanian Government
2005). This comparison shows that, for most indicators, the
actual grey water footprint is much smaller than the one the-
oretically allowed by the water discharge permit. However,
this is not the case for nitrate and total phosphorous which
have higher GWFs than the GWFs corresponding to MACs,
which is consistent with the results obtained through the other
instruments and show again the nutrient problem at the Iasi
MWWTP in 2012.

4.4 Discussion

The environmental impacts computed with the three assess-
ment instruments and presented above in a case study applied
for the Iasi MWWTP discharges by using data from 2012 are
consistent in terms of impact categories (or types), as all in-
struments show problems with nutrients (nitrogen and phos-
phorous compounds) and toxic substances (mainly heavy
metals) discharges. This is fairly important since the three
instruments have different impact definitions, as well as dif-
ferent reference systems. While LCA quantifies environmen-
tal impacts as the effects (or damages) that different environ-
mental compartments may suffer (e.g. toxicity or any other
type of harm), the environmental impact quantification meth-
od and the grey water footprint quantify impacts by compar-
ing the discharged pollution (or load) to a reference pollution
level which is related to the quality of the receiving water body
and hence to legislative limits.

This is one of the main differences between these assess-
ment methods: LCA is completely independent in time and
space, its impacts depending only on the dimension (pollution
load) and effect type, while the other two instruments quantify
impacts considering the local conditions like the quality of the
receiving water body (upstream of the discharge points or at
the river spring) and the corresponding legal requirements.
The environmental impact quantification method takes into
consideration the impact magnitude (as the net pollutant load
to the river), the initial river quality, as well as the wastewater
and river flows. This is somehow similar to the grey water
footprint instrument which considers the effluent and river
quality, river quality standards and the wastewater flow.

The results presented in this study have enabled a qualita-
tive comparison of these three assessment methods applied to
the same case study (Iasi MWWTP), this analysis results be-
ing also summarized in Table 6.
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4.4.1 Methods relevance

For this analysis, the relevance is an assessment criterion that
considers how the three methods respond to the scope of the
environmental assessment and the usefulness of the results for
various stakeholders. The scope of some of the environmental
assessments performed at MWWTPs is to measure the im-
pacts induced to surface waters by the wastewater discharge

and/or subsequently to assess the environmental performance
or sustainability of the treatment plant. As presented also in
Table 6, the three methods discussed in this study give differ-
ent meanings to environmental impacts which can be relevant
or useful in different assessment frameworks or for different
performance criteria.

In practice, the MWWTP impacts to surface waters
(and subsequently their performances) are accounted by

Table 6 Environmental assessment methods comparison

Method Life cycle assessment Environmental impact quantification Environmental impact quantification

Impact quantification
principle

Causality chain (emission,
transport, effect, damage)

Individual polluter contribution to
river pollution (load)

Impact = virtual water volume needed
to dilute pollutant loads to
acceptable levels

Impact definition
(meaning)

Impact (damage) =
Magnitude×dose×exposure

Impact =magnitude (loads)×
severity (receiving river status)

Virtual water volume needed to dilute
pollution to acceptable levels

Impact Classification
System (reference
system)

•Characterisation factors and
Reference substance (impact)
within a specific impact category

•River natural water quality
(spring section)

•River water quality upstream of
the discharge point

•River natural water quality (spring
section)

Data requirements Emissions to air, water (quality
indicators)

Wastewater quality indicators Wastewater quality indicators

Waste flows

Wastewater flows Water quality indicators Water quality indicators
Electricity use

Natural gas consumption Wastewater Flows Flows
Materials use

Strong points •Generation of complex
environmental profiles

•Characterization of local impacts •Characterization of local impacts

•Comparison among different
impact categories and different
environmental components

•Characterization of individual
pollution contribution

•Characterization of individual
pollution contribution

•Technical and economical
performance evaluation tool

•Consideration of legislative
frameworks

•Consideration of legislative
frameworks (methodology)

•Rapid assessment •Rapid assessment

•Versatility and adaptability •Versatility

•May be applied by MWWTP or
Water authority specialists
(provided with an established
methodology)

•May be applied by MWWTP or Water
authority specialists (provided with
an established methodology)

Weak points •Complex data requirements •Method sensitivity depends on
data quality (no. of water
quality samples)

•Method sensitivity depends on data
quality (no. of water quality
samples and no. of indicators)

•Inconsistent impacts definition
in LCIA methods

•The environmental profile is
limited to the water component

•The environmental profile is limited to
the water component

•Rigid assessment framework

•No correlation to local conditions
or legislative requirements

•May be applied only by LCA
specialists

Development status
and integration

•Well developed for MFA and
product systems

•In development for water
systems and improved
water-related impacts
(international standard
development)

•Initial development •Well developed for product systems
•In development forWWTP assessment
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both water authorities and wastewater managers by
using the legal requirements as a reference system
which defines maximum allowed concentrations, which
indicators should be monitored and with which frequen-
cy. From this point of view, the life cycle impact as-
sessment methodologies (LCIAs) are limited, as there is
no correlation between their impact values and the legal
references, while the other two instruments link the en-
vironmental impact directly to the legal requirements. In
this sense, the LCIA methodologies are of little help in
assessing the impact of wastewater discharges in rela-
tion to the WFD objectives or to other water quality
legislative requirements.

On the other hand, LCIA methodologies measure im-
pact as the (potential) damage for different environmen-
tal components and enable an objective comparison be-
tween impacts in different categories in complex envi-
ronmental impact profiles. This brings another dimen-
sion to the performance (or sustainability) assessment
and it is important for the MWWTP sustainability. As
it was demonstrated by some research groups, the im-
provement of the effluent quality induces more pollution
to other impact categories (especially to the global
warming potential).

4.4.2 Data requirements

As with any assessment instrument, the output of all three
instruments depends on the quality of the input data.
Among the three, LCA requires large amounts of data in
multiple areas in order to compile a reliable life cycle
inventory. With respect to the wastewater discharge im-
pacts, we should note that data relevance and coverage is
particularly important for all the methods. As indicated in
the previous section, there is a serious gap between the
data monitored by MWWTPS as required by legislation
(indicators and frequency) and the impacts calculated
through LCIA methods. Because the grey water footprint
calculates the impact by comparing dilution factors for
different water quality indicators, the method relevance
is impacted by the number of available indicators.

The versatility and adaptability of the methods is very
important to enable transferability and generalization. The
environmental impact quantification tool and the grey wa-
ter footprint are adaptable, as it is possible to change
references and assessment frameworks and objectives to
depict local impact conditions. This is harder for most
LCIAs because they employ multiple impact categories
for which it is difficult to calculate local characterization
and normalization factors.

The strong and weak points of each method as depicted
from this comparative study are also presented in Table 6.

5 Conclusions

The main objective of this paper was to assess the environ-
mental impacts of a municipal wastewater treatment plant
from Romania by using three different impact assessment in-
struments: (1) life cycle assessment (LCA), (2) environmental
impact quantification (EIQ) and (3) grey water footprint
(GWF) and to critically compare these three methodologies
from a practical and applicability point of view in order to
support various water management stakeholders and especial-
ly the wastewater treatment operators.

For this purpose, this study has been developed around a
single case study (Iasi MWWTP) to enable comparison of the
three impact assessment methodologies. The three methodol-
ogies present rather different approaches to environmental im-
pact definition and quantification due tomunicipal wastewater
discharge as it was presented in the overview of methods de-
velopment and application. LCA quantifies impact along a
causality chain, and it is virtually time and space independent;
the EIQ instrument assesses the local wastewater treatment
discharges by comparing the actual pollutant contributions
(inputs) with the river natural background concentrations,
and finally, the grey water footprint measures the virtual water
volume needed to dilute pollution to harmless levels, consid-
ering the legislative requirements.

Although the three methodologies have different principles
for environmental impact quantification, the results have
shown that, for this case (the Iasi MWWTP in Romania), most
impacts to surface waters are given by the nutrients (nitrogen
and phosphorous compounds) in wastewater which could in-
duce a eutrophication impact and to a lesser extent by pollut-
ants responsible for toxicity impacts in the receiving water
body.

However, the analysis of results has demonstrated the weak
and strong points of each assessment method and has empha-
sized the necessity for improving each method for their com-
plimentary and integrated use. For example, widely used
LCIA methodologies have to be improved to better represent
water-related impacts (including waterborne emissions) and
could benefit from the other two impact assessment instru-
ments to better represent local conditions. On the other hand,
the environmental impact quantification instrument and the
grey water footprint accounting methodology could be im-
proved by considering the standardized assessment frame-
work provided by the LCA methodology. Furthermore, the
result analysis and discussion pointed out that at least for
two stakeholders involved in wastewater management (waste-
water operator and management authority), the legal require-
ments have to be considered in the assessment.
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Abstract 
 
The environmental impact assessment (EIA) is a compulsory evaluation instrument for environmental 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 equilibrium. 
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 main sources analyzed were the 
effluents of wastewater treatment plants (4 treatment plants of SC RAJA Constanta) and the effluents of a refinery. The methods 
applied in order to assess the impact of pollution sources with heavy metals were Rapid Impact Assessment Matrix (RIAM) and 
Integrated Environmental Impact and Risk approach. 
Environmental indicators used for impact quantification were correlated considering the concentrations of heavy metals from the 
effluents (generated by the 5 pollution sources), marine water and sediments. 
The results obtained in this study provide a general image for the heavy metal pollution caused by considered anthropogenic 
activities on the Romanian Black Sea Coast. The results showed that the analyzed pollution sources do not have a significant 
negative impact generated by the heavy metal pollution. However, the presence of other pollution sources should not be 
overlooked because the ecosystem equilibrium must be maintained even if the concentrations of the heavy metals are below the 
maximum allowed values. 
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1. Introduction 
 
Environmental Impact Assessment (EIA) is 

usually defined as a mandatory assessment procedure 
that analyzes 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 
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Statement (EIS) (UNEP, 2002). The environmental 
impact evaluation relies on both qualitative and 
quantitative impact evaluation methods that are being 
used to assign (qualitatively) or compute 
(quantitatively) numerical values for the 
environmental impacts (Gavrilescu, 2007; Burger, 
2008; 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., 2015). Traditionally, risk assessment 
(RA) refers only to human health (originally referred 
to occupational health, then public health and safety) 
but recently it was extended to the environmental 
level, including freshwater and marine ecosystems 
(Kiss and Shelton, 2007; Lexer et al., 2006). 

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 implementation is accomplished. 

Toro et al. (2013) have analyzed 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 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 
calculating 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 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. 

The main problems in aquatic environments 
are caused by the pollution generated by human 
activities due to industries, agriculture, social 
development, transportation, mining, etc. and their 
solving requires integrated approaches based on the 
water use cycle concept (Teodosiu et al., 2012). 

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 environmental 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 1. 

The monitoring studies conducted by the 
National Institute for Marine Research and 
Development (NIMRD) “Grigore Antipa” Constanta, 
Romania noticed that the heavy metals 
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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 
Administratia 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 
harbor 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” (INCDM, 2010, 2011, 2012) and 
Administratia Bazinala de Apa Dobrogea-Litoral 
(ABADL) available for the years 2010, 2011 and 
2012. The main anthropogenic pollution sources are 
presented in Fig. 1. Jitar et al. (2014), while the 
associated activities are depicted in Table 2. 
 
2.2. Environmental impact quantification - methods 
description 

 
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 (SAB) (Robu and Macoveanu, 2010; 
Teodosiu et al., 2013). The RIAM method was 
developed by Cristopher Pastakia to quantify the 
environmental impact (Pastakia, 1998; Pastakia and 
Jensen, 1998). Since then, it has been tested in many 
studies for environmental impact assessment (Ijas et 
al., 2010; Kuitunen et al., 2008; Robu et al., 2007; 
Suditu and Robu, 2012). RIAM uses specific criteria 
in quantification the environmental impact, as 
follows:  

a) criteria that can individually modify the 
obtained score (group A), and 

b) criteria that cannot individually modify the 
obtained score (group B). 
Each group of criteria (A and B) is calculated 
considering the specific Eqs. (1) – (2). The 
Environmental Score (ES) is calculated as the value 
resulted by multiplying the grades from group A with 
the sum of grades from group B (Eqs. 1-3) (Kuitunen 
et al., 2008; Suditu and Robu, 2012), where: (A1), 
(A2) are the values assigned to individual criteria 
from group A; (B1), (B2), (B3) are the values assigned 
to individual criteria from group B; AT is the result of 
multiplying all A grades; BT is the result of summing 
all B grades; ES is the environment score of the 
environmental assessed components (in this case 
water and sediments). 

ATAA  )()( 21  (1) 

 
BTBBB  )()()( 321  

(2) 

 
ESBTAT  )()(  (3) 

 
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 evaluation 
system with more certainty, the environmental scores 
(ES) are classified so that a comparison of quantified 
impacts for various situations can be done (Table 4). 

The second method applied was the Integrated 
Quantification of Impact and Risk that was 
performed based on a specific algorithm developed in 
previous studies (Robu, 2012; Stefanescu et al., 
2011; Suditu and Robu, 2012; Teodosiu et al., 2013). 

According to these studies, the integrated 
method may be applied for four environmental 
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 the 
importance of environmental component that takes 
values between 0 and 1 (1 representing the most 
important component - maximum importance) (Robu 
and Macoveanu, 2005; Robu et al., 2005). 
In this study there were considered two 
environmental components: seawater and sediments. 
The environmental impact (EI) was quantified based 
on Eqs. (4, 5), where: Q is the quality of the 
environmental component; UI is the unit of 
importance for each environmental component; MAC 
is the maximum admitted concentration for each 
component according to the environmental standards; 
Cdet is the measured concentration in the samples. 
 

Q

UI
EI 

 

(4) 

 

detc

MAC
Q 

 

(5) 

 

 The environmental risk was calculated 
based on Eq. (6), where: EI is the environmental 
impact; P is the probability of impact occurrence 
with values between 0 and 1. 
 

PEIER   (6) 
 

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.  
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Fig. 1. Anthropogenic sources of pollution with heavy metals identified on the Romanian Black Sea coast 

 
Table 1. The working strategy for the environmental impact and risk quantification 

 
Aim of this study Objectives Specific activities (A) 

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–heavy metals concentrations  

 
Assessment of the environmental impact 
and risk generated by the heavy metals 
pollution  
 
 

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  

 
Table 2. The main anthropogenic sources of pollution with heavy metals 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 
Harbor 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 harbor area. The 
water is mechanically and biologically treated and then discharged in the harbor 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 Harbor 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. 
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Table 3. Description of criteria (conventional) (Kuitunen et al., 2008) 
 

Criterion Scale Description 
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 

A1 - The importance of the condition 

0 No importance 
+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 

A2 - The magnitude of the changing/effect 

-3 Major disadvantages or changes 
1 No changes 
2 Temporary 

B1 - Permanence 

3 Permanence 
1 No changes 
2 Reversible 

B2 - Reversibility 

3 Irreversible 
1 No changes 
2 Non-cumulative/unique 

B3 - Cumulatively 

3 Cumulative/synergetic 
 

Table 4. Description of the environmental scores calculated (ES) 
 

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 
 

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 performed by using 

RIAM method showed that pollution sources (S1-S5) 
(Table 5) have a slight negative impact leading to 
insignificant negative changes (ES total belongs to 
category A: Changes/slight negative impact), all 
concentrations of the analyzed pollutants being 
below the MAC limits according to NTPA 001/2005 
(GD 188, 2002; GD 352, 2005). 

RIAM method was applied to the average of 
annual measured concentrations of heavy metals in 
water and sediment. This data was published in the 
journal of Marine Research, under the coordination 
of the “Grigore Antipa“ National Institute for Marine 
Research and Development Constanta. Determination 

of the heavy metals concentrations in 2010, 2011 and 
2012 was made within a monitoring program by 
analyzing seawater samples (surface horizon of 
shallow sediments) and biota from transitional areas 
(Sulina – Portita, 5 - 20 m), coastal (Gura Buhaz, 
Constanţa East, Casino Mamaia, Constanţa North, 
Constanţa 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 
concentration values determined in relation with the 
environmental quality standards for water (Order 
161/2006; Directive 2008/105/2008) were below the 
MAC limits (maximum allowed concentrations), 
only part of the measurements exceeding MAC. 
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. 

Usually high concentrations of heavy metals 
are recorded in sediments from areas under 
anthropogenic impact: ports and wastewater 
treatment plants. The average concentrations 
calculated for the coastal zone (0 – 20 m) did not 
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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 harbors, 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 these results for 
the environmental component 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 (Figs. 2 and 3). 

The environmental component 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, as presented in Fig. 2. 

 
3.2. Integrated impact and risk assessment results 

 
The application of the integrated impact and 

risk assessment method (SAB) for the point sources 
of pollution (S1-S5), considering the same database as 
for the RIAM method, led to the same result, namely 
both the environmental impacts and environmental 
risks 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. 4). 

Although the wastewater treatment plants as a 
whole do not have a significant impact upon the 
environment (Fig. 4), it was observed that S3 had a 
higher score of environmental impact and risk in 
2010 and 2011 (Figs. 5a. and 5b.). This can be 
explained by the fact that the plant was the subject of 
rehabilitation works (for two years) in order to 
introduce the tertiary treatment stages that was 
completed in 2013. 

The results of the environmental impact and 
risk assessment (by SAB) induced by heavy metal 
pollution in water and sediments from the Romanian 

Black Sea coast revealed that the environmental 
component “water” received the importance grade 1 
and probability of impact occurrence of 0.5, while 
“sediments” 0.85 for importance and 0.85 for 
probability. The integrated method applied for the 
same quality indicators in 2010 showed an 
environmental impact due to the effects of 
anthropogenic activities within allowable limits for 
water; for sediments, the environmental 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. 6). For sediments a major risk was 
quantified, being necessary measures of prevention, 
control and remediation. This may 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. 

