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Abstract

The present paper describes a series of studies dealing with lichens as environmental biomonitors in
Israel in the years 1974-1997. In the first years of research we focused on a tolerant epilithic crustose species,
Caloplaca aurantia in an attempt to classify locations according to their level of contamination by airborne
heavy metals accumulated in the lichen. Later on our studies centered around the epiphytic fruticose lichen
Ramalina duriaei which is rather sensitive to air pollution. This lichen has the capability to absorb and
accumulate remarkable amounts of airborne mineral elements but undergoes physiological deterioration by their
impact. The presence of airborne pollutants leads to a degradation of cell membranes and chlorophyll, a decrease
of ATP content and an increase of stress-ethylene formation. Suggested by the compilation of data available upon
two decades of research, we proposed the application of an element enrichment factor (EEF) to distinguish
between polluted and unpolluted sites.

Lichens are known to be sensitive to various kinds of pollution and excel as biological
monitors of air-quality. Lichens absorb and accumulate high concentrations of airborne mineral
elements including heavy metals and sulphur [1, 2]. Innumerable investigations and surveys led to a
classifi-cation of lichens into three categories with regard to their reaction to air pollution: (1)
sensitive species, damaged and annihilated by air pollution; (2) species succeeding annihilated lichen
communities; (3) tolerant species, i.e. belonging to the native community and resistant to air pollution.

We have found that the epilithic crustose lichen Caloplaca aurantia (Pers.) Hellb. var.
aurantia, which is rather common in Israel, is a good representative of the third group. A comparison
of the concentrations of Mn, Zn, Fe, Pb, Ni, Cu, Cr and Cd in lichens growing on roof-tiles indicated
high levels in urban and suburban sites over and above rural sites [3]. Lichen species like C. aurantia,
growing both in clean and in metal-contaminated areas, were established as comparative monitors
especially suitable for an assessment of changes in metal concentrations. In addition, we demonstrated
the extracellular deposition of particulate metallic fall-out accumulated in C. aurantia with the aid of
scanning and transmission electron microscopy and an application of an energy dispersive X-ray
analysis. We were able to prove that the bulk of the accumulated elements is concentrated in the
medulla [4].

The epiphytic fruticose (shrub-like) lichen Ramalina duriaei (De Not.) Bagl. is abundant in
Israel. Since 1974 it is utilized as a tool for an estimation of air-quality in various parts of the country.
We focused our attention on analyses of the mineral element content of this lichen growing on twigs
of carob trees (Ceratonia siliqua L.) in the HaZorea Forest (Ramot Menashe, I km south of the
HaZorea Kibbutz, Esdraelon Valley, NE Israel). In addition to a determination of the elemental
content of in situ thalli collected in HaZorea, we relocated lichen thalli with their substrate (detached
carob twigs) in different sites to monitor the contamination produced by power plants, oil refineries,
car traffic, agricultural activity and a steel smelter. We examined different physiological parameters:
degradation of chlorophyll, concentration of ATP, integrity of cell membranes, production of ethylene
and leakage of essential ions (i.e. K). A comparative analysis of physiological parameters and the
corresponding concentrations of heavy metals and S after a 8-12 month period of transplantation
yielded significant correlations.

The first series of studies applying R. duriaei as a biomonitor was carried out around a coal-
fired electricity generating station under construction [5, 6]. A second series was performed prior to
its operation [7] and a third at the beginning of its operation [8-11].
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In the years 1978-1985 we performed assessments of air-quality in the environment of Tel
Aviv utilizing R. duriaei transplants. The transplants contained high concentrations of heavy metals
like Pb, Ni, Cr, Zn and Cu, especially following exposure at busy roadsides and intersections [5, 7-
12]. In the absence of instrumental measurements, our findings, providing evidence on the presence of
contaminating particles in the air, were an exclusive source of information at that time.

