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Abstract - Air pollution gives negative effects to humans as well as to plants which are exposed all throughout 

the day in these pollutants. Assessment of plants' response to air pollutants may serve as a fundamental method 

in terms of environmental monitoring and management. Sensitive group of plants can serve as an indicator of 

air quality while the tolerant ones can be sinks. The Air Pollution Tolerance Index (APTI) of selected plant 

species in Puerto Princesa City, namely: Bougainvillea (Bougainvillea spectabilis), Santan (Ixoracoccinea), 

Fire Tree (Delonixregia), Golden Bush (Durantarepens), and Acacia tree (Samaneasaman)were evaluated 

using relative water content, ascorbic acid content, leaf extract pH, and total leaf chlorophyll content. It was 

found out that B. spectabilis was the most tolerant species, followed by S. samanwhile D. regiahas an 

intermediate index. D. repens and I. coccinea on the other hand were found to be sensitive plant species. Plants 

with high APTI values are the tolerant ones and are recommended to be planted in urban areas to absorb and 

off certain harmful gaseous pollutants while the sensitive ones have the potential to serve as bio-indicators for 

evaluation and monitoring. 
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1. INTRODUCTION 

One of the most drastic changes that can be imposed on an environment is urbanization and industrialization 

(Bhattacharya et al., 2013). An environmental hazard arising from rapid industrialization and vehicular traffic 

include air pollution where in the air quality is deteriorating due to the adding of toxic gases and other 

substances to the atmosphere. Various strategies exist for the monitoring and controlling atmospheric pollution 

and vegetation may provide one of the natural ways of monitoring air quality and cleansing the atmosphere. 

Leaves absorb gaseous and some particulate matter (Mohammed et al., 2011) making the use of plants lost cost 

and valuable method. 

 

Plants may be affected relatively even by low concentrations of air pollutants. They can directly affect plant 

leaves or indirectly through soil acidification (Agbaire and Esiefarienrhe, 2009). Aside from the primary 

function of plants in providing the necessary requirements for the survival of an ecosystem, plants also 

participate in the mineral and nutrient cycle that aids in the monitoring and maintenance of ecological balance. 

They also provide enormous leaf area for contact, absorption and accumulation of air pollutants to reduce the 

pollution level in the air environment (Escobedo et al., 2008). Sensitivity and response of plants to air pollutants 

varies from one species to another. An assessment and identification of the response of plants to air pollutants in 

terms of their tolerance or sensitivity may serve as an important fundamental method for environmental 

monitoring and management. Sensitive group of plants can serve as an indicator of air quality while the tolerant 

ones can be sinks for the air pollutants, thus aiding in minimizing air pollution.  This study evaluated five 

selected plant species in Puerto Princesa City, namely: Bougainvillea (Bougainvillea spectabilis), Santan 

(Ixoracoccinea), Fire Tree (Delonixregia), Golden Bush (Durantarepens), and Acacia tree (Samaneasaman) 

with respect to their Air Pollution Tolerance Index (APTI) that could be a basis for a strategic urban 

landscaping. Urban forest planning had been formulated and implemented, but cities of today have some 

requirements that are not similar to the past. In many areas, urban green spaces may be wrongly distributed or 

missing and the planning and managing landscape remains difficult and extremely uncertain.  

 

The screening of plants in Puerto Princesa City for their APTI values has not been exhausted. Several studies 

were also conducted with regards to the role of the selected plant species in terms of pollution control and 

mitigation but only limited studies were recorded in Puerto Princesa City, thus there is the need to carry out 

more work on other plants so as to help mitigate the effects of air pollution. 
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2. MATERIALS AND METHODS 

 
This study assessed the air pollution tolerance index (APTI) of five selected plants from Puerto Princesa City, 

Palawan. APTI determination provides a reliable method for screening plants with respect to their susceptibility 

to air pollutants.  The APTI was evaluated by incorporating four parameters, namely: relative water content, 

ascorbic acid content, leaf extract pH, and total chlorophyll content.  

 
2.1Test Specimens and Sampling Method 

 
Five (5) selected plant species from Puerto Princesa City, Palawan was used as the test specimens in this study. 

These are Bougainvillea spectabilis (bougainvillea), Ixoracoccinea (santan), Delonixregia (fire tree), 

Durantarepens (golden bush), and Samaneasaman(Acacia tree).These plants species are usually used as 

ornamental plants as well as shade trees in the location. 

 

Threereplicates of matured leaves (approximately 50 grams per replicate) of each plant species were taken in the 

morning (9:00 a.m. to 11:30 a.m.). Similarlight, water and soil conditions were taken into account in the 

sampling. Samples were immediately transported to the laboratory in a heatproof container.Fresh weights of the 

leaves were taken in the laboratory and samples were preserved at 4 ℃ for further analysis. 