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 
while the environmental risk is negligible (values less 
than 100) (Fig. 6). For sediments, the impact showed 
an environment affected by human activities, causing 
disturbance for different forms of life (values of 500-
700), while the calculated risk is like in 2010 
(unacceptable environmental risk, being necessary 
measures of prevention and control).  

The impact and environmental risk assessment 
considering heavy metals as priority pollutants was 
performed in order to observe the current state of the 
marine ecosystem. By using the applied matrices, we 
highlighted the fact that the point sources of pollution 
(S1-S5) identified on the mainland do not have a 
significant contribution to heavy metal pollution of 
water and sediments. 

 

 
 

Fig. 2. Environmental scores (ES) for water and sediments from the Romanian Black Sea shore in the years 2010-2012,  
according to RIAM method 
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Table 5. The matrix of environmental impact induced by assessed point pollution sources (environmental component water) 
 

Pollution 
source 

Year 
Quality 

indicator (i) 
A1 A2 B1 B2 B3 ESi ESyear ES 

Cd 1 -2 2 1 1 -8 
Cr  1 -2 2 2 1 -10 
Ni 1 -2 2 2 1 -10 
Pb 1 -2 2 2 2 -12 

2010 

Zn 1 -1 1 1 1 -3 

-8.6 

Cd 1 -1 1 1 1 -3 
Cr  1 -1 1 1 1 -3 
Ni 1 -1 1 1 1 -3 
Pb 1 -1 1 1 1 -3 

2011 

Zn 1 -2 2 2 2 -12 

-4.8 

Cd 1 -1 1 1 1 -3 
Cr  1 -2 2 2 2 -12 
Ni 1 -1 1 1 1 -3 
Pb 1 -1 1 1 1 -3 

S1 

2012 

Zn 1 -2 2 2 2 -12 

-6.6 

-6.67 

Cd 1 -1 1 1 1 -3 
Cr  1 -1 1 1 1 -3 
Ni 1 -1 1 1 1 -3 
Pb 1 -1 1 1 1 -3 

2010 

Zn 1 -1 1 1 1 -3 

-3 

Cd 1 -1 1 1 1 -3 
Cr  1 -1 1 1 1 -3 
Ni 1 -1 1 1 1 -3 
Pb 1 -1 1 1 1 -3 

2011 

Zn 1 -1 1 1 1 -3 

-3 

Cd 1 -2 2 2 2 -12 
Cr  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 

S2 

2012 

Fe 1 -1 1 1 2 -4 

-6.17 

-4.05 

Cr  1 -1 1 1 1 -3 
Cu 1 -1 1 1 1 -3 
Zn 1 -1 1 1 1 -3 

2010 

Fe  1 -2 1 1 1 -6 

-3.75 

Cd 1 -1 1 1 1 -3 
Cr  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 

Fe  1 -1 1 1 1 -3 

-3 

Cd 1 -1 1 1 1 -3 
Cr  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 

S3 

2012 

Fe  1 -1 1 1 1 -3 

-4.17 

-3.64 

Cd 1 -1 1 1 1 -3 
Cr  1 -1 1 1 1 -3 
Ni 1 -1 1 1 1 -3 
Pb 1 -1 1 1 1 -3 

2010 

Zn 1 -1 1 1 1 -3 

-3 

Cd 1 -1 1 1 1 -3 
Cr  1 -2 2 2 2 -12 
Ni 1 -1 1 1 1 -3 
Pb 1 -1 1 1 1 -3 

2011 

Zn 1 -1 1 1 1 -3 

-4.8 

Cd 1 -1 1 1 1 -3 
Cr  1 -2 2 2 2 -12 
Ni 1 -1 1 1 1 -3 
Pb 1 -1 1 1 1 -3 

S4 

2012 

Zn 1 -2 2 2 1 -10 

-6.2 

-4.67 

Cd 1 -1 1 1 1 -3 
Hg 1 -1 1 1 1 -3 
Ni 1 -1 1 1 1 -3 

2010 

Pb 1 -2 2 2 2 -12 

-5.25 

Hg 1 -2 2 2 2 -12 
Ni 1 -2 2 2 2 -12 
Pb 1 -1 1 1 1 -3 

S5 

2011 

Fe  1 -1 1 1 1 -3 

-7.5 

-6.37 
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Fig. 3. Graphical representation of environmental impacts induced to water (RIAM method, 2010-2012) 
 

 
 

Fig. 4. Graphical representation of the results of the impact assessment and environmental risk by SAB method for the years 
2010-2012 for all pollution sources (S1, S2, S3, S4, S5)  

 

  
a) b) 

 
Fig. 5. Graphical representation of the results for: a) impact assessment and b) environmental risk 

by SAB method for point sources 
 
4. Conclusions 

 
This study was focused on the assessment of 

the environmental impact and risk on water and 
sediments, due to heavy metals pollution generated by 
five point pollution sources of the Romanian Black 
Sea (S1-S5). This is the first study that analyze and 
quantifies the integrated impacts and risks caused by 

heavy metals in the marine environment through the 
contribution of each pollution sources based on the 
monitored quality indicators reported by ABADL and 
NIMRD institutions, Constanta. To achieve the main 
goal of this study, two methods were considered for 
assessing the impact, Rapid Impact Assessment 
Matrix (RIAM) and the Integrated Quantification of 
Impact and Risk matrix (SAB). 



 
Environmental impact and risk assessment of the main pollution sources from the Romanian Black Sea coast 

 

 339

  

 
Fig. 6. Graphical representation of the results of 

environmental impact and risk assessment (SAB method) 
calculated for environmental components: water and 

sediment  
 
According to these methods, the point 

pollution sources (S1-S5) taken into account for the 
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 
wastewater treatment plants do not have significant 
environmental impacts, it could be observed that S3 
wastewater treatment plant had higher scores for 
environmental impact and risk in 2010 and 2011, this 
plant being the subject of 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 status (ES) 
showed a slight negative impact.  

By 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. A significant negative 
impact due to higher concentrations of heavy metals 
was observed for sediments, fact 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 impacts such as harbors and 
wastewater treatment plants: Constanta South and 
Mangalia (NRIMD, 2012a; 2012b). 

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 to be 
preserved, even if some recorded concentrations were 
below the MAC levels according to national 
environmental standards (MO, 2006). 
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Abstract Environmental assessments are often approached in an integrated manner,

taking into consideration the decision-making processes, the stakeholders’ roles and the

preservation of environmental components and human health. An environmental impact

and risk assessment (EIRA) methodology could respond to the new challenges in water

resources management such as those related to industrial/agricultural development and

urbanization. Romania is a country that still faces problems in terms of integrated water

resources management implementation, due to some industrial/agricultural activities that

exceed water quality discharge limits and the influence of diffuse pollution sources over

surface waters. This study presents the development and implementation of a methodology

for the quantitative assessment of environmental impact and associated risk of the eco-

nomic activities from four counties from the northeastern part of Romania (Botosani, Iasi,

Vaslui and Galati counties) within the Prut river catchment. This methodology was

developed for river basin evaluations by using representative quality indicators for the case

of surface water pollution, i.e. biochemical oxygen demand (BOD), chemical oxygen

demand (COD), total suspended solids (TSS), ammonia (NH4
?) and detergents, with

reference to the maximum concentrations allowed by the national standards. The monthly

water samples from 112 wastewater discharging agents (industry, agriculture, wastewater

treatment plants, and small and medium enterprises) were analyzed, and the yearly average

values of these five indicators were considered in the integrated assessment procedure. The

results revealed that there are consistent environmental impacts and risks within Prut river

basin, these being mainly produced by industry. The integrated impact and risk assessment

methodology presents the advantages of rapidity and the potential for improving the

decision-making process.
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Prut river
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1 Introduction

The environmental impact on the natural water bodies has increased significantly in recent

years, as a consequence of their continuous exploitation to meet the human needs for

economic and social development. As a consequence, large rivers are exposed to severe

problems due to multiple uses such as drinking/industrial water, food, hydropower, navi-

gation, irrigation and recreation. Different stakeholders’ interests and unsustainable use of

water in conjunction with the problems of extreme events such as floods and droughts

contribute to changes in river morphology, greater pollution, threatening of aquatic habitats

and biodiversity.

The Danube river basin (DRB) is—after River Volga—the second largest catchment

area in Europe with a size of around 800,000 km2 and around 82 million inhabitants. The

catchment area of Danube river covers at present territories of 18 riparian states; 13 States

hold territories in the Danube basin bigger than 2,000 km2. These 13 States plus the

European Community have access to the Danube River Protection Convention (DRPC) as

contracting parties (ICPDR 2005).

From 1987 to 1996, the quality status of surface waters in the DRB was assessed by the

cooperation parties established by the Bucharest Declaration. Since 1996, the quality status

has been documented in the results of the Trans-National Monitoring Network (TNMN).

Physical, chemical and biological water quality indicators are observed now at 61 moni-

toring stations along the Danube river and some of its tributaries. Generally, tributaries are

more polluted with biodegradable organic substances than the River Danube itself.

Nutrients play a significant role as they cause eutrophication processes in lakes, rivers and

the receiving sea. Improvement of water quality of the main river and of some tributaries

was observed in the last years due to the upgrading of several municipal wastewater

treatment plants (WWTPs) and the introduction of N and P removal (Munich, Klagenfurt,

Salzburg, some others in Slovakia, Romania, etc.) (ICPDR 2004).

These problems are emphasized in countries that experience major economic and social

reforms, like the newest members of the European Union. Growth in industrial and agricultural

output in the Central-Eastern European countries could result in greater pollution loads

to surface waters, thus pollution control measures at industrial facilities have to be comple-

mented with adequate management of municipal and industrial wastewaters. Construction,

expansion and upgrading of wastewater treatment plants (WWTPs) will contribute to a

significant pollution load reduction in municipal, industrial and agricultural point sources.

Romania is a country that still faces challenges in terms of integrated water resources

management implementation, due to some of the industrial/agricultural activities that

exceed discharge limits and due to the influence of point pollution sources over surface

water. In Romania, only 52 % of the population is connected both to water and to sewage

services and more than 71 % of the wastewater is untreated or insufficiently treated.

Furthermore, agricultural production which was historically based on intense use of fer-

tilizers and pesticides still causes major problems for soils, groundwater and surface water

quality (Sharan et al. 2007). This situation is caused by an array of factors which include:

outdated or missing treatment and transport infrastructure for both freshwater and waste-

water which translates into poor operational performances; lack of consistent investments

for rehabilitation and extension of water systems, overlapping the roles of different

authorities involved in water management. Anyway, progress has been achieved mainly at

legislative and organizational levels, while the water quality problems are still enhanced by

development perspectives that suggest rapid industrial development and urbanization

(Barjoveanu et al. 2011).
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The achievement of the objectives of the Water Framework Directive (WFD) (EC 2000)

raises even higher challenges for the new EU member states, like Romania, which have to

solve beside the current water-related challenges, major historic problems related to water

quality (Teodosiu 2007; Teodosiu et al. 2009). The most important WFD objective requires

that by 2015, all water bodies within Europe achieve a good status which is defined for

each type of water resources based on a set of physical–chemical and ecological charac-

teristics. For the physical–chemical classification of rivers, the WFD uses a five class

reference system, ranging from Class I (undisturbed, natural water bodies) to Class V,

which describes a highly polluted water body.

Considering the problems and challenges related to water quality briefly presented

above, a question of prioritization among these aspects appears, which emphasizes the

need for an objective and versatile instrument that could provide valuable information on

the pollution sources, wastewater discharges and the state of the receiving water bodies.

The aim of this research is to develop and apply an environmental impact and risk

assessment methodology (EIRA) to identify and characterize environmental impacts to

surface waters due to direct wastewater discharges. This instrument is intended as a fast

and objective tool for decision support in water resources management which enables the

classification of the wastewater polluters within a river basin based on their performance

in respecting the legal requirements in terms of polluter concentrations and maximum

allowed discharge flows.

The methodology was applied for surface water bodies within the Prut river basin in

Romania, by taking into consideration 5 relevant water quality indicators (BOD, COD,

TSS, NH4
? and detergents). After an argumentation and description of the methodology in

Sect. 2, a case study of the environmental impact and associated risk assessment of the

economic activities in the Prut river basin, located in northeastern part of Romania

(Botosani, Iasi, Vaslui and Galati counties), is presented. The assessment is based on the

analysis of water samples from 112 wastewater discharging agents (industry, agriculture,

wastewater treatment plants, municipalities and small and medium enterprises) from the

five selected water quality indicators.

2 Environmental impact (EI) and risk assessment (RA) methodology

Environmental impact assessment (EIA) is an important procedure used to predict the

environmental consequences before or after a certain decision is taken concerning infra-

structure development/modification, production processes development/improvement or

for issuing or renewal of environmental permits. Thus, EIA ensures that the potential

effects are foreseen and adequately addressed at an early stage in the project planning

phase and for the existent activities/processes, improving prioritization of the planned

actions to facilitate wiser choices/decisions among the alternatives (Canter 1993).

The importance of environmental impact assessment in the context of sustainable

development objectives to reach better decisions in fields like climate change and water

resources management (Glynn 2004; Mwalyosi et al. 1999; De Smedt 2010; Radaelli and

Meuwese 2010; Robu and Macoveanu 2010) was acknowledged and supported by various

international organizations like the European Environment Agency (EEA 2011) or the

United Nations at the Rio ? 20 Conference (UNCED 2012).

EIA is an emerging research field with an increasing demand for operational tools to

support policy decisions. EIA faces changes that refer to user requirements and to which

researchers must continuously adapt (Pope et al. 2004; Thiel 2009; Parra López et al. 2009).
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Basically, EIA can be regarded as a prerequisite in policy development to address the

emerging challenges of sustainable development in a globalized world (Siebera and Dom-

ı́nguez 2011).

Different authors (Canter 1993; Demidova and Cherp 2005; Azizullah et al. 2011) link

comprehensive assessments to the expansion of integrating both risk assessment (RA) and

environmental impact assessment (EIA), so as to help decision-making processes within

water resources management. Generally, EIA describes the impact induced on environ-

mental components, while risk assessment (RA) traditionally refers only to human health

(originally referred to occupational health, then public health and safety) revealed by these

studies. Recently, it was extended to the environmental level (Lexer et al. 2006). Despite

the potential benefits of using EIA and RA to complement each other, their application in

quantifying the impact and associated risk related to surface water pollution is rarely used.

Several publications emphasize the ‘‘vulnerability’’ concept with respect to environmental

impact (Füssel 2010; Hufschmidt 2011; Sietz et al. 2011) and the importance of including

it in defining the dimensions of the environmental impact induced by the water pollution.

When integrating the risk assessment (RA) in the environmental impact assessment

(EIA) methodology, management authorities and environmental experts should avoid

duplication of efforts in collecting and interpreting the data (Robu 2005; Robu et al. 2005).

Thus, after quantifying the environmental impact generated by the wastewaters produced

by economic activities within Prut river basin, this methodology offers the possibility to

link it with its probability of occurrence generating thus an image of the risk induced on the

receiving waters. Such an integrative and objective methodology of assessment that con-

siders both impact and associated environmental risk may be a reliable tool for decision-

making in water resources management.

The environmental impact and associated risk assessment (EIRA) methodology

developed in this study considers environmental risk (ER) as a function of the magnitude

of environmental impact (EI) and its probability of occurrence (as presented in Eq. 1)

(Enzenhoefer et al. 2012; Tartakovsky 2013; Topuz et al. 2011).

ER ¼ EI � P ð1Þ

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, nor for compliance and control activities. The EIRA methodology addresses this

legal drawback and evaluates the environmental impact 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. 2.

EI ¼ Cdet � Qdet

Cmax � Qmax

� IU ð2Þ

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 water quality
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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 study, the impacts and risks for only one environmental component surface water

were considered. For the EIRA assessment, 5 common water quality indicators were used:

biochemical oxygen demand (BOD), chemical oxygen demand (COD), total suspended

solids (TSS), ammonia (NH4
?) and detergents. These indicators are suggestive for the

municipal and agricultural pollution, 3 of these indicators (BOD, COD and TSS) being

used as design parameters for the wastewater treatment plants.

The maximum allowed concentrations, MAC, consider the limits presented in the

Governmental Decision 352/2005 (GD 352 2005) as presented in Table 1.

As stated before, the main purpose of this method is to provide an image of the

performance of polluters in respecting the Romanian legal requirements in conjunction

with the objectives of the WFD. The importance units (IU) were introduced in the method

as an expression of the impact of the polluter upon the state of the receiving water body, in

connection with the objectives of the Water Framework Directive. The WFD requires that

by 2015, all water bodies should achieve the good water status, which from the physical–

chemical point of view means that all water bodies should be at least in the second quality

class (EC 2000). The definition of these classes, together with the chemical quality

indicators recommended by the Romanian legislation (EMO 161/2006), is presented in

Table 2.

Looking at the distribution of the water quality classes in the river sections within the

Prut river basin (Table 3), one may observe that pristine waters (Ist class) are absent in the

basin, while second quality class waters account for 24–41 % of the river lengths (between

2005 and 2007). This means that more than half of the river sections in the Prut river basin

are low-quality waters which need to be rapidly improved so as to meet the WFD

objectives. This was the rationale according to which, in our study, the highest importance

(and IU) has been assigned to low-quality rivers and a lesser importance has been given to

high-quality water bodies, as presented in Table 2. However, this method is versatile and it

can be applied in different contexts and for different evaluation objectives. For example,

Table 1 Maximum allowed concentration (MAC) and AC and attention threshold (AT) values

Quality indicators Detergents
(mg/L)

NH4
? (mg/L) TSS (mg/L) BOD (mg/L) COD (mg/L)

MAC 0.5 2 35 25 125

AT 0.35 1.4 24.5 17.5 87.5

Table 2 Chemical water quality indicators recommended for river ecological statuses

Quality class (WFD) Significance Water quality indicators (mg/L) Allocated IU

Detergents NH4
? TSS BOD COD

Ist class High status 0.1 0.4 – 3 10 0.2

IInd class Good status 0.2 0.8 – 5 25 0.4

IIIrd class Moderate 0.3 1.2 – 7 50 0.6

IVth class Poor 0.5 3.2 – 20 125 0.8

Vth class Bad [0.5 [3.2 – [20 [125 1
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the assignment principle of the importance unit values can be changed according to a

conservationist approach in which high-quality river sections (Class I and II) will have

a higher importance than the low-quality ones.

