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Road traffi  c pollution eff ects on epiphytic lichens
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Th e content of the major elements – nitrogen, sulphur and carbon – in Physcia tenella 
and Parmelia sulcata thalli exposed to the infl uence of traffi  c pollution was investigated. 
Th e distance from the Kaunas–Vilnius highway (Lithuania) was regarded as the main pa-
rameter to check this eff ect. Results of the present study indicated that NO2 levels were not 
correlated with the distance from the road. Th e relatively low NO2 values may be due to the 
eff ects of rains. A signifi cant relation between NO2 levels and N accumulation was found in 
lichen thalli. Th e study lichens, both with rough (Ph. tenella) and smooth (P. sulcata) thalli, 
showed a similar capacity to retain nitrogen. Sulphur and carbon content in the lichens did 
not change along the transect of the highway, either.

Key words: bark pH, biomonitoring, carbon, lichen, nitrogen, Parmelia sulcata, Physcia 
tenella, traffi  c pollution, sulphur

INTRODUCTION

Th e global cycle of nitrogen is changing due to nitrogen emis-
sions from human activities – mainly fossil fuel burning and 
livestock farming. Th e increasing number of vehicles pro-
duces large emissions of pollutants. Nitrogen oxides, mainly 
nitrogen dioxide (NO2) and nitric oxide (NO), are now among 
the most important atmospheric pollutants of roadside envi-
ronments (Rodes, Holland, 1981; Roorda-Knape et al., 1998; 
Cape et al., 2004; Pleijel et al., 2004; Zou et al., 2006; Gil-
bert et al., 2007). Nitrogen oxides are important air pollutants 
because they contribute to the formation of photochemical 
smog which can have signifi cant impacts on human health 
(Latza et al., 2009).

Instrumental monitoring provides data on pollutant 
concentrations in the air for short and fi xed periods of time, 
whereas biomonitors are a very useful additional tool in 
evaluating the degree and extent of environmental contami-
nation as time integrators of atmospheric pollutants (Ving-
iani et al., 2004). Lichens are generally considered as useful 
indicators to monitor air quality because many of their spe-
cies are sensitive to air-borne gaseous and depositional pol-
lutants, especially nitrogen- and sulphur- based compounds. 
Th is sensitivity of lichens to a variety of air pollutants is 
abundantly documented (e. g., Conti, Cecchetti, 2001). Ni-
trogen is an important factor aff ecting epiphytic lichen vege-
tation. Th e main eff ect is an increase in nitrophytic species 

with a decrease in acidophytic or neutro-nitrophytic ones 
(Frati et al., 2008). Numerous studies have been undertaken 
where lichen diversity or the presence / absence of indicator 
species was used as a measure of air quality. NO2 from traffi  c 
emissions limited lichen diversity in Seville, Spain (Fuentes, 
Rowe, 1998) and Tuscany, Italy (Lorenzini et al., 2003). Also, 
in London the diversity of epiphytic species was increasing 
during 1970–2004; species present in areas of highest NOx 
were considered pollution-tolerant and were mainly associ-
ated with eutrophication (Davies et al., 2007).

Beside indicating air quality by their presence / absence, 
lichens have also been used as accumulator organisms in 
studies. In pollution-enhanced environments, lichens can ac-
cumulate nitrogen, sulphur, metals and other pollutants well 
in excess of their nutritional needs (Søchting, 1995; Glavich, 
Geiser, 2008). Nitrogen accumulation was reported by S. Ving-
iani et al. (2004) in the urban area of Naples (Italy) suff ering 
from NOx pollution. Nitrogen concentrations in Physcia ad-
scendens growing adjacent to roads were found to increase 
with proximity to roads of a high traffi  c fl ow, but this was 
not the case in Hypogymnia physodes (Gombert et al., 2003). 
In general, the impact of NOx on lichen fl ora remains poorly 
understood, although there is increasing evidence that traffi  c 
emissions infl uence lichen growth, diversity and abundance 
(Purvis et al., 2003).

Less attention has been devoted to the possibility of using 
native lichens to monitor air pollution by S, N and C pollut-
ants (Conti, Cecchetti, 2001, Vingiani et al., 2004). Because 
S, C and N accumulation in lichens is based on the active 
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process of intake of pollutants in gaseous forms, lichens are 
more eff ective in accumulating these elements compared 
with mosses. Th e aim of this study was to investigate whether 
NO2 emitted by traffi  c can infl uence the content of nitrogen 
in lichen thalli, and to monitor the content of sulphur and 
carbon. For this purpose, the distance from a highway was 
regarded as the main parameter to prove this eff ect.

MATERIALS AND METHODS

Site description and sampling
Th e study was carried out in a site (54°54’49”N, 24°7’23” E) 
located along the Kaunas–Vilnius highway (central Lithua-
nia). Th is road connects two largest cities of Lithuania. Th e 
climate here is continental with a mean annual temperature 
of 6.2 °C. A mean annual rainfall is 780 mm and prevailing 
winds are from SW. Th e traffi  c fl ow of the highway at the site 
ranged between 10,000 and 20,000 vehicles day–1.

On the north-eastern side of the highway (down the pre-
vailing wind), 12 sampling plots 1×50 m each were selected 
at an increasing distance (8, 10, 15, 48 m) from the road, the 
longest side being parallel to the highway. Th e study sites 
were located within 50 m from the highway because there 
were no naturally growing oak trees and lichens at a greater 
distance from the road. Most of lichen and bark samples were 
collected from oak trunks (Quercus robur L.) faced towards 
the road. Lichen thalli were collected with a knife at the hight 
of 1 m to about 2 m.

