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Abstract: In this work we have been used the advantages of EDXRF method to identify
the presence of heavy metals (Cu, Fe, Pb and Zn) in the air of Targoviste town and its
surroundings. The measurements were performed in the laboratories of the Faculty of
Sciences and Arts from Valahia University of Targoviste. The samples have been taken from
places with different levels of pollution.
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1. INTRODUCTION

Many air quality studies [1-4] are based on the using of biomonitors; the lichens take
part from this category and they have been used in our study because of their presence in
places with different levels of pollution from Targoviste and its surrounding areas (our study
is referring to an area of about 300 km?), at distances below 20 km (Fig.1).
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(the map was exported from Google Earth)
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Some of the advantages of their using are: higher area contact with atmosphere, slowly
growing, insignificant change of their morphology, long life during the year, etc. Samples
were collected in the interval 16th — 28th April 2009. Moreover, in order to achieve the
elemental analysis with a high sensitivity and precision for the environmental samples, there
can be used the Neutron Activation Analysis (NAA) [8], Chlorophyll Fluorescence(CF) [9]
Electron Spectroscopy (ES) [10,11], Particle Induced X Ray Emission (PIXE) [12-14], Total
Dissolved Solids (TDS) [15] and Inductively Coupled Plasma - Atomic Emission
Spectroscopy (ICP-AES) [7,13].

2. SAMPLING AND INSTRUMENTS

The trees for the lichen sampling were chosen from the areas with different pollution
levels: some were collected near the economical units which produce gaseous pollutants,
others were taken near the roads which had different traffic values and the others were also
collected from the forest, far away from any sources of pollution. Thus, we have the
possibility to make a comparative analysis between heavy metal air pollution in those places.
For each sample we recorded the following characteristics: the moment of sampling, the day,
the name of the place and the GPS coordinates.

The lichen specie collected in our work was Xanthoria Parietina. As quality and
quantity analysis we have been used the Energy Dispersive X-ray Fluorescence (EDXRF),
which, although is not a very high sensitivity method, it have some advantages such as
reduced time for samples preparation and obtaining experimental data, the simultaneous
completion of qualitative and quantitative analysis, the possibility of interpretation and
comparison of experimental data using specialized software, etc.

The samples were first washed with water then dried for 2 hours at 60° C. After that, a
quantity of about 5g of every sample was powdered and put in clean testing chambers covered
with 2.5 pm Fluxana TF-125-345 Mylar thin film to be studied by the EDXRF method. The
data acquisition time was set to 5 min.

The Elva X EDXRF spectrometer have been used as analysis instrument, which has the
energy resolution of 200 eV at 5.9 keV (*°Fe isotope). The instrument software provides the
qualitative and quantitative analysis of the samples by quadratic stepwise multiple
regressions.

3. ASSUMPTIONS AND THEIR CHECKS

We have verified the dependencies between element concentrations in lichens and
their concentrations in soil and substrate (shell) samples collected from the same places.

The results from soil samples indicate that the element concentrations are about the
same in all the cases and they can not influence the lichen concentrations ones, which are very
different. In the case of elements concentrations from substrate, they are very different,
having some of the higher values for samples that were collected from places with low
pollution level.
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Fig.2.he element peaks in XRF spectrum of soil samples

Then we decide that this assumption may need future studies, but most probably these
values can not influence the element accumulation in lichens (most of the elements comes
from the air).

In the case of lichen samples, the concentrations decrease with distance from the
sources of pollution.

4. RESULTS AND DISCUSSIONS
Figs. 3-6 shows the concentrations obtained by EDXRF methods for Cu, Fe, Pb and

Zn from places referred by its GPS coordinates. In each graph the maximal and the minimal
concentration (with errors below 8%) as well as the ratio between them is included.
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Figs.3-6. The isoconcentrations curves of studied elements

é
@
-]
®
E
o
]
2
2 Unglrent:
Ingurenis
S sass
" \
] \
Cobias | — 800 4582
448/ T— 448
Maximum value: 6071 ppm
Minimum value: 412 ppm
Max/Min=14,73 - — 44.78
44.76
44.75
Dragodanas
2536 2538 254 2542 2544 2546 2548
Longitude (decimal degree)
Lead (Pb) concentrations (ppm)
45 Dodcesti plants 45
& 44.98
® -15
44,9
Aninsasas
44,95
5 44.54
HNational College “leniachita Vacanisco™s.
Prisgaca® C R 44,92
‘g Mear stalnbess stoatmikiog /5
Stevlmaking® Ul
o449 449
& Near stealmakings P
®
,§ 3\ g 25 44,88
T s
-; Wr!ni_-\’.‘lm WT":'!.'L-MI 75 4486
T Ungurenis s
3 M5 :
£ Daenbvita river, Liichmia Vacarostis
® | 44,84
i
9
canmt F N 44,82
44.8 44.8
Maximum value: 75 ppm 44,78
Minimum value: 5 ppm
Max/Min=15
44,76
4475
Dragodanas
2536 2538 254 2542 2544 2546 2548
Longitude (decimal degree)
WWW.josa.ro

