
u

Ecotoxicology and Environmental Safety 46, 275}278 (2000)

Environmental Research, Section B

doi:10.1006/eesa.1999.1894, available online at http://www.idealibrary.com on
Mangifera indica and Phaseolus vulgaris in the Bioindication
of Air Pollution in Bahia, Brazil

J. S. Lima,*,1 E. B. Fernandes,* and W. N. Fawcett-
*Universidade Federal da Bahia, Instituto de Biologia 40170, 290 Salvador-Ba-Brasil, and -Kings College, London

Received August 3, 1999
In this article are reported the results of a study on the
concentration of ascorbic acid (AA) in Mangifera indica as
passive monitor and in Phaseolus vulgaris as active monitor with
the intention to study the e4ects of industrial emissions from the
Petrochemical Complex of Camayari (PCC), Bahia, Brazil, on
the vegetation. Leaves from M. indica were collected in two sites
in the region under direct in6uence of industrial emissions and in
one presumed nonpolluted reference (background) site. Pots with
P. vulgaris were exposed in the same sites. The AA increase in
the leaves of M. indica from PCC sites indicates a stress situ-
ation. The small AA increase in the P. vulgaris exposed in the
more polluted site indicates that the active monitor is a sensitive
one. The decrease of its leaf area indicates the inability of this
specie to activate physiological protection mechanisms like an
increase in AA production. ( 2000 Academic Press
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INTRODUCTION

Brazil today has air pollution, and the genesis of these
problems is largely the industrial politics that have been
adopted for the development of the country. In 1978, the
largest petrochemical complex in South America began
operation in Bahia, northeast of Brazil (12333@}13310@S;
38300@}39300@ W). A high priority has been given to indus-
trial development. A network of air monitoring (CETREL)
set up by the industries to monitor emissions and atmo-
spheric conditions was installed at the end of 1994. How-
ever, emissions data are scarce, ine$cient, and often not
available to the public. Since the end of 1995, a biomonitor-
ing network has been installed in the region of the Petro-
chemical Complex of Camaiari (PCC) (Klumpp et al., 1998).

According to Campos (1995) and Tavares and Campos
(1997) the PCC is the greatest source of SO

2
and NO

x
in the

region. Oil combustion for energy production alone causes
1To whom correspondence should be addressed. E-mail: joslima@
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the emission of ca. 60,000 and 80,000 tons SO
2

per year.
Ozone is also an important pollutant, exceeding sporadi-
cally the hourly rate of 100 ppb, according to the CETREL
report of 1995. The national standard rate for ozone is
80 ppb+lm/m3 (Cetesb, 1995).

Little information exists about the e!ects of the emissions
originating from the PCC on the ecosystem. Lima et al.
(1997a), using Sphagnum sp and Coriandrum sativum to
monitor heavy metal concentrations, found a signi"cant
increase of arsenic and copper concentrations in the sites
near a copper processing industry. Lima et al. (1997b), using
Cymbopongon citratus to monitor emissions e!ects, made
a positive correlation between copper content in the leaves
and a decline in the biomass.

The analysis of indigenous plants, such as Mangifera
indica, can provide useful information in monitoring the
quality of air and the e!ects on vegetation under the direct
in#uence of the petrochemical complex. Because of its
abundance, M. indica seems to be tolerant to air pollution
stress. Plant bioindication is a useful tool for pollution
monitoring, as the plants themselves are strongly integrated
into the environment in which they live and the parameters
such as physiological responses can be measured under
natural conditions. The use of passive bioindication has the
advantages of giving an indication of the present state of the
organism and vegetation, the e!ects of air pollution on plant
vitality, and detection of mechanisms of resistance against
pollutants on plant vitality, and detection of mechanisms of
resistance against pollutants (Domingos et al., 1998). As
early as 1911, Soraver suggested the use of P. vulgaris as an
indicator for air pollution monitoring (DaK ssler and BoK rtitz,
1998). According to Za!ari and Oliva (1989), P. vulgaris is
one of the most useful species for the assessment of SO

2
e!ects. Low SO

2
concentrations provoke rapid visible

symptoms like necrosis, reduction of foliar area, and foliar
loss. Arndt et al. (1987) concluded when P. vulgaris is ex-
posed to open air, it responds to di!erent kinds of pollu-
tants. According to the author, P. vulgaris presents visible
symptoms in concentrations between 0.02 and 0.05 ppm
ozone.
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TABLE 1
Concentration of Emission Components in the Petrochemical

