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ABSTRACT
Parmotrema austrosinense (Zahlbr.) Hale lichens were
collected from the Pretoria central business district (CBD),
as well as three sites to the east of Pretoria; the National
Botanical Gardens, the CSIR campus and the suburb of
Lynnwood, with the aim of utilising these lichens as biomonitors of air quality to determine the effects of the phasing out of leaded petrol and the simultaneous introduction
of manganese anti-knock additives to fuel in South Africa.
In addition to lichens, roadside dust and soil samples were
collected from the CBD and CSIR campus, and all samples
were analysed by flame atomic absorption spectrometry after
acid digestion. There was no significant difference (95 %
confidence) between the Mn content of lichens from all
sampling sites (overall average of 97.1 ± 39.1 µg.g-1, n=
28), which was most likely due to an even suspension of
Mn-containing particles arising from soil dust. Additional
contributions to Mn loading as a result of vehicle emissions
were currently not evident. For all non-CBD sites, higher
Pb levels were found in lichens which were nearer to busy
roads, suggesting an historical impact by vehicular emissions of Pb arising from leaded petrol usage. The Pb concentrations in lichens found in the CBD (average of 181.1
± 98.0 µg.g-1, n=10) were significantly higher (95 % confidence limits) than those of lichens growing outside of the
CBD area (average of 41.5 ± 36.4 µg.g-1, n=18), and the Pb
levels were higher than those of Mn, which was contrary
to that found in sites outside the CBD.

KEYWORDS: Lichens, vehicle emissions, biomonitors, air quality
monitoring, leaded fuel.

INTRODUCTION
Lichens, which are the result of a symbiotic association
of a fungus (mycobiant) and an alga (photobiant), have been
widely used to monitor air quality, as they depend primar-

ily on atmospheric input for mineral nutrients [1,2]. In addition, lichens have a broad geographical distribution, are
sedentary, have a long life span, and can be easily gathered
for sampling purposes.
Lichens have been found to absorb and accumulate
heavy metals from the air as a result of wet and dry deposition, therefore they have been used in air quality assessments with respect to these pollutants [3]. Both extracellular exchange and intracellular metal uptake mechanisms by lichens have been proposed [4]. The sensitivity
of lichen species to elevated heavy metal concentrations
varies between species and elements, although detrimental
effects of heavy metals on the occurrence of lichens usually only become apparent at high heavy metal concentrations [5, 6]. The presence of other atmospheric pollutants,
such as SO2, may also affect the physical condition of lichens, thereby reducing their capacity for accumulation and
absorption of elements from the atmosphere [7, 8].
Studies on the metal content of lichens in South Africa
are currently very limited. Panichev et al. [9] compared the
levels of Pb, Cr, Cu and Ni in different bioindicators collected from the Kruger National Park, and found that bark
and lichens were useful in identifying polluted areas. However, the species of lichen used was not reported.
In this study, concentrations of manganese and lead
were determined in Parmotrema austrosinense (Zahlbr.)
Hale lichens found in four areas of Pretoria, including the
central business district (CBD). Both of these heavy metals are of concern due to their toxicity, and vehicular emissions are an anthropogenic source of Mn and Pb in the areas
studied. This is due to the fact that a number of South African fuel producers began incorporating manganese additives, specifically methylcyclopentadienyl manganese tricarbonyl, (Fig. 1) as an anti-knock agent in petrol upon the
implementation of lead-free petrol legislation in June 2006
[10]. Manganese-based additives in metal-containing unleaded petrol in South Africa may not exceed 36 mg.L-1,
whilst residual traces of lead must be less than 13 mg.L-1
[10]. Manganese and lead may, therefore, be emitted upon
combustion of petrol in vehicular internal combustion en-

609

© by PSP Volume 18 – No 5. 2009

Fresenius Environmental Bulletin

gines, resulting in elevated levels of these metals in traffic
dense areas, posing potential health effects.

outside the CBD encompassed the Pretoria National Botanical Gardens, the CSIR campus, and the suburb of Lynnwood, which are adjacent to the N1 highway (which runs
in a north-south direction) as well as major arterial roads
(refer to Fig. 2).
Parmotrema austrosinense (Zahlbr.) Hale lichens were
collected from trees using a stainless steel scalpel and stored
in sealed plastic bags prior to analysis. Lichens were sampled from all around each tree, in order to minimise the
influence of prevailing wind direction, and at a height of
1.0 to 2.5 m above the ground to reduce the possibility of
contamination by soil.

FIGURE 1 - Chemical structure of
methylcyclopentadienyl manganese tricarbonyl.

