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Abstract
The present study aimed at investigating the heavy metals concentrations in the 
soils around “Larga de Sus” abandoned mine (Zlatna, Romania), evaluating the 
potential ecological risk of heavy metal pollution and highlighting ethical aspects 
related to risk assessment, ecological restoration, and soil remediation. The results 
of the chemical analysis showed that the soil in the study area is highly polluted 
with heavy metals since the average concentrations of Pb (32.4–2318.1 mg/kg), and 
Ni (321.6–562.8 mg/kg) in soil exceed their corresponding threshold established by 
the Romanian legislation. The potential ecological risk index method developed by 
Hakanson was used to assess the potential risk of heavy-metal pollution. The results 
indicated that Pb and Ni showed severe and considerable potential ecological risk, 
while Cr had lightly ecological risk. In this case, remediation should be focused only 
on Pb or on all heavy metals even if they have lightly ecological risk? A scientific 
management technique cannot logically prescribe which choices should be selected. 
The interaction between human activity and the environment is complicated and dif-
ficult to quantify and risk management cannot and should not be based simply on 
risk assessment results. What is needed to make the right choice of the most appro-
priate alternative that fits our personality, culture, religion, and desires? The moral 
and ethical implications of ecological restoration and soil remediation (e.g. toler-
ance of uncertainty, responsibility, moral duty, etc.) have to be incorporated within 
the decision-making process in order to make optimum sustainable decisions and to 
achieve real environmental protection.
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Introduction

As the destructive consequence of unethical actions taken over the time, environ-
mental contamination with heavy metals is, nowadays, a serious problem con-
cerning not only specialists and researchers in the field of environment manage-
ment but also the whole humanity (Jiang et al. 2014). Although heavy metals may 
occur naturally in the environment, additional contributions come from various 
sources including urbanization, industrialization and certainly mine activities 
(Zhou and Guo 2015) that were done for many years in discrepancy with the envi-
ronmentally ethical values. Gandhi said, “Earth provides enough to satisfy every 
man’s needs, but not every man’s greed”. Extreme greed, whether for money or 
for nature’s resources, has disastrous consequences. The potential consequences 
of unethical actions taken over the time by humanity and immoral behavior in 
relationship with the environment have reached monumental proportions since 
people are not able to understand their responsibilities towards the environment. 
But, ethics are not about things are, but about the things should be (Taback and 
Ramanan 2013). However, it is still important to see how things got on this point.

Heavy metals present in tailings of former active mines can be released to 
surrounding soils, streams and groundwater mediated by erosion, weathering 
and leaching over a long duration even after the cessation of the mining activity 
(Huang et al. 2017a, b). Once heavy metals have reached soils, they tend to accu-
mulate resulting in high levels of heavy metals in soils.

High levels of heavy metals in soils associated with mining activities pose 
potential threats and risks to local ecosystems and affect human health and 
safety directly through the food chain. Heavy metals are easily accumulated and 
absorbed by crops and their products and are persistent, bio accumulative and 
toxic (Huang et  al. 2017a, b; Fan and Wang 2017; Huang et  al. 2017a, b; Qiu 
2010). In mining areas, it is evident that environmental problems are increasing 
rapidly day by day and human beings have been and are affected directly by these 
problems (Vromans et al. 2017).

Thus, ecological restoration of mining areas and remediation of soil contami-
nated with heavy metals is mandatory in order to reduce the associated risks for 
both ecosystems and human beings. According to Cairns (2003), the acid test of 
humankind’s relationship to natural systems is the degree to which ecological 
damage caused by humans is repaired by humans for humans. But, in order to do 
this repair, it is necessary to assess, understand and realize this ecological dam-
age produced.

In order to better understanding the long term impact of mining activities on 
the environment around the mining areas and to adopt a well-designed ecologi-
cal restoration and soil remediation project, investigation of heavy metal con-
tent in soils and evaluation of the potential ecological risks in this mining area 
are of vital importance (Huang et al. 2017a, b). With regard to the investigation 
of heavy metal content in soils and evaluation of the potential ecological risks, 
technology and science are available to ensure analytical equipment, methods of 
analysis and evaluation methods, giving information and results based on which 
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a well-designed ecological restoration and soil remediation project could be 
adopted. But, to adopt a well-designed ecological restoration and soil remedia-
tion project for mining areas, the remaining part to be considered is the ethical 
component. It should highlight if the ecological restoration and soil remediation 
is reliable according to certain ethical issues: “Does ecological restoration and 
soil remediation consider only human needs or also the natural system needs are 
considered?”, “Does human dominate the ecosystem?”, “Is likely to have unfore-
seen outcomes through the implementation of the ecosystem restoration and soil 
remediation project?”.

The Society for Ecological Restoration (SER) has defined ecological restoration 
as the process of assisting the recovery of an ecosystem that has been degraded, 
damaged, or destroyed (Light 2009). Looking at this current definition put forth in 
2002, it seems to be too general and therefore, might not be able to do justice to the 
complexity of the concept.

According to Higgs (2003), recovery refers to the biogeochemical processes that 
allow an ecosystem to return to conditions that prevailed prior to disturbance. Thus, 
the act of restoration does not only aim to improve the state of a damaged area but to 
restore it to its previous condition, with the species richness and diversity and phys-
ical, biological and aesthetic characteristics of that site before settlement and the 
accompanying disturbances (Morrison 1987). Therefore, restoration projects tend to 
be looking into the past, looking into how the ecosystems worked prior to human 
intervention. Also, restoration places a high value on naturalness. But, from an ethi-
cal point of view, a dichotomy between “natural” and “human” is created. Humans 
cannot be distinguished as something different from nature when they are among 
the most significant expressions of nature. The conscious awareness, memory and 
deductive logic of humans do not set them apart from nature. Humans are a part of 
nature and therefore of ecosystems. Ecological restoration must be conducted in a 
way that will improve and restore the functions of both natural and human-managed 
ecosystems while contributing to the socioeconomic well-being of people. Nature 
sustains humans and fulfills their values. Moreover, the ecosystem is restored “to the 
future” within the context and constraints of the present. A system of environmental 
ethics is, in turn, a prerequisite for a culture to become cognizant of the need for 
social justice and intergenerational justice, that is, the importance of environment 
stewardship for the well-being of present and subsequent generations. A culture that 
accepts environmental ethics and intergenerational justice transcends the propensity 
for greed and has replaced it with an ethic of shared trust and caring as its underly-
ing motivation (Clewel and Aronson 2007; Luuppala 2015).

