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Abstract The study compared the air pollution tolerance indices (APTI) of five plant species and five ornamental shrubs
in Enugu Urban. Laboratory analysis was performed on the four physiological and biological parameters including leaf
relative water content (RW C), ascorbic acid (AA)content, total leaf chlorophyll (TCH) and leafextract pH. These parameters
were used to develop an air pollution tolerance index Factor analysis and descriptive statistics were utilized in the analysis to
examine the interactions between these parameters. The study also showed the possibility of utilizing APTI as a tool for
selecting plants or ornamental shrubs for urban heat Island mitigation in Enugu City. The result of APTI showed order of
tolerance for plants as Anacarduimoccidentale (23.20), Pinus spp (22.35), Catalpa burgei (22.57), Magifera indica (23.37),
and Psidum guajava (24.15). The result of APTI showed increasing order of sensitivity for ornamental shrubs from Ixora red
(14.32), Yellow ficus(12.63), Masquerade pine(12.26), Tuja pine(11.000), to Yellow bush(10.60). The APTI of all the plants
examined were higher than those of ornamental shrubs; thus, suggesting that plants in general were more tolerant to air

pollution than ornamental shrubs.
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1. Introduction

Urban pollution remains a threat to human health, and this
is expected to increase reasonably as industrial and vehicle
ownership increase globally. The urban air quality is
continuously affected by emissions fromboth stationary and
mobile combustion sources. Major pollutants that contribute
to poor urban air quality includes: Carbon monoxide (CO,),
nitrogen oxides (NOy), Sulphur oxides (SOy), particulate
matter (PM), Lead (Pb), photochemical oxidents such as
Ozone (O3) and Ozone precursors like hydrocarbons and
volatile organic compounds[1]. Over 600 million people
globally are exposed to these hazardous pollutants[2]. For
example, nitrous oxide (NO,) is responsible for immune
system impairment, exacerbation of asthma and chronicres
piratory diseases: reduced lung function and cardiovascular
disease[3]. Particulates are dangerous and are said to be
facilitators in the development of lung cancer and increase
rate of mortality[3]. Developing cities in Africa are at high
risk of exposure to air pollution. According to Autrup[4],
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research conducted in Ethiopia, Mozambique,Kenya and
Republic of Benin show that there is a high level of DNA
damage in urban residents and higher prevalence of asthma
in urban school children exposed to air pollution compared
to their counterparts in the rural areas.

Urban environments rely on vegetation to provide ecosys
tem functions such as air filtering, temperature amelioration
and water storage filtration and drainage[5S]. The vegetation
of urban areas has societal values in defining nature for
millions of people living in cities and sustaining public
health and well-being[ 6; 7; 8] as well as often contributing to
the conservation estate by supporting unique biodiversity[9;
10; 11]. Thus, the urban environment provides a unique
opportunity to meld ecological management with landscape
design to provide a variety of societal goods and services
[12].

Urbanization negatively impacts the environment mainly
by the production of pollution, the modification of the
physical and chemical properties of the atmosphere, and the
challenges of land use patterns. Considered to be a
cumulative effect of all these impacts is the Urban Heat
Island (UHI), defined as the rise in temperature of any
man-made area, resulting in a well-defined, district “Warm
Island” among the “Cool Sea” represented by the lower
temperature of the areas of nearby natural landscape[13; 14;
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15]. Though UHI may form on any rural or urban area and at
any spatial scale, cities are favored, since their surfaces are
prone to release large quantities of heat. Climate Change of
urbanized zones at the localscale is also due to the scarcity of
parklands; grass being replaced by vast concrete surfaces
where chains of buildings are built[16]. All these cause
change in the energy balance ofthe urban area often leading
to higher temperatures than surrounding rural areas. The
energy balance is also affected by the lack of vegetation in
urban areas, which inhibits cooling by evapotranspiration|[1
4].

