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Active moss biomonitoring of small scale inner city spatial
distribution of ambient trace elements in Belgrade urban area
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GORYAINOVA?®, Marina FRONTASYEVA?®, Milica TOMASEVIC' & Aleksandar POPOVIC?

" Institute of Physics, University of Belgrade, Serbia
* The Faculty of Chemistry, University of Belgrade, Serbia
? Joint Institute for Nuclear Research, Dubna, Russia

* mira.anicic@ipb.ac.rs

Introduction

In urban environments, human exposure to air pollutants is significantly increased, especially near
busy traffic streets, canyon streets, tunnels, etc. where urban topography and microclimate may additionally
cause poor air conditions giving rise to pollution hotspots. Within these areas, pedestrians, cyclists, drivers
and residents are likely to be exposed to pollutant concentrations exceeding current air quality standards
(Vardoulakis et al., 2003). The total number of air quality monitoring stations or sampling locations within a
city is limited by practical constraints. However, biomonitoring can draw a reliable picture of pollution
patterns in a much more cost effective way. Given their morphological and physiological characteristics,
bryophytes have proved to be suitable biomonitors for trace element air pollution (Zechmeister et al., 2003).
Most research has been carried in the field of passive moss biomonitoring, but active biomonitoring, using
moss as transplants, is of increasing interest in urban areas where naturally growing mosses are often absent.
Also, in biomonitoring studies, spatial deposition patterns of trace elements are generally regarded as being
horizontal only, while also vertical distributions are important, especially in the so called breathing zone of
the urban areas. Thus, active moss biomonitoring study of trace element air pollution was performed in the
Belgrade canyon streets and city tunnel in 2011 with the aim to evaluate possibility of using Sphagnum
girgensohnii moss bags for investigation of the small scale vertical and horizontal distribution patterns of
trace elements.

Material and methods

Moss bags preparation and exposure

Moss Sphagnum girgensohnii Rusow was collected at the end of May 2011 from a pristine wetland
arca located near Dubna, Russian Federation. This background area was chosen on the basis of results
obtained previously (AniCi¢ et al., 2009a; 2009b). In the laboratory, the moss was carefully cleaned from soil
particles and other foreign matter and air-dried. About 3 g of the moss was packed loosely in 10x10 cm bags
of nylon net with 2-mm mesh size.

The experiment was performed in 5 street canyons and one tunnel situated in heavily traffic area of
the Belgrade city (Serbia). In the canyon streets (M, KN, DJ, OV and KM), the moss bags were hung at
heights of about 4, 8 and 16 m for 10 weeks, and also, for the same time (selected on basis previous study
AniCi¢ et al., 2009), the moss bags were exposed in (IT), in front of (ET), and out of the tunnel (OT).

Analysis

After the exposure period, in the laboratory, approximately 0.4 g of moss were digested for 45 min
in a microwave digester with 7 ml of 65% HNOs and 1 ml of 30% H,0, at 200°C, and digested samples were
diluted with distilled water to a total volume of 50 ml. The concentrations of 17 elements (Al Ba, Ca, Cd,
Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sr, V and Zn) in the moss bags were performed by inductively
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coupled plasma optical emission spectrometry (ICP-OES). Quality control was performed using the standard
reference material lichen-336 (IAEA).

The data were processed using StatSoft STATISTICA 6.0. Basic statistics were performed, and
significant differences were calculated at p<0.05 level.

Results and discussion

Vertical element distr

background samples (initial element concentrations),

Concentrations of the most elements were statistically higher

moss bags were exposed was polluted by the elements in question (Fig. 1).
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(p < 0.05) in exposed moss than in
indicating that the urban environment to which the

Fig. 1. Average element concentrations in moss bags exposed at three heights (I — 4 m; Il — 8 m; I - 16 m)in 5
canyon streets (M, KN, DJ. OV and KM), and initial element concentrations in the unexposed moss

According to the results obtained, in all canyon streets, the vertical distribution patterns of the moss
element concentrations (Al, Ba, Ca, Cr, Cu, Ni, Pb, Sr, V, Zn) showed statistically significant decrease from
the first to the third heights of bags exposure (Fig. 1). However, in two canyon streets, the highest elemental
concentration was determined in the moss exposed at the second height. This discrepancy could be explained
by different direction of the primary air vortex in these streets, where the exposure sites were either placed
on the leeward side or in the main air flow in the second positioned height. Thus, residents in some canyon
streets may be exposed to higher air pollution than pedestrians.
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Horizontal element distribution in moss bags — tunnel experiment

In the tunnel experiment, from inner to out of the tunnel, for Al, Ba, Cd, Co, Cr, Cu, Fe and Zn
decreasing trend of concentrations in moss bags was obtained (Fig. 2). Otherwise, significantly higher
concentration of the elements in moss bags was pronounced for the tunnel in comparison with the canyon
street data.
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Fig. 2. Decreasing trend of element (Al, Ba, Cd, Co, Cr, Cu, Fe, Ni, Zn) concentration in moss bags exposed at
three position: inside of tunnel (IT), entrance tunnel (ET), and out of tunnel (OT)

Conclusion

The results clearly indicatc significant accumulation of the elements in exposed moss bags in
Belgrade urban area. The vertical (from the first to the third heights of bags exposure in canyon streets) and
horizontal (from inside to outside of the tunnel) distribution of the air element concentrations was obtained
by moss bags. Thus, the use of S. girgensohnii moss bags could be a simple, sensitive and inexpensive way
to monitor the small scale inner city spatial distribution of ambient trace element content.
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