
REV.CHIM.(Bucharest)♦70♦No. 7 ♦2019 http://www.revistadechimie.ro 2545

Mathematical Modeling for the Absorption Capacity
 of Heavy Metals from the Soil in the Case of

Phragmites Australis Plant Species

ALEXANDRA DANA CHITIMUS1, VALENTIN NEDEFF1,2*, ION SANDU3,4, CRISTIAN RADU5, EMILIAN MOSNEGUTU1,
IOAN GABRIEL SANDU4,6, NARCIS BARSAN1*
1Vasile Alecsandri University of Bacau, Faculty of Engineering, 157 Calea Marasesti,  600115, Bacau, Romania
2Gheorghe Ionescu Sisesti, Academy of Agricultural and Forestry Sciences Bucharest, 61 Marasti Blvd., 01146, Bucharest,
Romania
3Alexandru Ioan Cuza University of Iasi, Arheoinvest Interdisciplinary Platform, Scientific Investigation Laboratory, 11 Carol I
Blvd.,700506 Iasi, Romania
4Romanian Inventors Forum, 3 Sf. Petru Movila St., Bloc L11, III/3, 700089 Iasi, Romania
5Romanian Waters - National Administration of Siret Basin, 1 Cuza Voda Str., 600274 Bacau, Romania
6Gheorghe Asachi Technical University of Iasi, Materials Science and Engineering Faculty, 53A D. Mangeron Blvd., 700050 Iasi,
Romania

This paper proposes a tridimensional mathematical model of the absorption capacity of heavy metals
(cadmium and nickel) from the soil in the case of Phragmites Australis plant species (the soil and plant
samples was taken from six locations/areas along the Bistriþa and Cracãu Rivers, belonging to the Siret
hydrographic basin). The variable measures taken into consideration when carrying out the experiments
and realizing the mathematical model are the distance from the water-soil interface from which the plant
samples were taken and the concentration of the heavy metals in the soil. The mathematical model was
elaborated and tested by means of the TableCurve 3D program used for generating linear and non-linear
equations. A very high absorption capacity of cadmium from the soil was recorded A very high absorption
capacity of cadmium from the soil was recorded, in the case of Phragmites Australis plant species (190÷234
% higher than in the soil). The correlation coefficient of the mathematic model was between 0.90 and 0.98.
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As an ecosystem, the soil fulfils a series of very important
functions, such as [1-18]:

- it contributes to the reduction of sudden variations of
the soil’s characteristics, with favourable effects for plants;

- it contributes to filtering various polluting substances
and preventing phreatic waters from contamination;

- it contributes to cleaning the environment due to the
self-cleaning process and to neutralizing polluting organic
substances and pathogenic micro-organisms reaching the
soil;

- it contributes to the genetic protection of some species
of micro-organisms because soils represent their habitat;

- it represents the main means of production in agriculture
– food products and some agroindustrial raw materials;

- it constitutes the major method of production in
silviculture.

Heavy metals constitute an important category of stable
toxic pollutants. Unlike organic pollutants, metals are not
biodegradable, they generally have little mobility and, for
this reason, they persist in storage compartments (soil,
sediments) for a long time [3, 8, 9, 19-24].

The transfer of metals from the soil to plants is
influenced by a variety of soil parameters. The main
parameters of the soil which influence absorption and
desorption processes are [3, 8, 9, 19-28]:

- pH values;
- fine granulometric fraction (<0.02 mm);
- organic matter;
- oxides and hydroxides, especially Fe, Mn, Al;
- microorganisms.

This paper proposes a mathematical model of the
absorption capacity of heavy metals (cadmium and nickel)
from the soil in the case of Phragmites Australis plant
species (common reed).

Experimental part
Sections taken into consideration for taking samples of

soil and plants are presented in figure 1. Sediments were
sampled from six locations/areas along the Bistriþta and
Cracãu Rivers, belonging to the Siret hydrographic basin
(Pangarati and downstream of Batca Doamnei lake,
upstream of Piatra Neamþ city, Dumbrava Rosie, Roznov-
platform Fibrex Savinesti, River Cracau, Pod Frunzeni,
downstream of Piatra Neamt city).

For the sections targeted the sediment stratum was
thick and its granulosity was lower than 63 µm, consisting
of clay and slime. Together with the sampling of sediment
the sampling of vegetation also took place (samples of
bulrush and common reed) from the banks of the tributaries
under study [29].