As lead is still in use as an additive to gasoline, we studied the localization of this toxic heavy
metal in R. duriaei [13]. Specimens of the lichen were exposed to Pb(NOs)2 solutions and a buffered
solution (tartaric acid/sodium bitartrate) of sodium rhodizonate was used to locate Pb in their thalli.
Cross sections of vegetative parts of the thallus and the apothecia revealed that Pb penetrated into the
cortical cells of the thallus but not into the algal cells of the photobiont nor into the ascopores or
medullary cells. The observed massive penetration of Pb into cortical cells supports the notion that R.
duriaei is sensitive to atmospheric Pb pollution.

Measurements of the chlorophyll integrity in algal cells {Trebouxia sp.) of R. duriaei allowed
us to observe an inverse correlation between the OD435 nm/OD415 nm ratio in lichen transplants and
the concentration of Br, Pb, Fe and Ti [7] and between this ratio and the concentration of Pb, Zn and
Cu[12].

Combined methods were applied to measure the impact of air pollution on the integrity of cell
membranes and chlorophyll in transplanted R. duriaei in industrial sites in the Haifa Bay. Temporal
and spatial alterations of physiological parameters were analyzed in comparison with a determination
of the presence of Mg on/in cortical cells, by scanning electron microscopy (SEM) and energy
dispersive X-ray analysis (EDX) [14]. This study revealed symptoms of injury to cell membranes in
R. duriaei long before any indication of damage was apparent in the photobiont chlorophyll. It
appears that the presence of Mg is indicative of a significant leakage from inter-cellular sites of the
thallus whereas the accumulation of S on/in cortical cells of R. duriaei indicates contamination by
SO2.

In a pilot study transplanted R. duriaei from HaZorea were found to produce large amounts of
ethylene in a polluted site at a busy road intersection near Tel Aviv, relative to control thalli left in the
HaZorea Forest where no industry is founded [15]. In polluted industrial sites in the Haifa Bay, R.
duriaei produced greater amounts of ethylene than control specimens in HaZorea [16].

Recently, we focused our attention on the region of Ashdod, an industrial town in the south-
western part of the country. We wished to determine whether transplanted thalli of R. duriaei from
HaZorea would provide information on the air-quality in this area [17]. For this purpose the con-
centrations of Pb, Cu, Cd, Ni, Mn, Fe, S, Ca, Mg, Na and K were determined in in situ thalli collected
in the HaZorea forest in March 1993 and in in situ and transplanted thalli retrieved in June 1993. The
concentration of these elements was analyzed in comparison with physiological parameters: integrity
of cell membranes and chlorophyll content. Transplanted thalli in industrial sites in the town of
Ashdod for a period of 100 d accumulated high concentrations of Pb, Cd, Ni, Fe, S, Mg, Na, Ca and
K. The concentration of S correlated with damage caused to cell membranes and was in inverse
correlation with the chlorophyll content. The electric-conductivity values, corresponding to membrane
integrity in the lichen thallus, showed an inverse correlation with the ratio of chlorophyll a to
phaeophytin a, thus indicating the degradation of the photobiontic chlorophyll. Magnesium
accumulated in lichen thalli in dusty sites was found to correlate positively with damage caused to
membranes.

In February 1994 we transplanted thalli of Ramalina duriaei from HaZorea to the Ashdod
region (Table I) to be retrieved in November 1994. The concentrations of 11 elements in these thalli
were determined. Thus we were able to assess the capability of R. duriaei to accumulate airborne
elements upon a long-term exposure. We divided the mean concentration value for each of the
elements detected in the transplanted thalli in nine biomonitoring sites, by the corresponding value for
resuspended thalli in the control site in HaZorea.
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Table II presents the element enrichment factors (EEF). The following is suggested by our
findings:
(1) The high EEF for R. duriaei which represent its noticeable capacity to accumulate V, Ni, Pb and

Cu whereas the absolute concentrations of these metals were not very high.
(2) The low EEF for K and P which should be attributed to their tendency to leach out from

transplanted thalli in polluted sites as a result of damaged cell membranes.
(3) The EEF for sites in or near industrial areas in the Ashdod region (especially sites 1-5 and 9)

suggest the existence of a high rate of pollution. Two of these sites (5 and 9), rural by definition,
are actually contaminated by main road traffic, by a power station and by various industries at
some distance. The EEF obtained for transplants from three other rural sites (6 ,7 and 8) indicate
an air quality which is rather good.