This study provides 2007 levels of Mn and Pb in lichens within the city of Pretoria, which are important in determining the result of the change in policy with respect to
petrol composition at this time, as well as in providing a
baseline for determining future trends in the concentration
of these pollutants in lichens in the area. The results will
also allow for comparisons with the concentrations
which may be determined in lichens from other geographical areas of South Africa and international studies. The
authors are not aware of any other published studies on
lichen Mn and Pb levels in Pretoria. The concentrations of
these metals were also determined in roadside dust and soil,
in order to ascertain possible contributions from natural
sources.
MATERIALS AND METHODS
Study area and sample collection

Samples were collected from within the Pretoria CBD,
as well as from three sites towards the east of the city centre during August and September 2007. The sampling sites

Soil and roadside dust samples were collected from
the CBD and the CSIR (soil only) into a plastic scoop by
sweeping surfaces with a plastic brush, and were then transferred into sealed plastic bags. Equipment was rinsed with
acetone between samples in order to minimise cross contamination.
Sample preparation and analysis
Lichens

Visible remnants of bark were manually removed from
the lichen samples, and traces of soil were removed by
sieving. The samples were gently washed with deionised
water and then left to dry at room temperature.
The analytical method employed here was based on
Dolgopolova et al. [11]. 0.25 g of lichen sample was
weighed directly into a Teflon digestion vessel. Two reagent blanks were processed for each batch of eight samples, and each lichen sample was analysed in duplicate.
3 ml of HNO3 was added to each vessel and allowed to
react with the sample for a period of 30 min. Thereafter,
3 ml of H2O2 was added. After 20 min, 0.8 ml of HF and
2 ml of deionised water were added, and the sample mix-

FIGURE 2 - Location of the four sample sites and the sampling points within each site in Pretoria.
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ture was digested in a MARS 5 microwave at 1200 W for
30 min (90-210 oC and 20-350 psi). The vessels were allowed to cool for 20 min, and the contents was then transferred to acid-cleaned plastic bottles, prior to analysis by
flame atomic absorption spectrometry (Perkin Elmer AAnalyst 7000), against matrix matched standards (SMM Chemicals).

tively. The high percentage recoveries obtained validated
the extraction method used in this study. It can be observed
from Table 1 that longer equilibration times improved recoveries of Mn.
TABLE 1 - Percentage recoveries of Mn and Pb for 25 and
100 µg lichen sample spikes, with 2 or 16 hour equilibration times.
Sample

Analyte

25 µg
spike
(2 h)
89.3
126
87.3
125
93.2
135
100
153

25 µg
spike
(16 h)
96.9
122
96.7
128
102
126
121
143

100 µg
spike
(2 h)
102
108
96.6
111
102
113
97.7
119

100 µg
spike
(16 h)
113
113
*nd
101
*nd
105
*nd
120

One lichen sample from each of the four sample sites
was also spiked with known quantities (25 µg and 100 µg
per sample) of Mn and Pb standards, and equilibrated for
a period of either 2 or 16 h, in order to verify and validate
analyte recoveries and sample treatment method, respectively. Sample preparation and analysis was then conducted
in the same manner as the unspiked samples, except that HF
was omitted from the digestion process. Results were compared to those obtained for the same unspiked lichen samples digested in the same manner as the spiked samples.

Mn
Pb
Lynnwood
Mn
Pb
Botanical
Mn
Gardens
Pb
Pretoria
Mn
CBD
Pb
*nd: not determined.

Soil and roadside dust

Unspiked samples

Samples were ground using a pestle and mortar, then
1 g of each sample was weighed into a Teflon cup, and
30 ml of aqua regia was added. Digestion was facilitated
by heating on a hot plate for a period of 4 h. Thereafter
the samples were filtered into 50 ml volumetric flasks with
hot 1M HNO3 rinsing. Samples were analysed in the same
manner as the lichen samples.

It is evident from the lichen results presented in Fig. 3
as well as from statistical analysis (one-way ANOVA with
95 % confidence limits), that the Mn concentration did not
differ significantly between sampling locations (overall
average of 97.1 ± 39.1 µg.g-1, n=28), and was of a similar
order of magnitude to that obtained in other lichen studies
[3, 12]. The variation in Mn concentration between samples was generally of the same order of magnitude, which
indicates variance in concentration due to an even suspension of Mn-containing particles, such as soil dust [13]. However, the variation was somewhat larger for the Botanical
Gardens dataset. This was likely due to the fact that higher
Mn levels were found in lichens collected near a sewage
treatment plant located within the Botanical Gardens, as
compared to other samples at this site. It is possible that

