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INTRODUCTION

Air pollution remains to be one of the foremost problems
that continue to affect the well being of people. The prob-
lem is particularly acute in Metro Manila, the primary ur-
ban areain the Philippines. The poor quality of air impacts
on the lives of those who are exposed to the harmful sub-
stancesin the atmosphere. Studies (Prisby et al. 2008, Yang
et al. 2008, Parent et al. 2007) have shown that exposure to
the deteriorating air quality poses numerous effectsto one's
health, where subtle biochemical and physiological changes
can contribute to respiratory and cardiac conditions. These
can lead to cancer and even death. Likewise, laws such as
the Clean Air Act of 1999 have been enacted and imple-
mented to help curb air pollution, but the problem persists.

Different physical and chemica methods have been con-
sidered and employed in the past to help ameliorate air qual-
ity, but these are continuously challenged by the exorbi-
tant costs of setting up and maintaining these systems. A
suitableaternativeto the use of physical and chemical meth-
ods of controlling air pollution is by using biological meth-
odslike growing green plantsin and around the urban areas
of Metro Manila. Greening projectsin urban areas can miti-
gate the effects of air pollution (Baro et a. 2014) as plants
play an important role in the ecological balance, particu-
larly inthecycling of nutrients and exchange of gases. Plants
also provide us with innumerabl e benefits that include pro-
viding shade (Nowak 2006), enhancing the aesthetics in
the environment and providing habitats (Esfahani et al.

This study aims to assess the air pollution tolerance index of selected trees in major roadsides of Metro
Manila. The air pollution tolerance index (APTI) of trees was assessed using the parameters: total
chlorophyll, ascorbic acid, pH and relative water content. A total of 47 tree species were assessed in
all major roadsides of Metro Manila. A number of trees observed were categorized as intermediate
tolerant to air pollution. Significant differences on the APTI of the trees were evident depending on the
species examined and had significant correlation to the locations of the major roadsides where they
were collected (P < 0.05). Planting of trees, which are either tolerant or intermediate tolerant to air
pollution, is necessary as these mitigate the effects of air pollution in the metropolis.

2013), acting on the scavengers of air pollutants (Joshi &
Swami 2009) and absorbing pollutants and regulating the
urban atmospheric environment (Nowak 2006, Liu & Ding
2008). However, these benefits of mitigating air pollution
and improving the environmental quality can only be real-
ized if the green plants grown in and around the urban areas
are capable of withstanding the stressors brought about by
air pollution. The response of plantsto air pollution can be
determined by measuring the air pollution tolerance index
(APTI). APTI is an index used for biologica monitoring
and assessing bio-indicator species. It is a process that as-
sesses the response of plants biochemically and physiologi-
caly (Singh & Verma 2007). The sensitive plant species
help indicate air pollution and the tolerant ones help in
pollution abatement, as the plants act as sinks in the areas
(Lakshmi et al. 2009).

To date, there are limited studies in assessing the air
pollution tolerance level of plantsin the Philippines. Hence,
this study aimsto assessthe air pollution tolerance index of
treesin major roadsides of Metro Manila. The result of this
study is vital as it provides baseline information that can
help in urban greening projects in the country and in other
parts of the world.

MATERIALS AND METHODS

All major roads of Metro Manilawereincluded in the study,
namely the Circumferential Road 3 (C3), Circumferential
Road 5 (C5), EDSA, Ortigas Avenue, Pasay Road, Roxas
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Fig. 1. Map of major roads of Metro Manila showing collection sites

Boulevard, and Taft Avenue. Metro Manila or commonly
known asthe greater metropolitan, isan urban centre where
several industriesand commercia centresare found. Not all
the trees along the roads were sampled. Trees were selected
randomly along the roads based on accessibility. Collec-
tions of |eaves were done using a pole cutter. Only mature
trees having a diameter breast height (DBH) of > 10cm in
the major roadsides of Metro Manila were assessed
(Chazdon et al. 2005). The leaves were taken from the pe-
riphery of the crown and from the top, middle and bottom of
the canopy and the mature leaves were taken after thefourth
internode (Ragragio et al. 2014).