 
2.2 Test Parameters 

 
2.2.1 Relative Leaf Water Content (R) 

The leaf relative water content was determined using the gravimetric method. It was calculated using the 

formula: 

     RWC = [(FW - DW)/(TW - DW)] x 100%, where: 

 FW = fresh weight 

DW = dry weight 

TW = turgid weight 

 

Thirty (30) grams of fresh leaves from each sample was obtained as fresh weight. The leaves were then 

immersed overnight in water, blotted dry and were weighed for the determination of the turgid weight. The 

leaves were then dried in an oven for one day at 70 
0
C and reweighed, determining the dry weight. 

 

2.2.2 Total Chlorophyll Content (T) 

 
The evaluation of the total chlorophyll content was carried out according to the method described by Porra 

(2002) and Richardson et al. (2002). Three grams of fresh leaves were blended and extracted with 10mL of 

80% acetone and left for 15 minutes. The liquid portion was decanted into a micro test tube and was 

centrifuged at 2,500 rpm for 3 minutes and the supernatant was collected and  to determine the absorbance or 

optical density using a spectrophotometer. The readings were noted at 645 nm and 663 nm. Calculations were 

done using the formula below: 

 

 Chlorophyll a = 12.7DX663 – 2.69DX645 x V/1000W mg/g 

 Chlorophyll b = 22.9DX645 – 4.68DX663 x V/1000W mg/g 

 Chlorophyll total = chl. a + chlo. b mg/g 

Where:  

Dx – Absorbance of the extract at the wavelength x (nm) 

V – Total volume of the chlorophyll solution (ml) 

W – Weight of the tissue extracted (g) 

 

2.2.3 Leaf Extract pH (P) 

 

Leaf extract pH was measured by homogenizing five grams of leaf samples with 10 mL deionized water and 

the pH of the leaf extract was determined using a pH meter calibrated with pH 4 and 9 buffer solutions. The 

buffers used are carbonic acid and sodium bicarbonate. 
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2.2.4 Ascorbic Acid Content (A) 

Ascorbic acid content (mg/g) was measured using a spectrophotometer (Liu and Ding, 2008). One gram of each 

sample was homogenized for 30 seconds in 40mL oxalic acid solution composed of 5.00 g oxalic acid in 0.75 g 

NaEDTA in 1.00 L distilled water. The homogenate was centrifuged at 2,500 rpm for 5 minutes and the 

supernatant was taken for absorbance reading at 520 nm. Standard solutions were prepared using ascorbic acid 

tablets. The standards were set at 5, 10, 15, 20, and 25 ppt. For this, 10g of powdered ascorbic acid was 

dissolved in 100mL of water to produce 100 ppt stock solution. The levels of ascorbic acid in the samples were 

extrapolated from the calibration curves and was calculated using the weight or volume measured and expressed 

in milligrams per 100 cm
3
 or 100 g of sample. 

 

 
2.3 Air Pollution Tolerance Index (APTI) Determination 

 
The air pollution indices of the plants were determined using the formula: 

  

APTI = [A(T + P) + R] 

  10 

 

where: 

A - Ascorbic acid content (mg/g) 

T - Total Chlorophyll (mg/g),  

P- pH of leaf extract 

R - Relative water content(%).  

 

The results of the APTI of each of the plant specimen were evaluated using the table which is being used as a 

standard in APTI assays. The tolerance or sensitivity of the plant species was concluded in terms of the obtained 

empirical value for APTI (Table 1): 

 
Table 1 

Air pollution tolerance Index (APTI) Value and the response of the Plant Species. 

 
APTI VALUE RESPONSE 

30 to 100 Tolerant 

17 to 29 Intermediate 

1 to 16 Sensitive 

<1 Very Sensitive 

 

 

3. RESULTS 

 

Table 2 shows that plants have varying response to air pollutants in terms of their physiological parameters, 

namely: ascorbic acid content, total chlorophyll content, leaf extract pH, and relative water content. These four 

indicators play an important role in the growth and development of all plant species, and in general, on how they 

respond in the conditions of the environment.  
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Table 2 

Composition of the five selected plant species in terms of the four parameters used in the study 

 

Plant Specimens 

 

Ascorbic acid 

content (mg/g) 

Total chlorophyll 

content (mg/g) 

pH Relative water 

content (%) 

1.Bougainvillea 

(Bougainvillea spectabilis) 

30.11 0.046 7.57 82.30 

2. Fire Tree 

(Delonixregia) 

42.26 0.049 5.06 74.16 

3.Golden Bush 

(Durantarepens) 

19.03 0.009 4.57 64.58 

4. Santan 

(Ixoracoccinea) 

18.09 0.012 4.42 64.43 

5. AcaciaTree 

(Samaneasaman) 

34.68 0.136 6.29 79.55 

  

Based on the assay, it was found out that D. regiaexhibited the greatest amount of ascorbic acid (42.26 mg/g) 

while I. coccinea has the lowest (18.09 mg/g). In terms of total chlorophyll content, S. samanhas the highest 

concentration (0.136 mg/g), followed by D. regia(0.049 mg/g)then B. spectabilis(0.046 mg/g), while  I. 

coccinea(0.012 mg/g)and  D. repens(0.009 mg/g)exhibited the lowest amounts. For the leaf extract pH, it was 

observed that four of the five plant species collected from the polluted site exhibited a pH towards the acidic 

side, ranging from 4 to 6, except the B. spectabilis which has a pH of 7.57. 