In this context, this environmental impact and risk assessment instrument associates the

impact magnitude or extent caused by discharging (insufficiently) treated wastewaters with

the quality of the receiving water body, without necessarily establishing a causality rela-

tionship 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 second class quality by 2015.

Thus, this methodology becomes a tool that enables the prioritization of the most

important impact zones in the Prut river basin in terms of high pollution 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) (EMO 161/2006). The importance

unit (IU) ranges between 0.2 and 1, where value 1 indicates the ‘‘maximum importance’’

assigned to a river segment situated in the fifth quality class (‘‘very polluted’’), and value

0.2 represents the ‘‘minimum importance’’ assigned to a river segment situated in first

quality class (‘‘very good’’) as presented in Table 2. 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 (P) 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 presented in Table 1. The

probability units can be calculated with Eq. 3 (Enzenhoefer et al. 2012; Tartakovsky 2013;

Topuz et al. 2011).

P ¼ n

m
ð3Þ

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.

In this study, the methodology was applied considering the impact on surface water, for

each of the water quality indicators separately, followed by the calculation of the global

environmental impact and associated risk caused by each economic activity. The global EI

and ER values for every pollution source were calculated with Eq. 4 (Demidova and Cherp

2005; Schetke et al. 2012).

Table 3 Prut river water quality classes according to WFD

River segments Length (km) Quality class (% river length)

I II III IV V

Prut tributaries 825 0 11.3 58.1 27.5 3.2

Prut river 742 0 98.2 1.8 0.0 0.0
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EI ¼

Pk

i¼1

ðEIiÞ

k
ð4Þ

where EI total environmental impact on surface water; EIi environmental impact on sur-

face water, considering quality indicator i; i quality indicators (e.g., COD, BOD, etc.);

k number of quality indicators considered in evaluation process.

3 Case study: Prut river basin characteristics and pollution sources

The Prut river basin (presented in Fig. 1) is located in the northeastern part of Romania.

With a total length of 952.9 km, it is the second longest tributary of the Danube river and it

forms the border between Romania and Republic of Moldova. Its total area of 27,500 km2

covers the territory of three countries: Ukraine, Romania and the Republic of Moldova. In

the Romanian part, Prut basin is managed by the Prut Water Directorate and includes in its

patrimony: 52 reservoirs (with a total volume of 707 million m3, divided into 36 complex

reservoirs, 11 temporary storages and 5 polders), 854 km of regulations, 1073 km of dikes,

73.3 km of bank consolidations, 6 derivations-upstream waterways and 11 pumping sta-

tions (DAP 2009).

In Romania, the Prut catchment occupies 4 counties: Botosani, Iasi, Vaslui and Galati,

and it has a total surface of 20,267 km2 and a population of 2.3 million inhabitants. Within

the analyzed study area, the main water-related problems encountered are as follows:

• Missing and/or outdated wastewater treatment and transport infrastructure;

• Low connectivity rates to water supply and wastewater systems (especially in rural

areas);

• Communication and co-operation between stakeholders;

• The persistence of a significant number of tributaries classified in the fifth quality class

(as presented in Table 3).

The integrated environmental impact and risk assessment of the point pollution sources

entering the natural system (Prut river and its tributaries) was performed considering a total

number of 112 point pollution sources, analyzed during the period 2005–2007. Table 4

presents the values of the selected water quality indicators, together with their minimum,

maximum and average concentrations as compared to the maximum allowed concentra-

tions (MAC) regulated by the national legislation (GD 352 2005).

It should be mentioned that few agricultural/zootechnics water pollution sources were

evaluated in this study, due to the diffuse characteristic of these units within Prut river

basin and thus the limited availability of water quality data.

4 Results and discussions

The integrated methodology was applied to assess the environmental impact and associated

risk for 112 point pollution sources with various economic activities (Table 4) from the

Prut river basin, using multi-annual average concentration values of the 5 water quality

indicators (BOD, COD, TSS, NH4
? and detergents), over a data series that covered three

years (2005–2007). The probabilities of occurrence of these impacts were calculated for

each indicator, as a frequency of discharge events that exceed the attention threshold of
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70 % of MAC. These attention thresholds are imposed by the national legislation (EMO

756/1997) to create awareness on possible pollution events that might occur and were

considered for calculating the pollution events probability, as well as for the impact ref-

erence system.

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 dis-

charges a wastewater 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 environ-

mental permits (Qref = Qmax). It was also considered that the pollution sources discharge

the above described wastewater effluent into a receiving river classified in the second

quality class (IUref = 0.4), indicating whether a polluting source may or may not deviate

Fig. 1 The Prut river basin (location and water quality in 2007)
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Table 4 Inventory of quality indicators of wastewater discharges in the Prut basin (2005–2007)

Polluter type No. of
polluters

Water quality indicators (mg/L)

NH4
? TSS BOD COD Detergents

MAC 2 35 25 125 0.5

BOTOSANI County

WWTP 7 Average 23.42 312.34 76.21 209.53 0.94

Min. 0.00 12.00 1.79 4.32 0.02

Max. 279.70 11848.00 672.00 1692.00 6.29

Municipalities 12 Average 43.21 294.74 215.15 558.73 1.18

Min. 0.01 15.00 9.48 15.48 0.00

Max. 532.46 4490.00 5021.00 9732.70 6.53

Industries 11 Average 11.33 204.47 65.65 181.89 0.36

Min. 0.05 12.00 4.00 15.68 0.00

Max. 46.37 2200.00 848.00 1920.00 1.78

Services 9 Average 142.52 226.46 436.75 1280.85 0.40

Min. 0.00 17.00 1.46 7.20 0.00

Max. 935.70 3295.00 2745.00 7459.20 3.32

IASI County

WWTP 8 Average 26.46 59.35 67.77 165.07 1.23

Min. 0.00 0.00 0.00 13.30 0.00

Max. 478.40 803.00 336.00 1152.00 21.10

Municipalities 3 Average 55.03 108.17 230.59 481.15 2.73

Min. 0.14 7.30 27.40 85.00 0.12

Max. 203.00 644.00 1338.00 1382.00 12.23

Industries 17 Average 12.14 163.71 218.30 539.28 0.71

Min. 0.01 1.00 1.05 5.30 0.00

Max. 329.00 9782.00 2400.00 6412.00 15.35

Services 2 Average 10.39 64.31 39.84 128.82 0.18

Min. 0.48 1.40 5.60 29.90 0.00

Max. 27.70 487.00 232.00 972.00 0.62

Agriculture/
Zootechnics

2 Average 9.28 172.56 431.27 974.96 1.61

Min. 0.19 9.70 9.00 25.00 0.12

Max. 34.30 729.00 2830.00 5210.00 6.48

VASLUI County

WWTP 9 Average 14.32 51.88 36.06 102.43 65.76

Min. 0.00 7.00 3.10 10.30 0.00

Max. 59.94 485.00 427.40 904.80 3643.00

Municipalities 7 Average 30.73 85.24 53.81 153.00 52.20

Min. 0.03 20.00 12.50 36.40 0.01

Max. 181.55 640.00 640.50 1586.30 2223.00

Industries 5 Average 0.89 26.41 41.07 161.89 0.16

Min. 0.00 7.00 1.86 11.80 0.00

Max. 17.65 295.00 1851.80 8812.80 3.39
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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:

EIref ¼
Cref � Qref

Cmax � Qmax

� IUref ¼
0:7 � Cmax � Qmax

Cmax � Qmax

� 0:4 ¼ 0:28 ð5Þ

ERref ¼ EIref � Pref ¼ 0:28 � 1 ¼ 0:28 ð6Þ
Figure 2 presents the results of the application of the EIRA methodology, depicting the

global environmental impact and associated risk for each polluting agent, by county and by

activity type as compared with the established references.

Considering these results and the references established for the environmental impact

and risk evaluation, the next two situations may be discussed:

(a) Impacts within the reference value

An impact lower than 0.28 means that the polluting agent respects simultaneously the

permit/legislation limits for flows and concentrations and that the wastewater discharge

Table 4 continued

Polluter type No. of
polluters

Water quality indicators (mg/L)

NH4
? TSS BOD COD Detergents

MAC 2 35 25 125 0.5

Services 2 Average 46.72 94.80 92.47 250.17 0.42

Min. 1.16 22.00 13.60 40.80 0.05

Max. 186.25 343.00 621.80 1767.70 1.76

Agriculture/
Zootechnics

1 Average 0.18 83.50 15.65 56.60 0.20

Min. 0.03 17.00 11.80 49.00 0.05

Max. 0.33 150.00 19.50 64.20 0.34

GALATI County

WWTP 2 Average 9.33 41.36 15.97 65.23 0.33

Min. 5.60 11.00 11.35 43.20 0.10

Max. 25.85 82.00 30.61 129.60 1.79

Municipalities 6 Average 20.07 100.08 37.34 154.34 0.50

Min. 2.58 31.00 12.29 48.00 0.01

Max. 66.96 312.00 136.10 523.20 2.09

Industries 6 Average 9.00 36.95 28.21 99.78 0.27

Min. 0.34 6.00 5.02 24.00 0.01

Max. 25.60 580.00 788.00 1944.64 0.57

Services 2 Average 7.31 51.07 18.61 84.62 0.24

Min. 0.68 29.00 6.21 27.84 0.09

Max. 21.05 78.00 28.54 134.40 0.50

Agriculture/
Zootechnics

1 Average 0.78 72.11 43.44 130.13 0.15

Min. 0.37 48.00 22.36 86.40 0.02

Max. 1.82 140.00 177.75 307.20 0.25
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does not affect the state of the river (the wastewater discharge does not necessarily lead to

a change of the river quality class);

(b) Impact higher than the reference value

When the impact value is above 0.28, then a pollution event occurs (by exceeding the

MAC or the maximum allowed flow, or both) which may lead to a negative change in the

state of the recipient water body. This situation corresponds to a hotspot and needs

immediate attention.

A special situation occurs when the magnitude component of the impact (depending on

the pollution load) exceeds the reference value, but the total value of the impact is less than

the reference value. This might happen when a polluter slightly exceeds the MAC or the

maximum allowed flows and discharges into a Class I river. According to the principles of

this methodology, this means that although the polluting agent does not meet the permit

conditions, its environmental impact will not lead to a decrease in river quality below

Class II.

Fig. 2 The global values for environmental impacts and risks by county and pollution source
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For almost all situations evaluated and presented in Fig. 2, the environmental risks

present very close values to those of the impacts, which is caused by the high probability of

exceeded wastewater discharge loads. This aspect 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 induce significant impacts on the quality of the receiving water

bodies.

The majority of the analyzed wastewater discharging agents present very high-risk

values for the surface waters, from both the point of view of the magnitude and severity, as

well as from the probability of occurrence that can confirm the weak points of the existing

infrastructures, some outdated industrial production systems and also the lack of good

agricultural practices.

Figure 3 illustrates the breakdown components of the EI and ER values for the most

significant pollution sources from Botosani County. It may be noticed that the NH4
? has

the highest contribution to the global impact for this pollution source. For a better insight

into the environmental impact induced by one of the service providers in Botosani County,

the impact components, by pollutant, are presented in Table 5.

These results reveal the important relation between the environmental impact compo-

nents, i.e. magnitude and importance. In several situations, although one of the impact

Fig. 3 Breakdown components
of global impact and risk for
source 16 in Botosani County

Table 5 Derivation of EI and ER (multi-annual average values) for source no. 16 in Botosani County

Impact component
(water quality indicator)

Measured
samples (no)

IU EI P ER

Detergents 7

0
.6

(0
.8

in
2

0
0

7
) 14.52 1 14.52

NH4
? 7 61.58 1 61.58

TSS 7 28.62 1 28.62

BOD 7 17.47 1 17.47

COD 7 9.23 1 9.23

Global 26.28 26.28
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components (pollutant concentrations or flows) has exceeded the maximum allowed

values, the total impact score was under the reference value. These situations were

encountered within the pollution sources that discharge wastewater flows with high values

of BOD and COD loads in the main course of Prut river (that in the considered section was

classified in the Class II according to WFD). This context led to EI values within the

reference limit (0.28), even if the discharged flow is higher than the maximum allowed

value by the environmental permits, considering the good quality of the receiving river.

In Fig. 4, it may be noticed for Iasi County that the highest contribution to the global

values of EI (respectively ER) is due to NH4
? loads, as in the previous case (Botosani

County).

By analyzing the results of the EI and ER quantification, there were observed several

cases with values for both magnitude and importance that exceed the reference limits, as it

is the case of one of the municipal WWTP from Iasi County (Table 6). This situation is

more harmful due to the river high importance (IU = 1).

In Figs. 5 and 6, the breakdown components of impact and risk for the effluents dis-

charged by the WWTP polluters from Vaslui County and from one of the industries in

Galati County are presented. It may be noticed that NH4
? loads have the highest contri-

bution to the global values of EI.

Most of the analyzed municipalities recorded EI values within the considered reference

or values slightly exceeding limits that are not necessarily explained by the low values of

Fig. 4 Breakdown components
of global impact and risk
(WWTP from Iasi County)

Table 6 Derivation of EI and ER (multi-annual average values) for source no. 5 (WWTP) in Iasi County

Impact component
(water quality indicator)

Measured
samples (no)

IU EI P ER

Detergents 48 1 146.80 0.58 85.63

NH4
? 48 1 652.19 0.98 638.60

TSS 48 1 107.85 0.60 65.16

BOD 48 1 150.66 0.96 144.38

COD 48 1 94.48 0.75 70.86

Global 230.40 200.93
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the magnitude, but mainly by the low-quality class of the respective river sections where

the wastewaters are discharged.

In terms of the NH4
? and TSS loads discharged by the industrial activities, the majority

of the pollution sources obtained high EI values that exceed the reference value (0.28)

especially due to the high pollution loads and the poor quality class of the receiving rivers.

The detergents loads discharged in the Prut river recorded high impact values as

compared to the reference especially in Iasi County, one or two examples of pollution

sources with higher EI values being observed in Botosani and Vaslui counties, and none of

the pollution sources evaluated in Galati County.

One specific problem is represented by the services from Galati County that discharge

wastewater flows in the legal limits, but with higher values of BOD, COD, TSS and NH4
?

concentrations than the maximum allowed values. The services from Iasi and Vaslui

counties recorded significant concentrations values exceeding legal limits for the quality

indicators NH4
? and TSS, the dimension of the EI value being governed by the magnitude

values and the vulnerability of the receiving river.

Fig. 5 Breakdown components
of global impact and risk
(WWTPs from Vaslui County)

Fig. 6 Breakdown components
of impact and risk (industry from
Galati County)

S102 Nat Hazards (2015) 75:S89–S105

123



5 Conclusions

This study presents the development and testing of an environmental impact and risk

assessment methodology (EIRA) as a useful instrument for decision-making support in

water resources management. The methodology was applied for surface water bodies

within the Prut river basin in Romania by taking into consideration 5 water quality indi-

cators (BOD, COD, TSS, NH4
?, detergents) analyzed in the water samples from 112

wastewater discharging agents (industry, agriculture, wastewater treatment plants, and

small and medium enterprises) from four counties from the Prut river basin.

The EIRA methodology assesses the environmental impact by integrating the waste-

water quality (pollutants concentrations) with the wastewater flow, and the state of the

receiving river taking into account the Water Framework Directive objectives.

The results of this study revealed that all the analyzed polluters present high-risk values

for the surface waters. These occur because of the environmental impact magnitude (given

by the pollution load) and the impact importance (given by state of the river), as well as

from the impact probability of occurrence. If the efficiency of the pollution source in

treating wastewaters to acceptable levels does not improve, the environmental risks will

remain high and the magnitude of the polluting events may cause irreversible damages to

the receiving water bodies.

The EIRA methodology provides information on the components and probabilities for

every impact category, which in our case demonstrated that for the small localities

wastewater treatment plants, there are serious problems related especially to BOD, COD

and ammonia removal. Furthermore, this methodology could be a useful tool in the for-

mulation 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). Thus, the EIRA methodology could be successfully

used as a support tool for identifying the hotspots for a hierarchy of the polluting units in a

river basin.

This approach brings new contributions to the facilitation of the decision-making

process 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 them, (ii) the

environmental impact and associated risk are calculated considering the pollutant loads

and the receiving river water quality.

However, future studies should consider the method reliability because in its current

form, its accuracy depends on existing data. Also, the method can be improved so as to

consider the local river dynamics (e.g., flows, background pollution, extreme events).
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Abstract The environmental impact assessment of mining
sites represents nowadays a large interest topic in Romania.
Historical pollution in the Rosia Montana mining area of
Romania caused extensive damage to environmental media.
This paper has two goals: to investigate the environmental
pollution induced by mining activities in the Rosia Montana
area and to quantify the environmental impacts and associ-
ated risks by means of an integrated approach. Thus, a new
method was developed and applied for quantifying the im-
pact of mining activities, taking account of the quality of
environmental media in the mining area, and used as case
study in the present paper. The associated risks are a func-
tion of the environmental impacts and the probability of
their occurrence. The results show that the environmental
impacts and quantified risks, based on quality indicators to
characterize the environmental quality, are of a higher order,
and thus measures for pollution remediation and control
need to be considered in the investigated area. The conclu-
sion drawn is that an integrated approach for the assessment
of environmental impact and associated risks is a valuable

and more objective method, and is an important tool that can
be applied in the decision-making process for national au-
thorities in the prioritization of emergency action.

Keywords Environmental pollution . Impact assessment .