At this moment, the definition of the concept doesn’t address and states socioeco-
nomic, ecological, ethic and cultural values involved in ecological restoration and 
should evolve to a wider vision that includes these approaches. From an ecological 
perspective, ecological restoration should represent the intentional activity that initi-
ates or accelerates ecosystem recovery with respect to its integrity: species composi-
tion, community structure, ecological function and suitability of the physical envi-
ronment to support the biota. From a socioeconomic perspective, it should recover 
flows of natural goods and services of economic consequence that functional eco-
systems provide to society (Clewel and Aronson 2007).
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From an ethical and cultural perspective, ecological restoration should represent 
the moral duty to recover ecosystem based on the right choices, without dominating 
the ecosystem and in a way that renew the human relationship to nature, as a part of 
it and increase the responsibility, respect and consciousness towards nature for the 
well-being of both present and future species living on Earth.

Remediation is not the same as restoration. According to Burger (2007), reme-
diation normally refers to removing contamination. Soil remediation is expected “to 
ensure, as a minimum, that the relevant contaminants are removed, controlled, con-
tained or diminished so that the contaminated land, taking account of its current use 
or approved future use at the time of the damage, no longer poses any significant 
risk of adversely affecting human health” (Telesetsky 2013).

Looking at these definitions, the term “soil remediation” is limited to removal of 
contamination and pollution or decreasing of its effect in order to avoid risk posed to 
human health. From an ethical point of view, a dichotomy between “environment” 
and “human” is created. The definition should evolve in order to consider the entire 
ecosystem and should not consider only human needs. Also, aspects regarding soil 
remediation as a moral obligation are not included in soil remediation definition. 
The environment should not be remediated only because it serves the human inter-
est, as the present definition states. On the other side, the “minimum” level of reme-
diation that no longer poses any risk to human health could threaten others ecosys-
tem components.

Definition of ecological restoration and soil remediation should encompass all of 
these approaches and views. Only in this manner could be achieved the wholeness 
of the ecosystem, a good ecological restoration, and soil remediation. If ecological 
restoration and soil remediation do not include these approaches, it will not actually 
fix the problem and will not ensure that environmental degradation does not happen 
again. If ecological restoration and soil remediation are defined carefully, it avoids 
or responds to the main criticism raised against these two concepts.

Thus, as stated before a well-designed ecological restoration and soil remediation 
project should have a major ethical component since the future of humans and non-
human life forms in Earth requires more than self-interest. From an ethical point 
of view, there is a big difference between saving nature for both present and future 
enlightened use by humankind (i.e. sustainable use of the planet) and saving natural 
systems because humankind has an ethical responsibility for the fate of the 30+ mil-
lion species with which it shares the planet (Cairns 2003).

On the other hand, a well-designed ecological restoration and soil remediation 
project should be based on results obtained from risk assessment analysis. The term 
“risk” enjoys great popularity, though at the same time it comes with a variety of 
definitions. A definition often referred to says: the “term ‘risk’ denotes the likeli-
hood that an undesirable state of reality (adverse effects) may occur as a result of 
natural events or human activities”. A distinction is made between risk and hazard. 
While hazards are defined as a potential source of harm (e.g. toxicity of a chemical 
substance), a risk emerges when there is a likelihood that the hazard will produce 
harm. The technocratic understanding is an equation involving the possibility of an 
adverse effect and the potential damage, while the emphasis in social science, for 
instance, is laid on perception and decision-making. Different concepts and theories 
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of risk have been developed. They vary from those found in cultural studies and the 
social sciences, which embrace a constructivist approach to nature, and the technical 
and natural sciences which adopt an objectivist approach. Social science theories 
stress ways of risk communication, risk perception (cultural theories) and subjec-
tive judgment of the extent and character of risks (psychological theory). An “envi-
ronmental risk” is a product of exposition, toxicity, and sensitivity (Völker et  al. 
2017). The process that attempts to quantify the risk is included in risk assessment 
procedures.

Risk assessment procedures are methods and techniques that are used by govern-
ment and sometimes industry to determine the magnitude and probability of the risk 
posed by hazardous chemicals or other environmental threats. Moreover, govern-
ment agencies are using risk assessment procedures to set environmental standards 
and cleanup levels. Also, risk assessment procedures are a useful tool in cleanup 
decisions because the government must consider the toxicity of substances that can 
cause serious health and environmental problems at very low levels. This ability to 
measure the toxic effects of low levels of hazardous pollutants force government to 
ask “How clean is clean?” (Brown 1988). Risk assessment helps answer these ques-
tions because it is a tool that attempts to identify the environmental or health risks 
posed by pollutants at various levels.

Also, ecological risk assessment plays an important role in both theoretical sup-
port, and practical guidance for the implementation of regional sustainable develop-
ment and ecological restoration in mining areas (Peng et al. 2015).

The exploitation of mineral resources from the polymetallic mining perimeters 
located near Zlatna town (Romania) was done for many years in discrepancy with 
the sustainable development causing extreme soil pollution with heavy metals 
(Dumitrel et al. 2013). Therefore, there is a need to develop a strategy for sustain-
able ecological restoration and development of this area.