Nitrogen dioxide monitoring
A central tree of each sampling plot was selected along the 
transect. On each tree passive samplers were placed for two 
weeks (29 April – 6 May 2008) on the side facing the road 
at the height of 2 m from the ground. Th e sampling, analy-
sis and calculation were performed according to D. Kro-
chmal and A. Kalina (1997). For each tree, three samplers 
were placed. Samplers contained a fi lter impregnated with 
a triethanolamine which chemio-adsorbs gas-phase NO2 as 
nitrite ions which were measured spectrophotometrically by 
the sulphanilamide and N-1-napthylethylene-diamine-dihy-
drochloride method. Th e detection limit was 4.5 μg/m3, the 
uncertainty being 11.6%.

Bark analysis
Bark samples were collected beneath the sampled lichens and 
were used for pH measurements; 0.2 g of the surface 2 mm 
bark was ground and soaked with 10 ml deionized water and 
shaken for 1 h. Th en the samples were centrifuged for 10 min 
at 4000 rpm, and the clear fl uid fraction was fi ltered and used 
for analysis. Bark pH was measured with a pH-meter (inoLab 
pH 720).

Bioaccumulation of nitrogen, sulphur and carbon
During April 2008, thalli of the foliose lichen Parmelia sul-
cata Taylor and Physcia tenella (Scop.) DC were collected 

from oak trees (Quercus robur L.) where passive samplers 
were exposed. Samples were taken form tree trunks with an 
inclination not higher than 10°, without signs of damage. In 
the laboratory, lichen samples were immediately analyzed for 
their N, S and C content. Samples were not washed since there 
is evidence that washing can remove the nitrogen deposited 
on the lichen surface (Gombert et al., 2003). Th e samples 
were air-dried to constant weight and carefully cleaned un-
der a binocular microscope to remove as much extraneous 
material as possible. Unwashed samples were ground, and 
the element content of three sub-samples, expressed on a 
dry weight basis, was determined with a nitrogen-carbon-
sulphur analyzer (Leco CNS 2000).

Statistical analysis
Th e non-parametric Kruskal–Wallis test was used for test-
ing variable diff erences among diff erent sampling sites. Th e 
Sign test was used to test the relationship between nitrogen 
dioxide concentration and nitrogen content of samples col-
lected along the transect. Th e infl uence of the road on lichen 
element concentration was tested for statistical signifi cance, 
using a single factor one-way analysis of variance (ANOVA).

RESULTS

Nitrogen dioxide monitoring
Atmospheric NO2 levels measured by passive samplers are 
shown in Fig. 1. Th e mean level was 11.4 μg m–3, with a range 
9.3–15.5 μg m–3. A decline of NO2 levels with the distance 
from the highway was found.

NO2 levels were not correlated with the distance from 
the road (R2 = 0.18, p > 0.05). Th e results indicated that the 
road had an infl uence on NO2 levels at the roadside (F = 15.1, 
p < 0.05): the plot closest to the highway (8 m) showed signif-
icantly higher (p < 0.05) levels (14.8 μg m–3) compared with 
those at a longer distance (9.9–10.5 μg m–3). Th ese results 
are in agreement with data on air pollution obtained near 
highways (Rodes, Holland, 1981; Roorda-Knape et al., 1998; 
Gilbert et al., 2003; Cape et al., 2004; Kirchner et al., 2005; 

Fig. 1. Atmospheric NO
2
 concentrations (μg m–3) measured by passive samplers 

near the road Kaunas–Vilnius (bars indicate standard error of mean)
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Frati et al., 2006) where NO2 concentration was nega-
tively correlated with the distance. It was verifi ed that 
nitrogen dioxide levels positively correlated with traf-
fi c density (Roorda-Knape et al., 1998; Gilbert et al., 
2007).

Nitrogen, sulphur, and carbon content in Physcia 
tenella and Parmelia sulcata
Nitrogen levels in Ph. tenella thalli ranged within 
0.32–0.58%, the mean content being 0.48 ± 0.01% 
(Fig. 2). Th e range of nitrogen levels in P. sulcata 
was 0.32–0.53%, the mean level 0.45 ± 0.02. Th e re-
sults suggest that the study lichens with both rough 
(Ph. tenella) and smooth (P. sulcata) thalli had the 
same capacity to retain nitrogen (p > 0.05).

Total nitrogen content in lichen thalli decreased 
only at a distance of 10–15 m from the road; here, the 
N values were lower than in the closest and the far-
thest plots (Fig. 2). A reduced N content in Ph. tenella 
thalli was observed at a distance of 15 m; it was sig-
nifi cantly lower than in other sample plots (p < 0.05). 
A similar trend was found in changes of N content 
in P. sulcata thalli. Th e N content in P. sulcata thalli 
was highest 8–10 m from the highway; N content also 
decreased and was statistically lower at a distance of 
15 m (p < 0.05). At higher distances from the highway 
(48 m), N content in sampled lichen thalli increased, 
and there were no signifi cant diff erences from plots 
near the roadside (8–10 m). Th e eff ect of the highway 
on N content in lichen Ph. tenella and P. sulcata thalli 
was signifi cantly related to NO2 levels in the atmos-
phere (Z = 2.84, p < 0.05 and Z = 2.47, p < 0.05, re-
spectively).