Risk assessment . Mining . Rosia Montana

Introduction

Currently, there is an increasing global concern for the
decontamination of historically polluted industrial sites that
pose significant environmental risks for terrestrial and
aquatic ecosystems, as well as for human health. These
contaminated sites can also often suffer damage of physical
and biological components. The appropriate remediation of
contaminated sites is one of the major environmental prob-
lems of this century, and one of the first steps towards the
assessment of ecological resources (i.e., receptors, including
humans) is understanding the structure and function of
ecosystems, as well as the levels and potential effects of
the contamination (Burger 2008). An efficient approach
strategy for addressing concerns regarding the environmen-
tal media and the identification of local, regional, and na-
tional 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 was developed as the
analysis process that provided sufficient information for
decision making with the purpose of protecting the environ-
ment from unwanted effects of chemicals by comparing
estimates of effect and exposure concentrations (Breitholtz
et al. 2006). Risk assessment is a graduated process, work-
ing towards the comparison of relative risks induced by
decontamination actions (Swanson 2007). Thus, risk assess-
ments may be performed at various levels ranging from
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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 reha-
bilitation of the area and where the identification of priority
actions is necessary for assuring human health and environ-
mental protection (Semenzin et al. 2007).

In Romania, mining has generated many historically
contaminated sites and there are real opportunities to devel-
op rehabilitation projects for these polluted areas. There are
several important hot spots of mining in Romania, where
environmental protection norms have been little enforced
(Zobrist et al. 2009). The Rosia Montana mining area is
such a hot spot, subjected to historical pollution due to
intensive mining especially during the communist period.
The complete lack of environmental safety measures, and
the unavailability of clean technologies, has led to the in-
tense pollution of surface waters and soils, the creation of
acid mine drainage, and erosion, for example. The pollution
was considerably enhanced by the storage of mine tailings
on unprotected land and comprised high levels of heavy
metals and toxic substances used in the processing of metal
ores. The affected areas extended over time through their

exposure to natural processes such as precipitations, frost/-
defrost, wind, and water seepage. Although the mining
operations ceased completely in 2006, the existing risks to
the environment and ecosystems are still very high.

Materials and methods

Site investigation

The integrated approach described above was applied to the
Rosia Montana mining site in the northwest of Romania, in
the Apuseni Mountains (Fig. 1). The major elements of the
mining landscape in the investigated area are two open pits
(Cetate and Cârnic), 17 waste dumps, and two tailings dams
(Gura Rosiei and Valea Salistei). The processing plant at
Gura Rosiei is now decommissioned.

The extractive, exploitation, and primary mineral pro-
cessing industry is a traditional activity in this area.
During the extended period of operation, significant long-
term environmental impacts occurred due to the various
development stages of the mining operations. The pollution

Fig. 1 Location of the Rosia Montana mining site
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caused by the mining activities accumulated for long peri-
ods and therefore it can be considered as historical pollution
within the mining area.

The main damage caused to environmental media con-
sists of physical, chemical, and biological degradation of
land; the activation and/or enhancement of erosion and
landslide processes (Ştefănescu et al. 2011), atmospheric
pollution (with particulate matters, gas, and aerosols),and
the disturbance of the hydrographic network by changing
the surface water courses, or even of the water table level,
and polluting the surface and underground water bodies
(Levei et al. 2011; Ozunu et al. 2009; Bird et al. 2005;
Florea et al. 2005, Forray 2002; Forray and Hallbauer
2000). In addition, there are impacts on the biosphere caus-
ing migration of biotopes in the affected area as well as
landscape changes by excavations or tailings storage facili-
ties (Ştefănescu et al. 2010). The short overview of the
environmental media quality in the study area is further
presented based on experimental data provided by the
RosiaMin mining company and by the water management
authorities.

To reiterate, this paper focuses on the following environ-
mental media: discharge water (i.e., mine waters and tailings
dams discharge waters), surface water, air, and soil and air. Of
the available data, after the exploitation activities ceased in
2006, no sound measures were taken to mitigate pollution and
improve the quality of environmental media. This may be
explained by the expectation regarding the opening of a new
mining project by the Canadian company Gabriel Resources.

The quality of environmental media in Rosia Montana

According to data provided by the RosiaMin mining com-
pany in 2009, the average values of mine waters indicators
exceeded the threshold values stipulated by the Romanian
legislation in terms of suspended solids, fixed residues and
metal/heavy metal indicators (namely Fe, Cu, Zn, Pb, and
Mn). The pH of these waters was 2.9, i.e., extremely acidic
and it is noteworthy that the scientific literature mentions
acid mine drainage as the main source of pollution in the
hydrographical basin of Aries river, as well as in the sub-
basins of its tributaries (Forray and Hallbauer 2000; Forray
2002). In addition, there is a natural potential to generate
acid drainage and the rocks with the highest potential to
generate acid waters in the area are the volcanic breccias,
with the pH values potentially decreasing below 2, thus
creating a massive mobility for heavy metals in the rock
(Baciu 2007).

By the lixiviation (or leaching) of rainwater through the
tailings dams, these emerging waters can be charged with
pollutants, especially with heavy metals. The waters dis-
charged from the Valea Salistei tailings dam are at present
exceeding the allowable limits for the indicators Pb and Mn,

i.e., presenting a moderate acidity. Gura Rosiei tailings dam
was monitored less, from the physicochemical point of view,
as it is under preservation since 1986. The 2008 analyses
made available, courtesy of RosiaMin mining exploitation,
performed on tailings dam discharged waters, show extreme
values of Pb andMn, as well as an acid character. Mine waters
and tailings dams discharge waters present high concentra-
tions of pollutants which contribute to the pollution of down-
stream watercourses, as one may see in Electronic
Supplementary Material (ESM) 1, illustrating contaminated
waters discharged from the Valea Salistei tailings dam.

Previous studies performed by the authors and others have
indicated that the mining activity in the studied region has
affected metal concentrations in the local surface waters
(Levei et al. 2011; Ozunu et al. 2009; Bird et al. 2005;
Florea et al. 2005; Zobrist et al. 2009; Giger and Panin
2009). High concentration levels of some metals (such as
Pb, Cu, Cd, and Zn) in the river Aries and its tributaries, as
well as the low pH values due to the significant metallic
sulfate content of tailings and sediments, suggest that, even
when closed, the mines and tailings dams represent continu-
ous pollution sources of natural water bodies (Ozunu et al.
2009).

Considering the long history of the gold and silver min-
ing in the area, it is also appropriate to mention the high
degree of soil pollution. This phenomenon was greatly
amplified during the last four to five decades due to the
low technological level, and to the inadequate exploitation/-
processing methods, as well as to the intense pace of ex-
ploitation. The pollution was considerably enhanced by the
storage of tailings on unprotected land; these contained high
levels of heavy metals and toxic substances used in the
processing of noble metals. Moreover, the affected areas
were extended over time by their exposure to natural pro-
cesses such as precipitations, frost/defrost, wind, and water
seepage. The close connection between the environmental
media (i.e., water and soil) has lead to the situation where
the water pollution sources mentioned above also constitute
soil pollution sources.

Previous studies (Florea et al. 2005) conclude that the
Rosia Montana mining district represents a seriously affect-
ed ecosystem by the mining industry which is of particular
concern in terms of toxic effects of heavy metals on human
health. In order to re-establish the balance of this ecosystem,
the implementation of an efficient pollution control and
remediation systems would seem to be required.

Environmental impact and risk assessment methodology

Environmental impacts and risks can be assessed by various
methods such as diagrams, check lists, matrices, or com-
bined methods (Robu et al. 2007). The main methods used
to quantify the environmental risk are based on modeling

Environ Sci Pollut Res (2013) 20:7719–7727 7721



and simulations programs or follow mathematical models,
but the integrated method applied herein 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 the RosiaMontana mining area case
study so as to automatically quantify the environmental
impacts and risks that arise from environmental pollution.
The environmental media assessed were: wastewaters (i.e.,
discharges), surface waters, air, and soil. In addition, this
new method considers the principles of environmental impact
evaluation 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, 2007). In this case, the
evaluator has to assign importance values between 0 and 1,
where 1 represents the most important environmental compo-
nent assigned (Table 1). 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 envi-
ronmental 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 2). A total of 1,000 importance units
is used as an estimation of the overall weighting (Ferreira et al.
2008).

Developing such an integrated and objective methodolo-
gy 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 Environmental Impact and Risk Assessment methodol-
ogy considers environmental impact as a function of mea-
sured 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 environmental 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. 1):

Q ¼ MAC

Cdet
ð1Þ

The environmental impact is a function of two parame-
ters, namely the magnitude, which depends directly on the
concentration of the environmental pollutant, and the im-
portance of the environmental component (Eq. 2).

IM
IU

Q
¼ IU:CDET

MAC
ð2Þ

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. 5).

The global impact induced in surface waters, for exam-
ple, is the average of each individual impact quantified
considering n quality indicators (Eq. 3):

IMsurfw ¼
Pn

i¼1
IMsurfwj

n
ð3Þ

where:

N total number of representative quality indicators
for the given environmental component.

Table 1 Calculation of the weighting of each environmental component

Component Assigned value Discharge waters (l) Surface waters (m) Air (n) Soil (p)

Maximum value 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 2 Importance units (IU) calculated for each environmental
component:

Component Weights Importance
units

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

Soil 0.21=1/(1.67+1.33+1.00+0.67) 210

Air 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 (subse-
quently used in quantifying the impact), IU=W×1,000

7722 Environ Sci Pollut Res (2013) 20:7719–7727



IMsurfwi impact induced upon surface water considering
the quality indicator “i”, defined in Eq. 4:

IMSURFW ¼ IUsurfw

Qj
ð4Þ

Qsurfwi ¼
MACi

Cdeti
ð5Þ

where:

Qsurf w 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.

Cdet 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 com-
ponents is calculated based on the same algorithm described
above (i.e., Eqs. 1, 2, 3, 4, and 5). The original approach of
this method is that a risk is associated with each environ-
mental 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. 6):

RMj ¼ IMjPj ð6Þ
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”.

Considering the general definition of risk, i.e., the prob-
ability of a specific type of negative event occurring in this
work, the negative event was considered to be that of
environmental pollution 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 environmental component, based on description
and criteria given by Robu et al. (2007; from 0, i.e., zero or
negligible probability, to 1, i.e., certain probability, expected
to occur in 99 % of the cases). The occurrence probability of
impact upon the underground water, surface water and soil
was considered as certain due to several factors: geological
context, which favors the formation of acid drainage, lack of
tailings lining, and poor management measures at the site.
The probability of impact occurrence upon the air was

considered less probable, that is occurring in 10 % of the
cases (Robu et al., 2007), as the mining operations are
currently ceased. Moreover, the probability was also
assigned based on the exceedance of maximum admissible
concentration in most of the analyzed samples. After the
quantification of the environmental impacts and risks, the
next and last step in environmental impact and risk assess-
ment is their classification into impact and risk levels rang-
ing from negligible/insignificant to catastrophic (Robu and
Macoveanu 2010).

The subjectivity of this method is much reduced, when
compared with other methods from literature (Kuitunen et
al. 2007; Leopold et al. 1971; Linkov et al. 2007; Sandham
and Pretorius 2007; 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. 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 circum-
stances. The method can be extended or limited to more or
fewer environmental components as considered necessary
as quality indicators for the characterization of the assessed
environmental components. The program is flexible and the
final results are not influenced by the experience of the
assessor. Thus, the environmental assessor is no longer a
determinant factor in the assessment process, as the subjec-
tivity of the method, resulting from the assignment of the
importance and probability for the assessment of impact and
risk, is low. This because the use of the matrix helps create
the assigned scores that are later used to quantify the
impacts and risks.

It is worth mentioning that there were cases in which,
although the impact was within permitted limits, the values
of the associated risk classified it as a “medium to major”
risk, due to the high probability of occurrence. This high-
lights the fact that it is highly recommended to assess the
risk also, even if the impact is within prescribed limits. In
addition, when the concentration of a certain pollutant is
measured as being zero (which involves a high quality of the
environmental component, considering only the respective
quality indicator), the method was conceived in such a
manner that it ignores the respective quality indicator and
so this does not influence the final results.

Results and discussion

Based on the analyzed indicators considered for each of the
environmental media and on the formulas presented in the
methodology, the environmental impacts were calculated
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(Table 3), considering the average (i.e., the mean value if the
differences between values were too high) of the measured
concentrations.

The methodology uses the average (mean) concentration
values of 6 surface water samples, 5 waste water samples,
15 soil samples, and 7 air samples, respectively. Samples
were collected from an area of approximately 20 km2 which
includes the mining site, open pit, tailing dams, and Rosia

Valley. The surface and waste waters were analyzed by the
inductively coupled plasma (ICP) mass spectrometry, soil
samples were analyzed by ICP optical emission spectrome-
try, while air samples were analyzed using the gravimetric
method for particulate matters, UV fluorescence spectrom-
etry for SO2, and chemiluminescence analyser for NO2. It is
important to highlight that for the soil component, the
“alert” thresholds for sensitive land uses were used for

Table 3 Results of the integrat-
ed environmental impact and
risk assessment methodology in
Rosia Montana for different en-
vironmental media (complete
data are given in ESM 2)

aConcentrations determined
based on data provided by the
RosiaMin Mining Branch and by
the Romanian Waters National
Administration
bMaximum admissible concen-
tration according to national
standards

Analyzed indicator Cdet
a MACb Q IM

Waste waters

Mine waters

pH 2.90 6.50–8.50 3.00 120

Suspended solids (mg/l) 149 60 0.40 900

Fixed residues (mg/l) 7,657 2,000 0.26 1,385

Environmental impact of mine waters, IM=29,375 264,374

Tailing dams discharge waters

Valea Salistei tailing dam discharge waters

pH 5.90 6.50–8.50 1.27 283

Suspended solids (mg/l) 91.71 80.00 0.87 414

Fixed residues (mg/l) 280 2,000 7.14 50

Environmental impact of Valea Salistei tailing dam discharge waters, IM=638 5,738

Gura Rosiei tailing dam discharge waters

pH 4.97 6.50–8.50 1.50 240

Suspended solids (mg/l) 39.67 80 2.01 179

Fixed residues (mg/l) 191.50 2,000 10.44 34

Environmental impact of Gura Rosiei tailing dam discharge waters, IM=423 3,383

Environmental impact of tailing dam discharge waters, IM=530

Environmental impact of discharge waters, IM=14,953

Surface waters

Surface water—Rosia river

Pb (mg/l) 0.1 0.05 0.5 580

Cu (mg/l) 0.38 0.1 0.26 1,102

Environmental impact—surface waters IM=1,141 4,565

Soil

Cu (mg/kg, dw) 397.66 100 0.25 835

Pb (mg/kg, dw) 166.70 50 0.29 700

Environmental impact—soil IM=345 2,757

Air

Particulate matters (mg/m3) 1.05 0.50 0.47 294

SO2 (mg/m3) 0.01 0.75 62.50 2

Environmental impact—air IM=101 303

Table 4 Impact and risk assess-
ment results in the Rosia
Montana mining area

The assessed environmental media Environmental impact Probability Environmental risk

Mine and tailing dam discharge waters 14,953 0.99 14,803

Surface waters 1,141 0.99 1,130

Soil 345 0.95 328

Air 101 0.30 30
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maximum admissible concentrations, as per the Romanian
regulations (M.O. 1997). The MAC values for waste waters
were used as per Governmental Decision 352/2005 (G.D.
2005), for surface waters as per Ministerial Order 161 of
2006 (M.O. 2006) and for air the MAC values were used
according to STAS 12 574–87 (STAS 1987).

Based on the formulas presented in the methodology, the
environmental impacts and risks were calculated, achieving
the results listed in Table 4 and graphically illustrated in
Fig. 2. It has to be mentioned that the results depends on
MAC and the method is flexible allowing that these limits to
be updated or modified, if necessary. National standards
were considered in this paper as since 2007, when
Romania became an EU member, all national regulations
were subjected to an intense improvement process.
Therefore, the current paper considers the maximum limits

of quality indicators established at national level, which
comply with the European ones. Our approach was to con-
sider the national standards, so that the Romanian authori-
ties could make a more objective and facile decision
regarding this mine site.

Comparing the values obtained for the impacts and asso-
ciated risks for the four environmental media considered, it
might be concluded that the highest impacts and risks relate
to waters, represented especially by the mine waters, with
much lower impacts and risks to soil and air. One can notice
the high difference between the mine water and tailings dam
discharge water values and the other evaluated components.

The results achieved for each analyzed environmental
component are compared to the environmental impact and
risk classes described in Table 5 (Robu and Macoveanu
2005, 2010). To better illustrate the category classes, color
codes are used, ranging from mild green, representing no
significant impact/risk, to intense red, representing very
badly affected environment/catastrophic risk.

Conclusions

The results show that the environmental impacts and risks,
quantified based on certain quality indicators used to char-
acterize the environmental quality, are in the higher ranks.
The environment is mainly affected by the discharge waters
that have a major impact due to high concentrations of Pb
and Mn. Due to the high values of impact and risk associ-
ated to the discharge waters, the mitigation of effects gen-
erated by these waters and the decrease of outflow should be
of primary importance in addressing the impacts of mining
in the Rosia Montana mining area. Also, the surface water is
negatively influenced by the heavy metals such as Zn and
Cu, while soil is most influenced by Cu, Pb, and Zn. It can
be concluded that the environmental media from studied
area are significantly negatively influenced by the presence
of heavy metals (Cu, Pb, Zn, and Mn). Accordingly,

Fig. 2 The impact and risk on environmental media in the Rosia
Montana mining area

Table 5 Classification of the environmental impacts and risks

Impact
scale

Impact description Risk scale Risk description

<100 Natural environment, not affected by industrial/human
activities

<100 Negligible/insignificant risks

100–350 Environment modified by industrial activities within
admissible limits

100–200 Minor risks, monitoring actions are required

350–500 Environment modified by industrial activities causing
discomfort conditions

200–350 Moderate risk at an acceptable level, monitoring
and prevention actions are required

500–700 Environment modified by industrial activities causing
distress to life forms

350–700 Moderate risks at an unacceptable level, control
and prevention measures are needed

700–1,000 Environment modified by industrial activities,
dangerous for life forms

700–1,000 Major risks, remediation, control and prevention
measures are needed

>1,000 Degraded environment, not proper for life forms >1,000 Catastrophic risks, all activities should be stopped
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measures for pollution remediation and control are required
to be considered in the investigated area, with focus on
heavy metals pollution.