Nowadays, sustainable development or sustainable use of the planet is given top 
priority as environmental policy in most countries. It is obvious that it is very dif-
ficult to achieve sustainable development unless environmental ethical approaches 
can be harmonized. It is, therefore, necessary to integrate ethical approaches into 
environmental policies and ecological restoration strategies in order to help in the 
decision-making process (Vromans et al. 2017).

Thus, investigating heavy metal content in soils, evaluating the potential ecologi-
cal risk and highlight ethical aspects and issues are mandatory in order to plan a 
sustainable ecological restoration of the study area. Until now, some studies were 
conducted to identify contaminants and to determine concentrations of heavy met-
als in soils around mining perimeters located near Zlatna town (Romania) (Suciu 
et al. 2008; Keri et al. 2010, 2011) but none of these studies quantitatively evaluated 
potential ecological risk and embed related ethical aspects.

Therefore, the main objective of this research was to determine the concentra-
tions of heavy metals in the soil around “Larga de Sus” abandoned mine (Zlatna 
town, Romania) and to assess the potential ecological risk of heavy metals in soil 
as a tool to help in the decision-making process. Also, the present study aims to list 
major ethical issues regarding ecological restoration, soil remediation, risk assess-
ment and pollution control that human society must address to make an ethical 
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judgment when trying to develop a sustainable ecological restoration and develop-
ment in order to achieve real environmental protection.

It is necessary for people, especially environmental decision-makers and experts 
to harmonize and adopt ethical dimensions to scientific, technological, economic, 
social and legal aspects of controlling environment pollution to achieve real environ-
mental protection (Vromans et al. 2017).

The contribution of the present study is to provide basic insights for seeking 
appropriate and sustainable management strategies to remediate heavy-metal pol-
luted soil around “Larga de Sus” abandoned mine and other similar areas by consid-
ering science, technology, and ethical aspects.

Materials and Methods

Study Area

The Zlatna mining perimeter is located in South Apuseni Mountains (Romania) 
and comprises as the main exploitation “Larga de Sus” mine (GPS coordinates: 
46°07′55.2″N 23°09′09.2″E) where the extraction of gold-silver ores and the mining 
of polymetallic ores took place for many years.

As shown in Fig. 1a, although the “Larga de Sus” gallery was closed in 2006, 
today being inactive, the mine wastewaters characterized by its strongly acid nature 
and significant levels of sulphate, iron and dissolved heavy metals (e.g. Zn, Mn, 
Cu, Pb, Cr, Cd, Ni) (Duma 2009) are flowing unimpeded on the soil (Fig. 1b) and 
receiving rivers, creating large imbalances in soil ecosystem.

It is obvious that these wastewaters have significant impacts on local environmen-
tal conditions, ecosystems and on economic and social welfare.

The main reason why this area became so polluted is that local authorities and the 
locals didn’t have the capacity and interest to prevent pollution and destruction due 
to the lack of available technology, cost involved and non-compliance with ethical 
values. They have the freedom to choose the direction they want to go in: to destroy 
or to protect. Freedom offers different choices.

Fig. 1  Study area: a “Larga de Sus” mine gallery; b mine waters flowing from “Larga de Sus” gallery on 
the surface of the soil near the gallery
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What is needed to make the right choice of the most appropriate alternative that 
fits our personality, culture, religion, and desires? Knowledge may be the answer 
that helps us determine between “good” or “bad”.

People have responsibilities towards nature (to guarantee the sustainability of nat-
ural resources or to try to re-establish damaged balances or rehabilitate ecosystems, 
etc.) towards society (humans live in society and have to consider the common inter-
ests; however, those interest should not be only human-focused) and towards future 
generations (Vromans et al. 2017).

The heart of the matter is that the solution to these kinds of environmental prob-
lems must include an ethical dimension as well as technological, scientific, ecologi-
cal, economic, cultural, and social dimensions. This is the only way to produce final, 
complete, sustainable and successful solutions to our environmental problems (Vro-
mans et al. 2017).

Soil Sampling and Analysis

For this study, a total of 10 soil sampling sites were selected according to a sampling 
design established based on the size of the investigated mining perimeter, knowl-
edge of the site history, land topography, visual inspections conducted on site and 
the position of the main source of pollution, as shown in Fig. 2. Sample points 2AL, 
4AL, 6AL, and 9AL were located in the forest on the left side, upstream, right side 
and downstream of the “Larga de Sus” mine, respectively. Sample points 11AL, 
13AL, 14AL, 15AL, and SAL were located in the industrial area of the mine. Sam-
ple point 18AL was located on a pasture at about 800 meters downstream “Larga de 
Sus” mine.

From every single sampling point, marked with blue on the Fig. 2, were collected 
one soil sample corresponding to a depth of 10–30 cm, according to methodological 
norms stipulated in STAS 7184/1-94.

Fig. 2  Distribution of soil sampling points
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Soil samples collected from “Larga de Sus” mine perimeter were analyzed through 
Atomic Absorption Spectrometry (AAS) using a SHIMADZU AA-6800 spectrometer.

Prior to the AAS analysis, the moist soil collected was crumbled, dried at 95  °C 
for about 10 h, sieved and milled to pass through a 250 µm sieve. Then, 3 g of pre-
pared samples were placed in a 100 ml beaker with 1 ml distilled water, 21 ml of con-
centrated HCl (Hydrochloric Acid) and 7 ml of concentrated  HNO3 (Nitric Acid). The 
glasses were covered with a glass plate and left for mineralization for 2 h (beakers con-
taining samples were heated on a sand bath).