B. spectabilis contains the highest relative water content (82.30%), followed by S. saman(79.553%)and D. 

regia(74.163%). I. coccinea(64.43%)and  D. repens(64.577%)has the lowest relative water content. The relative 

water content (RWC) is the water present relative to its full turgidity that was calculated based on the fresh 

weight, dry weight and turgor weight of the specimens.  

3.1 APTI Determination 

In this study, the four parameters were evaluated to come up with the air pollution tolerance index of the 

selected plant species and each index corresponds to the response of the plant to air pollution as shown in Table 

3 below.  

It was found out that the both B. spectabilis and S. saman are considered to be tolerant plants having an APTI of 

31.21 and 30.11 respectively. Being tolerant species, these plants have the potential for phytoremediation. On 

the other hand, D. repens with an APTI of 15.03 and I. coccinea having an APTI of 14.41 are regarded as 

sensitive species and may be recommended as bio-indicators, while D. regia have an intermediate response since 

its APTI is equivalent to 28.92 and may not have a potential in terms of phytoremediation or bio-monitoring air 

pollution.  

Table 3 

Air Pollution Tolerance Index, Response and Potential Use for Urban Forest Planning of the Selected 

Plant Species 

 

Plant Specimens 

 

APTI Response  Potential Use for Urban 

Forest Planning 

1.Bougainvillea(Bougainvillea spectabilis) 31.21 Tolerant Phytoremediation 

2. Fire Tree(Delonixregia) 28.92 Intermediate - 

3.Yellow tops (Durantarepens) 15.03 Sensitive Bio-indicator 

4. Santan (Ixoracoccinea) 14.41 Sensitive Bio-indicator 

5. AcaciaTree(Samaneasaman) 30.11 Tolerant Phytoremediation 

 

4. Discussion 

 
Air Pollution Tolerance Index (APTI) is accepted as one of the reliable methods in evaluating the response of 
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different plant species to air quality and presence of air pollutants in a certain area. In this study, it was used as a 

tool as one of the basis for strategic forest-urban planning by evaluating the APTI of B. spectabilis, I. coccinea, 

D. regia, D. repens, and S. saman in Puerto Princesa City, Palawan using four plant physiological characters, 

the behaviour of the plants towards air pollution was determined.  

 

Based on the findings of this study, Physiology is affected by air pollutants. Air pollution has become one of the 

serious environmental stresses to plants brought about by increasing industrialization and urbanization during 

the last few year’s .The particulate matters and gaseous pollutants can cause serious setbacks to the physiology 

of plants. Air pollutants, especially sulphur dioxide, ozone, and oxides of nitrogen can alter the physiological 

processes of plants, thereby affecting patterns of growth by causing damage to leaf cuticles and stomatal 

conductance. They can also have direct effects on photosynthetic systems, leaf longevity, and patterns of carbon 

allocation within plants (Mohammed et al. 2011). The effect of air pollution includes the changes in the plant 

anatomy, physiology, and biochemistry. Since the major systems and various organs of plants are exposed to the 

atmosphere with continuous gas exchange through the leaves, any change in the atmosphere is reflected on the 

plant health. The air pollutants make their entrance into the plant tissues through the stomata causing partial 

denaturation of chloroplast and decrease pigment contents in the cells. The condition of the climate, the physico-

chemical properties of the air pollutants and their residence in time in the atmosphere have the impact on 

surrounding plants (Waghet al., 2006). 

 

4.1 Ascorbic acid content 

Delonixregiaexhibited the greatest amount of ascorbic acid (42.26) while I. coccinea has the lowest (18.09). 

Plants that contain high amounts of ascorbic acid are considered to be tolerant since ascorbic acid plays an 

important role in plant stress physiology (Conklin, 2000). High levels of ascorbic acid is an important 

requirement for plants to acquire resistance against pollutants for it serves as a natural anti-toxic agent 

preventing the damaging effect of harmful substances.  It is classified as a strong reducing agent that activates 

physiological and defense mechanism in plants (Aji, et al., 2015). It also plays an important role mediating the 

synthesis of chlorophyll and in protecting it from hydrogen peroxide-induced damage (Das & Prasad, 2010). 

