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Abstract
The purpose of this article was to present an assessment of the soil and water quality in some
protected areas from Romania in order to establish a series of geochemical thresholds on a spatial
and temporal scale. The activities and results presented in this article are based on extensive
monitoring, being stage results because the monitoring activities will continue, the project is
ongoing. Two protected areas, Cheile Nerei -Beusnita National Park and Piatra Craiului National
Park were selected. Surface water, groundwater samples, and soil samples were collected in 2019,
respectively 2021 from 16 sampling sites situated in both locations. For each sample, twenty quality
parameters/indicators were analyzed and the values were compared with in-force legislations. For
Arsenic, Copper, and Nitrates parameters were plotted the distribution of the values in each site. In
future monitoring activities, the evolution of the parameters will be followed.
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INTRODUCTION
Numerous studies are dedicated to evaluating the heavy metals concentrations in soil and water in
correlation with geological factors for the spatial highlighting of the concentrations distribution over
large geographical areas [1-6].
There are concerns for the elaboration of indexing methods of pollution, respectively, quantifying
the environmental risk for an analyzed chemical element or several elements. Moreover, there are
geochemical maps that illustrate the environmental risk index, illustrated concentrate graphs that are
located above the allowed levels, in relation to the specific legislation, respectively the compliance
for the agricultural use area or for the residential areas [7].
Other studies are focused on finding geochemical thresholds using C-N fractal analysis models,
making maps of geochemical anomalies and delimiting probable abnormal sites. The spatial
distribution of Mn, Cu, Co, Pb and Zn anomalies was correlated with the Mn and Cu mineralization
sites, while Fe and Cr were consistent with magmatic rock distributions [8].
There are concerns to establish some regionalization criteria by highlighting the biogenic cycles of
chemical elements, respectively, the links of the biogeochemical food chain, starting from rocks pedogenesis and to human. One of the criteria is that of the concentrated threshold, starting from the
premise that the organism regulates its metabolism within the limits of the concentration of
chemical elements between the upper and lower thresholds [9].
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Modern methods of analyzing the spatial distribution of rock deposits on a regional scale using a
cartographic database in geographic information systems (GIS) systems can reveal several
relationships between petrographic activity and environmental variables [10-12].
Moreover, the evaluation of groundwater quality is also important to identify potential pollution
sources [13,14].
The indices used in the evaluation of water quality combine the results of several water quality
parameters, resulting in a number without a unit of measurement, but which, although
dimensionless, provides concrete information about water quality [15-17].
Structuring the data on the quality of the water factor in databases is a very important aspect,
especially when it comes to a large volume of information [18].
The purpose of the present study was to highlight the relevant aspects regarding the quality of
environmental factors in the areas chosen as case studies to obtain a series of geochemical
thresholds finally.
EXPERIMENTAL PART
The context of the report regards the investigation and assessment of the soil quality and water in 2
protected areas in Romania, Cheile Nerei-Beusnita National Park and Piatra Craiului National Park.
Figure 1 presents the location of the selected sites.

Cheile Nerei -Beusnita National Park
b)
Piatra Craiului National Park
Fig. 1. Location of the site in the south west part of Romania (a) and in the central part of
Carpathians (b)

a)

Cheile Nerei - Beusnita National Park, in Caras Severin County, is located in the southwestern part
of the county, being crossed by the DN57B national road that connects Oravita town with Bozovici
commune. The national park is a mountainous area with many limestone cliffs, with specific karst
relief (caves, gorges, waterfalls).
The experimental field was established considering the main access roads and was dimensioned at
10 sampling points (soil, surface water and groundwater from springs) located inside the natural
park and in its vicinity.
The location in the area of the experimental field is in figure 2a. For the Cheile Nerei - Beusnita
National Park area, it is distinguished that during the investigated period (May 2021), the
precipitations ensured normal flows, respectively a good supply of the hydrographic network (Nera
rivers with its tributaries and Minis river with its tributaries).
Piatra Craiului National Park, in Brasov and Arges Counties is located in the Southern Carpathians,
including the Piatra Craiului Ridge in its entirety and spaces in the neighboring corridors, RucarBran and Rucar-Zarnesti. The karst relief gives a special note to this natural site.
The experimental field was established at six soil and water sampling points (surface water courses
and groundwater -springs) presented in figure 2b.
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The soil samples were collected with an Edelman-type pedological drill kit and the geographical
coordinates of the sampling points were recorded with Garmin GPS, model type Montana 610.
The samples were labeled, adequately preserved, transported to the laboratories of National
Research and Development Institute for Industrial Ecology, Bucharest headquarter, in the shortest
possible time to perform analytical laboratory tests.

a)

Cheile Nerei -Beusnita National Park
b)
Piatra Craiului National Park
Fig. 2. Location of the sampling points and GPS coordinates