After cooling, mineralized samples were filtered through 0.45 µm pore size filter 
into a 100 ml volumetric flask, filled to the mark with distilled water and analyzed for 
heavy metal content through AAS. Precision and accuracy of analysis were assured 
through repeated analysis of samples against Standard Reference Material (standard 
calibrations solutions) for all the heavy metals. All the analyses were performed in 
duplicate on two lab replicates at 25 °C and the average values were reported. Qual-
ity control measures were taken to ensure the reliability of the data. Calibration blanks 
were run after every 4 determinations. All chemicals were of analytical grade or ultra-
pure. The water was distilled using a Technosklo water distiller and all glassware was 
acid washed before use.

Assessment of Potential Ecological Risk Index (RI)

Environmental risk assessment procedures specify how environmental hazards will 
be characterized as to the nature and magnitude of the harm posed by these hazards 
(Brown 1988). Risks have been classically understood as a probability of damage or 
a potential hazard resulting in appropriate management strategies (Völker et al. 2017).

RI was introduced to assess the ecological risk degree of heavy metals in soil or sed-
iments, was originally proposed by Hakanson (1980) and widely used (Zhu et al. 2012; 
Rashki et al. 2015). The Hankanson potential ecological risk index (RI) is defined as 
follows (Zhou 2015):

where RI is a composite index indicating the potential ecological risk of total hey 
ms in soils; n is the total number of heavy metals and Ei

r
 . is an index of potential 

ecological risk of an individual element of heavy metals, which can be calculated 
with Eq. (2) (Zhou 2015):
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r
 is the toxic response factor indicating the toxic level of an individual ele-
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r
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where the reference value is referred to natural background value of the element 
from the environmental quality standard for soils in Romania (Order no. 756/1997). 
According to Romanian standard (Order no. 756/1997), the natural background 
value for Ni, Pb, and Cr is 20 mg/kg dry matter, 20 mg/kg dry matter and 30 mg/kg 
dry matter, respectively.

The relation between evaluation indices and the pollution degree and potential 
ecological risk are shown in Table 1.

Before one can analyze the ethical questions embedded in risk assessment, one 
must first be capable of identifying those aspects of risk assessment procedures that 
raise ethical and/or scientific questions. Most of the current debate about risk assess-
ment appears to be scientific rather than ethical. The number of scientific questions 
raised in risk assessment is numerous because of the considerable uncertainty that 
exists in risk assessment (Brown 1988).

Science makes probabilistic statements about the nature of the world but does not 
offer a course of action. Science also helps to define problems and gather informa-
tion about the extent and severity of environmental change and clarifies the links 
between environmental change and human self-interest. The basic ethical question 
here becomes: Does human self-interest differ from that of ecological integrity? 
(Cairns 2003) and/or How it is possible to ascribe responsibilities to actions for 
which we are not able to oversee the consequences? To answer such questions, fun-
damental ethical reflection is needed next to science (Meijboom and Brom 2012).

Besides, from a proposition that a particular problem creates a particular risk, 
however, one can’t deduce what risk is acceptable without first deciding the criteria 
of acceptability. Therefore, on a largely traditional view of the logic of ethics, sci-
ence can’t answer ethical questions all by itself (Brown 1988).

Also, these kinds of risk analyses are useful for identifying causes and predict-
ing events with undesirable effects and therefore help decision-makers in accident 
management and emergency planning. These effects can cause feedback processes 
that might call for new decisions, or have effects on cultural and social processes. 
Such feedback processes can be immediate or buffered; they can be anticipated with 
a proactive reaction, or non-anticipated with a reactive response, and they can take 
place within a system as well as affecting other systems (Völker et al. 2017).

Taking feedback processes and unintended effects into account, it is important to 
be aware that every action associated with risk management and problem-solving 

(3)C
i

r
= C

i∕Ci

R

Table 1  Corresponding 
relationships between evaluation 
indices, pollution degree and 
potential ecological risk (Rashki 
et al. 2015; Zhou 2015)

E
i

r
Ecological risk level of 
single factor pollution

RI General level of 
potential ecologi-
cal risk

< 40 Low < 150 Low
40–80 Moderate 150–300 Moderate
80–160 Considerable risk 300–600 High
160–320 Great risk ≥ 600 Very high
≥ 320 Very great risk
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can cause non-intended effects and risks; this is called self-referentiality. Who or 
what is “at risk”? From a social-ecological perspective, societies, as well as ecosys-
tems, can be at risk, ranging from “material things”, such as infrastructure, build-
ings, etc., to humans and non-humans, like organisms and whole ecosystems, to 
social-ecological systems, like the operation of a provisioning system. The causes 
of risks lie mostly in human activities since most bio-physical processes and natural 
resources are regulated by societies (Völker et al. 2017).

Another ethical issue that must be considered during taking actions associated 
with risk management is the fact that a decision that seems to be empirically based 
to some scientists may seem to be based on ethics to others—because, while some 
professionals judge the uncertainty of the scientific data acceptable, others judge it 
excessive. Tolerance of scientific uncertainty and tolerance of risk are both proper 
subjects for debate before decisions are made. However, they are linked—acting 
with an intolerance of uncertainty often demands a high tolerance for risk (Cairns 
2003).

Results and Discussion

Heavy Metals Content of Soil from Study Area

The concentrations of Pb and Ni in soil collected from “Larga de Sus” mining 
perimeter is illustrated in Figs.  3 and 4. The sampling sites were demarcated as 
sensitive and less sensitive based on the land use category, in order to compare the 
results obtained with alert and intervention threshold that is stated in Romanian leg-
islation (Order no.756/1997) as a function of land use category. Romanian regula-
tions define sensitive land use as the one represented by the land use for residen-
tial and recreational areas, for agricultural purposes, as protected areas or restricted 
sanitary areas, as well as the areas of land forecasted for such uses in the future. 