TABLE I. DESCRIPTION OF THE BIOMONITORING SITES (FEBRUARY-NOVEMBER 1994)

Site
No.

1

2

3

4

5

6

7

8

9

10

Site
name

Ashdod, Nature
Reserve (center)

Ashdod, Nature
Reserve (east)

Between a chemi-
cal plant and the
main motorway
entering Ashdod
Ashdod, 1.4 km
east of the
Eshkol Power Plant
Kevutzat Yavneh
Kibbutz
Sand dunes,
south of Ashdod
Nitzanim Sand
Dunes
Hafetz Hayyim
Kibbutz
Nir Galim
Village

HaZorea Forest

Description

Near an industrial area,
northern Ashdod (urban-
industrial)
About 200 m west of the
Tel Aviv-Ashdod highway,
northern Ashdod (suburban)
About 50 m north of the
main motorway entering the
town and 50 m south of the
chemical plant (urban-industrial)
Near a dusty road among
sand dunes (urban-industrial)

Close to the local cemetery
(rural)
Out of the town
(suburban)

(rural)
Two km west of the kibbutz
(rural)
West part of the village,
near the interior road
(rural)
Carob tree plantation,
1 km south of the kibbutz
(rural)

Distance
from Eshkol
Power Plant,
Ashdod (km)

3.8

4.2

2.5

1.4

7.1

7.0

12.2

14.3

3.2

100 km

Distance
from the
oil refineries,
Ashdod (km)

2.0

2.2

2.2

1.2

5.2

6.9

13.5

12.6

2.5

i from the
city of Ashdod
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TABLE II. ELEMENT ENRICHMENT FACTORS (EEF): RATIO OF MEAN CONCENTRATIONS
OF ELEMENTS DETECTED IN TRANSPLANTED RAMALINA DURIAEI IN THE ASHDOD
REGION AND THE MEAN CONCENTRATIONS OF THE SAME ELEMENTS IN
RESUSPENDED THALLI IN HAZOREA (SITE 10). Mean = mean value of the ratio for element
(horizontal) and for site (vertical).

(horizontal)
Element

S
V
Ni
K
Pb
P
Cu
Cr
Fe
Mn
Mg

Mean (vertical)
for sites. K and
are excluded

1/10

1.32
2.71
1.30
1.17
4.10
1.08
2.36
1.44
1.12
1.10
1.07

EEF
P 1.83

2/10

1.18
2.00
1.87
0.96
2.40
0.87
1.51
0.93
0.81
0.86
0.83

1.37

3/10

1.63
2.85
3.72
0.46

14.90
0.70
2.26
1.45
1.28
1.33
1.20

3.40

4/10

1.20
2.42
2.87
0.63
2.80
0.95
1.23
0.86
0.83
1.03
0.90

1.57

5/10

1.15
1.57
2.33
0.87
1.80
0.92
1.25
0.95
0.94
1.13
1.10

1.35

6/10

1.17
1.28
1.36
0.93
1.40
0.97
0.98
0.91
1.05
1.00
1.31

1.16

7/10

1.11
1.00
0.63
0.93
1.50
0.84
1.01
0.90
0.91
1.00
1.08

1.01

8/10

1.09
1.28
1.21
0.90
2.00
0.78
1.00
1.03
1.19
1.13
1.02

1.21

9/10

1.31
3.71
3.54
1.09
2.50
1.25
1.78
1.21
1.02
1.13
1.22

1.93

Mean

EEF for element

1.23
2.09
2.09
0.88
3.71
0.92
1.48
1.07
1.01
1.07
1.08
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