RESULTS AND DISCUSSION
Lichens
Spiked samples

Recoveries obtained for the spiking experiments ranged
from 87.3-121 % and 101-153 % for Mn and Pb, respec-

CSIR

300
Mn
Pb

Average concentration (µg/g)

250

200

150

100

50

0
CSIR (n=5)

Lynnwood (n=5)

Botanical Gardens (n=8)

Pretoria CBD (n=10)

Sampling site

FIGURE 3 - Average Mn and Pb concentrations in µg.g-1 for the lichens
sampled at four different sampling sites (Error bars are calculated as ±1σ).
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FIGURE 4 - Individual lichen sample results for the Lynnwood suburb (Mn and Pb results in µg.g-1, ND = not detected).

the sewage sludge by-product, which generally has a high
heavy metal content, was previously applied to the soil in
this area which would have caused these elevated levels.
For all non-CBD sites, higher Pb levels were found in
lichens nearer to the N1 highway or busy arterial roads, as
can be seen in Fig. 4, which contains results for the Lynnwood suburb as an example. This suggests an historical impact on these lichens by vehicular emissions of Pb arising
from leaded petrol usage. The Pb concentrations in lichens
found in the CBD (average of 181.1 ± 98.0 µg.g-1, n=10),
were significantly higher (one-way ANOVA with 95 % confidence limits) than those of lichens growing outside the
CBD (average of 41.5 ± 36.4 µg.g-1, n=18), and were higher
than the Mn contents, which was contrary to that found in

sites outside the CBD. The Pb levels of lichens growing in
the Pretoria CBD were comparable to that found in Rio d
Janeiro (154 µg.g-1) [14], and were significantly higher
than that found in the South African Kruger National Park
(22.5 µg.g-1) [9]. Accumulation of Pb arising from vehicular emissions by lichens in the traffic dense CBD is thus
evident. The large variation in Pb levels between samples
is also evident from the error bars shown in Fig. 3, indicating localised deposition of coarse particles, which confers with vehicular emission sources [13].
Soil samples

The geology of the Pretoria area is based on Hekpoort
strata, which comprises a manganese-bearing latosol plin-

1400
Mn
Pb
1200

Concentration (µg/g)

1000
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0
CSIR soil n=5

CBD soil n=9

CBD dust n=31

Sample type

FIGURE 5 - Mn and Pb levels in soil and roadside dust samples.
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thic catena [15]. It was therefore expected that appreciable
levels of Mn would be found in the soil and roadside dust
samples, the results of which are shown in Fig. 5. It is worth
noting that the Mn values obtained for the soil samples were
within the world soil levels of 100-4000 µg.g-1 [16].

Mogesh Naidoo is thanked for his assistance with map
generation. Dr Luciana Zedda of the Department of Geobotanics and Environmental Protection at the Rheinische
Friedrich-Wilhelms-Universität in Bonn, Germany is thanked
for kindly identifying the lichen species.

These results indicate the reverse trend in Mn:Pb for
roadside dust from the Pretoria CBD as compared to that
in soil, which indicates the contribution of other sources
(including vehicular emissions) besides soil to the composition of the dust samples. As can be seen from Fig. 5,
there was a large variation in the levels of Mn and Pb
between CBD samples, which may be due to localised
deposition of course particles [13]. The concentrations of
both Mn and Pb in roadside dust from the Pretoria CBD
determined in this study were significantly higher than
those reported at other sampling points within the Pretoria
CBD in a previous study (an average of 0.15 µg.g-1 for Pb
and 50.6 µg.g-1 for Mn) [17]. The observed difference
may be attributed to the different sampling points used in
each of the studies.
CONCLUSIONS
From the soil analyses, the geology of the area, as well
as from the lichen results, it would appear that Mn currently present in the lichens arises primarily from the soil
and anthropogenic contributions, specifically those derived
from vehicle emissions are not currently evident. The variations in Mn concentration between samples therefore
probably originate from differences in the availability of soil
dust at the sample location. These results can therefore be
considered as natural background levels in terms of Mn
concentration in lichens of the Pretoria area.
The Pb content of lichens growing within the CBD was
significantly higher than that of lichens from the other
sampling sites, and also higher than the Mn content. Higher
Pb levels were also found in samples from non-CBD sites
which were adjacent to busy roads as compared to those
which were located further away. These results indicate
the historical contribution of vehicular emissions, arising
from the usage of leaded fuels, to the Pb content of the
lichens sampled.
This study provides baseline levels of Mn in lichens
from Pretoria which can be used in future to assess the
contribution of vehicular Mn emissions arising from petrol additives. Concomitantly, determination of the reduction of lead levels in lichens over time, as a result of the
introduction of lead-free fuels, will also be possible.
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