*According to Romanian Legislation (Order no. 756/1997) *According to Romanian Legislation (Order no. 756/1997)
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Fig. 3  The concentration of heavy metals in soil samples collected from land included in sensitive land 
uses category on “Larga de Sus” mining perimeter: a The concentration of Ni in soil samples; b The con-
centration of Pb in soil samples
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Less sensitive land use includes all existing industrial and commercial uses as well 
as land areas intended for such uses in the future. Therefore, according to their posi-
tion, the sampling sites 2AL, 4AL, 6AL, 9AL, and 18AL were included in sensi-
tive use category, while sampling sites 11AL, 13AL, 14AL, 15AL, and SAL were 
included in less sensitive use category.

The concentration of Ni and Pb in soil samples collected from land included in 
sensitive land uses category is presented in Fig. 3a, b, respectively.

As can be seen in Fig.  3a, the concentration of Ni exceeds more than 2 to 3.7 
times the intervention thresholds limits established by Romanian legislation (Order 
no. 756/1997) (200 mg/kg dry matter) on all five soil samples collected from land 
included in sensitive land uses category on “Larga de Sus” mining perimeter.

In case of Pb (Fig. 3b), concentration found on soil samples collected from land 
included in sensitive land uses category exceeds more than 1–11 times the warn-
ing threshold limit (50  mg/kg dry matter) on four soil sampling points and more 
than 1–5 times the intervention threshold limits (100 mg/kg dry matter) on three soil 
sampling points, respectively.

Concentration of Cr (0.01, 8.95, 10.75, 60.9 and 28.66 mg/kg dry matter for 2AL, 
4AL, 6AL, 9AL, and 18AL sampling points, respectively) found in soil samples col-
lected from land included in sensitive land uses category from “Larga de Sus” min-
ing perimeter exceeds only the normal concentration of Cr in soil established by the 
same Romanian legislation (30 mg/kg dry matter).

On the other hand, the concentration of Ni and Pb in soil samples collected 
from land included in less sensitive land uses category is presented in Fig.  4a, b, 
respectively.

With regard to the concentration of Ni found in soil samples collected from land 
included in less sensitive category on “Larga de Sus” mining perimeter, from Fig. 4a 
it is obvious that warning threshold limits (200 mg/kg dry matter) were exceeded 
with more than 1.6 times, but the concentration of Ni didn’t exceed the intervention 
threshold limit (500 mg/kg dry matter). In contrast to this, the concentration of Pb 

*According to Romanian Legislation (Order no. 756/1997) *According to Romanian Legislation (Order no. 756/1997)
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Fig. 4  The concentration of heavy metals in soil samples collected from land included in less sensitive 
land uses category on “Larga de Sus” mining perimeter: a The concentration of Ni in soil samples; b The 
concentration of Pb in soil samples
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exceeds intervention threshold limit (1000 mg/kg dry matter) in three soil sampling 
points, according to Fig. 4b.

In case of Cr, concentration found in soil samples collected from land included 
in less sensitive uses category (57.32, 0.01, 23.28, 59.11, and 57.32 mg/kg dry mat-
ter for 11AL, 13AL, 14AL, 15AL and SAL sampling points, respectively) didn’t 
exceed warning (300 mg/kg dry matter) or intervention threshold limits (600 mg/kg 
dry matter).

The concentration of other analyzed heavy metals (Cu, Cd, Zn, As) was below 
the detection limit of the SHIMADZU AA-6800 spectrometer.

Thus, as a cause of human mismanagement, even if the concentration of Cr iden-
tified in collected soil samples didn’t exceed threshold limits, the above results show 
that soil and land near “Larga de Sus” gallery is highly polluted with Ni and Pb, 
since concentration of Ni and Pb exceeds warning and intervention threshold lim-
its in many considered soil sampling points, being mandatory to find a sustainable 
remediation strategy. The results obtained in the present study are comparable to the 
results obtained by Suciu et al. (2008) when studied the heavy metal content in soil 
in Zlatna Region. It was concluded that the Pb concentration in soil sample exceeds 
alert threshold limit stated in Romanian legislation, while Cr concentrations identi-
fied in soil samples exceeds only the normal concentration of Cr in soil established 
by the same legislation (Suciu et al. 2008).

In order to find a solution to problems involving environmental changes or manip-
ulation of environmental problems must involve not only technical engineering deci-
sions but also other concerns such as the economic and ethical dimensions. This can 
be managed only by morally developed environmental experts and decision-makers 
(Vromans et al. 2017).

At this stage, some ethical question may be raised. Does a morally developed 
environmental expert may have to choose between protecting people from heavy 
metal contaminated soil by leaving some contaminated soil behind the fence or 
requiring that all the heavy metal polluted soil to be completely removed to another 
location or implement a technology that could affect others systems?

This kind of question cannot be answered by science alone because it is essen-
tially ethical or political. If for instance, a risk assessment determines that heavy 
metals from contaminated soil nearby “Larga de Sus” mine pose a risk on human 
health, the first decision that an environmental expert may think about is taking 
measures to protect locals nearby “Larga de Sus” mine from the risk posed. One 
alternative would include diminishing risk posed to locals nearby “Larga de Sus” 
mine by taking remediation measures that will not assure a complete and effective 
soil remediation due to the lack of available 100% efficient remediation technology 
(every soil remediation technology leave a residual or secondary product). In this 
situation, some heavy metal polluted wastes should be left somewhere. Moral integ-
rity requires environmental experts to ensure that environmental degradation does 
not happen again. The moral development of environmental experts means that envi-
ronmental experts form their own ethical framework to live in harmony with nature 
by assessing the consequences of their relationships with nature. A moral devel-
oped environmental expert should choose not leaving this waste behind the fence 
where the others parts of the ecosystem and other locals as well could be affected 
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and should be aware that remediation should not benefit and be addressed only to 
the needs of locals nearby “Larga de Sus” mine. People are a part of nature and 
should be not seen as something outside nature. Remediation of soils nearby “Larga 
de Sus” mine must improve both ecological and humans’ health. An important way 
of delivering a sustainable solution to the bigger picture of the environmental crisis 
identified on mining sites is by scrutinizing the moral realm of locals, administra-
tions and authorities, and the human relationship with nature. If local administra-
tions, authorities, and community located in mining sites, do not acknowledge its 
dependence on ecological life support systems, it will lose the chance to survive 
and develop in that area. Another alternative that could be taken into account for 
restoration of mining sites might refer to completely remove the heavy metal pol-
luted soil to another location, where people might not be at risk or to choose to 
implement a remediation technology that has unforeseen negative effects on other 
systems. In these situations, the same ethical issues besides uncertainty will appear 
that will make decision-making difficult as it could cause bigger ecological damage 
to another habitat or ecosystem than the total initial ecological repair. Every action 
taken would have an impact on the entire ecosystem. It is important to choose the 
alternative that has a positive impact and an improvement in ecological and human 
health or life quality, for both present and future generations.