Th e mean S content measured in Ph. tenella and 
P. sulcata samples was 0.014%. S content in Ph. ten-
ella tallum (0.02 ± 0.003%) was higher than in P. sul-
cata thallum (0.01 ± 0.005%), but the diff erence was 
not statistically signifi cant (p > 0.05). No signifi cant 
diff erences among the sample plots were obtained 
(Fig. 3). Only for Ph. tenella an increase in S content 
(361.9%) was observed in a sample plot at a distance 
of 10 m from the highway, and it was signifi cantly 
higher than in any other sampling plot (p < 0.05). A 
threefold increase in S content in P. sulcata thalli was 
found in the farthest sampling plot (48 m) from the 
highway, and it was signifi cantly higher than in lichen 
thalli near the roadside (8–15 m, p < 0.05).

Th e mean C content in lichen thalli was 8.921%. 
Th e C content measured in samples of Ph. tenella 
and P. sulcata was higher (9.21%) in sampling plots 
closest to the highway (8–10 m) but it was not sig-
nifi cantly diff erent (p > 0.05) from that found in other 
plots (15–48 m) where the mean C content was 8.71% 
(Fig. 4). Th ere were no signifi cant diff erences between 
C content in diff erent sampling plots (p > 0.05).

Fig. 2. Mean concentration of total nitrogen (% dry weight) measured in thalli

of the P. tenella and P. sulcata in samples at increasing distances from the road

Fig. 3. Mean concentration of sulphur (% dry weight) measured in thalli

of the P. tenella and P. sulcata in samples at increasing distances from the road

Fig. 4. Mean concentration of carbon (% dry weight) measured in thalli

of the P. tenella and P. sulcata in samples at increasing distances from the road
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Bark pH
Bark pH ranged between 5.67 and 7.14 (Fig. 5); the high-
est values (pH 7.1) in the closest to highway plots (8 m). A 
slight increase in bark acidity was observed with increasing 
the distance from the highway: it decreased by 11.34% and 
15.91% at a distance of 10 and 15 m from the highway com-
pared to the plot located near the highway (8 m). Th us, the 
distance from the highway signifi cantly infl uenced bark acid-
ity (F = 18.59, p < 0.05).

Th e threshold value for NO2 (40 μg m–3), which appeared 
to have a phytotoxic eff ect on epiphytic species in London 
(Davies et al., 2007), was not exceeded in the study roadside 
ecosystem.

Sulphur, nitrogen and carbon content in Physcia tenella 
and Parmelia sulcata
Vehicle exhaust emissions are a dominant feature of urban 
environments and have detrimental eff ects on plants (An-
gold, 1997; Bernhardt-Römermann et al., 2006; Bignal et al., 
2008; Honour et al., 2009). Th e eff ect of nitrogen oxides on 
lichens remains poorly understood because of their con-
fl icting infl uence on bark characteristics. Nitrogen oxides 
may stimulate plant growth, including lichen photobionts, 
but may be toxic at high levels (Mansfi eld, 2002). Nitrogen 
oxides (i) may cause lichen injury (chlorophyll reduction) 
or damages (Zambrano, Nash, 2000; Purvis et al., 2003), (ii) 
can decrease growth rate (von Arb, Brunold, 1990), (iii) can 
accumulate in some species (Hyvarinen, Crittenden, 1998; 
Gombert et al., 2003; Frati et al., 2007), (iv) limit lichen 
frequencies and diversity (Loppi et al., 1996 a, b; van Dob-
ben et al., 2001; Loppi, Corsini, 2003; Purvis et al., 2003; 
Davies et al., 2007).

NOx eff ects on epiphytic lichens are not known very well. 
Many lichen species are known to be sensitive to SO2 while, 
on the other hand, only few could be used to predict NO2 con-
centrations (Bates, 2002). Another problem is that epiphytic 
lichen fl oras are poorer on trees near major roads than else-
where, which also indicates a possible negative impact of NOx 
derived from traffi  c.

Th e infl uence of NOx on particular lichen species is diffi  -
cult to determine, even if a general infl uence on lichen nitro-
phytic communities seems to be established (Gombert et al., 
2003). One reason is the numerous environmental factors 
other than air pollution levels, which play a role in the loca-
tion, frequency and nutrition of a species. Hence, it is very 
important that lichen species were collected from the same 
tree species. Because the sampling sites were characterized by 
minimal variations of climate and topographic factors, these 
sampling conditions give a unique opportunity to elucidate 
the tendency of changing nitrogen concentrations in lichens, 
when the main source of pollution is road traffi  c.

Lichen nitrogen levels vary depending on the species; 
diff erent morphological and/or physiological properties 
of the lichen species might be responsible (Gombert et al., 
2003). Th e mean total nitrogen content in Ph. tenella and 
P. sulcata thalli was 0.46%, a value which is quite low in 
comparison with the values of nitrogen content reported 
by other authors. Th e range of nitrogen content in Ever-
nia prunastri thallus was 0.8–1.0% (Palmqvist et al., 2002) 
and 1.3–1.6% aft er transplantation near a highway in Italy 
(Frati et al., 2006). Higher δ15N values in healthy Parmelia 
sulcata samples near roads suggested a local NOx accumula-
tion (Purvis et al., 2005). Nitrogen levels in lichens, found in 
the Grenoble urban area (France), showed the mean value 

DISCUSSION

Nitrogen dioxide monitoring
Th e study results showed, in general, an exponential decrease 
of NO2 level with the distance from the highway. Also results 
from other studies established such a decreasing profi le for 
NO2 (Rodes, Holland, 1981; Roorda-Knape et al., 1999; Plei-
jel et al., 2004; Zou et al., 2006; Bignal et al., 2008; Gilbert et al., 
2003, 2007). NO2 was also signifi cantly associated with traffi  c 
count (Gilbert et al., 2007).