Vegetation intercepts radiation and produce shade that
also contribute to reduce urban heat release. The decrease
and fragmentation of large vegetated areas such as parks not
only reduce these benefits but also inhibits atmospheric
cooling due to horizontal air circulation generated by the
temperature gradient between vegetated and urbanized areas
(advection), which is known as the ‘park cooling effect’.
Street plants and shrubs are highly effective at ameliorating
urban warmth at the micro-scale (referring to ground to
building height). Tree shading reduces the amount of heat
stored within urban surfaces while ornamental shrubs reduce
urban heat Island by cooling the air layer above them using
water from transpiration.

Vegetation in Enugu City has been exposed to a variety of
pollution effects. The ability of plant species to remove
pollutants has been evaluated[17]. According to Jayashnee
[18], plants ability to detoxify the air is one of the arguments
for saving plants. Using plants as indicator of air pollution
gives the possibility of synergistic action of pollutants[19].
Trees with high APTI are considered tools for selecting shed
plants for selecting trees for UHI reduction strategies[20].
The ambient environment of an urban area may be contami
nated with several pollutants, such as Sulphur dioxide (SO,),
Carbon monoxide (CO), Nitrous oxide (NO, ) and heavy
metals, and the plants growing there would be exposed not
only to one but too many pollutants and their different
conditions. Air pollution tolerance index is used by landsca
pers to select plants or Ormamental shrubs to abate air
pollution[21].

There are many factors controlling tolerance in plants. For
example, the importance of pH in modifying the toxicity of
SO, has been shown. Singh and Verma[22] reported that
plants with lower pH are more susceptible, while those with
pH around 7 are more tolerant. Ascorbic acid content is
another parameter that may be used to decide the tolerance of
plant to air pollution. It plays a significant role in light
reaction of photosynthesis[22], activates defense mechanism
[23], and under stress condition, it can replace water from
light reaction[22]. Joshin and Swami[24] also reported that
ascorbic acid is a natural antioxidant in plants that play an
important role in pollution tolerance. It is also a factor in cell
wall synthesis, defense and cell division. It is also a strong
reducer and plays important role in photosynthetic carbon
fixation, with the reducing power directly proportional to its
concentration. So it has been given top priority and used as a
mu ltip lication factor in the formula. High pH may increase
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the efficiency of conversion fromhexose sugarto AA, while
Low leaf extract pH has also shown good correlation with
sensitivity to air pollution[25; 26; 27; 28].

Total chlorophyll (TCh) is another parameter in APTI that
is so important. Depletion in Chlorophyll immediately
causes a decrease in productivity of plant and subsequently
plant exhibits poor vigor. Photosynthetic efficiency was
noted to be strongly dependent on whether leaf pH is low or
high[22].

Water is a necessity for plant life. Shortage of water may
cause severe stress to terrestrial plants[22]; High water
content within the plants body will help to maintain its
physiological balance under stress conditions such as expos
ure to air pollution when the transpiration rates are usually
high. In this study, air pollution tolerance of five plant
species and five ornamental shrubs currently growing in
Enugu City were compared. The aim was to determine which
species has high air pollution tolerance capacity, thereby
growing it broadly as the major urban plants in response to
UHI impacts in Enugu City.

2. A Conceptual Framework for
Utilizing APTI on Urban Floras

The pool of plant species found in urban areas is fed from
three sources: native species originally present in the area;
regionally native species originally absent fromthe area that
colonize novel habitats created by urbanization; and alien
species introduced by humans that escape to establish wild
populations in urban environments[29]. Urban floras are a
subset of the species pool after passage through four fitters.
These are habitat transformation; habitat fragmentation;
urban environmental conditions; and human preference.
Each of these filters represents a selection pressure that can
leave a signature on urban floras from which we might gain
ecological and evolutionary insight. Selection pressures can
lead to non-random species gains and losses, change in
species abundances within communities to altered distributi
ons ofplant functionaltraits,and changes to the phylogenetic
distribution of species within the urban flora. These filters
can also act as agents of natural environments[30]. The four
urbanization filters operate simultaneously as urban centers
develop, making it difficult to isolate single drawers of
individual species losses or gains.