Ethics clearly plays a role in these decisions, because such complex assessments 
or scenarios include a number of value assumptions and use concepts such as risk, 
safety, health, and welfare that all ask for more than mere technical competence. As 
a result, a scientific management technique cannot logically prescribe which choices 
should be selected for mining areas if a management technique refrains from taking 
a position on these ethical issues. Also, taking a position on these ethical issues can 
be just as difficult. In some circumstances, one may take comfort in the high prob-
ability that the restored ecosystem or remediated soil from mining areas will almost 
always be ecologically superior to the damaged ecosystem or soil. Furthermore, a 
healthy environment will certainly go to provide more services to a society near 
mining areas and to the entire ecosystem.

Ecological Risk Assessment

The potential ecological risk indexes for every metal identified on soil samples col-
lected from “Larga de Sus” mining perimeter is presented in Table 2.

As can be seen in Table  2, indexes of potential ecological risk range between 
80.4–140.7, 8.1–579.5 and 0.001–4.06 for Ni, Pb and Cr, respectively. The values 
of potential ecological risk indexes obtained are comparable to the results obtained 
by Huang et al. (2017a, b) that found that the potential ecological risk index ranges 
from 163.9 to 385.05 when studied the potential ecological risk of heavy metals in 
soils of a Pb–Zn mining area in Huan Provence (China). Estimated values of poten-
tial ecological risk of an individual element show that investigated heavy metals 
were ranked in the order of Pb > Ni > Cr indicating that Pb pose a very high risk to 
the local ecosystem and should be preferentially controlled. On the other hand, the 
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potential ecological risk index results indicated that Pb and Ni showed very high and 
considerable potential ecological risk, while Cr had lightly ecological risk.

Based on above risk assessment analysis, an environmental specialist could plan 
a remediation strategy that will be focused on lowering the level of Pb from the pol-
luted soil near “Larga de Sus” mining perimeter to an acceptable risk level.

In this case, risk management decisions that simply declare that cleanup proce-
dures at a superfund site will leave pollutants at a level that pose an acceptable risk 
may hide important ethical questions. The term “acceptable risk” includes a nor-
mative dimension that is usually not defended in the public policy debate (Brown 
1988).

According to Fig.  5 that indicates potential ecological risk degree of a single 
sampling point by heavy metal, sampling sites 4AL, 6AL and 14AL (located in the 
forest near the studied gallery) were at moderate risk, while sampling sites 18AL 
(located on a pasture at about 800 meters away from the gallery), 11AL, SAL and 
13Al and 15AL (sampling points located right next to the gallery) were at consider-
able, great and very great risk in case of Pb. Contrariwise, in the case of Ni and Cr, 
all considered sampling sites were at considerable risk and low risk, respectively.

Considering total potential ecological risk index of all investigated heavy met-
als, sampling sites 2AL, 4AL, 6Al, 9AL and 18AL, 11AL, 14AL were at low risk 
and moderate risk, respectively. On the other hand, sampling points 15AL and 

Table 2  The indexes of potential 
ecological risk of heavy metals 
in soil samples

Element Sample ID Ni Pb Cr RI

T
i

r
– 5 5 2 –

E
1

r
2AL 82.913 8.118 0.001 91.031

E
2

r
4AL 94.220 43.900 0.597 138.717

E
3

r
6AL 89.195 44.100 0.717 134.012

E
4

r
9AL 95.478 17.038 4.060 116.575

E
5

r
18AL 140.703 142.525 1.911 285.138

E
6

r
11AL 92.965 251.775 3.821 348.561

E
7

r
13AL 94.220 579.525 0.001 673.746

E
8

r
14AL 103.015 65.348 1.552 169.915

E
9

r
15AL 106.783 451.833 3.941 562.556

E
10

r
SAL 80.400 245.560 3.821 329.781

Fig. 5  Ecological risk degree of the heavy metals in soil based on corresponding relationships between 
evaluation indices, pollution degree, and potential ecological risk
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SAL were at great risk while 13AL sampling point was at very great risk, indicat-
ing that heavy metals in 13AL (sampling point located right next to the gallery) 
sampling point pose very great ecological risk to the local ecological system and 
human health and should give serious concern.

Thus, appropriate engineering measures, ecological measures and ecological 
restoration of the area could start with the “red” points were very great risk was 
identified and with the heavy metal that pose a very high risk to the local eco-
system (Pb). But, risk management decisions may mask certain considerations 
when a risk manager, under the pressure of scientific uncertainty, bases a risk 
management decision on liberal assumptions because could not prove that more 
conservative assumptions represent the actual risk. Who has the burden of proof 
to show that a new technology or substance is safe, or that the risk is acceptable 
is an important ethical consideration. Also, “How it is possible to ascribe respon-
sibilities to actions for which we are not able to oversee the consequences?” is 
another ethical question raised in this stage.