When Romania became an EU member in 2007, all
national regulations were subjected to an intense improve-
ment process. Therefore, the current paper considers the
maximum limits of quality indicators established at national
level, which comply with the European ones. Our approach
was to consider the national standards, so that the Romanian
authorities could make a more objective and facile decision
regarding this mine site.

Conclusively, the study emphasizes the significance of
using the integrated approach methodology for the assess-
ment of environmental impact and associated risk as a very
useful and more objective method, and an important tool
that can be applied by national authorities in the decision-
making process.

This study highlights the importance of changing the
present situation which, without further maintenance, will
lead to further damage of the environmental media and
human settlements. Undoubtedly, the development of eco-
logical rehabilitation is a priority in the study area. The
delays caused by the lack of financial resources lead to the
advanced damage of environmental media and of course to
the increase of costs associated to ecological rehabilitation.
The assessment of risk and impact is therefore very useful in
performing a detailed financial planning and estimation for
the rehabilitation of the Rosia Montana mining site. The
appropriate management of the conservation and rehabilita-
tion measures is mandatory after the cessation of the extrac-
tion activities, in order to mitigate the environmental media
pollution risks and to achieve a sustainable system.
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Abstract 
 
Sustainable water resources management represents a key development direction which includes several challenges to be tackled, 
such as: development and implementation of strategic and integrated activities for water resources management processes 
according to the principles of the European Water Framework Directive, solving water availability and pollution problems, 
ensuring a sustainable pathway for development perspectives, involvement of stakeholders in decision-making processes. 
This paper addresses in an integrated approach a series of complex issues leading to major problems for the sustainable 
management of the water use cycle. This study is based on the general research framework given by the WATUSER research 
project implemented by a consortium formed by two technical universities and two regional water operators in Romania. The 
main objective of this project is to develop and implement an integrated system of innovative technologies and management 
instruments for reducing environmental impacts and associated human health risks caused by water quality aspects in the entire 
water use cycle: water abstraction, treatment, distribution, use (human consumption, industry, agriculture etc.), wastewater 
collection, wastewater treatment and discharge/reuse. 
This study presents the major challenges for sustainable management at the level of the water use cycle in Romania, as well as a 
coherent, 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. 
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1. Introduction 
 
In recent years, the importance of sustainable 

water resources management has been increasingly 
acknowledged at different decision levels. For 
example, at the last United Nations Conference on 
Sustainable Development (RIO+20) an assessment of 
the existing commitments regarding the water 
resources management has been prepared (UN-Water, 
2011). According to this assessment, the previous 
goals regarding the sustainable use of water 
resources, such as: the access to safe drinking water, 

protection of water resources, water quality and 
aquatic ecosystems, implementation of integrated 
water resources management (IWRM), water 
resources assessment, water and sustainable urban 
development still represent the global water-related 
objectives to be met on a tight calendar.  

Furthermore, the Rio+20 Conference has 
acknowledged that water is at the foundation of 
sustainable development as it is the common 
denominator of all global challenges: energy, food, 
health, peace and security and poverty eradication 
(UN Water, 2011).  
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While at a global political level, the 
importance of water resources has been recognized 
and calls for actions have been launched at every 
major sustainability summit, the complexity of 
solving and managing water-related aspects increases 
from the decision levels to the local implementation 
areas, as presented in Fig. 1. 

At the European level, the Water Framework 
Directive defines the organizational framework for 
water resources management and sets distinctive 
goals for the sustainable use of water, as well as for 
ecosystems protection through the implementation of 
integrated water resources management (EC WFD, 
2000). As defined in 2000 by the Global Water 
Partnership (GWP, 2000) this concept represents a 
coordinated management process of water and all the 
other related resources to maximize the economic 
and social welfare, without compromising the 
sustainability of vital ecosystems.  

According to this definition, integrated water 
resources management ultimately poses a multi-
dimensional optimization problem between various 
water-related uses, cooperation perspectives, 
management practices and ecosystems sustainability, 
which contributes to a high complexity for the 
sustainable management of water resources. These 
challenges are enhanced by the spatial and temporal 
dynamics and changes of the water use cycle and in 
the water management level which are most visible 
in regions with fast economic growth, changing 

policies an historic water availability and quality 
problems (Teodosiu et al., 2009).  

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 
production 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. 

 
 

 
 

Fig. 1. Decision levels in water resources management 
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Fig. 2. Classification of environmental impacts and risks caused by water use 
 

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). 

This paper represents a concept framework 
which discusses the most important integration 
dimensions of sustainable water resources 
management and how these could be approached in 
the fast-changing water services systems, as it the 
case of Romania. A second objective is to emphasize 
how the most important challenges that change water 
resources management schemes may be approached 
in an integrated and scientifically founded manner. 
Furthermore, the paper aims at describing the 
methodological aspects that underlay a complex 
environmental assessment phase in a research project 
which is aimed at integrating environmental 
management instruments and advanced water and 
wastewater treatment technologies to support water 
services providers in controlling environmental 
impacts and human health risks in the water use 
cycle. 

The paper is organized considering three 
levels of complexity of the sustainable water 
management use:  

1. The level of the water use cycle considering 
the rapid improvement needed and undertaken by the 
water sector in Romania; 

2. The level of management processes and 
stakeholder participation with a focus on the key role 
and challenges of water services providers and the 
importance of the scientific support given by RDI 
institutions; 

3. The operational level of the management 
instruments, with a focus on assessment instruments 
used to determine the water use cycle environmental 
performance. 

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. As it can be 
observed in Fig. 2, 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, in Fig. 2, 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.  

In Romania in 2009, only 55.2% of the 
population was connected  to secure water supply 
(ANRSC, 2011) while in 2010 only 43.7% of the 
population was connected to sewage services, but 
this situation is even worse in rural areas. These 
problems are enhanced by historic pollution of water 
resources, which were mainly caused by industry and 
agriculture, leading to large areas where high 
concentrations of nutrients (especially nitrite and 
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nitrate), heavy metals and pesticides may be found in 
rivers and underground waters. If we consider these 
aspects in the framework of the water use cycle and 
correlate the water quality issues with the low 
connection rates to adequate water supply especially 
in rural areas, we may observe that the water quality-
related human health risks present a wide 
geographical distribution and possibly higher values. 
At the same time, the insufficient 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.  
 
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, professional 
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 this complex scheme of stakeholder 
cooperation, the water services providers act in a 
critical position because they have the responsibility 
of managing in a sustainable way most of the human-
induced environmental impacts on the water 
resources: water withdrawals and treatment for 
production of drinking and industrial water and, on 
the other side the wastewater treatment and sludge 
management.   

Until recently, water and wastewater services 
in Romania were mostly operated by (often small) 
public companies, resulting in inefficient operations, 
without access to financial means and limited 
technical and managerial capability to further 
develop the level of services. This was recently 
changed, together with Romania’s accession to the 
European Union, which has brought multiple 
changes: legislation modifications, organizational 
restructuring of the water services industry and better 
availability of funding for large and small scale 
water-related projects (Vinke-de Kruijf et al., 2009). 

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 authorities) 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 
institutions 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. 
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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. 

However, few of these common initiatives, at 
international level, have focused towards research 
and development of practices and instruments for the 
implementation of the integrated water resources 
management processes at different scales, with 
reference to the development of water resources 
management structures, stakeholder involvement and 
participation and cooperation, operational practices 
and implementation of technological processes for 
water and wastewater treatment.  

For example, the SWITCH Project, with 
European funding under FP6 
(http://www.switchurbanwater.eu/index.php) was a 
research partnership between 33 partners in 15 
countries in the field of sustainable urban water 
management (SUWM) and it had the aim of finding 
sustainable alternatives to conventional ways of 
managing urban waters on topics like: water cycle, 
storm water and natural systems; social, economic 
and environmental perspectives mainly towards 
redefining water resources as part of the urban 
planning and the built environment to redesign the 
City of the Future. Another example refers to the 
AQUAREC Project (European funding under FP5), 
(http://www.aquarec.org/) which dealt with the 
development and implementation of integrated 
concepts for reuse of upgraded wastewater. This 
project has addressed issues of strategy, management 
and technology with the aim of defining criteria for 
wastewater reuse in particular cases and to provide 
guidance to end-users in the planning and 
implementation of wastewater reuse schemes, as well 
as for public institutions on various levels.  

At national level, research and development 
efforts in the field of integrated water resources 
management implemented in common by researchers 
and other water-related stakeholders are rather new. 
The initiative for the development and co-ordination 
of research projects between universities and other 
water-related stakeholders in Romania has been 
taken for the last 8 years by a research group at the 
Department of Environmental Engineering and 
Management at the “Gheorghe Asachi” Technical 
University of Iasi. The RIWATECH Project- 
“Advanced treatment technologies for recycling 
industrial wastewaters” (CEEX 62/2005, 2005–
2008, Research for Excellence Programme) has 
developed a series of advanced treatment 
technologies for recycling industrial effluents, as well 
as best management practices for wastewater 
management in the papermaking industry. Another 
project, SIWMANET- “Sustainable and integrated 
water resources management network” (CEEX 
115/2006, Research for Excellence Programme) has 

developed a research and cooperation network able to 
deal with the water resources management in an 
integrated context, considering sustainability, 
research co-operation, stakeholders participation. The 
STEDIWAT project- Technical and Decision 
Making Support System for Sustainable Water 
Management, (PNCDI II, 2008–2011, 
http://omicron.ch.tuiasi.ro/stediwat) dealt with the 
development of technical innovative support related 
to monitoring, modeling and prediction tools to be 
used for integrated and sustainable water resources 
management at river basin level (Prut, Banat, Arges-
Vedea, Olt river basins) with impacts on local and 
regional sustainable development. 

Another example of research cooperation 
among water stakeholders is proposed through the 
implementation of the WATUSER Project – 
“Integrated system for reducing environmental and 
human– related impacts and risks in the water use 
cycle”. The project is implemented between 2012 
and 2015 by two Romanian universities: “Gheorghe 
Asachi” Technical University of Iasi, which acts as 
coordinator and Politehnica University of 
Timisoara, together with 2 important partners from 
the regional water operators network: SC 
APAVITAL SA from Iasi and SC AQUATIM SA 
from Timisoara. The main project objective is to 
develop and implement an integrated system of 
innovative technologies and management instruments 
for reducing environmental impacts and associated 
human health risks caused by water quality issues 
over the whole water use cycle: water abstraction, 
treatment, distribution, use, wastewater collection, 
wastewater treatment and discharge/reuse. The 
project approaches this goal by developing research 
in two main directions:  
 innovative technologies for water and wastewater 

treatment in order to respond to specific water 
quality problems; 

 a coherent framework of innovative assessment 
and evaluation instruments that will enable the 
identification and abatement of environmental 
and human-related impacts and risks over the 
water use cycle. 

The WATUSER project is conceived to 
consider the major operational and technical 
problems that appear in managing environmental 
impacts and human-health risks in various water use 
cycle steps, as it is presented in Fig. 3. Furthermore 
the project activities are developed to consider the 
spatial distribution of the two complex water systems 
(the counties of Iasi and Timis), especially 
emphasizing the necessity of solving water quality 
problems in urban and rural areas. 

As presented in Fig. 3, 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 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, 
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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 integration 
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 footprinting, life cycle 
assessment, environmental performance indicators) 
and engineering sciences: chemical and 
environmental engineering (electrochemical 
processes, advanced oxidation processes, membrane 
processes), computer engineering (integrated 
monitoring 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 

 
This section presents the methodologies used 

in the first phase of the WATUSER Project which 
refer to the development 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. This study highlights only 
some of the applications regarding various 
management instruments, selected/modified so as to 
consider their adequate applications in the water use 
cycle. 

 

 
 

Fig. 3. WATUSER project activities concept 
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Fig. 4. Diagram of relationships between water related impacts and waterborne health risks 
 
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. 4, 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. 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 environmental 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): 

a. Defining the initiating event, for water-
related risks this refers to the identification of 
pollutants or contaminants in water,  
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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. (1). 
 

RpELCRHHR    (1) 

 
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. (2) and (3). 
 

),( txCELCR     (2) 

 

BW

EFIR





365

    (3) 

 
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. (2) 

and (3) in Eq. (1) the overall formula for risk 
calculation is given (Eq. 4). 

 

RptxC
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This approach enables the human health risk 
assessment in various circumstances and scenarios. 
For example, for the WATUSER Project initial 
evaluation phase, the human health risk assessment 

will be performed for the water treatment and 
distribution 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 activities, 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 
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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 pollution (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. 5) (Enzernhoefer et al, 2012; Tartakovsky, 
2012; Topuz et al., 2011). 

 
ER EI P     (5) 

 
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 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 loads), as presented in 
Eq (6).  

 

det det

max max

C Q
EI IU

C Q


 


  (6) 

 

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 pollution 
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 (Fig. 5).  

The water footprint of a product is the volume 
of freshwater used to produce the product, measured 
over the full supply chain. WF is a multidimensional 
indicator, showing water consumption volumes by 
source and polluted volumes by type of pollution, all 
components of a total 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).  
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Fig. 5. Schematic representation of the components of a water footprint (from Hoekstra et al., 2011) 
 

The grey water footprint 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. The term grey water footprint 
(GWF) that indicates the degree of freshwater 
pollution was introduced first by Hoekstra and 
Chapagain (2008). 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 intensity, 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 pollution 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. (7). 

 

,
max

effl act
proc grey effl

nat

c c
WF Q

c c


 


, [volume/time]

     (7) 
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. 

Even if the ambient water quality standards 
generally exist in the national legislation or there are 
developed within the catchment area and/or water 
body in the framework of national legislation or by 
regional agreement (EC WFD, 2000), they do not 
exist for all chemicals and for all places (Hoekstra et 
al., 2011). It is very important to identify the water 
quality standards and natural concentrations used in 
performing a grey water footprint assessment. 

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). 
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This concept has been employed until now to 
the calculation of water footprint of products and 
industries and to the study of virtual water trade of 
the products, at regional and national level. The 
approach of this study is the use of the grey water 
footprint method as a tool for assessing and 
quantifying the impacts that appear in the water use 
cycle, mainly in the wastewater discharge step. The 
WF assessment will be performed as a 
complementary part to the studies carried-out 
through environmental impact assessments, due to its 
relation to water quantity. 
 
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). 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). Traditionally, 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. This approach of LCA 
studies appeared due to the difficulties within the 
LCA methodology related to water resource 
classification (Lindeijer et al., 2002; Owens, 2002), 
because water is the only abiotic resource that is 
renewable and finite at the same time (Barjoveanu et 
al., 2010b). 

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. In the water industry, 
LCA may be used for the following purposes: 
evaluating the environmental impacts of available 
technologies for each unitary treatment step with a 
focus on energy and chemicals consumption; 
establish the most polluting treatment stages within a 
given water and wastewater treatment scheme and 
propose alternatives to minimize the impacts; 
assessing the environmental performance of potable 
water production plants (Vince et al., 2008). The 
LCA methodology consists basically of four steps: 

goal and scope definition, inventory analysis, impact 
assessment and interpretation, but the integration of 
the water use cycle steps into the LCA methodology 
has proven very difficult, especially in defining the 
systems boundaries and in the results interpretation 
phase. Water service systems have received less 
attention within the LCA community as compared to 
their systems components: the water production, 
water distribution and wastewater systems. Several 
attempts to analyse the water services components or 
their impacts, but their approach was limited by 
methodological and local assumptions (Lassaux et 
al., 2007; Lundie et al., 2004; Tarantini and Federica, 
2001). On one hand, the limited use of LCA in 
assessing the water services systems performace, and 
the opportunity for developing a coherent image of 
environmental impacts for these services has enabled 
the development of an LCA study in the framework 
of the WATUSER Project, which will be performed 
considering all the steps in the water use cycle and 
matching them onto the LCA framework, as 
presented in Fig. 6. 

The undelying idea of using LCA for the 
evaluation of water systems performance is that it 
changes the traditional approach towards water 
resources in LCA studies, from merely a transport 
medium for other impact generators to a product 
with economic value, contributing thus to the 
integration of LCA as a comprehensive and useful 
tool in water resources management. Furthermore, 
this approach will enble the evaluation of the water 
services systems performance considering also their 
development perspectives in terms of improving 
technologies and spatial (urban / rural) expansion. 

 
4. Conclusions 

 
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 
most important integration dimensions and the 
challenges of sustainable water resources 
management in the Romanian context have been 
discussed considering the multiple levels and the 
complexity of the water use cycle. Issues such as: the 
rapid improvement needs of the water sector in 
Romania, the level of management processes and 
stakeholder participation, as well as the operational 
levels within the water use cycle management, with a 
focus on assessment instruments influence to a large 
extent the overall environmental performances. 
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Fig. 6. LCA study framework on water services systems  
 
The water use cycle is characterized by very 

complex interactions 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. 
The goal of this reform process was to improve the 
technical, operational and financial performance of 
the water services sector, but this has lead to 
increasing responsibilities for the regional water 
operators in terms of expanding operation areas and 
new challenges to meeting water-related targets.  

At the stakeholder participation level, the 
paper presents the most important efforts in Romania 
that were performed to increase the role and 
efficiency of RDI – water operators common 
research partnerships in water resources 
management. The latest such case is the 
implementation of the WATUSER Project which is 
aimed at developing a complex and integrated system 
of advanced water and wastewater treatment 
technologies complemented by adequate 

environmental assessment instruments so as to 
improve the water systems performance. 