Urbanization results in loss of natural habitats, but thus
creates a set of new anthropogenic habitats (eg. Parks,
pavement, gardens and lawns, road and rail verges, vacant
lots). These urban plant assemblages are facing a new set of
selection pressure from air pollution. The threat of air
pollution has increased because of increased traffic, high
population and concentration of industries in our urban
centers that generate greenhouse gases and other heavy
metals. Several contributors agree that air pollution affects
plants growth adversely[31; 32]. Air pollutants can directly
affect plants through Ileaves or indirectly from soil
acidification[33]. When exposed to airborne pollutants, most
plants experience physiological changes before exhibiting
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visible damage to leaves[34]. This new threat, therefore,
calls for a new approach in the selection processes of urban
biodiversity. The idea is to select species that will be
resistant and tolerant to the high level of air pollution
witnessed currently in urban centers.

Air pollution tolerance index is one approach that may be
employed in the selection processes of urban biodiversity.
The response of plants to air pollution at physiological and
biochemical levels can be understood by analyzing the
factors that determine resistance and susceptibility. Plants
growing in polluted environments often respond and show
significant changes in their morphology, physiology and
biochemistry. Lakshmi[19] reported that plants that are
constantly exposed to environmental pollutants absorb,
accumulate and integrate these pollutants into their systems.
As such, Singh and Verma[22] by using the data obtained
from detailed biochemical estimations of plants samples
(including chlorophyll, ascorbic acid content, and pH and
relative water content) calculated the air pollution tolerance
index (APTI).

3. Materials and Methods

3.1. Sampling Procedure

Plants and Ornamental shrubs were selected from one of
the major roads within Enugu Urban area - Agbani Road.
The criterion for the selection of these plants andormamenta
Is was mainly on their availability in other parts of Enugu
urban area. Also, the choice of this route was based on its
high traffic population. Six replicates of fully matured
leaves were taken and immediately taken to the laboratory
in a heatproof container for analysis. The leaf fresh weight
was taken immediately upon getting to the laboratory.

3.2. Air Pollution Toler ance Index Technique

To obtain the four parameters in APTI formula, Samples
were treated as follows:

3.3. Relative Leaf Water Content (RWC)

The method described by[35] and[36] was applied to
determine and calculate relative leaf water content as

follows:
Rwe o FV-DW "
TW - DW

FW = Fresh weight

DW= Dry weight

TW=Turgid weight

Fresh weight was obtained by weighing the fresh leaves.
The leaves were then immersed in water over night at 70°C

and reweighed to obtain the dry weight.

3.4. Total Chlorophyll Content (TCh)

Following the method described by[36], TCh analysis
was obtained as follows: 0.5g fresh leaves material was
grounded and diluted to 10ml in distilled water. A

subsample of 2.5 ml was mixed with 10ml acetone and

filtered. Optical density was read at 645 nm (D645) and

663nm (D663). Optical density of TCh (Cy) is the sum of

chlorophyll a (D645) density and chlorophyll a (D663)
density as follows:

Cr = 202 (D645) + 8.02 (D663) 2

TCh= (mg/g DW) was calculated as follows
TCh= 0.1 Cr x (leaf DW/leaf FW) 3)

3.5. Ascorbic Acid (AA) Content Analysis

Ascorbic acid content (expressed in mg/g) was measured
using spectrophotometric method[37]. 1g of the fresh
foliage was put in a test-tube, 4 ml oxalic acid EDTA
extracting solution was added, them 1 ml of Orthophosph
eric acid and then 1 ml 5% tetraoxosulphate (vi) acid added
to this mixture, 2 ml of ammonium molybdate was added
and then 3ml of water. The solution was then allowed to
stand for 15 minutes after which the absorbance at 760nm
was measured with a spectrophotometer. The concentratio
ns of ascorbic acid in the sample were then extrapolated
froma standard ascorbic.