Surveying the eff ects of traffi  c-born pollution on plants, it 
was hypothesized that motor vehicle pollution was responsi-
ble for the eff ects observed, and that nitrogen oxides had a key 
infl uence (Angold, 1997; Bernhardt-Römermann et al., 2006; 
Bignal et al., 2008). Th e study sites were located on the north-
east side of highway, i. e. downwind. Gilbert et al. (2003) as-
sumed that NO2 concentrations were higher downwind than 
upwind, and the major decrease occurred within 200 m of the 
highway. With reference to the data on nitrogen dioxide levels 
at the roadside and their contribution to nitrogen deposition, 
it was estimated that the rate of decrease in gas concentration 
was rapid away from the edge of the roads, their levels falling 
by 90% within the fi rst 15 m for NO2 (Cape et al., 2004). Th e 
same pattern of NO2 levels across the sites was confi rmed. 
Th e studies have provided evidence that the strongest eff ects 
may be found within 50–100 m (Bignal et al., 2008) or even 
up to 230 m from major roads (Angold, 1997; Bernhardt-
Römermann et al., 2006).

Fig. 5. Bark pH values measured at diff erent distances from the pollution 

source – road Kaunas–Vilnius
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of 2.41% for Hypogymnia physodes and 2.97% for Physcia 
adscendens (Gombert et al., 2003).

Pollution from pig farms was found to impact nitro-
gen content (1.5–2.56%) in nitrophytic lichen species such 
as Xantoria parietina, Flavoparmelia caperata (Frati et al., 
2007). Road size (i. e. also traffi  c density) and proximity in-
fl uenced N concentrations in the lichen Physcia adscendens 
but not in Hypogymnia physodes (Gombert et al., 2003). It 
was suggested that the rough thallus of Physcia adscendens 
may permit better entrapment of nitrogen particulates than 
the smooth thallus of Hypogymnia physodes (Gombert et al., 
2003). Th e results of our study have shown that lichens with 
both rough (Ph. tenella) and smooth (P. sulcata) thalli have a 
similar capacity to retain nitrogen.

Several studies recognized a diff erent nitrogen accumula-
tion tendency (Frati et al., 2006) than that observed in our 
study. With the distance from the road, the N accumulation 
tendency was a concave function, suggesting that NO2 emit-
ted by road traffi  c was not the main source of nitrogen in the 
study area. Nitrogen accumulated by lichen transplants origi-
nated from N-fertilizer. In our study, N content tendency was 
a convex function. Nitrogen increase in lichen thallus grow-
ing on trees close to the roadside could be an “edge eff ect”. Th e 
highest N levels in lichen thalli near the highway could be due 
to boundary layer where gaseous compounds were retained.

Another explanation may be that N is accumulated not 
only from NO2 but also from NH3. Eff ects from NH3 emit-
ted by cars with catalytic converters (Baum et al., 2001) are 
moderate near the roadside due to the high deposition rate 
of NH3 (Cape et al., 2004). Its higher content in lichen could 
be attributed not only to NO2 but also to NH3. Th erefore, the 
increase in N content may be related to other N gaseous com-
pounds, such as NOx and NH3.

Th e eff ect of sulphur compounds on lichens has been ex-
tensively studied (Conti, Cecchetti, 2001) in relation to com-
bustion of sulphur-containing fossil fuel. Th ese studies were 
carried out to evaluate the eff ects of sulphur compounds on 
the physiology of lichen thalli and / or on the integrity of 
photobiont chlorophyll. Assessment of S content in lichens 
provides a good estimation of the atmospheric SO2 concent-
ration (Garty et al., 1988). Th e high levels of sulphur, found in 
lichens transplanted to the far surroundings of the industrial 
areas indicate the transport of sulphur-containing particles 
derived from the combustion of heavy fuel oil (Carreras, Pig-
nata, 2002). Th e relation among sulphur content in Ramalina 
celastri thalli, traffi  c and tree cover indicated that the ac-
cumulated sulphur refl ected not only traffi  c emissions, but 
also that low ventilation conditions aff ected its accumulation 
(González et al., 2003). In the sample plots, road traffi  c is the 
main source of atmospheric pollution. As A. Kabata-Pendias 
and H. Pendias (1985) concluded, lead-containing sulphate 
particles entrapped by lichens most probably result from the 
conversion of Pb halide salts present in automobile exhausts. 
Th us, S content in sampled lichen thalli was not high as com-
pared with the data of other studies: the mean sulphur level 

in R. celastri was 0.63 mg/g under low traffi  c conditions in 
1992 (González et al., 1996).

Very few studies have been carried out on the carbon con-
tent in lichens in urban areas. Carbon monoxide is one of the 
major pollutants in exhaust gases, and its presence in urban 
air is largely due to traffi  c (Capilla, 2007). Körner and Migli-
etta (1994) found that under an elevated carbon supply, the 
mean concentration of total non-structural carbohydrates 
(TNC, sugars and starch) was higher in leaves of herbaceous 
and ruderal plants, and of sucrose content in sugarcane was 
increased (De Souza et al., 2008). Th e increased air CO2 con-
centrations can strongly infl uence the element contents in 
mosses, as heavy metal concentrations can be relatively lower 
and “diluted” because of the intensifi ed dry matter produc-
tion (Peli et al., 2008). Th e decrease of C content in thalli of 
Pseudevernia furfuracea in an urban area suggested a lower 
accumulation of the element through absorbtion processes 
along with oxidative phenomena of the tissues with CO2 re-
lease (Vingiani et al., 2004).

Bark pH
Tree bark is recommended as a sensitive and simple indica-
tor of air pollution (Santamaría, Martín, 1997; van Herk, 2001). 
Th e pH of bark is a sensitive index responding to relatively 
small changes in the habitat acidifi cation (Bienkowski, 1984).