Phragmites australis (common reed, fig. 2) is a perennial
herbaceous plant from the Gramineae family (Poaceae),
having a rigid stalk of about 1-4 m, green-bluish lanceolate
leaves and flowers laid out in tassels and is a good
accumulator of heavy metals and hydrocarbons [8, 9].

Soil and plants samples were taken at 10 cm deep in
the soil, for three levels:

- minimum level: soil-water interface level of 0 cm;
- medium level: soil-water interface level of 50 cm, on

the river bank;
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- maximum level: soil-water interface level of 100 cm,
on the river bank.

The nickel and cadmium content in the soil samples
has been  determined by using the atomic absorption
spectrometer (AAS), ZEENIT AAS version (fig. 3) [30].

The established maximum limit for cadmiu (0.8 mg/kg
dry matter), is not exceeded in any of the two sampling
points and the determined values ranged between 0.189
mg/kg dry matter and 0.766 mg/kg dry matter

The absorption capacity of cadmium from the soil at
the minimum level of soil-water interface (Pangarati,
sampling point), for Phragmites Australis plant species was
the highest as compared to the other levels, the value
determined in the plant being 203 % lower than in the soil
(fig. 5).

Fig. 1. Sections taken into consideration for taking samples of soil
and plants along the Bistrita and Cracau Rivers, the Siret

hydrographic basin

 Fig. 3. Atomic
absorption

spectrometer (AAS),
Zeenit 700 version

[30]

 Fig. 2. Phragmites Australis [8,
9]

Results and discussions
Tabel 1 presented the experimental values determined

for two heavy metals (cadmium an nickel) in the soil,
respectively for the witness sample of Phragmites Australis
plant species from unpolluted soils.

Figure 4 represents graphically the cadmium
concentration in the soil in two sampling points: Pangarati
and downstream of Batca Doamnei lake, upstream of
Piatra Neamt city.

Table 1
THE EXPERIMENTAL VALUES DETERMINED FOR TWO HEAVY
METALS (CADMIUM AN NICKEL) IN THE SOIL, RESPECTIVELY

FOR THE WITNESS SAMPLE OF PHRAGMITES AUSTRALIS
PLANT SPECIES FROM UNPOLLUTED SOILS

Fig. 4. The cadmium concentration in the soil in two sampling
points: Pangarati and downstream of Batca Doamnei lake, upstream

of Piatra Neamt city

Fig. 5. The cadmium concentration in the Phragmites Australis
plant species, in two sampling points: Pangarati and downstream of

Batca Doamnei lake, upstream of Piatra Neamt city

The lower soil cadmium absorption capacity of the
Phragmites Australis plant species was recorded for the
minimum and maximum water-soil interface levels
(Pângãraþi, sampling section), the value determined in the
plant being 194.54% and 192.32% higher than in the soil.

A higher absorption capacity of cadmium from the soil
was recorded, in downstream of Batca Doamnei lake
sampling point, upstream of Piatra Neamt city, in the case
of Phragmites Australis plant species.

The lowest soil cadmium absorption capacity of the
Phragmites Australis plant species was recorded for the
medium and maximum water-soil interface levels
(downstream of Batca Doamnei lake sampling point), the
value determined in the plant being 202.29 and 222.75%
higher than in the soil.

The higher soil cadmium absorption capacity of the
Phragmites Australis plant species was recorded for the
minimum water-soil interface levels (downstream of Batca
Doamnei lake sampling point), the value determined in
the plant being 228.99% higher than in the soil.

Figure 6 represents graphically the cadmium
concentration in the soil in four sampling points: Dumbrava
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Rosie, Roznov (platform Fibrex Savinesti), River Cracau,
Pod Frunzeni, downstream of Piatra Neamt city.

In the case of Dumbrava Rosie sampling point the
established maximum limit for cadmium in the soil, for a
minimum level soil-water interface is exceeded with
35.25%.

For a level 50 cm soil-water interface, the established
maximum limit for cadmium in the soil is exceeded with
33.37 %, and for level 100 cm soil-water interface, the
established maximum limit for cadmium in the soil is
exceeded with 10.37 %.

In the case of Roznov (platform Fibrex Savinesti)
sampling point the established maximum limit for
cadmium in the soil, for a level 50 cm soil-water interface
is exceeded with 36.75%, and for level 100 cm soil-water
interface, the established maximum limit for cadmium in
the soil is exceeded with 33.25 %. For a level 0 cm soil-
water interface, the established maximum limit for
cadmium in the soil is exceeded with 12.75 %.