Finally, at the implementation level of water 
use cycle management processes, the paper presents 
a series of environmental impacts and human health 
risks assessment instruments that are used in the 
framework of the WATUSER project for 
determining a performance level to be used as a 
reference for future systems evaluation.  

These instruments include methodologies for 
human health risk assessment, integrated 
environmental impact and risk assessment, grey 
water footprint and life cycle assessment.  
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Abstract 
 
Environmental impact refers to the negative influence of certain industrial or anthropogenic activities, induced in environmental 
components such as air, soil, surface and ground water, emissions discharged into environment. Usually, there are methods and 
techniques applied for impacts evaluation of various projects proposing the development of new industrial activities. This was 
stated for the first time in 1969 in United States of America, by the National Environmental Policy Act, but currently, in Eastern 
Europe there are many industrial activities operating without being assessed previously from an environmental impacts 
perspective. While the conventional methods were focused on assessing the new proposed activities by various matrix types, new 
methods are designed, focusing on the development of an integrated approach for environmental impact and risk assessment. The 
new approach join together the efforts of scientists to assess the industrial activities in an integrated manner, considering both  the 
impact induced in environment and associated risks, to make the quantitative assessment more accessible and easier to be applied, 
by applying a digitizing technique in relation to the conventional methods.  
The purpose of this work was to underline the new perception in terms of quantitative assessment of impacts induced in 
environment by certain industrial activities, digitizing the conventional method used before. The digitizing process referred to a 
new data base of quality indicators, more suitable to characterize the environmental quality, considering the maximum allowed 
concentration and alert level as established by national standards. The new digitized method was applied for various scenarios, 
and none error was registered, it was also ruled for few case studies. It was proved that in this way the environmental 
impact quantification process becomes more objective, facile and it is not anymore influenced by the experience of 
evaluators, improving the decision making process. 
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1. Environmental impact assessment process 
 
Human actions frequently lead to degradation 

of the environment. Environmental impact assessment 
is a process that takes into account any change of 
environmental 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). Traditionally, the environmental 
impact assessment (EIA) considered in its process the 
identification of impacts associated with planned 
activities or projects, and, later on, industrial 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 
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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) (Robu and 
Macoveanu, 2009, 2010; Robu et. al, 2009). 

 

 
 

Fig. 1. Procedures for EIA (adapted upon Robu and 
Macoveanu, 2010) 

 
Nowadays, there is a big issue to promote the 

neither integrated nor quantitative methods that can 
offer more objective results concerning the 
environmental 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-
criteria 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). 

 
2. Methods for environmental impact 
quantification 

 
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 evaluation (REIM). 
The current methods used for environmental impact 
quantification are characterized as very subjective, 
and if not, are very labor 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 modeling for integrated assessment 
(http://www.consideo-modeler.de/english/schools-
and-universities.html; 
http://www.imodeler.net/iMODELER/iMODELER.ht
ml), 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 main methods applied in Eastern Europe 
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 this paper 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 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 conventional ones, 
the digitized method becomes more objective and it 
facilitates the decision making process when establish 
further Environmental Management Plan or Program. 

 
3. Digitization of Rapid Impact Assessment Matrix 

 
3.1. Rapid Impact Assessment Matrix: short 
description 

 
The RIAM method, presented in detail by 

Kuitunen et al. (Kuitunen et al., 2008) is based on a 
standard definition of important criteria of evaluation, 
as well as the means through which can be deducted 



 
Digitization of the environmental impact quantification process 

 

 843

half-quantitative values for each of these criteria. The 
impacts of the predicted activities in the evaluated 
project are assessed toward the environmental 
components and are quantified as grades for each 
environmental component, using the defined criteria 
and assuring in this way a measuring of the potential 
impact on environmental components. 

The important criterions of evaluation are 
classified in two groups: 

1. criteria that can individually change the final 
environmental score: group A; 

2. criteria that cannot by their self change the final 
environmental score: group B. 

The values given to each of these groups of 
criterions are obtained by using very simple formulas 
that allow the calculation of the environmental scores 
for individual components (air, soil, ground and 
surface water). The system for grades assigning 
requires the multiplication of attributed values to each 
criterion from group A. It is important to use the 
multiplication for group A, because it assures the 
expression of the weight of each grade, while the sum 
of the grades could express identical results for 
different conditions. The values assigned for the 
group B are summed, and this gives the certainty that 
the grades cannot individually influence the final 
environmental score, and also the collective 
importance of all values from group B is taken into 
account. The sum of grades from group B is then 
multiplied with the value resulted from the 
multiplication of grades from group A, assuring in 
this way a final environmental score of evaluation 
(ES) (Eqs.1-3) (Kuitunen et al., 2008): 

 
ATAA  )()( 21  (1) 

BTBBB  )()()( 321
 (2) 

 
ESBTAT  )()(  (3) 

 
where: (A1), (A2) are the values assigned to individual 
criterions from group A; (B1), (B2), (B3) are the 
values assigned to individual criterions from group B; 
AT is the result of multiplying all A grades; BT is the 
result of summing all B grades; ES is the environment 
score of each assessed component. 

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). 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 environmental 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 proposed herein is to 
consider for criterion A2 only the values marked with 
grey in Table 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) 
(Table 1). 

 
 

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

Criterion Scale Description 
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 

A1 - The importance of the condition 

0 No importance 
+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 

A2 - The magnitude of the changing/effect 

-3 Major disadvantages or changes 
1 No changes 
2 Temporary B1 - Permanence 
3 Permanence 
1 No changes 
2 Reversible B2 - Reversibility 
3 Irreversible 
1 No changes 
2 Non-cumulative/unique B3 - Cumulatively 
3 Cumulative/synergetic 
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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. This consist in a big 
advantage of RIAM method, improving the decision 
making process regarding the need of measures and 
actions for pollution prevention and control. 

 
3.2. Digitization process 

 
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 in section 3.1.  

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. 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. 2). 

 

 
 

Fig. 2. 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 environmental 
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 the assessed environmental 
component and specific quality indicators analyzed 
from a list (Figs. 3-5). 

From Fig. 5 it can be observed that the last 
column, MAC check if the environmental component, 
quality indictors and technical norm have been right 
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associated, if not, the error message is wrong 
association (Fig. 6). 

 

 
 

Fig. 3. List of environmental components assessed 
 

 
 

Fig. 4. Lists of quality indicators specific to each assessed 
environmental component 

 

 
 

Fig. 5. List of technical norms used to establish the 
maximum allowed concentration (MAC) 

 

 
 

Fig. 6. Example of message for wrong association between 
environmental component and its quality norms 

The MAC value 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 
is 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 
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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 32121i BBBAAES   (4) 
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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, B3i – 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 color. 
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 colored in orange, and, finally, if the 
ES is higher than (-19), then the cell is colored in red, 
and this means a major impact / negative effect, 
change on environmental quality (Figs. 7, 8).  

 

 
 

Fig. 7. Colors associated to environmental scores 
 

In this way the results can be easily analyzed 
and the decision making process is improved, 

considering the fast method to quantify the 
environmental impact (Fig. 9). 

 

 
 

Fig. 8. Environmental score for environmental component 
and quality indicator: ESec and ESi 

 

 
 

Fig. 9. Description of environmental scores 
 

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. 
 
3.3. Data validation 

 
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 digitization 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 mathematical 
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 validation (http://msdn.microsoft.com/en-
us/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 
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allowable minimum and maximum of environmental 
scores was done. 

 
4. Results and discussions 

 
While the conventional methods were focusing 

on new projects or planned activities 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 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 quantification process 
considers only the negative environmental impacts, 
and it was adapted as follows (Table 3). 

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 a number of 150 students from our faculty, 
in their project semester, and none error was 
registered, it was also ruled for few case studies, and 
further researches are conducted. 

 

Table 3. Conventional criterion from RIAM and new 
assigned values 

 

Criteria 
Working 
principles 

Assigned 
value 

MC ≥ MAC 4 
A.l ≤ MC < MAC 3 
0,5·A.l ≤ MC < A.l 2 
0 < MC < 0,5·A.l 1 

A1 

(importance of 
change) 

MC = 0 0 
MC = 0 0 
0 < MC <A.l -1 
A.l ≤ MC < MAC -2 

A2 
(magnitude of 

change) 
MC ≥ MAC -3 
MC < A.l 1 
A.l ≤ MC < MAC 2 

B1, B2, B3 
(permanently, 
reversibility, 
cumulatively 

changes) 
MC ≥ MAC 3 

MC –measured concentration 
MAC –maximum allowed concentration 
A.l. –alert level as 70% of MAC 

 
5. Conclusions 

 
The main methods applied for environmental 

impact quantification in Eastern Europe are: method 
of global pollution index, integrated method for 
quantification of environmental impact and associated 
risk and matrix of rapid impact assessment (RIAM). 
The process of environmental impact quantification 
can be more efficient and easily to be applied, and, in 
the same time, more objective. Thus, one of the 
conventional matrixes used to quantify the 
environmental impact (RIAM) was digitized, taking 
into account only the case when the pollutants can be 
measured from emissions generated by industrial 
activities, so that the concentration of pollutants 
discharged into the environmental components are not 
predicted as before. 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 / impacts of various pollutants, 
firstly on individual environmental component such 
as on air, soil, sediments, ground and surface water, 
and secondly on global environment.  

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 mathematical steps, in the same time it 
improves the decision-making process regarding the 
integrated pollution prevention and control measures. 
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Abstract 
 
The purpose of Strategic Environmental Assessment (SEA) is to ensure that environmental considerations inform and are 
integrated into strategic decision-making in support of environmentally sound and sustainable development. In particular, 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. The purpose of this paper is 
to describe the state of the art of strategic environmental assessment procedure in Europe, the way of its implementation in 
Romania. This paper also presents a multicriteria method that could be applied for strategic environmental assessment of plans or 
programs. 
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1. Environmental assessments for sustainable 
development 

 
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 materials used 
and 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 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), 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 environmental 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 selection of discreet, 
technically feasible and scientifically justifiable 
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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 (Fig. 
1): 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 environmental 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. 

 
2. Strategic Environmental Assessment (SEA) in 
Romania 
 
2.1. International frame for SEA 

 
As generally understood, Strategic 

Environmental Assessment (SEA) is a systematic and 
anticipatory process, undertaken to analyze 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, 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 
Environmental Assessment signed by Romania too on 
21st of May, 2003 within the 5th Ministerial 
Conference Environment for Europe, held at Kiev, 
Ucraine. 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. 

 
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 environmental impact 
assessment, which is not required in the following 
situations: 

a) for projects, programs that have as unique goal 
the national defense and civil protection; 

b) for projects, programs that have financially and 
budgetary characteristics; 

c) for projects, programs oriented to financial 
support of rural development trough European fond 
for Agriculture Orientation and Guaranty – Section 
Guaranty 2007. 

The European Directive and SEA Protocol 
have been transposed into Romanian legislation (Fig. 
2) 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 Governmental 
Decision for SEA is amending other national 
regulations used before 2004 for environmental 
impact assessment, which are (Fig. 2): 

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 
Environmental impact assessment in order to obtain 
the Environmental Permit, published in Romanian 
Official Monitor, part I, no. 187 from 30 April, 1999 
(Order, 1999). 

 
 



 
Strategic Environmental Assessment for Plans, Programs, Policies in Romania: multi-criterial method 

 

 1453

 

 
 

Fig. 1. Procedures for environmental impact assessments 
 

 
 

Fig. 2. The international and national frame for SEA 
 
3. Multi-criteria method for strategic 
environmental assessment 

 
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 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 
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within SEA procedure, considering the same 
requirements. 

 
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. 3): 

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 Environmental Report; 

3. the final analyses of the quality of 
Environmental Report and decision making. 

 
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 environmental 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 1). 

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 2). The 
environmental criteria considered are: biodiversity, 
flora and fauna; population, human health and 
material assets; water, soils, cultural heritage and 
landscape. 

 
4. Results analyses 

 
The SEA process assists authorities 

responsible for plans and programs, as well as 
decision-makers. 

 
 

 
 

Fig. 3. Procedural Steps in Strategic Environmental Assessments 
 

Table 1. 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  
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Table 2. Multi-criteria analyses (example) 
 

Plan/Program/Policy Environmental criteria 

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 

Overall 

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 +/-' +' +' +/-' +' +/-' 
 

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 environmental 
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:  
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. 

 
5. Conclusions 

 
The purpose of this paper was to describe the 

state of the art of strategic environmental 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 multicriteria 
method that could be applied for strategic 
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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 gives 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 
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Abstract 
 
The question of whether environmental assessment has achieved its goal of helping to reach better decisions has continually 
engaged the attention of academics, policy makers and environmental impact assessment practitioners. Answering this question 
requires several different groups working together and/or in sequence, and examining the effectiveness of environmental impact 
and risk assessment. EIA has tended to focus on the identification of impacts associated with planned activities or projects, 
whereas ERA involves a rigorous analysis of those impacts: the calculation of the probability, and magnitude of effects. The 
integrated method described herein for environmental impact and risk assessment 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 several 
mathematical steps are applied. Also, the lack of experience of evaluator doesn’t influence the results of assessment process, and 
it will reflect in a very objective way the real situation. 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 analyzed 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 analyzed. The results 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 is in 1995 year, when the industrial activities from this area were working at maximum capacity. Thus, it is 
absolutely necessary to apply the measures for remediation to improve the quality of ground water and control the pollution, 
considering the fact that the ground water quality needs to be at optimum parameters, required by national legislation. 
 
Keywords: ground water, quality indicators, impact and risk assessment, pollution control 
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1. Impact and risk assessment 
 

Risk assessment has been suggested as a tool 
to help manage ecological problems. Ecological risk 
assessment is usually defined as the process that 
evaluates the likelihood that adverse ecological 
effects are occurring, or may occur, as a result of 
exposure to one or more stressors. Risk assessment 
has been used extensively to link environmental 
stressors and their ecological consequences. The risks 
associated with chemical exposure are the typical 

concern. Quantifying the risk of various chemicals to 
human health is a logical outgrowth of risk 
assessment as applied in the insurance industry and 
other fields. Over the past 20 years, a body of 
procedures and tools has been used for environmental 
risk assessment for human health. Risk assessment 
applied to ecological problems is more recent, but has 
also focused primarily on chemicals, with animals 
used as surrogates for ecological health. Adapting the 
risk paradigm from assessing insurance risks to 
assessing human health risks to assessing ecological 
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risks has not been simple (Lackey, 1994). Even so, it 
is still unclear whether ecological risk assessment will 
actually improve decision making and ultimately 
protect ecological resources. In spite of the 
difficulties of defining problems in complex 
ecological policy questions, the use of risk assessment 
to help solve ecological problems is widely 
supported. Risk assessment could be a valuable tool 
and should be used extensively in solving ecological 
problems. Risk assessment has historically been 
separated from management. Such separation requires 
that scientists play clearly defined roles as technical 
experts, not policy advocates; these distinctions are 
blurred when scientists advocate political positions. 

In the last few years, a new, very broad and far 
from simple art has sprung up within the wide field of 
risk analysis, comparative risk analysis. Applied to 
environmental risks, it is intended to be an instrument 
of governmental environmental prioritization, policy 
making, and policy implementation. Once 
environmental risks are assessed and ranked, the 
consideration of additional factors such as the 
feasibility of risk reduction; the benefits of risk 
reduction; public risk perception; special risks to 
subgroups or ecosystems; and political, economic, 
and social factors, is needed to develop a 
prioritization of the same risks for attention and, 
finally, to develop policy options leading to 
legislation, regulation, or other types of risk 
abatement possibilities. It is important to note that a 
ranking according to risk is not synonymous with a 
ranking according to priority. The entire span of the 
environmental comparative risk analysis (CRA) 
process consists of the following two major stages, as 
is the case with other forms of risk analysis: 

1. Comparative risk assessment (CRASS), in 
which the risks associated with specific 
environmental issues or problems are assessed and 
compared, usually by being ranked against each other 

2. Comparative risk management (CRM), in 
which there are three stages: 

a. Risk reduction prioritization 
b. Risk reduction policy option development 
c. Implementation of risk reduction policy 

options, including monitoring of the results. 
Carrying out this full process requires several 

different groups working together and/or in sequence. 
Thus, comparative risk studies are very labor 
intensive. The question of whether environmental 
assessment has achieved its goal of helping to reach 
better decisions has continually engaged the attention 
of academics, policy makers and environmental 
impact assessment practitioners (Sandham and 
Pretorius, 2007). One approach to answering this 
question is by examining the effectiveness of 
environmental impact assessment, where 
effectiveness refers to whether something works as 
intended and meets the purpose(s) for which it is 
designed. The newly established Environmental 
Impact Assessment system (EIA) consisted of the 
following main steps (Sandham and Pretorius, 2007): 

•  pre-application consultation; 

•  plan of study for scoping; 
•  scoping report (including public 

involvement); 
•  plan of study for EIA; 
•  Environmental Impact Report (EIR) 

(including public involvement); 
•  authority review; 
•  record of decision (including conditions of 

approval). 
One of the purposes of Environmental Impact 

Assessment (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 (Morris and Therivel, 2004). EIA 
is also a process that provides information about the 
proposal to decision makers (Ridgway, 2005). 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. It 
is especially important to understand how distinctly 
the separate variables have impact on the 
environment, depending on their nature as either 
natural or human-induced, extensive or small-scale, 
cumulative or non-cumulative, local and national 
planning or generally essential or inessential. The 
early emphasis on natural environmental 
consequences of capital projects has since been 
enlarged to encompass not only the ecological, but 
also the social, health, and economic effects of 
projects, policies, programs, plans, technologies or 
activities. There are many tools and techniques that 
have been developed for use in impact assessment 
processes, including scoping, checklists, matrices, 
qualitative and quantitative models, literature 
reviews, and decision-support systems (Macoveanu, 
2005; Robu, 2005; Sandham and Pretorius, 2007). 
While impact assessment processes have become 
more technically complicated, it is recognized that 
approaches including simpler applications of 
available tools and techniques are also appropriate 
(Kuitunen et.al., 2007). 