Trees near the highway have exhibited the “alkaline dust 
eff ect” which may be caused by an increase in bark pH. Th e 
high bark pH of trees in the closest edge to the highway may 
be due to calcareous dusts from a gravelly roadside contribut-
ing to the alkaline dust eff ect. Gilbert (1976) has shown that 
alkaline dusts increase bark pH and can cause hypertrophi-
cation. Besides, dusts coat the trees, and the bark desiccates 
independently of the dust chemistry (Loppi, Pirintsos, 2000). 
Th e estimated bark pH values (6.0–6.8) near the pollution 
source (8–10 m) were very high for oak trees. Th e higher 
Quercus sp. bark acidity (pH 5.1) was recorded at the inner-
most London’s zone where the levels of NO2 and other pollut-
ants were high (Larsen et al., 2007).

According to van Herk (2001), pH values of the bark on 
wayside Quercus robur were lower in forests (3.65–4.40) than 
in towns (3.80–4.95). Such low pH values could be partly ex-
plained by the nature of acid sandy soils. Studies in Norway 
and Scotland showed that the pH values of Quercus sp. bark 
was also dependent on the calcium content in bark and soil 
(Gauslaa, 1985; Bates, 1992). Bark pH was positively corre-
lated with bark Ca in Quercus sp. bark (Bates, 1992).

Some researchers found an appreciable correlation be-
tween bark acidity in deciduous trees and SO2 levels in the 
atmosphere (Johnsen, Søchting, 1973; Yong et al., 2000). Bark 
pH is known to aff ect sulphur speciation which determines its 
toxicity, and may infl uence the speciation and bioavailability 
of other potentially toxic elements (Larsen et al., 2007).

N deposition alters bark pH which is known to infl uence 
epiphytic communities (Mitchell et al., 2005; Larsen et al., 
2007). N deposited on the bark may act as a fertilizer or as an 
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acidifi er, depending on its form. Th e relationship between the 
lower plant frequency and bark pH confi rmed that pH was 
an important driver for the distribution of lichens and bryo-
phytes (Larsen et al., 2007). An increased bark pH appeared 
to be the primary cause of the enormous abundance of nitro-
phytic species in the Netherlands (van Herk, 2001), whereas 
oak (Quercus sp.) bark pH in an urban park in Italy (where 
air pollution was fairly low) did not emerge as a discriminate 
parameter aff ecting the fl oristic composition and diversity of 
epiphytic lichen (Loppi, Frati, 2004).

One of the reasons for these facts could be that nitrophytic 
species had a low sensitivity to toxic eff ects of SO2, their only 
requirement being high bark pH (van Herk, 2001). Th ese 
conditions prevail for lichen growth and give the possibility 
of investigations. Th e nitrophytic species Physcia tenella pre-
ferred a less acidic bark and was most abundant where bark 
pH was high, but it was less abundant in sites with the high-
est bark pH (Larsen et al., 2007). Th e possible explanation 
of such distribution may be high levels of NOx and / or other 
transport-related pollutants. Bark pH below 3.0 may exert a 
negative eff ect similar to that of high atmospheric NO2 con-
centrations (Gries, 1996).

CONCLUSIONS

Th e results of the present survey have indicated that the test 
parameters decline with the distance from the roadside. NO2 
concentrations, although rather low, were negatively corre-
lated with the distance from the road according to a typical 
logarithmic function. Th e results indicate that the traffi  c sig-
nifi cantly infl uences NO2 concentrations and bark acidity at 
the roadside. Th e infl uence of traffi  c on N content in lichen 
thalli was signifi cantly related with NO2 levels in the atmos-
phere. Th e results suggest that the study species of lichens 
with a rough (Ph. tenella) and a smooth (P. sulcata) thallus 
have a similar capacity to retain nitrogen. Although it is not 
possible to trace which air pollutants are responsible for the 
observed eff ects, the evidence is consistent with the eff ects 
that are primarily due to NOx concentrations closer to the 
road. S and C content in the lichens did not change along the 
transect of the road, either.

ACKNOWLEDGEMENTS

We thank Dr. K. Armolaitis and the colleagues from the Labo-
ratory of Ecology (Lithuanian Forest Research Institute) for 
their assistance in the analysis of lichens.

Received 9 March 2010
Accepted 9 April 2010

References

 1. Angold P. G. 1997. Th e impact of a road upon adjacent 
heathland vegetation: eff ects on plants species composi-
tion. Journal of Applied Ecology. Vol. 34. N 2. P. 409–417.

 2. Bates J. W. 1992. Infl uence of chemical and physical factors 
on Quercus and Fraxinus epiphytes at loch sunart western 
Scotland a multivariate anglysis. Journal of Ecology. Vol. 80. 
N 1. P. 163–179.

 3. Bates J. W. 2002. Eff ects on bryophytes and lichens. 
In: Bell J. N. B., Treshow M. (eds.). Air Pollution and Plant 
Life. 2nd edn. Chichester: John Wiley. P. 309–343.

 4. Baum M. M., Kiyomiya E. S., Kumar S., Lappas A. M., 
Kapinus V. A., Lord H. C. 2001. Multicomponent remote 
sensing of vehicle exhaust by dispersive absorption spec-
troscopy. 2. Direct on-road ammonia measurements. 
Environmental Science and Technology. Vol. 35. N 18. 
P. 3735–3741.