The established maximum limit for cadmiu, is not
exceeded in the confluence of the Bistrita River with Cracau
River sampling points (the determined values are between
0.189 mg/kg dry matter and 0.766 mg/kg dry matter).

In the case of Pod Roznov downstream of Piatra Neamt
city sampling point the established maximum limit for
cadmium in the soil, for a level 50 cm soil-water interface
is exceeded with 21.87%, and for level 100 cm soil-water
interface, the established maximum limit for cadmium in
the soil is exceeded with 14.5 %. For a level 0 cm soil-
water interface, the established maximum limit for
cadmium in the soil is exceeded with 3.75 %.

A very high absorption capacity of cadmium from the
soil was recorded for all the three levels of soil-water
interface, in sampling point Dumbrava Rosie, downstream
of Piatra Neamt city, in the case of Phragmites Australis
plant species (fig. 7), as follows:

- for the minimum level of soil-water interface, it was
234.65 % higher than in the soil;

- for the medium level of soil-water interface, it was
232.89 % higher than in the soil;

- for the maximum level of soil-water interface, it was
201.47 % higher than in the soil.

The absorption capacity of cadmium from the soil in
Roznov sampling point (Fibrex Savinesti platform) was the
highest for the minimum level of soil-water interface, the
value detected being 201.66 % higher than in the soil.

The lowest absorption capacity of cadmium from the
soil, in the case of Phragmites Australis plant species, was
detected for the maximum level of soil-water interface
(Roznov sampling point - Fibrex Savinesti platform), the
value identified being 190.8 % higher than in the soil.

In the Cracau River sampling point, the highest
absorption capacity of cadmium from the soil, in the case
of Phragmites Australis plant species, was detected for
the medium level of soil-water interface, the value obtained
being 204.18 % higher than that in the soil.

In the Cracau River sampling point, the lower absorption
capacity of cadmium from the soil, in the case of
Phragmites Australis plant species, was detected for the
maximum level of soil-water interface, the value obtained
being 196.19 % higher than that in the soil.

A very high absorption capacity of cadmium from the
soil was recorded for all the three levels of soil-water
interface, in sampling point Pod Frunzeni, downstream of
Piatra Neamt city, in the case of Phragmites Australis plant
species (fig. 7), as follows:

- for the minimum level of soil-water interface, it was
214.07% % higher than in the soil;

- for the medium level of soil-water interface, it was
199.48% higher than in the soil;

- for the maximum level of soil-water interface, it was
192.57% higher than in the soil.

Fig. 6. The cadmium concentration in the soil in four sampling
points:  Dumbrava Rosie, Roznov (platform Fibrex Savinesti), River

Cracau, Pod Frunzeni, downstream of Piatra Neamt city

Fig. 7. The cadmium concentration in the Phragmites Australis
plant species, in four sampling points: Dumbrava Rosie, Roznov

(platform Fibrex Savinesti), River Cracau and Pod Frunzeni,
dowstream of Piatra Neamt city

Figure 8 represents graphically the nickel concentration
in the soil in two sampling points: Pangarati and
downstream of Batca Doamnei lake, upstream of Piatra
Neamt city.

The established maximum limit for nickel (35 mg/kg
dry matter) is exceeded in any of the two sampling points,
and the determined values ranged, as follows:

- for Pangarati sampling points:
-for the minimum level of soil-water interface, it

was 34.2 % higher;
-for the medium level of soil-water interface, it

was 38.2 % higher;
-for the maximum level of soil-water interface, it

was 28.97 % higher.
- for downstream of Batca Doamnei lake sampling

points:
-for the minimum level of soil-water interface, it

was 22.94 % higher;
-for the medium level of soil-water interface, it

was 6.42 % higher;
-for the maximum level of soil-water interface, it was

21.71 % higher.
The absorption capacity of nickel from the soil at the

maximum level of soil-water interface (Pangarati sampling
point, fig. 9), for Phragmites Australis plant species was
the highest as compared to the other levels, the value
determined in the plant being 52.11 % lower than in the
soil.
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The lowest absorption capacity of nickel from the soil,
in the case of Phragmites Australis plant species, was
detected for the minimum level of soil-water interface
(Pangarati sampling point), the value identified being 55.3
% lower than in the soil.

