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ABSTRACT. Suitability of lichens mosses, fungi and tree leaves as accumulative 
indicators of trace element depositions in urban and industrial areas is discussed. The 
analysis of soils for the evaluation of the contamination level of an area is very 
important, but therefore the analysis of soils alone could be not sufficient. The use of 
different plant materials, due to their morphological characteristics, produces reliable 
results and can be done information about pollution at a very low cost comparatively to 
the traditional techniques. A short review of studies performed in the industrial area of 
Zlatna and Cluj-Napoca town with plant materials are given. The results obtained by 
plant materials and soil samples collected from the same areas provide a general 
overview on air pollution patterns within the investigated areas.  

 
 
 

INTRODUCTION 
The term “bioindicator” refer to the ability of an organism to indicate the 

presence/absence or high/low level of any factor in air pollution; where information 
is provided by the organism about pollutant gradients or changing pollution 
levels, the term “biomonitor” should be applied [1]. The terms are also used to 
differentiate between qualitative and quantitative, and further, monitoring can 
mean continuous observation, while indication can mean on-off measurements. 

Vegetation may reveal the presence of man-made contaminated sites 
by measuring plant elemental contents. Source of contamination in which 
excessive concentrations of elements may be brought about are follows: 1. The 
exploration of mineral resources (mining activities, ore tailings, spoil tips; metal 
smelting, blast furnaces, smokes dusts); 2. Other industrial processes (electrolysis, 
cement, paint, tanning, plating, etc.); 3. Domestic and industrial waste disposal 
practices (landfills, sewage sludge, incinerators); 4. Energy supply (coal and 
petroleum burning, high tension lines, nuclear power plants); 5. Agriculture 
(Phosphate fertiliser, sewage sludge, pesticides); and 6. Traffic (leaded petrol, 
tyres, catalysts).  

In general polluted air consist of a mixed gas-aerosol complex containing 
varying concentrations of SO2, NOx, O3, and acid aerosols; notably in the 
vicinity of smelting operations, plants are subjected to fumes rich in SO2 and 
other pollutants together with particulate matter.  

The ideal accumulative bioindicator is a species, in which internal 
concentrations accurately reflect external concentrations, but in general it does 
not exist. Some demands must be fulfilled by an acceptable bioindicator. It 
should be:  
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• present in large amounts;  
• widely distributed over the globe; 
• easy to identify and to sample; 
• analysable according to the standard analytical methods presently available. 

The most widely used bioindicators of metal pollution in the industrial 
and urban areas are lichens, mosses, fungi and high plants. True mosses and 
lichens are useful indicators of pollution because not only are they long-lived 
and ubiquitous in all parts of the world from the tropics to the Arctic regions, but 
more importantly, they have no true root systems and obtain their nutrients 
(and pollutants) from the ambient air and water and not from the soil. It will be 
remembered that the fallout from recent Chernobyl disaster was measured 
largely by measuring the concentration of radionuclides in mosses and lichens from 
Fennoscardia and other parts of Europe [2.3]. Studies on lichens as biomonitors of 
metals and other elements were thoroughly reviewed by many authors [ 4-7]. 
As regards their suitability as bioindicators, and because there is a great 
similarity in many characteristics, mosses and lichens are often discussed 
together [8]. Because of the specific anatomical and physiological characteristics 
higher fungi are especially suitable for accumulating heavy metals from soil. In 
addition their intimate association with the soil and dead organic matter offer 
conditions for intensive exchange with the substrate [9]. Moreover it is very 
likely that heavy metal input to soil via deposition and litter fall is the main source 
of the heavy metal concentration found in fungi. In contrast to lichens, mosses and 
fungi, higher plants generally show a clear division into roots, shoots and 
leaves. The accumulation of heavy metals by higher plants represent both 
pathways of contamination, the accumulation of airborne heavy metals on the 
plant surfaces, and their uptake of heavy metal from soil [10-12]. Nevertheless 
it has been show in many studies that in polluted areas leaves can be regarded 
as accumulative monitors of many metal elements, because a great proportion 
of the elements deposited or intercepted is not imported into the leaf tissues but 
remains on the surface or in the wax cuticular. 

