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Abstract. The analysis of the samples collected from residential areas and
the proximity of the industrial areas of Jiu Valley was carried out by means
of induced coupled plasma optical emission spectrometry (ICP-OES) after
acid processing and mineralization of the samples. The pollution level has
increased once with the industrial development and acceleration of
urbanization processes in the human society. Of the pollutant-generating
substances, heavy metals are of particular importance. The purpose of this
paper is to highlight level of pollution by heavy metals using moss (inferior
plants) in order to determine the degree of bioaccumulation. From the
pollution point of view, zinc, cadmium and lead are of particular relevance,
but the effects of other heavy metals have also been studied. The pollution
effects last for a long time in waste dumps, areas polluted with heavy
metals from fuel combustion processes, fossil fuels a.s.0. The analysis of
the samples collected from residential areas and the proximity of the
industrial areas of Jiu Valley was carried out by means of induced coupled
plasma optical emission spectrometry (ICP-OES) after acid processing and
mineralization of the samples.

1 Introduction

Due to their excellent properties as bio-indicators, some plants, such as moss and lichens,
can be used to determine the degree of accumulation of pollutants. Mosses accumulate
heavy metals to a greater extent than flower plants, including rare elements that are not
detectable in the substrate [1]. Because they have no cuticle and thick cell walls, their cells
are readily permeable to water and minerals (including contaminants such as metals), so
that the substances are also taken from precipitations and materials deposited on their
surface, transported by air [2].

The amount of accumulated elements is determined by the concentration of elements in
atmospheric sedimentation, the surface of the mosses, the adsorption capacity and the ion
exchange capacity [3] The elemental composition of the substrate has an effect on
endocrine species with internal water transport system, but is negligible in the case of ecto-
hydric species in which water is transported over the outer surface of the moss (e.g.:
Hypnum). [4].The use of mosses for bio-indication purposes can be performed on one hand

* . . . .
Corresponding author: andrei.szollosi@insemex.ro

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).


mailto:andrei.szollosi@insemex.ro

MATEC Web of Conferences 305, 00010 (2020) https://doi.org/10.1051/matecconf/202030500010
SESAM 2019

by inventing the occurrence of species found in situ in the area investigated and by studying
their chemical composition. Thus, the most widespread use of mosses as bio-indicators may
be that of determining the heavy metal load. [S] By their chemical analysis, there have been
determined the area which are contaminated more.

That besides industrial production, road transport is also the second largest source of
pollution. More and more cars appear each year, along with more heavy metals (Zn, Pb, Cd,
Ni, Cr, Cu) and many other substances that are very harmful to health are released into the
air [6].

The bedrock may appear in the solid phase as mineral constituents (interchangeably, or
they can specifically adsorb to soil colloids; they are often formed with some anions
precipitation, e.g. carbonate, phosphate [7]. In the solid phase of the soil the role of soil
colloids is outstanding. A fraction having a particle size of 1 to 500 nm is considered a size
range of soil colloids [8, 9].

Swaileh et.al. identified at a metal content of 149 mg/kg in soil, and in plants from the
soil of only 2.19 mg / kg [7]. Heavy metals are present in both the solid and liquid phases of
soil, where they are can create a variety of bonding patterns.

Fig. 2. Moss photography - Tortura muralis - microscopic imagines

2 Material and method

In Jiu Valley, industry is mainly characterized by the activity of the mining industry, even if
the extraction of coal and the related industry has restricted its activity in the last decades.
The production of electric and thermal energy by combustion of fossil fuels along with
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transportation is an important source of air, soil and water contamination with heavy
metals. Elements selected for study are cadmium, lead, nickel, zinc, cobalt, copper, arsenic.
The sampling took place in the residential areas of Jiu Valley, but also near the industrial
units.

It was sought to cover models around crowded roads, junctions and others less crowded
points, industrial units, but also in areas more distant and less susceptible to pollution.
The used Inductively Coupled Plasma analysis method, is a method of optical emission
spectrometry. When plasma energy is given to an analysis sample from outside, the
component atoms are given a superior energy form. When the atoms return to low energy
position, spectrum are released and the emission rays that correspond to the photon
wavelength are determined.

Fig. 3. Sampling points of the moss samples in The Jiu Valley (P1+P12)

Table 1. Sampling point of the moss samples

Sampling point Sampling area description Coordinates
. . 45°23'5421"N
P1 Approaching rail and road E66 23°22736.29"E
. . 45°26°33.36"N
P2 Petrila - the main road 2392220 52"F
45°25'46.44"N
P3 Road E66 ITUMP Area 23921756.47"E
P4 Approximation of general 45°25°07.86"N
school no. 4 23°22"21.95"E
45°25°12.20"N
ps Colony 23°21'44.96"E
. . 45°25'25.86"N
P6 CFR Train Station 23°21752.45"E
. 45°24°31.84"N
P7 Stadium area 2392011 48"E
. 45°24°49.00"N
P8 The main road 23°2227.10"E
45°24°49.52"N
P9 Central Park Carol Schreter 23922727 68"E
P10 The Livezeni railway 45°23'51.24"N
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23°22'19.22"E
45°23'51.24"N
23°22°19.22"E
45°23743.09"N
23°22'23.65"E
In figure no.3 and table no. 1 are the sampling points and coordinates of the moss samples.
The moss and soil samples were taken and analyzed in June 2019.

P11 Dimitrov neighbourhood

P12 Airport neighbourhood

3 Results and discussion

There have been collected dried and analysed moss samples by inductive coupled plasma
spectrometry using the OPTIMA 2100 DV (ICP-OES) spectrometer. Concentrations of Co,
Cr, Cu, Ni, Pb, Zn as found in moss samples (P1 + P12) are presented in Table 2. Soil
samples S13 + S17 were collected, mineralized and analysed.