In the case of downstream of Batca Doamnei lake
sampling point the absorption capacity of cadmium from
the soil, in the case of Phragmites Australis plant species
was:

- for the minimum level of soil-water interface, it was
55.69% % lower than in the soil;

- for the medium level of soil-water interface, it was
52.74% lower than in the soil;

- for the maximum level of soil-water interface, it was
56.45% lower than in the soil.

The established maximum limit for nickel in the soil is
exceeded as follows:

- for Dumbrava Rosie sampling points:
    -for the minimum level of soil-water interface, it was

2.45 % higher;
    -for the medium level of soil-water interface, it was

8.25 % higher;
- for Roznov (platform Fibrex Savinesti)lake sampling

points:
    -for the medium level of soil-water interface, it was

8.34 % higher;
- for River Cracau lake sampling points:
    -for the medium level of soil-water interface, it was

2.2 % higher;
The absorption capacity of nickel from the soil at the

minimum level of soil-water interface (Dumbrava Rosie
sampling point), for Phragmites Australis plant species was
the highest as compared to the other levels, the value
determined in the plant being 51.67 % lower than in the
soil (fig. 11).

The absorption capacity of nickel from the soil at the
maximum level of soil-water interface (Dumbrava Rosie
sampling point), for Phragmites Australis plant species was
the lower as compared to the other levels, the value
determined in the plant being 65.77 % lower than in the
soil.

In the Roznov (platform Fibrex Savinesti) sampling point,
the highest absorption capacity of nickel from the soil, in
the case of Phragmites Australis plant species, was
detected for the minimum level of soil-water interface,
the value obtained being 58.87 % lower than that in the
soil.

Fig. 8. The nickel concentration in the soil in two sampling points:
Pangarati and downstream of Batca Doamnei lake, upstream of

Piatra Neamt city

Fig. 9. The nickel concentration in the Phragmites Australis plant
species, in two sampling points: Pangarati and downstream of

Batca Doamnei lake, upstream of Piatra Neamt city
Figure 10 represents graphically the nickel

concentration in the soil in four sampling points: Dumbrava
Rosie, Roznov (platform Fibrex Savinesti), River Cracau and
Pod Frunzeni, downstream of Piatra Neamt city.

Fig. 10. The nickel concentration in the soil in four sampling
points: Dumbrava Rosie, Roznov (platform Fibrex Savinesti), River

Cracau and Pod Frunzeni, downstream of Piatra Neamt city

The lowest absorption capacity of nickel from the soil,
in the case of Phragmites Australis plant species, was
detected for the maximum level of soil-water interface
(Roznov-platform Fibrex Savinesti sampling point), the
value identified being 64.38 % lower than in the soil.

In the Cracau River sampling point, the highest
absorption capacity of nickel from the soil, in the case of
Phragmites Australis plant species, was detected for the
maximum level of soil-water interface, the value obtained
being 62.86 % lower than that in the soil.

The lowest absorption capacity of nickel from the soil,
in the case of Phragmites Australis plant species, was
detected for the medium level of soil-water interface
(Cracau River sampling point), the value identified being
65.03 % lower than in the soil.

The absorption capacity of nickel from the soil at the
maximum level of soil-water interface (Pod Frunzeni

Fig. 11. The nickel concentration in the Phragmites Australis plant
species, in four sampling points: Dumbrava Rosie, Roznov
(platform Fibrex Savinesti), River Cracau and Pod Frunzeni,

dowstream of Piatra Neamt city
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sampling point), for Phragmites Australis plant species was
the highest as compared to the other levels, the value
determined in the plant being 62.37 % lower than in the
soil.

The lowest absorption capacity of nickel from the soil,
in the case of Phragmites Australis plant species, was
detected for the medium level of soil-water interface (Pod
Frunzeni sampling point), the value identified being 65.37
% lower than in the soil.

Experimental results show that the absorption capacity
of heavy metals from the soil in the case of plant species,
Phragmites Australis depends on the distance from the
water-soil interface where the plant samples were
collected and on the concentration of heavy metals in the
soil.

By employing the TableCurve 3D program for generating
linear and non-linear equations the mathematical models
for the absorption capacity of heavy metals from the soil in
the case of plant species, Phragmites Australis, were
obtained for each heavy metal in turn, depending on the
distance from the water-soil interface where the plant
samples were collected and on the concentration of heavy
metals in the soil.

Figures 12 and 13 present the variations of the
absorption capacity of cadmium and nickel from the soil
in the case of Phragmites Australis plant species.