 5. Bernhardt-Romermann M., Kirchner M., Kudernatsch T., 
Jakobi G., Fischer A. 2006. Changed vegetation com-
position in coniferous forests near to motorways in 
Southern Germany: Th e eff ects of traffi  c-born pollution. 
Environmental Pollution. Vol. 143. N 3. P. 572–581.

 6. Bienkowski P. 1984. Acidifi cation of oak bark Quercus 
robur in the vicinity of Knurow town upper Silesia Poland 
against data from other regions of Poland. Polish Ecologi-
cal Studies. Vol. 10. N 1–2. P. 207–218.

 7. Bignal K. L., Ashmore M. R., Headley A. D. 2008. Eff ects of 
air pollution from road transport on growth and physiol-
ogy of six transplanted bryophyte species. Environmental 
Pollution. Vol. 156. N 2. P. 332–340.

 8. Cape J. N., Tang Y. S., Van Dijk N., Love L., Sutton M. A., 
Palmer S. C. F. 2004. Concentrations of ammonia and ni-
trogen dioxide at roadside verges, and their contribution 
to nitrogen deposition. Environmental Pollution. Vol. 132. 
N 3. P. 469–478.

 9. Capilla C. 2007. Analysis of the trend and seasonal cy-
cle of carbon monoxide concentration in an urban area. 
Environmental Science and Pollution Research International. 
Vol. 14. N 1. P. 19–22.

 10. Carreras H. A., Pignata M. L. 2002. Biomonitoring of heavy 
metals and air quality in Cordoba City, Argentina, using 
transplanted lichens. Environmental Pollution. Vol. 117. 
N 1. P. 77–87.

 11. Conti M. E., Cecchetti G. 2001. Biological monitoring: li-
chens as bioindicators of air pollution assessment – a re-
view. Environmental Pollution. Vol. 114. P. 471–492.

 12. Davies  L., Bates J. W., Bell J. N. B., James P. W.,  Purvis O. W. 
2007. Diversity and sensitivity of epiphytes to oxides of ni-
trogen in London. Environmental Pollution. Vol. 146. N 2. 
P. 299–310.

 13. De Souza A. P., Gaspar M., Da Silva E. A., Ulian E. C., 
Waclawovsky A. J., Nishiyama M. Y. Jr., Dos Santos R. V., 
Teixeira M. M., Souza G. M., Buckeridge M. S. 2008. 
Elevated CO2 increases photosynthesis, biomass and pro-
ductivity, and modifi es gene expression in sugarcane. Plant 
Cell and Environment. Vol. 31. N 8. P. 1116–1127.

 14. Frati L., Brunialti G., Loppi S. 2008. Eff ects of reduced 
nitrogen compounds on epiphytic lichen communities 
in Mediterranean Italy. Science of the Total Environment. 
Vol. 407. N 1. P. 630–637.

 15. Frati L., Caprasecca E., Santoni S., Gaggi C., Guttova A., 
Gaudino S., Pati A., Rosamilia S., Pirintsos S. A., Loppi S. 



70 Gintarė Sujetovienė

2006. Eff ects of NO2 and NH3 from road traffi  c on epiphytic 
lichens. Environmental Pollution. Vol. 142. N 1. P. 58–64.

 16. Frati L., Santoni S., Nicolardi V., Gaggi C., Brunialti G., 
Guttova A., Gaudino S., Pati A., Pirintsos S. A., Loppi S. 
2007. Lichen biomonitoring of ammonia emission and ni-
trogen deposition around a pig stockfarm. Environmental 
Pollution. Vol. 146. N 2. P. 311–316.

 17. Fuentes J. M. C., Rowe J. G. 1998. Th e eff ect of air pollu-
tion from nitrogen dioxide (NO2) on epiphytic lichens in 
Seville, Spain. Aerobiologia. Vol. 14(2–3). P. 241–247.

 18. Garty J., Kardish N., Hagemeyert J., Ronen R. 1988. 
Correlations between the concentration of adenosine tri 
phosphate, chlorophyll degradation and the amounts of 
airborne heavy metals and sulphur in a transplanted lichen. 
Archives of Environmental Contamination and Toxicology. 
Vol. 17. P. 601–611.

 19. Gauslaa Y. 1985. Th e ecology of Lobarion-pulmonariae and 
Parmelion-caperatae in Quercus dominated forests in south-
west Norway. Lichenologist. Vol. 17. N 2. P. 117–140.

 20. Gilbert N. L., Goldberg M. S., Brook J. R., Jerrett M. 2007. 
Th e infl uence of highway traffi  c on ambient nitrogen 
dioxide concentrations beyond the immediate vicinity 
of highways. Atmospheric Environment. Vol. 41. N 12.
P. 2670–2673.

 21. Gilbert N. L., Woodhouse S., Stieb D. M., Brook J. R. 2003. 
Ambient nitrogen dioxide and distance from a major high-
way. Science of the Total Environment. Vol. 312. N 1–3. 
P. 43–46.

 22. Gilbert O. L. 1976. An Alkaline Dust Eff ect on Epiphytic 
Lichens. Lichenologist. Vol. 8. P. 173–178.

 23. Glavich D. A., Geiser L. H. 2008. Potential approaches to 
developing lichen-based critical loads and levels for nitro-
gen, sulfur and metal-containing atmospheric pollutants in 
North America. Bryologist. Vol. 111. N 4. P. 638–649.

 24. Gombert S., Asta J., Seaward M. R. D. 2003. Correlation be-
tween the nitrogen concentration of two epiphytic lichens 
and the traffi  c density in an urban area. Environmental 
Pollution. Vol. 123. P. 281–290.