This paper present a short review of studies performed in the industrial 
area of Zlatna and Cluj-Napoca town with plant materials. Moreover are 
presented the result of the deposition from atmosphere over industrial and 
urban areas, mainly due to the luck of suitable, sensitive and inexpensive 
techniques (using bioindicators) that permit simultaneous measurements 
usually at a large number of sampling sites. The present paper compares the 
contents of Cu, Pb and Zn in lichens, mosses, fungi, leaves and soils collected 
from two sampling sites from Zlatna (the lowest and the most polluted). Also, 
Cu, Pb and Zn concentrations determined in leaves collected from Zlatna and 
Cluj-Napoca are compared.      
 

RESULTS AND DISCUSSION 
Romania, like other countries in Europe and the World, is confronted 

with serious problems of environmental pollution as a consequence of intensive 
industrialisation. One ‘intensely polluted zone’ is the Zlatna region of central 
Transilvania. A cooper ore processing plant in the centre of Zlatna town produces 
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acidic emission and large amount of metal particulates, both causing extreme 
environmental degradation throughout the locality. Previous studies [13] have 
indicated that concentration of pollutant elements in soils (Pb – 1800 µg/g; Cu – 
600 µg/g; Zn – 500 µg/g) greatly exceed current Romanian Standards [14] 
maximum acceptable levels (Pb - 20 µg/g; Cu - 20 µg/g; Zn - 100 µg/g).  

The location of the 7 studied sample sites and also, plants and soils 
sampling and sample preparation for analysis were described in detail elsewhere 
[13,15,16]. Flame atomic absorption spectrometer was employed for the metal 
elements determination.  

The Cu, Zn and Pb accumulation in lichens, mosses, fungi, leaves and 
soil at the two sites (Patringeni and Metes) from Zlatna town areas are shown 
in Fig. 1 and Fig. 2. In general, there are considerable differences in uptake 
and content of heavy metals between different plant materials. Considering the 
three elements Cu, Zn and Pb which were determined in all plant samples, the 
concentrations (µg/g d.w.) generally follow the order: 

Cu - Patringeni: moss(2259)>lichen(1190)>leaf(761)>soil(687)>fungi(136)  
     - Metes: lichen(518)>moss(370)>leaf(349)>soil(106)>fungi(54)  
Zn - Patringeni: leaf(1020)>moss(1019)>lichen(720)>soil(416)>fungi(143)  
     - Metes: leaf(638)>lichen(377)>moss(294)>soil(237)>fungi(120)  
Pb - Patringeni : moss(3918)>lichen(2079)>soil(1833)>leaf(1679)>fungi(147) 
     - Metes: lichen(1087)>leaf(896)>moss(776)>soil(260)>fungi(73) 

Cooper and Pb are higher in lichens and mosses, whereas Zn is higher 
in leaves. The soil and fungi samples have the lowest content of determined 
elements, except the very high Pb concentration measured in soil for the most 
polluted site investigated from Zlatna region. Also, the Cu, Zn and Pb concentration 
determined in all analysed samples decreases with distance from the pollutant 
source. 

With regard to the present results no plant material can be considered 
to be an exact indicator of environmental heavy metal pollution. However, 
bioindicators could be useful for distinguishing between polluted and unpolluted 
areas and for determining sources of heavy metals emission. It may be 
concluded that many plants species can serve as indicator (accumulators), with 
different sensitivities to heavy metals and different abilities to accumulate them. 
Accumulation of heavy metals depends on the characteristics of the species in 
question as described above.  