For the analysis, the samples were subjected to acidification using high purity nitric acid
at 170 °© C and 12 bar pressure using the microwave mineralizer, the mineralization
program lasting approximately 2 hours and 30 minutes.

Table 2. Concentrations of metal obtained from mosses samples analysis

As P1 P2 P3 P4 P5 Pé6 P7 P8 P9
mg/kg
As 8.088 1.649 0.319 6.448 0.368 2.006 1.618 0.757 4.609
mg/kg
cd 4.119 1.461 2.720 2.020 2.257 2.231 3.119 2.394 2.246
mg/kg
Co 6.545 0.230 1.723 1.928 1.895 1.963 2.753 1.412 2.016
mg/kg
Cr 84.50 11.58 9.558 1.442 4.618 4.950 10.32 31.84 0.126
mg/kg
Cu 180.2 3.033 31.66 2.806 15.64 11.67 18.99 8.906 0.014
mg/kg
Ni 50.88 0.080 6.301 0.318 3.833 4.181 4.480 1.017 0.371
mg/kg
Pb 45.98 0.045 9.971 3.060 7.385 3.162 14.84 1.620 10.86
mg/kg
Zn 707.5 9.197 105.9 66.35 804.0 43.68 71.14 51.33 24.62
mg/kg
Table 3. Concentrations obtained from the analysis of mosses samples and soil samples
P10 P11 P12 S13 S14 S15 S16 S17
As 0.026 2.948 1.309 0.505 0.565 0.678 0.746 0.041
mg/kg
Cd 2.168 2.670 2.741 1.649 1.938 1.821 0.862 2.204
mg/kg
Co 8.218 6.817 2.530 1.011 1.531 2.098 1.060 17.38
mg/kg
Cr 14.26 61.37 17.29 0.020 3.402 3.994 0.652 20.02
mg/kg
Cu 46.24 144.5 2343 1.90 9.086 9.086 3.464 26.76
mg/kg
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Ni
mg/kg

9.189

36.14 10.42 0.198 2.894

3.992 1.042 544

Pb
mg/kg

111.6

180.9 10.13 0.654 4.775

2.355 0.175 0.926

In
mg/kg

464.1

568.0 747.1 8.248 602

35.11 22.58 106.8

Following the analysis of the moss samples, in table 2 and 3, the highest concentrations of
metals obtained were recorded in the case of zinc and copper. The heavy metal
concentrations obtained from the analysis of the moss samples contain higher values of
metals than the soil samples analyzed.
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Fig. 4. Variation of heavy metal concentration in mosses collected samples

From the graph it can be seen that the highest concentrations of metals in the moss samples
were obtained in the case of zinc and copper.

Table 4. Concentration range obtained for the analysed elements of mosses

The concentration range The concentration range
Wavelength determined by elements in the determined by elements in the
Elements .
nm moss samples soil samples
mg/kg mg/kg

As 199.696 0.026+8.088 0.041+0.565
Cd 228.802 2.020+4.119 0.86+2.2
Co 228.616 0.230+6.545 1.060+17.38
Cr 267.716 0.126+84.50 0.020+20.1
Cu 327.393 0.014+180 1.90+26.76
Ni 231.604 0.371+50.88 0.198+54.4
Pb 220.353 0.045+18.09 0.654+4.775
Zn 213.857 9.197+747.1 8.248+602




MATEC Web of Conferences 305, 00010 (2020) https://doi.org/10.1051/matecconf/202030500010
SESAM 2019

P3
pay Ps

Pa

P2

higher concentrations of metals
lower concentrations of metals

Fig. 5. Representation of areas according to concentrations of heavy metals in mosses

After analysing the moss samples were the sampling points on the map, where values of
higher concentrations and moderate values were obtained, on the fig no. 5.

Following the maximum values, we can conclude that the highest values for the metal
concentrations determined by the ICP-OES method in moss were obtained for zinc, lead,
copper, chromium, nickel, cobalt, arsenic and cadmium. the concentrations of the metals in
the soil may be different from the metal content of the plants such as.

4 Conclusions

Considering the fact that there could not be established a quantitative relationship between
the heavy metal content in soils and the heavy metal content determined in the moss
samples, some conclusions can be drawn by comparing the trends. Concentration of
metallic elements in moss samples exceeds the available metallic content of the soil. The
lowest concentrations of heavy metals present in the moss's tissues correspond to
unpolluted areas.

The content of heavy metals determined in the case of moss samples refers mainly to
the atmospheric origin pollution (dry and wet sedimentation) and generated by
precipitation. By examining the concentrations of metals determined by the analysis of the
samples of moss, it can be observed that zinc is found in the highest concentration, and that
it can be generated from burning of fossil fuels, but also from the wear of auto components.

Copper and lead are the following metals in terms of concentrations found in moss
samples, which may come from burning fossil fuels, fuels, and component wear. The origin
of the copper can also be explained by transport because the wear of the vehicle's brake
pads release a large amount of metal. The values of the other metals (Cr, Co, Ni, Cd) found
in the moss are lower, being generated from the processes of combustion and
decomposition.

Cadmium concentration values are caused by cadmium-containing combustion products
containing diesel fuel and the cadmium-containing stabilizing material of the tires. By
comparing the spatial distribution of the highest metal concentrations, it can be concluded
that the highest values come from the samples collected from areas where solid fuels are
being used for heating up homes: the Colony, Dimitrov and the heavily affected areas of
road and rail transport as well as the vicinity of mining units. The highest heavy metal
concentrations in urban zones are related to high vehicular traffic and high emission of
industrial pollutants.
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