3.6. Leaf Extract PH

This was done following the method adapted by[36]. 5g
of the fresh leaves was homogenized in 10ml demonized
water. This was filtered and the pH of the leaf extract
determined after calibrating pH water with buffer solution
of pH4and 9

3.7. Air Pollution Toler ance Index (AP TI) Deter mination

This was done following the method of[38]. The fornular
of APTI is given as:
A (T+P) +R

10

A = Ascorbic acid content (mg/g)
T =Total Chlorophyll (mg/g)
P=pHof leafextract
R = Relative water content of leaf (%)

APTI = (4)

3.8. Statistical Analysis

Factor analysis and descriptive statistics were the instrum
ents used in the analysis. Factor analysis is a data reduction
technique concerned with exposing the underlying structure
exhibited by a group of variables that are not necessarily
independent or orthogonal. By this technique a fewunderlyi
ng dimensions (high-order variables) are located out of a
large pool of variables in which no distinction has been
made between independent and dependent variables.

4. Results

The analysis value of the four biochemical parameters
along with the calculated APTI for the five tree species and
five omamental shrubs are shown in table 1 and table 2
respectively.
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From Table 1, it was evident that the plants showed varied
degree of tolerance index to air pollution. The APTI of the
plant ranged from 22.20 to 24.15 with Psiduim guajava
having the highest value and Anacardium occidentale with
the lowest value. Table 2 shows the air pollution tolerance
indexof some selected ornamental shrubs. The air pollution
tolerance index ranged from 10.60 to 14.32 with Ixora red
having the highest APTI value and Yellow bush with the
lowest.

Employing the factor analysis, the varimax orthogonal
rotation was utilized to maximize variances and to place the
factor axes in a unique position such that the factors can be
interpreted by the factor loadings. After this varimax
orthogonalization, the five variables were reduced to three
and two variables for plant and shrubs respectively. The five
factors with their variable loadings on plants and shrubs
sampled are presented in tables 3 and 4 respectively. In table
3, three plants loaded very high and they include Catalpa
burgei(0.62252), Magifera indica (1.04735), Pine (Pinus spp
-1.5023); while two plants loaded highly for shrubs and they
include Ixora red (1.49760), Yellow bush -1.3107).

Table 5 shows the unde r-canopy temperature range of
some plants with their air pollution tolerance index.
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5. Discussion

Air pollution tolerant index is an index that denotes
capability of vegetation to combat air pollution. Plants or
shrubs that have higher index value are tolerant to air
pollution and can be a sink pollution, while plants or shrubs
with low index value show less tolerance and can be used to
indicate levels of air pollution[38]. Sensitivity of plants is
expressed by low air pollution tolerance index values. Based
on the previous studies[19; 36], APTI values can be utilized
as bioindicators of the air quality, while those species in the
tolerant group are utilized for streetscape greening. An
overview of the result obtained from this current study
reveals that different plants and shrubs respond differently to
air pollutants (table 1 and table 2). The APTI of the five tree
species ranged from 22.20 to 24.15 while the APTI values
for ornamental shrubs ranged from 10.60 to 14.32. Based on
their APTI values, both plants and ornamental shrubs were
conveniently grouped based on the reports 0f[19] as follows:

APTI value: Response

30 to 100: Tolerant

29 to 17: Intermediate

16 to 1: Sensitive

<I: Very Sensitive

Table 1. Air pollution Tolerance Index (APTI) of selected plants

Relative Total
S/N Plant Species Ascorbic Acid | water content PH Chlorophyll APTI
(%) (mg/g)
1 Catalpa burgei 8.50 87.12 470 11.60 22.57
2 Mango (Magifera indica) 7.56 89.32 50 14.10 23.37
3 Guava (Psiduim guajava) 8.99 80.89 520 12.65 24.15
4 Pine (Pinus spp) 846 74.75 5.60 11.98 22.35
5 Cashew (Anacardium occidentale) 9.06 84.85 4.60 13.85 22.20
Table 2. AirPollution Tolerance Index of Selected omamental Shrubs
Relative Total
S/N Ornamental S pe cies Ascorbic Acid water content PH Chlorophyll APTI
(%) (ng/e)
1 Ixorared 295 89.38 530 12.96 14.32
2 Yellow bush 2.00 75.00 640 9.10 10.60
3 Masquerade pine 297 61.70 6.00 11.12 12.26
4 Tuja pine 2.60 68.87 550 10.31 11.00
5 Yellow ficus 199 87.50 630 13.17 12.63
Table 3. Factor Loads of Plant parameters
Plant AA RWC pH TCH APTI FAC1

Catalpa burgei 8.50 87.12 470 11.60 22.57 0.62252*

Mango ( Magifera indica ) 756 89.32 5.00 14.10 23.37 1.04735*

Guava ( Psiduim guajava) 899 80.89 520 12.63 24.15 -043325

Pine (Pinus spp) 846 74.75 5.60 11.98 22.35 -1.5023*

Cashew (Anacardium occidentale) 9.06 84.85 460 13.85 22.20 026577

*FACI = Factor loadings
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Table 4. Factor loads of Shrub Parameters

Shrubs AA RWC pH TCH APTI FAC1

Ixora red 295 89.38 530 12.96 14.32 149760*

Yellow bush 2.00 75.00 640 9.10 10.60 -1.3107*

Masquerade pine 297 61.70 6.00 11.12 12.26 0.06181

Tuja pine 2.60 68.87 5.50 10.31 11.00 -0.17161

Yellow ficus 1.99 87.50 630 13.17 12.63 -0.07709

Table 5. Comparing Under-Canopy Temperature and APTI

Plant Under-Canopy Temperature APTI
Anacardium (Cashew) 12°C 22.20
Mangifera indica (Mango) 14°C 23.37
Psidium guajava (Guava) 17°C 24.15
Pinus Spp (Pine) 25C 22.35
Catalpa bungei 12°C 22.57

Source: Enete et al.,[20]

In the current study, the five plant species showed APTI
values between 22.20 to 24.15 which falls within the
classification range of 17 to 29 and are designated as
intermediate. The APTI values of ornamental shrubs ranged
from 10.60 to 14.32 which falls within the classification
range of 1 to 16 and thus designated as sensitive. The
variation of the APTI of both plants and ornamental shrubs
can be attributed to the variation in any of the four
physiological factors which governs the computation of the
index.

Chlorophyll content of plants signifies its photosynthetic
activity as well as the growth and development of biomass. It
is well evident that chlorophyll content of plants or shrubs
varies from species to species; age of leaf and also with the
pollution level as well as with other biotic and abiotic
conditions[39]. It also varies with the tolerance as well as
sensitivity of the plant or shrub species; as such, higher the
sensitive nature of the plant species, the lower the
chlorophyll content[40; 41].In this study, total chlorophyll
content (TCH) load of Shrubs ranged from 9.10 (Yellow
bush) to13.17 (Yellow ficus); while Plants showed a higher
value ranging from 11.60 (Catalpa burgei). See tables 3 and
4.

Ascorbic acid is a strong reactant and it activates many
physiological and defense mechanism. Its reducing power is
directly proportional to its concentration[42; 43]. Being very
important reducing agents, ascorbic acid also plays a vital
role in cell wall synthesis, defense and cell division[27].
Current study showed elevation in the concentration of
ascorbic acid on plants than shrubs. See values of Ascorbic
acid (AA) loads on tables 3 and 4. Pollution load dependent
increase in ascorbic acid content of all species may be due to
the increased rate of production of machine oxygen species
(ROS) during photic oxidation of SO, to SO; where sulfites
are generated from SO, absorbed. Chaudhary and Rao[44]
and Varshney and Varshney[45] are of the opinion that
higher ascorbic acid content of the plant is a sign of its
tolerance against sulphur dioxide pollution. In the present
study, higher levels of ascorbic acid content in the leaves of
plants suggests their tolerance towards the pollutants. Lower

ascorbic acid contents in the leaves of shrubs supports the
sensitive nature of these plants towards pollutants.