Complex of Camayari

Charge of pollutants
emitted (t/year) 1994 1995

Particle material 2.951,3 2.257,48
SO

2
33.815,9 26.924,9

CO 18.218,1 17.646,74
NO

x
14.716,2 14.026,71

Organics 13.683,3 14.339,14

Source. CETREL report (1995).
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Rennenberg and Polle (1994) stated that it was &&generally
assumed that damage by Sulphur Dioxide is the result of
free radical formation in the chloroplast.'' This is where the
highest levels of ascorbic acid are found. They went on to
say that &&where superoxide formation is essential to obtain
Sulphur dioxide damage, this may be prevented by pro-
cesses reducing these levels including ascorbic acid,
superoxide dimutase and reduced glutathione.'' Treshow
and Anderson (1989) stated that free radicals can be formed
but can be impaired by protective natural scavengers and
that ascorbic acid may be the most important of these.
Winston (1990) proposes the possibility that, as ascorbic
acid is hydrophylic, it can &&protect lipid membranes by
scavenging free radicals in the aqueous phase of the cell,
thereby preventing their attack on the lipid membrane.''
Chameides (1988) suggested that in the case of ozone, ascor-
bic acid alone could provide a fast enough reaction to &&mop
up'' all the ozone that entered the cell. Heath (1996) com-
mented that some of these argument rested on &&shaky
ground'' but that overall it was a &&coherent argument.''
All these arguments indicate that ascorbic acid is indeed
important in the protection of plants against the e!ects of
oxidizing pollutants and an increase in pollutant stress
should lead to an increase in the ascorbic acid content of
the leaf.

STUDY SITES

The Petrochemical Complex of Camaiari has a super"-
cial area of 1300 ha, about 526 a, comprising 52 plants form
private Brazilian and international business groups to pro-
duce "rst-, second-, and third-generation petrochemicals,
plastics, resins, "bers, and fertilizers. The PCC is fringed by
two of the region's main river basins (Joanes and Jacuipe
Rivers) near the north coast of the state of Bahia, north-
eastern Brazil, between the municipalities of Camaiari and
Dias D'AD vila.

Considered to be part of the Brazilian low lands, the
region where the PCC is located presents a #at topography
with small bumps, with an altitude varying between 60 and
200 m. The relief is classi"ed as plain, almost uniform,
composed of neritic sediments (Paleozoic and Mesozoic),
presenting low coastal elevations and dunes rounded in
the form of a half-moon and elevations more stressed,
with a #at top, in the form of a table, called &&tabuleiros.''
The form of the coastal pro"le of the region, or its shore-
line, presents itself quite linearly, a typical character-
istic of the Brazilian Northeastern litoral zone. Accord-
ing to studies developed by Nieuwolt (1977) and Pielke
(1984) this form of shoreline does not in#uence either the
intensi"cation or the weakening of either sea or land
breezes.

The main wind circulation in the PCC region, during
daytime, is due to the sea breeze, which occurs in response
to the horizontal gradient of pressure, resulting from the
di!erential heat between the continent and the ocean. Dur-
ing the night, the circulation inverts, originating the land
breeze. The winds that blow on the PCC region often have
speeds between 0.5 and 1.0 m/s (Araujo and Frondizi, 1991)
and act to renew the air of the coastal area. This character-
istic, on one hand, avoids atmosphere stagnation, but on the
other, acts as a transporter of pollutants. It should be noted
that, in general, the PCC region is ventilated with a low
percentage of calms (2.9%, according to Araujo and Fron-
dizi, 1991).

The vegetation in the vicinity of PPC "ts together like
a mosaic in which there is a mixture of native forest species
such as dense ombrophilous forest in various stages of
conservation, scrub (&&cerrado''), &&restinga,'' mangrove,
and areas altered by man. The native vegetation is also
mixed with subspontaneous specie. Pine and eucalyp-
tus are also prominent after having been introduced
to provide protection to the forest and act as pollutant
screens, soil stabilizers, and noise breakers. Di!erent
levels of damage can be observed in the vegetation. In-
formation about the extent of the ecosystem damage is not
available.

For the development of this work, three sites were chosen:
one of them in an area free of direct in#uence of the emis-
sions of the PCC, called UFBA (reference site), and the other
two under the direct in#uence of emissions, called Lamara8 o
and SmH tio. The reference site at UFBA (Federal University of
Bahia), which is located 55 km from PCC, in the middle of
Salvador city, has a good wind system and little circulation
of vehicles, so the pollution stress should be lower. It is
however in a developing city where levels of pollutant stress
are still probably higher than the &&natural'' levels. The
Lamara8 o site is located 12 km northwest from the PCC and
the Sitio site is located 8 km northwest from the PCC. The
climate of the study areas is warm and moist (A

f
). Accord-

ing to KoK ppen, the annual temperature is about 25.33C
and the precipitation is between 1700 and 2000 mm/year.
Table 1 presents the concentration of some pollutants emit-
ted in the PCC region.