The quality indicators determined for the soil environment factor were as follows: pH, humus,
Kjeldahl nitrogen, iron, arsenic, barium, cadmium, cobalt, total chromium, copper, manganese,
molybdenum, nickel, lead, selenium, antimony, vanadium, zinc, and potassium. The quality
indicators determined for the water factor environment (surface water and groundwater) were the
following: pH, iron, aluminum, ammonium, nitrite, nitrate, cadmium, total chromium, copper,
manganese, mercury, nickel, selenium, antimony, lead, zinc, COD, BOD, calcium, magnesium, and
sodium.
RESULTS AND DISCUSSIONS
For each soil sample taken, the quality indicators were analyzed, and standardized test methods
were used. For metallic elements, the analytical determination was used an ICP-MS 7900 Agilent
equipment, model G8403A.
The interpretation of the soil results was performed by comparison with the reference values from
the specific legislation, respectively at the reference values for the traces of chemicals in the soil at
sensitive land use, practically the most severe quality conditions established for land use [19].
For the interpretation of the results for the water samples, the threshold values and limits related to
the ecological status classes of the water bodies from the in force national legislation were used [20,
21].
The analysis data were compared (Spring 2021 versus Summer 2019) and the registered
concentrations of some pollutants were ploted in the figures 3 to 5.
For example, the Arsenic values detected at Cheile Nerei-Beusnita National Park in both
investigation campaigns were situated in same range, the lowest value being recorded in 2021
Spring. All Arsenic registered values were situated below the normal value (NV) of 5 mg/kg dry
weight (d.w.) according to in force legislation [19].
Figure 3a presents the variation of the average values obtained in the 2 reference periods.
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a) Cheile Nerei-Beusnita National Park
b) Piatra Craiului National Park
Fig. 3. The variation of the average values of Arsenic in soil – Campaign Summer 2019 versus
Campaign Spring 2021
The highest average values were recorded in the spring 2021 campaign compared to the summer of
2019, in the sampling points S4, S5, S6, S8, and S9.
It was observed small variations of some values between the soil samples from the same
investigation campaign, but the differences were important from one reference period to another,
respectively higher values were registered in 2021 compared to 2019.
The positive aspect was that the recorded values did not exceed the normal values, but it is
important to monitor the trend, respectively, if these values will be reached in the future.
In Piatra Craiului National Park (figure 3b) the highest average values of Arsenic was found in S1
and S2 points in 2021 spring campaign compared to 2019 summer, while the lowest values were
reported in S3 and S4. The samples collected from S5 and S6 points were situated in the same
range in both campaigns.
Some As values in soil were recorded small variation variations between the samples within the
same investigation campaign. However, the differences were important from one reference period
to another, respectively both higher values were registered in 2021, compared to 2019, but also
higher values in 2019 in certain sampling points. The positive aspect was that the recorded values
did not exceed the normal values, but it is important to monitor the tendency towards reaching the
normal values in the future.
The values of the Copper quality indicator for Cheile Nerei Beusnita National Park experimental
field are shown in figure 4 a.
In the 2019 campaign were registered lower Copper concentrations compared to 2021. All the
registered values do not exceed NV, respectively 20 mg/kg d.w. However, the maximum values
from 2021 investigation campaign tended to reach the normal value. Subsequent monitoring will
look at whether high values will be obtained and whether there will be a growth trend.
The variation of the average values of Copper presented in figure 4a for Cheile Nerei-Beusnita
National Park highlights higher values in 2021 (with a few exceptions such as: S1, S6, and S7), but
without large amplitudes between the 2 reference periods. The Copper concentrations recorded
small variations of the values within the same campaign, with the exception of the S9 soil sample
from 2019 campaign.
Regarding Piatra Craiului National Park (figure 4b), lower values of Copper were recorded in 2019
compared to 2021. The values recorded in both campaigns were situated above NV in the soil, but
well below the alert threshold for sensitive land use.
Future monitoring is necessary to highlight the tendency to maintain, decrease or increase the
Copper concentration.
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a) Cheile Nerei-Beusnita National Park
b) Piatra Craiului National Park
Fig. 4. The variation of the average values of Copper in soil – Campaign Summer 2019 versus
Campaign Spring 2021
In the characterization of Cheile Nerei Beusnita National Park, a particularly interesting was
recorded regarding the anthropogenic pressures manifested in the vicinity of the protected natural
area concerning the surface water environmental factor. In figure 5 is shown the variation of the
Nitrates quality indicator in both analyzed periods.

Fig. 5. The variation of the Nitrates values in water samples collected from Cheile Nerei - Beusnita
National Park, Campaign Summer 2019 versus Campaign Spring 2021
Variations in the average values of Nitrates concentrations between 6.30 mg/L in 2021 and 11.51
mg/L in 2019 were obtained. The maximum concentration was recorded at point A6 in the spring
campaign of 2019 (58.47 mg/L). In 2021 at the same sampling point were recorded high
concentrations above 50 mg/L. This sampling point is located in Ciclova Montana locality, and the
water collected was a groundwater sampled from a street fountain under the influence of
anthropogenic factors that occur outside the protected area. The distance from the Cheile Nerei Beusnita National Park is relatively small, less than 10 km.
CONCLUSIONS
The study was highlighted some evolutionary aspects, correlated with the influencing factors,
especially the anthropic ones that have a negative impact on the quality of the environmental
factors.
Obtaining data/information was done by seasonal evaluation of the quality of soil and water
environmental factors. The results from field research were processed, correlated, and interpreted
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according to the threshold values from the legislation specific to the evaluation of the analyzed
environmental factors. Solid data were obtained for the soil and water environmental factors that
describe the environmental status for the studied areas and will later serve to establish geochemical
threshold values for both analyzed factors.
A notable result of the project was the experimental model dedicated to the geochemical study of
protected natural areas.
In addition, some trends have emerged that must be monitored in the next period because the
research project is in progress. Future studies will create, update and strengthen the georeferenced
database in terms of the integrated data flow.
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