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 analyzed over the 
period 1995-2006 (exception years 1997, 1998 and 
1999). Eight quality indicators considered 
representative for evaluated situation were analyzed 
from each drilling, over the period 1995-2006, and, 
based on these experimental data, the integrated 
environmental impact and risk assessment was 
applied. 
 
2. Site characterization 
 

The iron and steel industry is highly intensive 
in both materials and energy consumption. Important 
subject for action in response to environmental 
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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 industrial 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: 

• Capacity of deposit is 114168 m3; 
• It can assure minimum 10 years for sludge 

depositing; 
• The area is surrounded by residential area; 

• The stockyard has 2 compartments surnamed 
“cells”, used to deposit slag (cell no.1), and 
sludge, including other different residues (cell 
no.2). 

• 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 analyzed 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.1). The hydro-
geologically properties of ground water from 
evaluated area depend on the layer impermeability, 
and from hydro geological point of view tow 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.1): 

• 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; 

• Drilling F10 – 4 m deep, situated off site, in 
South-West side. 
 

 
 

 
 

Fig.1. The map of drillings F1 to F10 
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3. Ground water quality evaluation 
 
3.1. 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 analyzed 

by standardized methods, according to national 
legislation, over the period 1995-2006 (exception 
years 1997, 1998, 1999). 

 

3.2. Results 
 

The 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 1. 

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. 

 

 
Table 1. Measured concentrations of quality indicators considered in evaluation process 

 
Quality indicators 

Measured concentrations (mg/dm3) 

CCOCr NO3
- NO2

- SO4
2- Fe2+ Pb2+ Cu2+ Ni2+ 

D
ri

ll
in

g 

Year 
 
 

 MAC* 
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 - - - 
 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 - - - 
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 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 
 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. 
 

Thus, the quality indicators analyzed had 
values for measured concentrations higher than 
maximum admissible concentrations: 

• Organic compounds analyzed by CCO-Cr 
indicator had over the period 1995-2006 measured 
concentrations higher than maximum admissible 
concentration almost in all drillings. The maximum 
analyzed 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 
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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 i0.612 mg/L in 2005 and 0.775 mg/L in 
2006).  
 
4. Integrated environmental impact and risk 
assessment  

 
4.1. Method description 
 

The integrated method to evaluate the 
environmental impact and risk used herein is a 
combination between two methods: global pollution 
index and matrix of significance scale (Gavrilescu 
2003, Macoveanu, 2005; Robu, 2005; Robu and 
Macoveanu, 2005a,b). An algorithm developed as 
software designed as SAB was applied to 
automatically quantify the environmental impacts and 
risks that arise from an evaluated activity, considering 
the measured concentration, levels of quality 
indicators (Robu, 2005; Robu et al., 2005a,b, 2007, 
2008).   

This new method for environmental impact 
and risk assessment (EIRA) was applied considering 
only the ground water in the assessment process. The 
evaluation of environmental impacts was done using 
a matrix in order to calculate the significance of 
environmental component, potentially affected by the 
industrial activities. The significance parameter can 
take values between 0 and 1; value 1 represents the 
most significant environmental component (in this 
case the ground water). These values are assigned by 
the evaluator (Table 2). For the evaluated situation, 
the rest of environmental components such as surface 
water, air and soil were not considered in evaluation 
process (Table 3). 

The impact on environmental component (EI) 
directly depends on measured concentration of 
pollutants, and it is expressed as the ratio between 
significance units (IU) and quality of environmental 
component (EQ), defined as follows (Eq. 1): 

EQ

IU
EI =    (1) 

 
The parameter quality of environmental 

component (EQ) is defined as follows (Eq.2): 
 

MC

MAC
EQ =    (2) 

 
where: 
MAC – maximum allowed concentration of quality 
indicators; 
MC – measured concentration of quality indicators. 

After the calculation of significance units, the 
next step was to calculate the quality of 
environmental component defined above. If the 
quality parameter of environmental component longs 
for zero, it results that the environmental quality is 
very poor (this means that the measured concentration 
of pollutant is very high); if EQ value is close to 1, or 
higher than 1, then the quality of environmental 
component is very good (Goyal and Deshpande, 
2001). 

The impact on ground water (EIgw) is given by 
Eqs. 3, 4: 

n

EI
EI

n

i
gw

gw

i∑
== 1

)(

  (3) 

EI(gw)i – environmental impact on ground water, 
considering quality indicator i; 
i – quality indicators (e.g. COD-Cr, BOD etc.); 
n – number of quality indicators considered in 
evaluation process. 

igw

gw
igw EQ

IU
EI

)(
)( =   (4) 

EQ(gw)i – quality of ground water, considering the 
quality indicator i; 
IUgw – significance units obtained by ground water. 

 
 

Table 2. The calculation of significance units for environmental components 
 

Environmental component Surface water (l) Ground water (m) Soil (n) Air (o) 
Surface water (l) 0.001  (1/m)  (l/n)  (l/o) 
Ground water (m) 0.85  (m/m)  (m/l)  (m/o) 
Soil (n) 0.001  (n/m)  (n/n)  (n/o) 
Air (o) 0.001  (o/m)  (o/n)  (o/o) 

l – significance value for surface water, m – significance value for ground water, 
n – significance value for soil, o – significance value for air 
 

Table 3. Significance units obtained by solving the matrix from Table 2 
 

Environmental component Normalized weights 
(NW) 

Significance units 
(IU = NWx1000) 

Surface water 0.001 1.173 
Ground water  0.997 996.48 
Soil 0.001 1.173 
Air 0.001 1.173 
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This way the impacts for environmental 

component ground water considered the most 
representative for the evaluated situation were 
calculated. The next step was to quantify the risks that 
arise, in the view of the results for environmental 
impacts. The risks are calculated as follows (Eq.5): 

 

jjj PEIER ⋅=    (5) 

 
ERj – environmental risk for environmental 
component j; 
EIj – environmental impact on environmental 
component j; 
Pj – probability of impact occurrence on 
environmental component j. 

 
The probability of impact occurrence was 

calculated using the same matrix as described above 
(Table 2) to calculate the significance units. The 
evaluator has to assign values for probability between 
0 and 1 (Table 4), concordant to probability 
description, detailed in Table 5 (Pearce, 1999). 
 

Table 4. Probability units for environmental components 
 
Environmental component Probability units 

(P) 
Surface water 0.001 
Ground water 0.65 

Soil 0.001 
Air 0.001 

 
Considering the fact that the measured 

concentrations of main pollutants analyzed in samples 
from ground water are higher than the maximum 
admissible concentrations (MAC), and the pollution 
will probably occur in most circumstances, 0.65 
probability units were accorded.  

4.2. Results 
 

According 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 corcumstances (90% of situations). 

Quantification of impact and risk induced on 
ground water quality was automatically done (Table 
6). The results of automatically quantification for 
those ten drillings are presented in Figs. 2 – 11. 

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.  

Taking into account the impact classification 
from method of global pollution index (Rojanschi 
et.al., 1997; Robu et.al., 2005, 2007, 2008; Robu and 
Macoveanu, 2005 a, b), a classification of impacts 
and risks is proposed (Table 7). 

 
 

 

 
Table 5. Description of probability 

 
Probability Probability units Description 

 Almost certain 0.91-1.0 Is expected to occur in most circumstances (99%) 
 Likely 0.61-0.9 Will probably occur in most circumstances (90%) 
 Possible  0.31-0.6 Might occur at some times (50%) 
 Unlikely  0.05-0.3 Could occur at some times (10%) 
 Rare <0.05 May occur only in exceptional circumstances (1%) 

 
 

Table 6. The quantification of parameter environmental component quality Q (ground water) and environmental impact and risk 
(IM, RM) for each quality indicator analyzed 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 RM1995 = 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   
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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 RM1996 = 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 RM2000 = 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 RM2001 = 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   
  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 RM2002 = 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 = 43327.00 
COD-Cr, mgO2/L 5.00 9.61 0.52 1915.24 1906.44   
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NO3

-,mg/L 50.00 23.63 
2.12 470.94 468.77 RM2003 = 43127.90 

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 298944.90 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 = 13752.60 
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 RM2004  = 13689.45 

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 RM2005 = 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      
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 RM2006 = 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 
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Fig.2. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F1 

 
 

 
 

Fig. 3. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F2 

 
 

 
 

Fig. 4. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F3 

 
 

 
 

Fig. 5. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F4 

 

 
 

Fig. 6. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F5 

 
 

 
 

Fig. 7. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F6 

 
 

 
 

Fig. 8. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F7 

 
 

 
 

Fig. 9. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F8 
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Fig. 10. Impact and risk induced on ground water quality, 
period 1995-2006, drilling F9 

 

 
 

Fig. 11. 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.12. Comparison of environmental impact induced on 
ground water quality: years 2006, 2003 and1995 

 
It can be 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. 
 
 
 

 

Table 7. Classification of environmental impact and risk 
 

Impact 
Scale 

Impact description Risk 
Scale 

Risk description 

<100 Natural environment, not affected by 
industrial/human activities 

<100 Negligible/insignificant risks 

100-350 Environment modified by industrial activities 
within admissible limits 

100-200 Minor risks, monitoring actions are required 

350-500 Environment modified by industrial activities 
causing discomfort conditions 

200-350 Moderate risk at an acceptable level, monitoring 
and prevention actions are required 

500-700 Environment modified by industrial activities 
causing distress to life forms 

350-700 Moderate risks at an unacceptable level, control 
and prevention measures are needed 

700-1000 Environment modified by industrial 
activities, dangerous for life forms 

700-
1000 

Major risks, remediation, control and 
prevention measures are needed 

>1000 Degraded environment, not proper for life 
forms 

>1000 Catastrophic risks, all activities should be 
stopped 

 
 
6. Conclusions 

 
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 analyzed 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 analyzed, and, based on 

these experimental data, the integrated environmental 
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 analyzed had values for 
measured concentrations higher than maximum 
admissible concentrations: 

• Organic compounds analyzed by CCO-Cr 
indicator had over the period 1995-2006 measured 
concentrations higher than maximum admissible 



 
Cârlig et al. /Environmental Engineering and Management Journal 7 (2008), 6, 791-803 

 

 802

concentration almost in all drillings. The maximum 
analyzed 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 i0.612 mg/L in 2005 and 0.775 mg/L in 
2006). 

The new integrated method applied herein for 
environmental impact and risk assessment 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 several mathematical 
steps are applied. Also, the lack of experience of 
evaluator doesn’t influence the results of assessment 
process, and it will reflect in a very objective way the 
real situation. The results 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. Thus, it is 
absolutely necessary to apply the measures for 
remediation, to improve the quality of ground water 
and control the pollution, considering the fact that the 
ground water quality needs to be at optimum 
parameters, required by national legislation. 
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Abstract 
 
The purpose of this paper was to quantify the environmental impact and risk applying a new integrated method designed as a soft 
SAB. The evaluation of impact and risk induced in environment was performed for surface waters (Bahlui River, Iaşi), 
considering the presence of some minerals and heavy metals in surface water in high concentrations. The new method for 
integrated environmental impact and risk assessment that considers the pollutants concentration levels in surface water was 
developed for the considered case study. 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 several mathematical steps are 
applied (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. 
 
Keywords: environmental quality indicator, impact, risk, significance unit, surface water 
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1. Introduction 
 
 The quality of environmental components (air, 

water, soil, and human health) can be evaluated using 
environmental management applied tools such as 
environmental impact assessment (EIA), environmental 
risk assessment (ERA), life cycle assessment (LCA). 
EIA has tended to focus on the identification of impacts 
associated with planned activities or projects, whereas 
ERA involves a rigorous analysis of those impacts: the 
calculation of the probability, and magnitude of effects 
(Macoveanu, 2005).  

The purpose of this paper was to quantify the 
environmental impact and risk applying a new 
integrated method designed as a soft SAB (Robu, 
2005). The evaluation of impact and risk induced in 
environment was performed for surface water (Bahlui 
River, Iaşi), considering the presence of some minerals 
and heavy metals in surface water in high 
concentrations.  
 

2. 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.  

Two samples of surface water from Bahlui 
River were analyzed in July 2005 and in July 2006, 
respectively. The quality indicators analyzed were: pH, 
ammonium, BOD and some heavy metals (Pb, Zn and 
Cu). The experimental results are presented in Table 1.  

It can be observed that the concentration of all 
pollutants is higher in 2006 than in 2005, and this 
means that the pollution of surface water (Bahlui 
River) is increasing year by year (Fig.1). 
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Table 1. The experimental results of quality indicators 
analyzed 

 
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. 1. The evolution of quality indicators concentrations 

(July 2005 - July 2006) 
 

3. Impact and risk assessment – method description 
 
The new method to evaluate the environmental 

impact and risk used herein is a combination between 
two methods: global pollution index and matrix of 
significance scale (Gavrilescu 2003, Macoveanu, 2005; 
Robu, 2005; Robu and Macoveanu, 2005a). An 
algorithm developed as software designed as SAB was 
applied to automatically quantify the environmental 
impacts and risks that arise from an evaluated activity, 
considering the measured concentration, levels of 
quality indicators (Robu, 2005).   

This new method for environmental impact and 
risk assessment (EIRA) was applied considering only 
the surface water in the assessment process. The 
evaluation of environmental impacts was done using a 
matrix in order to calculate the significance of 
environmental component, potentially affected by the 
industrial activities. The significance parameter can 
take values between 0 and 1; value 1 represents the 
most significant environmental component (in this case 
the surface water – Bahlui River). These values are 
assigned by the evaluator (Table 2). For the evaluated 
situation, the rest of environmental components such as 
ground water, air and soil were not considered in 
evaluation process (Table 3). 

The impact on environmental component (EI) 
directly depends on measured concentration of 
pollutants, and it is expressed as the ratio between 
significance units (IU) and quality of environmental 
component (EQ), defined as follows (Eq. 1): 
 

EQ

IU
EI =                                        (1) 

 
Table 2. The calculation of significance units for 

environmental components 
 

Environmental 
component 

Surface 
water (l) 

Ground 
water (m) 

Soil 
(n) 

Air 
(o) 

Surface water (l) 0.90   (1/m)  (l/n)  (l/o) 
Ground water (m) 0.01 

 (m/m)  (m/l) 
 
(m/o) 

Soil (n) 0.01  (n/m)  (n/n)  (n/o) 
Air (o) 0.01  (o/m)  (o/n)  (o/o) 
l – significance value for surface water, m – significance value for 
ground water, 
n – significance value for soil, o – significance value for air 

 
Table 3. Significance units obtained by solving the matrix 

from Table 2 
 

Environmental 
component 

Normalized 
weights 
(NW) 

Significance 
units 

(IU = NWx1000) 
Surface water 0.97 970.87 
Ground water  0.0097 9.71 
Soil 0.01 9.71 
Air 0.01 9.71 

 
The parameter quality of environmental 

component (EQ) is defined as follows (Eq.2): 
 

MC

MAC
EQ =                                    (2) 

 
where:  
 MAC – maximum allowed concentration of 
quality indicators; 

  MC – measured concentration of quality 
indicators. 

After the calculation of significance units, the 
next step was to calculate the quality of environmental 
component defined above. If the quality parameter of 
environmental component longs for zero, it results that 
the environmental quality is very poor (this means that 
the measured concentration of pollutant is very high); 
if EQ value is close to 1, or higher than 1, then the 
quality of environmental component is very good 
(Goyal and Deshpande, 2001). 

The impact on surface water (EIsw) is given by 
Eqs. 3, 4: 

 
( )

1

n

sw i
i

sw

EI
EI

n
==
∑

                (3) 

 
EI(sw)i – environmental impact on surface water, 

considering quality indicator i; 
i – quality indicators (e.g. COD-Cr, BOD etc.)  

 

i)sw(

sw
i)sw( EQ

IU
EI =   (4) 

 

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 
(mg/L)

NH4 
(mg/L)

Pb 
(mg/L)

Zn 
(mg/L)

Cu 
(mg/L)
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EQ(sw)i – quality of surface water, considering 
the quality indicator i; 

IUsw – significance units obtained by surface 
water. 

This way the impacts for environmental 
component surface water considered the most 
representative for the evaluated situation were 
calculated. The next step was to quantify the risks that 
arise, in the view of the results for environmental 
impacts. The risks are calculated as follows (Eq.5): 
 

jjj PEIER ⋅=                                   (5) 

 
ERj – environmental risk for environmental 

component j; 
EIj – environmental impact on environmental 

component j; 
Pj – probability of impact occurrence on 

environmental component j. 
The probability of impact occurrence was 

calculated using the same matrix as described above 
(Table 2) to calculate the significance units. The 
evaluator has to assign values for probability between 0 
and 1 (Table 4), concordant to probability description, 
detailed in Table 5 (Pearce, 1999). 

 
Table 4. Probability units for environmental components 

 
Environmental 
component 

Normalized 
weights 
(NW) 

Probability 
units 
(P) 

Surface water 1.00 1.00 
Ground water  0.00 0.00 
Soil 0.00 0.00 
Air 0.00 0.00 

 
Table 5. Description of probability 

 
Probability Description 

0.91-1.0 (Almost 
certain)  

Is expected to occur in most 
circumstances (99%) 

0.61-0.9 (Likely) Will probably occur in most 
circumstances (90%) 

0.31-0.6 (Possible)  Might occur at some times (50%) 
0.05-0.3 (Unlikely)  Could occur at some times (10%) 
<0.05 (Rare) May occur only in exceptional 

circumstances (1%) 
 

Considering the fact that the measured 
concentrations of main pollutants analyzed in samples 
from Bahlui river are higher than the maximum 
allowed concentrations (MAC), maximum probability 
(almost certain) was accorded or, in some situations 
(alkalescent / acids contamination) it was considered 
that environmental impact will probably occur in most 
circumstances.  
 