FIG. 2. Foliar area of Phaseolus vulgaris. Columns with the same letter
are not statistically di!erent. Tukey test (P40.05).
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Active Monitoring

Before being transported to the "eld, plants of P. vulgaris
(carioquinha) were cultivated in pots in a greenhouse at the
Biology Institute of the Federal University of Bahia, using
a standard substrate (Plantmax*Eucatex) and adequate
fertilizer and irrigation (Arndt et al., 1987). Six days after
germination, six plants were exposed at each site for 27 days,
after which they were taken to the laboratory and conserved
in liquid nitrogen, where the ascorbic acid content was
determined. Ripe or complete grown leaves were subjected
to analysis following the methodology described in Keller
and Schwager (1977). Statistical analysis was made with the
SAS program; signi"cant di!erences between samples were
determined by Tukey tests (P40.05).

Passive Monitoring

At each site, four M. indica adult individuals were ran-
domly selected. Ten leaves of each tree were taken. All the
leaves collected were taken from shaded parts of the tree.
This helps to avoid any arti"cially high levels of ascorbic
acid caused by the presence of higher light levels. To ensure
each leaf was approximately the same age and had similar
characteristics, the "fth leaf from each stem was collected in
each case. The samples were subjected to the same ascorbic
acid analysis procedure used for the active monitoring.

RESULTS

Figure 1 indicates that passive monitoring (M. indica)
presented clearly higher levels of ascorbic acid in the sites
located under direct in#uence of the Petrochemical Com-
plex of Camaiari emissions, while active monitoring (P.
vulgaris) reveals more elevated concentration only in the
FIG. 1. Levels of ascorbic acid in leaves of Phaseolus vulgaris and
Mangifera indica under the in#uence of air pollution. Columns with the
same letters are not statistically di!erent. Tukey test (P40.05).
SmH tio site, which is nearest to the PCC. The concentrations
in the plants exposed in sites Lamara8 o and UFBA were
similar.

The suitability of Phaseolus can be seen in Fig. 2, which
exhibits the in#uence of the emissions on the development of
the leaf area. No signi"cant di!erences could be seen in the
leaf area of M. indica from the investigated sites.

DISCUSSION

Considering the AA concentrations, the passive monitor
M. indica appears to be a resistant species, while the P.
vulgaris a sensitive one. A direct relationship between endo-
genous levels of ascorbic acid and plant susceptibility to
pollutants has been established (Iqbal and Yunus, 1996).
Varshney and Varshney (1984) reported higher ascorbic
acid concentrations in leaves of SO

2
-resistant species com-

pared to sensitive ones and a slower decline of ascorbic acid
in the former. The increase in the level of ascorbic acid in the
leaf re#ects the need for reductive processes to counteract
the e!ects of oxidative pollution. Ascorbic acid is a natural
antioxidant in plants and plays a role in reactions involved
in the critical line of defense against oxidative damage,
associated with the production of oxyradicals. Ascorbic acid
has been found to play an important role in pollution
tolerance (Keller and Schwager, 1977). Lewin (1976) points
out that its reducing power is dependent on its concentra-
tion; therefore the increase in levels of ascorbic acid in the
leaf from site UFBA to the sites at the PCC re#ects e!ects of
higher oxidative pollution.

The ability of ascorbic acid to act directly as a scavenger
of superoxide and singlet oxygen has been postulated. It has
also been suggest that through its ability to scavenge al-
koxyl radicals, ascorbate inhibits propagation reactions.
Ascorbic acid was found to inhibit the oxidative breakdown
of polyunsaturated fatty acids, which would suggest that
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ascorbic acid a!ords some protection to the cell membrane.
Ascorbic acid is one mechanism used to detoxify toxic
molecules also including enzyme systems, vitamin E, pep-
tides, carotenoids, polyamines, and organic bu!ering sys-
tems. It has been suggested that the interaction of vitamin
E with ascorbate a!ords a synergistic antioxidant protective
e!ect as opposed to either of the compounds alone (Doba
et al., 1985; Barclay et al., 1985).

CONCLUSION AND SOME PERSPECTIVE

The Petrochemical Complex of Camaiari began opera-
tions in 1978 and until now there is little information about
the e!ect of air pollution on the ecosystem. The results of
this work indicate that M. indica is a resistant plant against
air pollution. It can probably be used as a passive monitor,
making possible, in addition to other information, a map-
ping of the region, where the higher polluted areas can be
identi"ed. E!orts should be urgently applied to produce
more reliable data or publish information about the concen-
trations of air pollutants and to start an e!ective and inter-
diciplinary biomonitoring program.
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