Physics Section



Lichens as biomonitors... Gabriel State et al. 123

Table 1. The extreme values of the element concentrations and their sampling places

_ Maximal value Error .
Element Minimal value (ppm Error (ppm Max/Min
(Ppm) (ppm) (ppm) (ppm)
c(ppm) 2.66 0.14 34.08 2.3
Cu i insi 12.81
Place Between Cobia an;j Dragodana, inside the Steel factories Targoviste
orest
Fe |- 0T |2 ot __|_43 14.73
Place Ungureni, inside the forest Steel factories Targoviste
c(ppm) 5.00 | 0.45 75 | 7
Pb L _ _ 15.01
Place Cobia, inside the forest Steel factories Targoviste
c(ppm) 5 | 0.22 156 | 7.02
Zn i insi 31.20
Place Between Cobia an;jorDersz:godana, inside the Steel factories Targoviste

The samples concentrations of heavy metals such as Cu, Fe, Pb and Zn (Table 1) and the
ratios between the maximum and the minimum value for every element clearly indicate the air
pollution with these elements near steel and steelmaking factories, where the values are
maximal, and the propagation of this effect at distances of about 10 km in open areas (without
forests); it is also shown the positive effect of forestation revealed by the significantly lower
values than those from open areas, at the same distance from the source of pollution.

5. CONCLUSIONS

The EDXREF as analysis method allows the qualitative analysis of elements with z>13
in lichen samples; if element concentrations are greater than 10 ppm, the EDXRF method also
provides also a good quantitative analysis. The measurements are faster than the other
methods, due to fact that is a multielemental analysis and require a reduced time for sample
preparation. Then, even if EDXRF is not a high sensitivity method, it can be used in
preliminary studies or to verify some assumptions.

REFERENCES

[1]. Sloof, J.E. and Wolterbeek, B.Th., Interspecies comparison of lichens as biomonitors of
trace-element air pollution, Interfaculty Reactor Institute, Delft University of
Technology, December 1991.

[2]. Heller-Zeisler, S.F., Zeisler, R., Zeiller, E., Parr, R.M., Radecki, Z., Burns, K.I., De
Regge, P., Report on the intercomparison run for the determination of trace and minor
elements in lichen material, International Atomic Energy Agency, Vienna, Austria, June
1999.

[3]. Quality Assurance Handbook for Air Pollution Measurement Systems Volume I1: Part 1:
Ambient Air Quality Monitoring Program Quality System Development, august 1998.

[4]. http://mwww.lichens.ie/.

[5]. Ghisa, V., Popescu, I. V., Belc, M., Ene, A., Romanian Journal of Physics, 53 (3-4),
557-562, 2008.

[6]. Dima, G., Popescu, I.V., Stihi, C., Oros, C., Dinu, S., Manea, L., Vlaicu, Gh., Rom.
Journ. Phys., 51(5-6), 633-638, 2008.

[7]. Popescu, I. V., Stihi, C., Cimpoca, Gh.V., Dima, G., Vlaicu, Gh., Gheboianu, A.,
Bancuta, 1., Ghisa, V., State, G., Romanian Journal of Physics, 54(7-8), 741-746, 2009.

ISSN: 1844 — 9581 Physics Section




124

Lichens as biomonitors... Gabriel State et al.

[8].
[9].

[10].
[11].
[12].
[13].
[14].

[15].

Ene, A., Popescu, I. V., Ghisa, V., Romanian Reports in Physics, 61(1), 165-171,
1221-1451, 2009.

Apostol, S., Stihi, C., Oros, C., Journal of Optoelectronics and Advanced Materials,
9(9), 2912-2925, 2007.

Andrei, V., Cristescu, R., Vlaicu, Gh., Andrei, E., Oros, C., Stihi, C., Dima, G., Dinu,
S., Journal of Optoelectronics and Advanced Materials, 9(7), 2288-2290, 2007.

Andrei, V., Andrei, E., Vlaicu, Gh., Stihi, C., Dima, G., Oros, C., Dinu, S., Journal of
Optoelectronics and Advanced Materials, 9(7), 2295, 2007.

Stihi C., Popescu, I.V., Busuioc, G., Badica, T., Olariu, A., Dima, G., Journal of
Radioanalytical and Nuclear Chemistry, 246(2), 445-447, 2000.

Stihi, C., Bancuta, A., Popescu, I. V., Virgolici, M., Cimpoca, Gh. V., Gugiu, M.,
Vlaicu, Gh., lIoP Journal of Physics: Conference Series, 41, 565-568, 2006.

Popescu, I. V., Ene, A., Stihi, C., Bancuta, A., Dima, G., Badica, T., Ghisa, V., AIP
Conference Proceedings, 899, 538, 2007.

Stihi, C., Popescu, I. V., Apostol, S., Vlaicu, Gh., Revista de Chimie, 58(12), 1335-
1336, 2007.

Manuscript received: 10.04.2010
Accepted paper: 29.05.2010
Published online: 22.06.2010

WWW.josa.ro Physics Section


user
Typewritten Text
Published online: 22.06.2010