Individuals or institutions can take responsibility regarding their actions 
related to ecological restoration of mining sites by using their capacity of practi-
cal reasoning to reflect on the perceptions, options for actions and moral beliefs. 
But, how future consequences of present actions and decisions can be seen? 
Everything we do for ecological restoration of mining sites is in some way cho-
sen. Even not choosing or, put differently, if we do nothing for the restoration 
of mining sites, has just as strong a consequence as any active choice we may 
make. There is no way to avoiding this challenge. Thus, remains the challenge 
to develop some practical tools that enable us to take a forward-looking respon-
sibility and make informed choices. How can such tools be obtained? We can-
not develop tools to predict the future in detail and uncertainty is present in any 
active or passive choice and decision. So, it is unlikely that it will find a “crystal 
ball” to inform us about the long-term consequences of our contemporary choices 
(Waelbers 2011). The only reference we have is the consequences of our past 
decisions and actions. Nevertheless, if we want to take a forward-looking respon-
sibility or if we want to make well-balanced decisions we should at least try to 
imagine what the possible social and moral impacts of ecological restoration of 
mining sites can be.

The main issue is that administrations and authorities carry out risk management 
options based on risk analyses results and the defined acceptable risk levels. In the 
case studied in the present paper, an environmental specialist or authority that will 
not consider all socioeconomic, ethical and cultural values involved in remediation, 
could plan a remediation strategy that will be focused on lowering the level of Pb 
from the polluted soil and “red” points near “Larga de Sus” mining perimeter to an 
acceptable risk level. Acceptable risk is an emotive term used to represent a level 
which society believes is ‘good enough’ (Gough 1988). But, everyone has personal 
views on what is an acceptable level, which may be different from that of society as 
a whole (risk perception).

The judgment, choices, and decision that must be taken in the risk management 
process, ecological restoration and soil remediation should be in accordance with 
socioeconomic, ecological, ethic and cultural values. Some ethical issues involved 
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in ecological restoration, soil remediation and risk assessment are suggested in 
Table 3, together with some solutions to them.

In order to provide a foundation to the ethical issues, questions and solutions 
included in below table, a literature review was undertaken on various academic 
papers and books spanned on ethical debates on ecological restoration and remedia-
tion. The literature review functions as the background upon which the rest of the 
research is subsequently based, and allows connections to be made between material 
in the readings and the “Larga de Sus” mining site. Moreover, site visits that were 
conducted for more than 4 years allowed enhanced understanding of the history of 
the area as well as greater ease connecting with locals who had an in-depth under-
standing of political, social, technical and cultural aspects involved in ecological 
impact of the site and human-nature interactions. In order to analyze the informa-
tion gathered from the above research methods, identify issues reflected on the stud-
ied area, and to propose solutions, some viewpoints regarding ecological restoration 
suggested by Higgs (2003), Light (2009) and Cairns (2003) were used.

The proposed solutions and questions addressed to the ethical issues presented in 
Table 3 are relevant for “Larga de Sus” mine. For example, in order to avoid subjec-
tive decision regarding wrong or bad or acceptable and unacceptable when a soil 
remediation technology needs to be implemented for remediation of soil polluted 
with heavy metals around “Larga de Sus” mine, an ethical standard for good prac-
tices indicating the best alternatives for soil remediation that could be implemented 
in this mining area should be created. This ethical standard should provide an over-
view of principles and procedures to be applied for identifying whether one land is 
an unacceptable risk for human health and environment. Moreover, it should evalu-
ate each soil remediation technology from socioeconomic, ecologic, ethical and cul-
tural viewpoints and its implications in these dimensions. Two examples of stand-
ards that however needs to be changed in order to consider all these viewpoints are 
National Strategy and National Plan for Managing Contaminated Sites from Roma-
nia and The Governmental Program for the closing and greening process of mining 
sites 2007–2020 (Decision no. 683/2015). In these national policies, there is no clear 
and precise methodology for the remediation of soil and socioeconomic, ecologi-
cal, ethical and cultural aspects involved in the remediation process are not consid-
ered. Effective restoration and remediation, for example, establishes and maintains 
an ecosystem’s values. This principle should be reinforced by a series of guidelines 
that give specification to the principle, including avoiding harm, reestablishing eco-
systems, structure, function, and composition, enhancing resilience, restoring con-
nectivity, encouraging and reestablishing traditional cultural values and practices, 
and ensuring research and monitoring. These must be further supported by best 
practices, recommended processes for practice, and case studies. Romanian national 
policies should cover all these aspects raised in every contaminated site, including 
“Larga de Sus” mine and initially, should be modified in accordance with Principles 
of World Commission on Protected Areas-SER Ecological Restoration for Protected 
Areas and International Standards for the Practice of Ecological Restoration (Higgs 
et al. 2018). As principles articulate guidance with greater generality, ranging over a 
larger set of possible applications, they require more careful interpretation by practi-
tioners for application in particular situations.
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All restoration attempts aim for a successful outcome. Nevertheless, the uncer-
tainty of outcomes is present in every ecosystem restoration and soil remediation 
project. For example, if a soil phytoremediation technology that uses exotic plant 
species (e.g. Indian mustard “Brassica juncea”) will be implemented for remedia-
tion of soil polluted with heavy metals nearby “Larga de Sus” mine, the indigenous 
species present at “Larga de Sus” mine could be as threatened by invasive exotic 
species as by stress posed by heavy metal pollution or even worse. In these condi-
tions, total ecological destruction exceeds total ecological repair. Moreover, ecologi-
cal restoration efforts might eliminate those species that had initially colonized at 
“Larga de Sus” mine and were able to tolerate anthropogenic stress (e.g. Robinia 
pseudoacacia). It is distressing to think that species that are removed as landscapes 
from “Larga de Sus” mine are restored might actually turn out to be quite desirable 
someday. The same issue of ecological restoration was identified by Cairns (2003) 
besides others ethical problems associated with ecological restoration: the resource/
commodity trap, mitigative destruction of ecosystems, displacement of species best 
able to tolerate anthropogenic stress, etc.