4. Integrated quantification of heavy metals 
presence in surface water: case study – Bahlui 
River, Iaşi 

 
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. 

Fig. 2 illustrates the environmental impact and 
risk induced in surface water (Bahlui River) in July 
2005, while Fig. 3 shows the environmental impact and 
risk induced in surface water (Bahlui River) in July 
2006. 

 
Fig. 2. Environmental impact and risk induced on surface 

water Bahlui in 2005 
 

 
Fig. 3. Environmental impact and risk induced on surface 

water Bahlui in 2006 
 

5. 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. 
Taking into account the impact classification from 
method of global pollution index (Rojanschi et.al., 
1997; Robu et.al., 2005, Robu and Macoveanu, 2005 a, 
b), a classification of impacts and risks is proposed 
(Table 6). 
 

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

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
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Table 6. Classification of environmental impact and risk 

 
Impact 
Scale 

Description Risk 
Scale 

Description 

<100 Natural environment, not affected by 
industrial/human activities 

<100 Negligible/insignificant risks 

100-350 Environment modified by industrial activities 
within admissible limits 

100-200 Minor risks, monitoring actions are required 

350-500 Environment modified by industrial activities 
causing discomfort conditions 

200-350 Moderate risk at an acceptable level, monitoring 
and prevention actions are required 

500-700 Environment modified by industrial activities 
causing distress to life forms 

350-700 Moderate risks at an unacceptable level, control 
and prevention measures are needed 

700-1000 Environment modified by industrial 
activities, dangerous for life forms 

700-
1000 

Major risks, remediation, control and 
prevention measures are needed 

>1000 Degraded environment, not proper for life 
forms 

>1000 Catastrophic risks, all activities should be 
stopped  

 
 
In Fig. 4 the comparison of environmental 

impact and risk induced in Bahlui River in July 2005 
and July 2006 is shown.  

 

 
Fig. 4. 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. 
 
6. Conclusions 

 
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. 
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Abstract 
 
This work presents the state of the art of qualitative and quantitative risk assessment methodologies in a variety of fields. Because 
risk exists in all ranges of human activity, both private and professional, risk assessment is an attempt to analyze precipitating 
causes of risk in order to more efficiently reduce its probability and effects. Numerous methodological guidelines within the field 
of environmental science exist to provide guidance for a risk assessment program, although the level of verifiable quantitative 
data, such as specific chemical effects and scientifically proven hazards, make a direct transfer of methodologies impossible. The 
risk-assessments and their key principles detailed within can be also used to assist in the development of decision making process. 
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 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 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. Lately, the trend is to 
integrate the risk principle into impact assessment procedure, and reasons for that are: risk assessment (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; environmental risk assessment (ERA) is specifically developed to address health issues and 
contains elaborate techniques for enhancing health impacts assessment comprehension in environmental impact assessment (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). 
 
Keywords: environmental risk assessment, models for risk assessment, event-tree risk analysis, HAZAN, HAZOP, integrated 
environmental impact and risk assessment 
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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 resulting judgments on alternatives and 
their acceptability will be subject to noise or bias.  
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Analyses performed by experts should be 
free from such errors (Barrow, 1997; 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 environmental 
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 (Morris and 
Therivel, 1995; Robu, 2005). 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 
exceptional (Andrews, 1988; Barrow, 1997; 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 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 (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 (Andrews, 1988; 
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 (Barrow, 1997; 
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 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 regulations 
(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), 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 environmental 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 (Jaeger, 1998; 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 
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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 environmental 
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 quantitative 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). 

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 sociopolitical, 
legal and engineering 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 
environmental hazards expected at various units 
(AICE, 1992). 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 (Barrow, 1997):  

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.  
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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. 
 
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 organizational 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. 

 
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 unfavorable 
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: 
• defining of the system; 
• identification of the faulting way; 
• analysis of the faulting causes; 
• analysis of the faulting effects; 
• analysis of the compensation possibilities; 
• assessment of the risk associated to each 

faulting way; 
• 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. 
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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 
analyzed in the forth 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, signaling 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. 

 
For the probability level: 

Extremely rare - p<10-9; 
Very rare – 10-9 < p < 10-7; 
Rare10-7 < 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 (Crawley, 2000):  
• 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 
specialists 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 (Crawley, 2000). 

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 
analyzed project.  

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 



 
Robu et al. /Environmental Engineering and Management Journal 6 (2007), 6, 573-592 

 

 578

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 (AICE, 
1992; 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 
quantitative 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 
general 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.  

• 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: 
• primary damages, which emerge in the designed 

working conditions of the equipment; 
• secondary damages that appear in situations  for 

which the system was not designed; 
• 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:  
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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 labeled 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.  

 
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 then 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 
MAPPM 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 
activities developed on a site may determine the 
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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. 

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 
relation: 
 

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 
 

Probability                   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 
definitions 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.  
 
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 (Crowl, 2002, 
Gavrilescu, 2003; Robu, 2005). Nevertheless, few 
works approached the application of QRA to 
navigational aspects and terminal operations are 
available, 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 harbors 
published prior to this work Ports are environments 
often overloaded with hazardous materials, both in 
bulk and containerized.  

The method described here 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 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 
standardizing the process of risk assessment of 
navigation and loading operations for a generic 
port/terminal. 
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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 et.al, 2006). 

 
4.2.1. Data collection 

The first step is to gather the relevant data 
that are used further during the analysis (Fig.1). 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 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 above 

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, two 
fold possibilities 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 is as follows: 
Number of scenarios = 4n+2m 

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 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 
maneuvers 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 installations 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 analyzed. The event 
tree from Fig. 2 was used by authors (Ronza et.al., 
2006) in the application of the method to the Port of 
Barcelona.  
 
4.2.5. Consequences analysis 
 The phenomena or quantities used by 
authors in the consequences analysis, needed to be 
modeled 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 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: 

∫ ∑
= =

=
π

θ
θ θθ
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k
kk dppyxfRFyxR         (1) 

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.  
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Fig.1. Diagram 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. 2. Event tree diagram 

 
 

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 injuries 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. 

This data were obtained from processing of 
1033 port area accidents from which only 428 
occurred during bulk hydrocarbon (un)loading and 
tanker movement/maneuvers 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 maneuver/ 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 modeling 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 
optimization 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 differential 
deterministic and stochastic equations (ordinary 
differential equations, equations with partial 
derivates), algebraic static equations, Petri networks, 
mathematic or stochastic programming, optimal 
control 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.  
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It is very important to identify the risk and to 
estimate it in order to be analyzed. The risk analyzing 
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 available 
information, for assessing diverse variants of possible 
actions. An original model based on multiple 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 modeling the risk phenomenon. Any activity 
exhibits an incertitude element. From mathematical 
point of view, the incertitude will be modeled 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 Eq. (2):   
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the risk measures result from Eqs. (3, 4): 
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A measure of the risk may be considered also: 
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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 (Eqs.2-6): 
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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 second 
measure of the risk within Stone family with three 
parameters is defined as k order root from RS1 (X) 
(Eq. 7): 
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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 Eq. (8): 

 

RF1(X) = ∫
∞−

t

(t - x)α dFx (x)  (α > 0),      (8) 

 
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 (Eq. 9): 
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5.2. Probabilistic modeling of pollution  

 
Mathematic modeling 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 t≥ 0 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) = 
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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 }),  t∈R,   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 some fields 
where measures can be taken. There are information 
concerning the history of the environmental data in 
environmental institutes and research centers 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 modeling 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 analytic 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  
 

The paper presents some selection and 
probabilistic methods for risk assessment, particularly 
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 experimental 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 
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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. 

 
7. Integrated environmental impact and risk 
assessment 
 
7.1. Short introduction 

 
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 tow 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 environmental 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. 
 
7.2. Method description 

 
The fact that the environmental impact 

assessments have a great subjectivity, the 
environmental specialists (Callow, 1998; Macoveanu, 
2005; Robu, 2005) considered that is an acute need to 

use various methods, statistical techniques in order to 
minimize this subjectivity. The method SAB is settled 
up to evaluate the environmental impact and risk, 
considering the main environmental components: 
surface water, ground water, air and soil. To 
characterize the quality of environment, the 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 activities 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 activities.  

The importance parameter can take values 
between 0 and 1; value 1 represents the most 
important environmental component (Goyal and 
Deshpande, 2001). These values are assigned by the 
evaluator to each environmental component. Then, 
the matrix calculates the importance units (IU) for 
ground and surface water, soil and air (Table 1). An 
example is given in Table 2. 

The impact on environmental component 
(EI) directly depends on measured concentration of 
pollutants, and it is expressed as the ratio between 
importance units (IU) and quality of environmental 
component (EQ), defined as follows (Eq. 10): 

 

MAC

CIU

Q

IU
EI measured⋅

==    (10) 

 
 

Table 1. The calculation of importance units for 
environmental components 

 
Environmental 
component 

Surface 
water (l) 

Ground 
water (m) 

Soil 
(n) 

Air (o) 

Surface water 
(l)  

0.90  1.13 = 
(1/m) 

0.95 = 
(l/n)  

0.90 = 
(l/o) 

Ground water 
(m)  

0.80  1.00 = 
(m/m) 

0.84 = 
(m/l)  

0.80 = 
(m/o) 

Soil (n)  0.95  1.19 = 
(n/m) 

1.00 = 
(n/n)  

0.95 = 
(n/o) 

Air (o)  1.00  1.25 = 
(o/m) 

1.05 = 
(o/n)  

1.00 = 
(o/o) 

l – importance value for surface water, 
m – importance value for ground water, 
n – importance value for soil, 
o – importance value for air 

 
The parameter quality of environmental 

component (Q) is defined as follows (Eq.11): 
 

measuredC

MAC
Q =     (11) 



 
Methods and procedures for environmental risk assessment 

 

 587

where: 
MAC – maximal allowed concentration of quality 
indicators; 
Cmeasured – measured concentration of quality 
indicators. 
 

Table 2. Importance units obtained by solving the matrix 
from Table 1 

 
Environmental 
component 

Normalized weights Importance 
units 
(IU = 
NWx1000) 

Surface water 
(l)  

0.27 = 
1/(0.9+0.8+0.95+1.0) 

273.97 

Ground water 
(m)  

0.22 = 
1/(1.13+1.0+1.19+1.25) 

219.18 

Soil (n)  0.26 = 
1/(0.95+0.84+1.0+1.05) 

260.27 

Air (o)  0.27 = 
1/(0.9+0.8+0.95+1.0) 

273.97 

 
After the calculation of importance units, the 

next step was to calculate the quality of each 
environmental component defined above. If the 
quality parameter of environmental component is 
equal with 0, it results that the environmental quality 
is very poor (this means that the measured 
concentration of pollutant is very high); if EQ value is 
close to 1, or higher than 1, then the quality of 
environmental component is very good (Goyal and 
Deshpande, 2001). The impact on surface water 
(EIsw) is given by the following equations (Eqs.12-
14): 

 

sw

sw
sw Q

IU
EI =     (12) 

 

n

EI
EI

n

i
isw

sw

∑
== 1

)(
    (13) 

 

imeasured

i
isw C

MAC
Q =)(    (14) 

 
EI(sw)i – environmental impact on surface water, 
considering quality indicator i; 
i – quality indicators (e.g. COD-Cr, BOD etc.); 
EQ(sw)i – quality of surface water, considering the 
quality indicator i; 
IUsw – importance units obtained by surface water; 
MACi – maximal allowed concentration for quality 
indicator i; 
Cmeasured i – measured concentration for quality 
indicator i. 

It can be observed that the global impact on 
environmental component j is the average of the 
impacts considering the quality indicators i. Thus, the 
impact on ground water (EIgw), air (EIa) and soil (EIs) 
are quantified in the same way (Eqs.15-20). 

 

n
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EI
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i
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== 1
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EQ(gw)i – quality of environmental component 
ground water, considering 
the quality indicator i; 
IUgw – importance units obtained by ground water. 
 

n

EI
EI

n

i
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a

∑
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a

a
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EQ(a)i – quality of environmental component air, 
considering the quality indicator i; 
IUa – importance units obtained by air. 
 

n

EI
EI

n

i
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∑
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s

s
s Q

IU
EI =     (20) 

 
EQ(s)i – quality of environmental component soil, 
considering the quality indicator i; 
IUs – importance units obtained by soil. 
 

Table 3. The calculation of probability 
 

Environm 
comp. 

Surface 
water (l) 

Ground 
water (m) 

Soil (n) Air (o) 

Surface 
water (l) 

0.90 1.13 = (1/m) 0.95 = 
(l/n) 

0.90 = 
(l/o) 

Ground 
water (m) 

0.80 1.00 = (m/m) 0.84 = 
(m/l) 

0.80 = 
(m/o) 

Soil (n) 0.95 1.19 = (n/m) 1.00 = 
(n/n) 

0.95 = 
(n/o) 

Air (o) 1.00 1.25 = (o/m) 1.05 = 
(o/n) 

1.00 = 
(o/o) 

 
Table 4. The probability units 

 
Environmental 
component 

Probability units 

Surface water (l)  0.27 = 1/(0.9+0.8+0.95+1.0) 
Ground water (m)  0.22 = 1/(1.13+1.0+1.19+1.25) 
Soil (n)  0.26 = 1/(0.95+0.84+1.0+1.05) 
Air (o)  0.27 = 1/(0.9+0.8+0.95+1.0) 

 
This way the impacts for each environmental 

component considered representative for the 
evaluated situation were calculated. The next step was 
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to quantify the risks that arise from the activities 
considered, in the view of the results for 
environmental impacts. The risks are calculated 
follows (Eq.21): 
 

j j jRM IM P= ⋅    (21) 
 
ERj – environmental risk for environmental 
component j; 
EIj – environmental impact on environmental 
component j; 
Pj – probability of occurrence of impact on 
environmental component j. 
 

The probability of impact occurrence was 
calculated using the same matrix as described above 
(Table 1) to calculate the importance units. The 
normalized weights are presented in Table 4. The 
evaluator has to give values between 0 and 1 for 
probability (Table 3), which is detailed in Table 5 
(Pearce, 1999). 

 
7.3. Advantages and disadvantages 
 

The data automatically performed by the 
SAB soft are presented in Table 6, and Fig. 3 present 
environmental impacts and risks.  

 
 
 

 
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 
classification from method of global pollution index, 
a classification of impacts and risks is proposed 
(Table 7). 

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. 
 

  
 

Table 5. Description of probability 
 

Probability  Description Probability units 
Almost certain Is expected to occur in most circumstances (99%) 0.91-1.0 
Likely Will probably occur in most circumstances (90%) 0.61-0.9 
Possible Might occur at some times (50%) 0.31-0.6 
Unlikely Could occur at some times (10%) 0.05-0.3 
Rare May occur only in exceptional circumstances (1%) <0.05 

 
 

Table 6. The calculation of environmental quality, impact and risk 
 

Environmental component Quality indicator MAC1 C2
measured EQ3 EI4 ER5 

COD-Mn, mg O2/l 10 14.11 0.71 386.58 115.40 
BOD5, mg/L 5 3.20 1.56 175.34 52.34 Surface water 
Ammonium, mg/L 0.3 0.8 0.38 730.59 218.09 
COD-Mn, mgO2/L 5.00 2.20 2.27 96.44 18.71 
COD-Cr, mgO2/L 10.00 6.00 1.67 131.51 25.52 
NO3

-,mg/L 50.00 81.60 0.61 357.70 69.40 
Ammonium, mg/L 0.50 0.06 8.33 26.30 5.10 
NO2

-, mg/L 0.50 1.14 0.44 499.73 96.96 
P, mg/L 0.10 0.010 10.00 21.92 4.25 
SO4

-2, mg/L 250.00 58.00 4.31 50.85 9.87 
Cl-, mg/L 250.00 78.00 3.21 68.38 13.27 

Ground water 

Residues, mg/L 500 789.00 0.63 345.86 67.11 
NOx mg/mc 0.2 0.07 2.86 95.89 27.19 
VOCs mg/mc 50 780 0.06 4273.97 1212.02 
SOx, mg/mc 0.35 0.08 4.38 62.62 17.76 Air 

Dust (d>10 µm), mg/mc 0.05 0.28 0.18 1534.25 435.08 
Soil Extractable compounds, mg/kg 2000 10480 0.19 1363.84 407.12 
1 - maximal allowed concentration according to Romanian legislation; 2 – measured concentrations of quality indicators, 3 – environmental quality; 
4 – environmental impact, 5 – environmental risk. 
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Fig.3. Environmental impacts and risks 
 

Table 7. Classification of environmental impact and risk 
 

Impact 
Scale 

Description Risk 
Scale 

Description 

<100 Natural 
environment, 
not affected by 
industrial/human 
activities 

<100 
 

Negligible/insignificant 
risks 

100-350 Environment 
modified by 
industrial 
activities within 
admissible 
limits 

100-
200 

Minor risks, 
monitoring actions are 
required 

350-500 Environment 
modified by 
industrial 
activities 
causing 
discomfort 
conditions 

200-
350 

Moderate risk at an 
acceptable level, 
monitoring and 
prevention actions are 
required  

500-700 Environment 
modified by 
industrial 
activities 
causing distress 
to life forms 

350-
700 

Moderate risks at an 
unacceptable level, 
control and prevention 
measures are needed 

700-1000 Environment 
modified by 
industrial 
activities, 
dangerous for 
life forms 

700-
1000 

Major risks, 
remediation, control 
and prevention 
measures are needed 

>1000 Degraded 
environment, 
not proper for 
life forms 

>1000 Catastrophic risks, all 
activities should be 
stopped 

 
8. Conclusions 

 
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 identification 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. 

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.  
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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. 

Also, this paper briefly described a 
quantitative risk analysis for port hydrocarbon 
logistics, 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 environmental 
analysis and assessment are described too. The 
modeling 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 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, particularly 
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 experimental 
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 environmental 
components: surface water, ground water, air and 
soil. To characterize the quality of environment, the 
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 activities 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 activities.  

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 classification 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 
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. 
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