The surface obtained is characterized by the following
of equation (1):

(1)

Fig. 13. The variations of the absorption capacity of nickel from the
soil in the case of Phragmites Australis plant species

Table 2
THE EQUATION CONSTANTS VALUES THAT DESCRIBE THE

MATHEMATICAL MODEL FOR CADMIUM, CORRESPONDING TO
THE CITY OF PIATRA NEAMT

Table 3
THE EQUATION CONSTANTS VALUES THAT DESCRIBE THE

MATHEMATICAL MODEL FOR NICKEL, CORRESPONDING TO THE
CITY OF PIATRA NEAMT

In wich: x is concentration of  cadmium/nickel from
soil [mg/kg dry matter], y is the distance [cm].

The correlation coefficient which corresponds to this
equation is r2=0.90÷0.98.

In tables 2 and 3 are presented the values of the
constants from relation (1) for cadmium and nickel,
corresponding to the city of Piatra Neamt.

Fig. 12. The variations of the absorption capacity of cadmium from
the soil in the case of Phragmites Australis plant species

Table 4
THE VALUES OF CADMIUM

ABSORPTION CAPACITY
FROM SOIL IN THE

PHRAGMITES AUSTRALIS
PLANT SPECIES

CORRESPONDING TO THE
CITY OF PIATRA NEAMT



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦70♦ No. 7 ♦20192550

For the verification of the model, one equation was
chosen from each investigated method, respectively:

- variations in the absorption capacity of cadmium and
nickel from the soil in the Phragmites Australis plant
species, for the city of Piatra Neamt (equation (2) and (3)):

     (2)

(3)

In tables 4 and 5 are comparatively presented the values
obtained using the mathematical model and the values
obtained from the experimental determinations.

Conclusions
Characteristic sections of the six areas were explored

so that they can allow the evaluation of the ecological
impact of residual soil pollution by heavy metals from the
banks of the two rivers, both by the residual waters from
the industrial platforms and the domestic wastewater
produced by the urban residential areas in city such as
Piatra Neamt.

Phragmites Australis plant species is proved to be very
good accumulators of heavy metals, a fact which shows
that they can be used in soil phyto-remediation processes,
particularly in phyto-extraction processes for the removal
of heavy metals from contaminated soils.

Comparing the absorption capacity of heavy metals
from the soil (cadmium and nickel) in the case of
Phragmites Australis plant species it was observed that:

-.a very poor accumulator of heavy metal like nickel;
- a very good accumulator of cadmium.
The difference between the experimental values and

the values obtained with the mathematical models is
insignificant, the correlation coefficient being between 0.90
and 0.98.

Table 5
THE VALUES OF NICKEL ABSORPTION CAPACITY FROM SOIL IN THE PHRAGMITES AUSTRALIS PLANT SPECIES

CORRESPONDING TO THE CITY OF PIATRA NEAMT

References
1.BELCIU, M.C., NEDEFF, V., CHIÞIMUª, A.D., RADU, C., Journal of
Engineering Studies and Research, 20, no. 1, 2017, p. 23.
2.SENILA, M., LEVEI, E., MICLEAN, M., SENILA, L., STEFANESCU, L.,
MARGINEAN, S., OZUNU, A., ROMAN, C., Environmental Engineering
And Management Journal, 10, 2011, p. 59.
3.RADU, C., Studies and research on the ecological impact of residual
soil pollution by heavy metals on tributaries’ banks from the Siret
hydrographic basin, PhD Thesis, Vasile Alecsandri University of Bacau,
Romania, 2015.
4.ABDERRAHIM, G., European Journal of Scientific Research, 32, 2009,
p. 58.
5.CHITIMUS, A.D., BARSAN, N., NEDEFF, V., MOSNEGUTU, E., MUSCALU
(PLESCAN), O., Studies and research concerning the influence of
liquid pollutants’ leaching speed in the soil on the process of cleaning
and self-cleaning, 17th International Multidisciplinary Scientific
GeoConference, SGEM 2017, 17, no. 51, 2017, pp. 859-866.
6.BELCIU, M.C., NEDEFF, V., CHITIMUS, A.D., BARSAN, N., RUSU, D.,
Journal of Engineering Studies and Research, 22, no. 1, 2016, p. 15.
7. FORTUNA, M.E., SIMION, I.M., GAVRILESCU, M., Environmental
Engineering and Management Journal, 10, 2011, p. 1987-1996.
8.RADU, C., CHITIMUS, A.D., TURCU, M., ARDELEANU, G., BELCIU M.,
Environmental Engineering and Management Journal, 13, no. 7, 2014,
p. 1687.
9.RADU, C., NEDEFF, V., CHITIMUS, A.D., Journal of Engineering Studies
and Research, 19, no. 2, 2013, p. 89.
10.AL-MOMANI, I.F., Jordan Journal of Chemistry, 4, 2009, p. 77.
11.DRAGOVIC, S., MIHAILOVIC, N., GAJIC, B., Chemosphere, 72, 2008,
p. 491.
12.CHITIMUS, A.D., NEDEFF, V., LAZAR, G., MACARESCU, B.,
MOSNEGUTU, E., Journal of Engineering Studies and Research, 17,
no. 1, 2011, p. 13.
13.MUSCALU (PLESCAN), O.M., NEDEFF, V., CHIIMUS, A.D., PARTAL,
E., MOSNEGUTU, E., RUSU, I.D., Rev.Chim. (Bucharest), 69, no. 11,
2018, p. 3106.
14.KIM ,Y., KIM, B.K., KIM, K., Environmental Earth Sciences, 60,
2009, p. 943.
15.MUSCALU (PLESCAN), O.M., NEDEFF, V., CHITIMUS, A.D., PARTAL,
E., BARSAN, N., RUSU, I.D., Rev.Chim. (Bucharest), 70, no. 2, 2019, p.
536.
16.KO, I., CHANG, Y., LEE, C., KIM, W., Journal of Hazardous Materials,
127, 2005, p. 1.