Undoubtedly urban pollution gives a serious contribution to global 
contamination of the environment. The extent and type and kind of this type of 
pollution depends on many factors among which are the number of inhabitants, 
their habits, types of energy sources, types and dimensions of the industrial 
zones, types and intensity of the motor-traffic and of course a lot of climatic 
factors.  
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Fig. 1 Cu, Zn and Pb accumulation in 
lichens, mosses, fungi, leaves and soil 
in the most polluted site around Zlatna  
(Patringeni - 3.5 km SW close to the 
pollution sourse) 

m oss
44%

lichen
24%

lea f
15%

soil
14%

fungi
3%

Cu

moss
30%

lichen
22%

leaf
31%

fungi
4% soil

13%

Zn

m oss
40%

liche n
22%

fungi
2%

soil
19%

le a f
17%

P b

 
 

m oss
26%

liche n
37%

le a f
25%

soil
8%

fungi
4%

Cu

 

leaf
38%

lichen
23%

moss
18%

soil
14%

fungi
7%

Zn

moss
25%

lichen
36%

leaf
29%

fungi
2%

soil
8%

Pb

Fig. 2. Cu, Zn and Pb accumulation 
in lichens, mosses, fungi, leaves 
and soil collected in the most far 
studied site (Metes - 16 km WSW 
close to  the pollution sourse). 
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Tilia cordata and Acer Platanoides leaves species has been used for 
passive monitoring of airborne heavy metal pollution in the urban area of Cluj-
Napoca, Romania. By passive monitoring we have completed a general survey 
of the present heavy metal contamination within Cluj-Napoca in comparison 
with results from Zlatna (industrial) areas investigated in previous researches 
[15]. The metal concentrations in leaves samples show remarkable differences 
according to the different exposures to air pollution in Cluj-Napoca. Lead rises 
from 10 µg/g d.w. (dry weight) in slightly polluted areas, up to 104 µg/g d.w. 
next to main traffic roads. Cooper range from 7 µg/g d.w. up to 88 µg/g d.w., 
while Zn ranged from 31 µg/g d.w. to 154 µg/g d.w. For comparison has been 
analysed local control background leaf samples, collected from Botanical 
Garden, considered unpolluted area. The concentration of Pb, Cu and Zn were 
2 µg/g d.w., 4 µg/g d.w., and 30µg/g d.w., respectively.    

Comparative results of min. and max. Pb, Cu and Zn values measured 
in leaves collected from Zlatna industrial region and Cluj- Napoca urban areas 
are presented in Fig. 3. As show the fig. 3 the min. values for Pb, Cu and Zn 
measured in Zlatna are 90, 50 and 21 times higher than those determined in 
Cluj-Napoca; while the max. values measured in Zlatna are 16, 9 and 7 times 
higher than values determined in leaves collected in Cluj-Napoca for the same 
elements. Comparing the data for Pb, Cu and Zn found in the investigated 
industrial and urban areas with the control background leaf samples, collected 
from Botanical Garden, it is possible to draw conclusions about the pollution 
degree. In Zlatna the min. concentrations of Pb, Cu and Zn in leaves are 
approximately 450, 90 and 21 times higher than the control value; while in Cluj-
Napoca the pollution degree for Pb and Cu is 5 and 2 times higher than in 
Botanical Garden, and the Zn concentration not exceed the control sample 
content. The max. values of Pb, Cu and Zn measured in leaves collected from 
Zlatna are 850, 192, and 34 times higher than those determined in Botanical 
Garden, while Pb, Cu and Zn max. concentration in leaves collected from Cluj-
Napoca are 52, 22 and 5 times higher than in control samples.     
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Fig. 3 Comparative results of min. and  
max. Pb, Cu and Zn values measured 
in leaf samples collected from Zlatna in-
dustrial region and Cluj- Napoca urban 
areas. 
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We concluded that Pb contamination in Zlatna is very high and in Cluj-
Napoca relatively high. Also, Cu and Zn concentration exceed the normal 
admissible values in the main investigated areas.   
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