Ascorbic acid in the cell walls provides the first line of defense against the air pollutants ozone and sulfur 

dioxide (Smirnoff, 1996). The extent of ascorbic acid in sensitive plants declines upon exposure to pollutants 

(Kuddus, et al., 2011). Thus, plants maintaining high ascorbic acid level even under polluted conditions are 

considered to be tolerant species. 

4.2 Total chlorophyll content 

Chlorophyll is one of the major components of the photosynthetic activity in plants. The total chlorophyll 

content pertains to the total concentration of chlorophyll a and chlorophyll b which varies from species to 

another depending on the leaf age, biotic and abiotic conditions including the air quality. Higher levels of air 

pollution causes stress to plants that decreases the total chlorophyll content since when plants are under stress, 

their pigments may undergo photochemical reactions like bleaching, oxidation, and reduction (Giri, et al., 

2013). The reduction in the total chlorophyll content may be attributed to the air pollution brought by vehicles 

that are responsible for the release of large amounts of SO2 that results in the decrease of Mg
2+ 

ions which is a 

central atom of chlorophyll. A decline in the chlorophyll content may cause a decrease in the productivity of the 

plant since photosynthesis will be hindered. Plants having high chlorophyll content are generally tolerant to air 

pollutants. Based from the data, S. samanhas the highest amount of total chlorophyll (0.136 mg/g), followed by 

D. regia(0.049 mg/g)then B. spectabilis(0.046), while  I. coccinea(0.012)and  D. repens(0.009)exhibited the 

lowest amounts.  

4.3 Leaf extract pH 

It was observed that four of the five plant species collected from the polluted site exhibited a pH towards the 

acidic side, ranging from 4 to 6, except the  B. spectabilis which has a pH of 7.57. The acidity may be attributed 

to the presence of SOx, NOx or other acidic pollutants which are the most common components of industrial 

and vehicular emissions. Leaf pH was also reported to modify the toxicity of these pollutants. It was cited by 

Kudduset al. (2011) that in the presence of an acidic pollutant, the leaf pH is lowered and the decline is greater 

in sensitive than that in tolerant plant.  

4.4 Relative water content 

B. spectabiliscontains the highest relative water content (82.3%), followed by S. saman(79.55%)and D. 
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regia(74.16%). I. coccinea(64.43%)and  D. repens(64.57%)has the lowest relative water content. The relative 

water content (RWC) is the water present relative to its full turgidity that was calculated based on the fresh 

weight, dry weight and turgor weight of the specimens. High water content within a plant helps in the 

maintenance of physiological balance under stress conditions like exposure to air pollution (Lohe, et al., 2015). 

Plants with high relative water content under polluted conditions are considered to be tolerant to pollutants. It 

can be seen that  B. spectabilisis the most tolerant to air pollutions in terms of RWC and I. coccineaas the most 

tolerant.  

4.5 APTI Determination 

Based on the results of the study, B. spectabilis regarded as the most tolerant plant species to air pollution, 

followed by S. samanwhileD. regiahas an intermediate index.D. repensand I. coccineaon the other hand were 

found to be sensitive plant species. As shown in the results of this study, the tolerant plant species (B. 

spectabilisand S. saman) are recommended to be planted in polluted areas for pollution mitigation.  B. 

spectabilismay abate air pollution and at the same time provide additional aesthetic values for urban roads, S. 

samanmay provide additional shade that may modify urban microclimate. On the other hand, sensitive species 

like D. repensand I. coccineacan serve as bio-indicators for air pollution. They can be utilized as an eco-friendly 

monitoring systems for the air quality.  

5. CONCLUSIONS 

 
The APTI of the five plant species were evaluated and it was found out that B. spectabilisis regarded as the most 

tolerant plant species to air pollution. Among the five specimens, it has the greatest chance of survival when 

exposed to disturbed environmental conditions due to air pollutants. S. saman was also found to be a tolerant 

plant specieswhileD. Regia has an intermediate index. D. repens and I. coccinea on the other hand were found 

to be sensitive plant species and their physiological activities can be greatly affected by the air quality. The 

tolerant plant species (B. spectabilis and S. saman) are recommended to be planted in polluted areas for 

pollution mitigation.  B. spectabilis may be used for phytoremediation while providing additional aesthetic 

values for urban roads, S. saman may provide additional shade that may modify urban microclimate. On the 

other hand, sensitive species like Durantarepens and Ixoracoccinea can serve as bio-indicators for air pollution. 

They can be utilized as an eco-friendly monitoring systems for the air quality. Since APTI is now considered as 

a reliable method in screening plants' response to air pollution, it can be added as a criterion for urban forest 

planning and landscaping to create aesthetically and environmentally sustained landscapes of towns and cities.  

It could also be used to promote sustainable landscapes.  
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