REV.CHIM.(Bucharest)♦70♦No. 7 ♦2019 http://www.revistadechimie.ro 2551

17.VIMAN, V.L., COZMUTA, L.M., COZMUTA, A.M., VATCA, GH., VARGA,
C., American Journal of Environmental Sciences, 1, 2005, p. 14.
18.MUSCALU (PLE‘CAN), O.M., NEDEFF, V., PARTAL, E., MOSNEGUTU,
E., SANDU, I.G., SANDU, I., BARSAN, N., RUSU, D., Rev.Chim.
(Bucharest), 70, no. 5, 2019, p. 1726.
19.CHITIMUS, A.D., RADU, C., NEDEFF, V., MOSNEGUTU, E., BARSAN,
N., Scientific Study & Research Chemistry & Chemical Engineering,
Biotechnology, Food Industry, 17, no. 4, 2016, p. 381.
20. MEYER, C.A., DINIZ, G., Ecological Modelling, 200, 2007, p. 360.
21.CHITIMUS, A.D., MOSNEGUTU, E., NICOLESCU, M.C., TURCU M.,
BELCIU, M.C., ARDELEANU, G., Environmental Engineering &
Management Journal, 13, no. 7, 2014, p. 1581.
22.CHARKRAVARTY, M., PATGIRI, A.D., Journal of Human Ecology, 27,
2009, p. 63.
23. CHITIMUS, A.D., NEDEFF, V., MOSNEGUTU, E., PANAINTE, M.,
Environmental Engineering and Management Journal, 11, no. 12, 2012,
p. 2163.
24.REINDS, G.J., POSCH, M., LEEMANS, R., Science of the Total
Environment, 407, 2009, p. 5663.

25.CHIIMUS, D., COCHIORCA, A., NEDEFF, V., MUSCALU, O., BARSAN,
N., Studies and Research on Phragmites Australis’ (Common Reed)
Absorption Capacity of Heavy Metals From the Soil in Roman City,
Romania, Proceeding of the International Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management,
SGEM 2018, 18, 2018, pp. 671-678.
26.LIANG, J., CHEN, C., SONG, X., HAN, Y., LIANG, Z., International
Journal of Electrochemical Science, 6, 2011, p. 5314.
27. CHITIMUS, A.D., NEDEFF, V., LAZAR, G., Journal of Engineering
Studies and Research, 17, no. 4, 2011, p. 24.
28.PAPADATU, C.P., BORDEI, M., ROMANESCU, G., SANDU, I., Rev.
Chim. (Bucharest), 67, no. 9, 2016, p. 1728.
29.***  MO, Order no. 161 of February 16, 2006 approving the Norms
regarding surface water quality classification in order to determine
the ecological status of water bodies, Minister of Environ of 13 June
2006.
30.*** Atomic Absorption Spectrometry (AAS) ZEEnit 700, Operating
Manual, 2009.

Manuscript received: 23.12.2018