 25. González C. M., Casanovas S. S., Pignata M. L. 1996. 
Biomonitoring of air pollutants from traffi  c and industries 
employing Ramalina ecklonii (Spreng.) Mey. and Flot. in 
Córdoba, Argentina. Environmental Pollution. Vol. 91. N 3. 
P. 269–277.

 26. González C. M., Pignata M. L., Orellana L. 2003. 
Applications of redundancy analysis for the detection 
of chemical response patterns to air pollution in li-
chen. Science of the Total Environment. Vol. 312. N 1–3.
P. 245–253.

 27. Gries C. 1996. Lichens as indicators of air pollution. In: 
Nash T. H. (ed.). Lichen Biology. Cambridge University 
Press, NY. P. 240–254.

 28. Hyvarinen M., Crittenden P. D. 1998. Relationships between 
atmospheric nitrogen inputs and the vertical nitrogen and 
phosphorus concentration gradients in the lichen Cladonia 
portentosa. New Phytologist. Vol. 140. N 3. P. 519–530.

 29. Honour S. L., Bell J. N. B., Ashenden T. W., Cape J. N., 
Power S. A. 2009. Responses of herbaceous plants to urban 
air pollution: Eff ects on growth, phenology and leaf sur-

face characteristics. Environmental Pollution. Vol. 157. N 4. 
P. 1279–1286.

 30. Johnsen I., Søchting U. 1973. Infl uence of air pollution on 
the epiphytic lichen vegetation and bark properties of de-
ciduous trees in the Copenhagen area. Oikos. Vol. 24. N 3. 
P. 344–351.

 31. Kabata-Pendias A., Pendias H. 1985. Trace Elements in Soils 
and Plants. Boca Raton: CRC Press.

 32. Kirchner M., Jakobi G., Feicht E., Bernhardt M., Fischer A. 
2005. Elevated NH3 and NO2 air concentrations and nitro-
gen deposition rates in the vicinityof a highwayin Southern 
Bavaria. Atmospheric Environment. Vol. 39. P. 4531–4542.

 33. Körner C., Miglietta F. 1994. Long term eff ects of naturally 
elevated CO2 on Mediterranean grassland and forest trees. 
Oecologia. Vol. 99. P. 343–351.

 34. Krochmal D., Kalina A. 1997. A method of nitrogen dioxide 
and sulphur dioxide determination in ambient air by use 
of passive samplers and ion chromatography. Atmospheric 
Environment. Vol. 31. N 20. P. 3473–3479.

 35. Larsen R. S., Bell J. N. B., James P. W., Chimonides P. J., 
Rumsey F. J., Tremper A., Purvis O. W. 2007. Lichen and 
bryophyte distribution on oak in London in relation to 
air pollution and bark acidity. Environmental Pollution. 
Vol. 146. N 2. P. 332–340.

 36. Latza U., Gerdes S., Baur X. 2009. Eff ects of nitrogen di-
oxide on human health: Systematic review of experimental 
and epidemiological studies conducted between 2002 and 
2006. International Journal of Hygiene and Environmental 
Health. Vol. 212. N 3. P. 271–287.

 37. Loppi S., Capitani G. P., Corsini A. 1996a. Lichens as bio-
indicators of air quality in Pistoia (central-northern Italy).  
Archivo Geobotanico. Vol. 2. N 1. P. 41–45.

 38. Loppi S., Corsini A. 2003. Diversity of epiphytic lichens and 
metal contents of Parmelia caperata thalli as monitors of air 
pollution in the town of Pistoia (C Italy). Environmental 
Monitoring and Assessment. Vol. 86. N 3. P. 289–301.

 39. Loppi S., Francalanci C., Pancini P., Marchi G., Caporali B. 
1996b. Lichens as bioindicators of air quality in Arezzo 
(central Italy). Ecologia Mediterranea. Vol. 22. N 1–2.
P. 11–16.

 40. Loppi S., Frati L. 2004. Title: Infl uence of tree substrate on 
the diversity of epiphytic lichens: comparison between Tilia 
platyphyllos and Quercus ilex (Central Italy). Th e Bryologist. 
Vol. 107. N 3. P. 340–344.

 41. Loppi S., Pirintsos S. A. 2000. Eff ect of dust on epiphytic li-
chen vegetation in the Mediterranean area (Italy and Greece). 
Israel Journal of Plant Sciences. Vol. 48. N 2. P. 91–95.

 42. Lorenzini G., Landi U., Loppi S., Nali C. 2003. Lichen distri-
bution and bioindicator tobacco plants give discordant re-
sponse: A case study from Italy. Environmental Monitoring 
and Assessment. Vol. 82. N 3. P. 243–264.

 43. Mansfi eld T. A. 2002. Nitrogen oxides: old problems and 
new challenges. In: Bell J. N. B., Treshow M. (eds.). Air 
Pollution and Plant Life. 2nd edn. Chichester, UK: John 
Wiley and Sons Ltd. P. 119–134.

 44. Mitchell R. J., Truscot A. M., Leith I. D., Cape J. N., 
van Dijk N., Tang Y. S., Fowler D., Sutton M. A. 2005. A 
study of the epiphytic communities of Atlantic oak woods 



71Road traffi  c pollution eff ects on epiphytic lichens

along an atmospheric nitrogen deposition gradient. Journal 
of Ecology. Vol. 93. N 3. P. 482–492.

 45. Palmqvist K., Dahlman L., Valladares F., Tehler A., 
Sancho L. G., Mattsson J. E. 2002. CO2 exchange and 
thallus nitrogen across 75 contrasting lichen associations 
from diff erent climate zones. Oecologia. Vol. 133. N 3.
P. 295–306.