Allthe species sampled exhibited a pH towards acidic side,
which may be due to the presence of SO, and NOx in the
ambient air causing a change in pH of the leaf sap towards
acidic site[46]. The changes in leaf extract pH might
influence stomata sensitivity due to air pollutants. The plant
or shrub with high sensitivity to SO, and NO, close their
stomata faster than when they are not exposed to pollutants
[47]. Consequently, sensitive plants had higher leaf-extract
pH than tolerant plants. Similar result was obtained in the
present investigation. High pH may increase the efficiency
of corrosion from hexose sugar to Ascorbic acid, while low
leaf extract pH showed good correlation with sensitivity to
air pollution[25] and[26].See tables 3 and 4.

Relative Water Content (RW C) of a leaf is the water plant
has in it relative to its full turgidity. Relative water content is
associated with protoplasmic permeability which in cells
cause loss of water and dissolved nutrients, resulting in early
senescence of leaves[48]. Current study showed higher
relative water content for both plants and shrubs. However,
plants have higher relative water content and as such,
appears more tolerant to pollutants. Similar result was
obtained by[41].

The APTI of all the plants examined were higher than
those of omamental shrubs. Again, the factor analysis
examined showed that the five parameters loaded more on
plants than shrubs suggesting that plants in general were
more tolerant to air pollution than ornamental shrubs.
Similar study of air pollution tolerance index was also
conducted by[49, 36, 50, 51, 52, 53, 54, and 55].The result of
this current research finding contradicts earlier study by[56]
that showed that APTI of ornamental shrubs were higher
than plants. The plausible reasons for these differences could
be because of study location, (while this current research is
in Africa, Yan-Ju and Hui’s work was in China); also
difference in developmental level and Climate change and
Climate variability could be other factors that caused chang
es in the result.

Plants and ornamental shrubs are recommended for
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pollution abatement in wurban areas, for aesthetic
improvement or for microclimate modification. The
sensitive species help in indicating air pollution and tolerant
ones help in abatement of air pollution[19]. On the other
hand, APTI is a handy tool for selecting tolerant species for
urban heat island reduction. Therefore, plant or ornamental
shrubs selection criteria should not only be limited to
colorful flower and leaves, robustness and shed but it should
also be able to help improve air quality by having high
pollution tolerance[57].

In the current study tolerant and intermediate species are
recommended for planting in Enugu city. They will not only
abate air pollution but also provide shed, thus modifying the
urban microclimate. For example, table 5 revealed that most
plants like Mangifera indica and Psiduim guajava has both
high APTI and the ability to contribute to UHI reduction. In
this study, all the plants studied are intermediate while all the
oramentals are sensitive. The imp lication is that under high
stress and heavy pollution plants may not function properly
while ornamentals should be utilized as bioindicators.

6. Conclusions

Air pollution tolerance index determination is important
because with increased urbanization, industrialization and
traffic population increase in Enugu urban city, there will be
more air pollution. The results of such studies are therefore
handy for future planning. This study also provides useful
information for selecting tolerant species for landscaping and
urban heat island reduction. The current study also showed
that plants are more tolerant to air pollution than ornamental
shrubs; and as such should be preferred for streetscaping/
landscaping and climate modification in our urban cities.
Species ranked as tolerant and intermediate tolerant should
be considered in advance for use. Species ranked as sensitive
help as bioindicators of urban air quality. The implication of
this study for urban heat island is that tree selection for urban
heat island reduction should be based on APTI and not just
on colorful flower, and leaves, robustness, and shed.
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