The APTI for each tree sample was cal culated using the
parameters, namely, pH, relative water content, total chlo-
rophyll and ascorbic acid, using the standard procedures.
Theleaf extract pH was determined through the homogeni-
zation of 5 g of fresh leaf material with 50 mL of deionized
water, homogenate was centrifuged at 5000 rpm for 10 min-
utes and the pH was determined using apH meter. Therela-
tive water content was determined using a gravimetric
method where the leaf weights under different conditions
were determined like theinitial fresh weight, turgid weight
and dry weight (Varshney 1992). Thetotal chlorophyll con-
tent was determined spectrophotometrically after extraction
with 80% acetone. The extracted |eaves were decanted and
centrifuged at 2500 rpm for 3 minutes. Supernatant was col-
lected and absorbance read at 645 nm and 663 nm, and the

total chlorophyll content was computed using the formulas
described by Agbaire (2009). The ascorbic acid was meas-
ured using the spectrophotometric method described by
Agbaire (2009). One-gram |leaf sample was homogenized to
4 mL oxalic acid-EDTA extracting solution. One millilitre
of orthophosphoric acid and 1 mL of 5% tetraoxosulphate
(vi) acid was subsequently added and 2 mL of ammonium
molybdate was poured to solution followed by 3 mL of
deionized water. The solution was allowed to stand for 15
minutesand read at an absorbance of 760 nm. The APTI was
computed using theformula APTI =[AA (TC + P) + R]/10,
where AA standsfor the ascorbic acidinmg/g, TC standsfor
the total chlorophyll in mg/g, P stands for the pH and R
stands for the relative water content in mg/g.

The APTI category described by Lakshmi et al. (2009) is
givenin Table 1.

Significant differencesonthe APTI of thetree speciesin
every roadside and in all magjor roadsides of Metro Manila
were determined using the Kruskal-Wallis test. Significant

Table 1: APTI category (Lakshmi et al. 2009).

Species

APTI computed
values

Tolerant species
Intermediate tolerant species
Sensitive species

Very sensitive species

30-100

17-20

1-16
<1
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correlation on the APTI of the tree species to the major
roadsides of Metro Manila was determined using the
Spearman’ srho. Significancewas set at P < 0.05. All statis-
tical analysiswere performed using the GNU PSPP software.

RESULTS

A total of 47 tree species was collected and assessed in all
major roadsides examined in Metro Manila. Table 2 gives
the list of tree species and the APTI values in the different
roads of Metro Manila

Among all thetrees examined along the major roadsides
of Metro Manila, Gemelina arborea Roxb.ex. Sm showed
the highest mean APTI seen in the Circumferential Road 5
(C-5). The lowest mean APTI was that of Bombax sp. as
observed along Roxas Boulevard. Consequently, different
APTI results of the selected trees examined showed varied
APTI results at different major roadsides. No common tree
observed on different major roadsides showed consistent
APTI results. For example, Mangifera indica leaves were
collected from 4 individuals from 4 sites. In Taft Avenue
and C3 roads, two trees were categorized as intermediate
tolerant, one collected from Ortigas categorized as tolerant
and one collected in Ortigas categorized as sensitive. A
greater disparity occurs in Leucana glauca, which is cat-
egorized tolerant in EDSA, but sensitive in Ortigas Ave.
This may be due to variability among the individual trees.
Statistical analysis showed that the APTI of the trees
examinedin all major roadsides collected were significantly
different from each other (F = 16.98; P < 0.05). Likewise, a
significant correlation was observed between the major
roadsides and the APTI of the tree species was observed
(Spearman rho = 0.372; P <0.05). This may be attributed to
the quality of air that differs from each other in each of the
collection sites.

No tree species observed in all major roadsideswasvery
sensitive to air pollution. Tree species examined were ei-
ther sensitive or intermediate tolerant to air pollution with a
few species tolerant to air pollution.