 46. Peli E. R., Otvos E., Juhasz A., Benko Z. 2008. Eff ects of 
elevated air CO2 concentrations on heavy metal contents 
of terricolous mosses and lichens: a preliminary study of 
bioindication under doubled air CO2 concentration. Cereal 
Research Communications. Vol. 36. N S3. P. 2011–2014.

 47. Pleijel H., Karlsson G. P., Gerdin E. B. 2004. On the loga-
rithmic relationship between NO2 concentration and the 
distance from a highroad. Science of the Total Environment. 
Vol. 332. N 1–3. P. 261–264.

 48. Purvis O. W., Chimonides J., Din V., Erotokritou L., 
Jeff ries T., Jones G. C. 2003. Which factors are responsi-
ble for the changing lichen fl oras of London? Th e Science of 
Total Environment. Vol. 310. P. 179–189.

 49. Purvis O. W., Chimonides P. J., Jeff ries T. E., Jones G. C., 
Read H., Spiro B. 2005. Investigating biogeochemical sig-
natures in the lichen Parmelia sulcata at Burnham Beeches, 
Buckinghamshire, England. Lichenologist. Vol. 37.
P. 329–344.

 50. Rodes C. E., Holland D. M. 1981. Variations of NO, NO2 
and O3 concentrations downwind of a Los Angeles freeway. 
Atmospheric Environment. Vol. 15. P. 243–250.

 51. Roorda-Knape M. C., Janssen N. A. H., de Hartog J. J., 
van Vliet P. H. N., Harssema H., Brunekreef B. 1998. 
Air pollution from traffi  c in city districts near major 
motorways. Atmospheric Environment. Vol. 32. N 11.
P. 1921–1930.

 52. Santamaría J. M., Martín A. 1997. Tree bark as a bioindica-
tor of air pollution in Navarra, Spain. Water, Air, and Soil 
Pollution. Vol. 98. P. 381–387.

 53. Søchting U. 1995. Lichens as monitors of nitrogen deposi-
tion. Cryptogamic Botany. Vol. 5. N 3. P. 264–269.

 54. Treshow M., Bell J. N. B. 2002. Historical perspectives. 
In: Bell J. N. B., Treshow M. (eds.). Air Pollution and Plant 
Life. 2nd edn. John Wiley & Sons, Ltd. P. 5–21.

 55. van Dobben H. F., Wolterbeek H. Th ., Wamelink G. W. W.,    
Ter Braak C. J. F. 2001. Relationship between epiphytic li-
chens, trace elements and gaseous atmospheric pollutants. 
Environmental Pollution. Vol. 112. N 2. P. 163–169.

 56. van Herk C. M. 2001. Bark pH and susceptibility to toxic air 
pollutants as independent causes of changes in epiphytic li-
chen composition in space and time. Lichenologist. Vol. 33. 
N 5. P. 419–441.

 57. Vingiani S., Adamo P., Giordano S. 2004. Sulphur, nitro-
gen and carbon content of Sphagnum capillifolium and 
Pseudevernia furfuracea exposed in bags in the Naples 
urban area. Environmental Pollution. Vol. 129. N 1.
P. 145–158.

 58. von Arb C., Brunold C. 1990. Lichen physiology and air 
pollution. 1. Physiological responses of in situ Parmelia 
sulcata among air pollution zones within Biel, Switzerland. 
Canadian Journal of Botany. Vol. 68. N 1. P. 35–42.

 59. Zambrano A., Nash T. H. 2000. Lichen responses to short-
term transplantation in Desierto de los Leones, Mexico 
City. Environmental Pollution. Vol. 107. P. 407–412.

 60. Zou X., Shen Z., Tao Y., Shan Y., Jingping C., Liping C., 
Wenhua W. 2006. Shift ed power-law relationship between 
NO2 concentration and the distance from a highway: A 
new dispersion model based on the wind profi le model. 
Atmospheric Environment. Vol. 40. N 40. P. 8068–8073.

 61. Yong Z., ShuRen L., ZhongDang S., BaoAn P., XinLi W., 
XiaoMing L. 2000. Th e eff ects of the acidic pollutants 
in the atmosphere on pH values of tree bark and leaves. 
Journal of Yunnan Agricultural University. Vol. 15. N 1. 
P. 346–349.
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TRANSPORTO SUKELIAMOS ORO TARŠOS
POVEIKIS EPIFITINĖMS KERPĖMS

S a n t r a u k a
Tirtas pagrindinių elementų (N, S, C) kiekis kerpių Physcia tenella 
ir Parmelia sulcata, augančių veikiant transporto sukeliamai taršai, 
gniužuluose. Darbo tikslas – ištirti šių pagrindinių elementų kaupi-
mąsi ir azoto kiekio kerpėse priklausomumą nuo NO2 koncentraci-
jos ir žievės rūgštumo. NO2 koncentracija nebuvo susijusi su atstu-
mu nuo kelio pakraščio. Santykinai maža NO2 koncentracija galėjo 
susidaryti dėl drėgno oro tyrimo metu. Nustatytas NO2 koncentra-
cijos ore ir N kiekio kerpių gniužule patikimas ryšys (P < 0,05). 
Tirtosios kerpės turėjo tokią pačią azoto akumuliacijos gebą kaupti 
azotą, nepaisant jų gniužulo paviršinių skirtumų. Sieros ir anglies 
kerpių gniužuluose kiekio, tolstant nuo greitkelio, patikimų kaitos 
dėsningumų nenustatyta.

Raktažodžiai: anglis, azotas, biomonitoringas, kerpės, Parmelia 
sulcata, Physcia tenella, siera, transporto tarša, žievės pH