Due to the uncertainty of outcome involved, choices in soil remediation and eco-
logical restoration are values judgments, matters of morality, social and political 
judgments. Cairns (2003) stated that “considerable ethical judgment will be neces-
sary in making these decisions about recolonizing species, and, inevitably, the deci-
sions will not be the same from one site to another. These issues must be discussed 
and evaluated before the restoration is ever started so that the risk to the species 
sources are explicitly stated and the probability of success is related to the risks of 
doing further damage.”

But, in some situations, one may take comfort in the high probability that the 
restored ecosystem or remediated soil will almost always be ecologically superior to 
the damaged ecosystem or soil. Furthermore, a healthy environment will certainly 
go to provide more services to society and to the entire ecosystem. Berger stated 
that ‘If the species are not the same, then assuredly we do not have perfect structural 
(species) restoration, but we may have a restoration of certain if not many important 
species and some ecosystem functions’ (Cairns 2003).

In the case studied on the present paper, the following question was raised: “The 
risk posed to the environment by heavy metals pollution of soil nearby “Larga de 
Sus” mine should be removed or reduced to an acceptable risk level?”. Reducing 
risk to an acceptable risk level could not be generalized since, everyone has personal 
views on what is an acceptable level, which may be different from that of society 
as a whole. Thus, considering the actual development and the possibilities of the 
studied area, the lack of available remediation technology and clear standards and 
the involvement of administrations, authorities, and locals, the answer is simple: the 
risk posed to the environment (entire ecosystem) should be reduced to a maximum 
as possible within the context and constraints of the present.

Although it is admittedly important to continue to enhance our analytical abil-
ity to make mathematical estimates of risk, it is also critically important to develop 
the ability and procedures to identify the many values questions that are often cen-
tral to making a risk management decision but that are sometimes hidden in the 
risk assessment jargon. Failure to identify the ethical positions that are necessarily 
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embedded in most risk assessment procedures leads to the following problems: fail-
ure of democratic institutions, inability to analyze risk management decisions, the 
propensity of costs to influence risk assessment and risk management procedures 
and the propensity to clean up to acceptable levels only (Brown 1988).

Conclusions

The results of this study provide valuable information about heavy metal contamina-
tion of soils in “Larga de Sus” mining perimeter (Zlatna, Romania) and risk posed 
by heavy metal pollution of soils to the local ecosystem.

The detected levels of Pb and Ni in the soil around “Larga de Sus” abandoned 
mining perimeter exceeds the national thresholds limits, indicating the impending 
need to fully investigate and assess the ecological impact on the local ecosystem. 
The most heavily contaminated areas appear in the vicinity of the mine and at about 
800 meters far away the mine in case of Pb and Ni, respectively.

Ecological risk assessment results show that the total potential ecological risk 
was moderate to very great on more than half of the samples collected. Pb was the 
key influence factor to cause the potential ecological risk (its value achieve 579.5) 
since heavy metals (Ni, Pb, and Cr) in soil were ranked by severity of ecological risk 
as Pb > Ni > Cr.

The overall risk indexes caused by the heavy metals in soil samples were 673.74 
corresponding to very high risk. Great to very great ecological risk has been esti-
mated to exist in the area right next to “Larga de Sus” gallery, while at the region a 
bit farther from the gallery, there exist low to moderate ecological risk.

Thus, sustainable ecological restoration of the studied area should be focused first 
on the results of the ecological risk assessment conducted in this study, but environ-
mental decisions must be viewed primarily as ethical choices rather than as techni-
cally dictated conclusions.

In other words, risk assessment procedures and decision-making process regard-
ing ecological restoration and soil remediation, must be amended to assure that 
ethical issues listed by the present study (uncertainty of outcome, tolerance of 
uncertainty, responsibility, moral duty, relation between humans and nature, judg-
ment involved etc.) are identified to avoid systematic distortion of values questions. 
Experts, decision-makers and citizens must pay specific attention to ethical values in 
order to safeguard restoration and remediation projects from turning into malicious 
restoration or remediation.

In the case studied on the present paper, the following question was addressed 
besides other important ethical questions: “The risk posed to the environment by 
heavy metals pollution of soil nearby “Larga de Sus” mine should be removed or 
reduced to an acceptable risk level?”. Everyone has personal views on what is an 
acceptable level, which may be different from that of society as a whole. Thus, con-
sidering the actual development and the possibilities of the studied area, the lack 
of available remediation technology and clear standards and the involvement of 
administrations, authorities, and locals, the answer is simple: the risk posed to the 
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environment (entire ecosystem) should be reduced to a maximum as possible within 
the context and constraints of the present.

Therefore, it is not easy to achieve sustainable ecological restoration, soil reme-
diation or development unless environmental ethical approaches can be harmonized. 
The task would be a lot easier if ecologists understood the philosophical and ethical 
grounding of their work and why they are aiming to restore in the first place and if 
philosophers understood how ecology works, how ecosystems came about and what 
the suitable role for humans would be in all of this. Sustainable decision-making 
process must find an optimum between people, profit, planet, and ethical views.

Besides ethical issues regarding ecological restoration, soil remediation and risk 
assessment listed in the present study, other important ethical include determining 
when to discontinue a restoration, remediation or risk assessment effort and deter-
mining if ecological repair equal the rate of ecological destruction.

Nature is the measure to judge the ethical rightness of our judgments, actions, 
and behavior, and we must ensure that we comprehend and understand the full con-
text of our actions.
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