InEDSA, only 2 treesor 17.6 % of treeshad APTI of 17
and above and most treeswere in the sensitive category. On
the other hand, trees along the C3 road had the least number
of sensitive species (9%) followed by the trees found in
Ortigas (21%).

DISCUSSION

The Gmelina arborea Roxb. ex Sm, (in C3) Mangifera
indica, Ficus elastica Roxb. and Samanea saman (Jacg.)
Merr. (al in Ortigas Ave.) were the only tree species ob-
served to have high APTI that were classified to be tolerant
to air pollution. Plants with high APTI found to be tolerant
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to air pollution act asimportant bioaccumulators of air pol-
|utants (Prasanna et a. 2005), whereas plants that show low
APTI and classified as sensitive to air pollution act as
bioindicators of pollution (Rai et a. 2013). Many of the
tree species examined from the major roadsides of Metro
Manila act asimportant bioindicators of air pollution based
on the APTI results observed. Our results have shown that
no tree species observed at different major roadsides had
similar APTI results. There weretree species observed to be
sensitive in one major roadside and intermediate on an-
other. Likewise, thereweretree speciesobservedto beinter-
mediate in one major roadside and tolerant on another. Sig-
nificant differences on the APTI of the tree species were
seen across all the major roadsides examined. This result
was consistent with those of other researchers (Chouhan et
a. 2012, Jissy Jyothi & Jaya 2010 and Radhapriya et al.
2011). The variationsin the APTI results as observed from
the tree species examined may likely be attributed to the
variationsin the parameters used to determinethe APT]I that
includes the relative water content, ascorbic acid content,
pH and total chlorophyll content of the plant. Plants sub-
jected to stressors in its environment may bring changes
within the plant and adjusts to the stressors by responding
defensively to the stressors that it is exposed to. Studies
(Agbaire & Esiefarienrhe 2009, Raza & Murthy 1988) have
shown that stressed plants act defensively by either increas-
ing or decreasing its relative water content, ascorbic acid
content, total chlorophyll content and pH so as to help the
plant maintain its physiological balance under the stress
conditions brought about by air pollutants.

Quality of air: Most species showing intermediate tolerant
and tolerant indices were found along Ortigas while sensi-
tive species were found along EDSA. This may reflect the
differencein the quality of air of the two roadsides sincethe
trees along EDSA may be more exposed to various air pol-
Iutants from vehicles. In Taft Avenue, 71% of the trees are
categorized as sensitive. Along this road, most pollutants
comefrom vehicular emissionswith particulate matter (PM)
that rangefrom <2.5 to <10 pg/m3which are of greater health
concern when they penetratethe lungs (DENR-EMB, 2013).
In the Philippine General Hospital along Taft Avenue, it
was recorded that therewas aPM,, . value of 45 pg/m?® which
was higher than the National Ambient Air Quality Guide-
lineValue, i.e. 35 pg/m?® (Simpas & Cruz 2014, unpublished
thesis). Thisisregarded as ‘ unhealthy for sensitive groups
by the US Environmental Protection Agency (US EPA
2013). The major air pollutants for the study sites are mo-
bile sources which come from vehicular emissionsthat con-
tribute to up to 90% of air pollution (DENR-EMB 2013).
Because it was found that there is a significant correlation
between the major roadsides and the APTI of the tree spe-
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cies (Spearman rho = 0.372; P <0.05), it is assumed that
among the 5 major roadsides where sampling occurred,
EDSA is the most polluted and Ortigas Avenue, the least
polluted.

CONCLUSION AND RECOMMENDATIONS

A total of 47 species of trees along major roadsidesin Metro
Manilawere collected and only 4 species of these had APTI
above 30, which is atolerant category. These 4 species are;
Gmelina arborea, Mangifera indica, Ficus elastica and
Samanea saman. No tree species examined was very sensi-
tive to air pollution.

It is recommended that continuous monitoring of the
trees along the major roadsides be made. This monitoring
can provide information on the quality of air in these aress.
In addition to this, the planting of varioustree speciesaong
major roadsides can contribute to the greening of the me-
tropolis, provide fresh air and ecosystem services in miti-
gating air pollution in the metropolis.
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