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Abstract  

Air Pollution Tolerance Index (APTI) for seven (7) plant species growing along the Oleh metropolis in Isoko 

South Local Government Area of Delta State, Nigeria were analyzed. Four biochemical parameters such 

ascorbic acid (AA), total chlorophyll (TCh), leaf extract pH and relative water content (RWC) were used to 

compute the air pollution tolerance index (APTI). The fifth biochemical parameter- soluble sugar- was used to 

further establish the extent of pollution within the vicinity. Results from analysis showed the order of tolerance 

as Ceiba pentandra (1.27)% > Irvingia gabonenesis (1.44)% > Dendrocalamus calostachyus (2.77)% > Hevea 

brasiliensis (12.78)% > Vernonia amygdalina (21.73)% > Citrus  sinensis L. (27.27)% > Chrysophyllum 

albidum (29.38)%. Chrysophyllum albidum was comparatively the most tolerant species while Ceiba pentandra 

was the most sensitive species to air pollution. Also, the study revealed a significant loss of soluble sugar in all 

tested species at the polluted sites as compared to the control site. This could be attributed to increased 

respiration and decreased CO2 fixation as a result of chlorophyll deterioration. The results showed that 

combining variety of these parameters gave a more reliable deduction than that from individual parameter. The 

APTI determination provides a reliable method for screening sensitive and tolerant plants under field conditions 

and so, ideal for landscaping.    

__________________________________________________________________________________________ 
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INTRODUCTION 

Air pollution is the introduction of chemicals, 

particulate matter or biological materials that cause 

harm or discomfort to human or other living 

organisms, or damage to the natural environment, 

into the atmosphere (Ahmed and Ali, 2012). The 

atmosphere is a complex, dynamic natural gaseous 

system that is essential to support life on planet earth, 

but this had since been contaminated by 

environmental pollutants due to the inadequate 

environmental planning associated with development 

(Oluwande, 1977; Faboya 1997; Alo, 2008; Okunola 

et al., 2011). In such places, environmental problems 

such as air pollution due to increased volume of 

traffic on ill – planned roads, are aggravating the 

already serious problems caused by constant gas 

flaring, bush burning, burning of fossil fuel, bones, 

tyres and other materials capable of altering the 

normal composition of the atmosphere. In most 

developing countries of the world increase in the 

number of vehicles has not been checked properly by 

environmental regulating authorities leading to 

increased levels of pollution (Han, and Naeher, 

2006). Traffic emissions contribute about 50 - 80% of 

NO2 and CO concentration in developing countries 

(Goyal, 2006). This situation is alarming and is 

predicated on the poor economic disposition of 

developing countries. Poor vehicle maintenance 

culture and importation of old vehicles, which 

culminates in an automobile fleet dominated by a 

class of vehicles known as ‘’super emitters’’ with 

high emission of harmful pollutants has raised the 

figure of emission concentration (Ibrahim, 2009). The 

increase in this traffic - related pollution is not based 

on the aforementioned factor only, but also on low 

quality fuel, poor traffic regulation and lack of air 

quality implementation force.  

 

Factors such as determination of being tolerant or 

sensitive for one tested plant species could change at 

different seasons – wet weather and dry weather (Liu 

and Ding, 2008). The present knowledge of effects of 

air pollution on plants is based on experiments where 

plants have been exposed to pollutants at 

environmentally relevant concentrations in the period 

of wet weather. Plants experience the greatest 

exposure and are influenced greatly by pollutant 

concentration due to their perennial habit and the 

most obvious damage occurs in the leaves (Tanee and 

Albert, 2012). Much experimental work has been 

conducted on the evaluation of air pollutants effect on 

crops and vegetation at various levels ranging from 

biochemical to ecosystem levels, but little or no work 
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has been done on the subject within the Isoko 

Metropolis. 

 The aim of this study is therefore to determine and 

relate the APTI values and the soluble sugar 

concentration of the leaves of seven plants species 

with the extent of damage caused by air pollution 

within the Oleh metropolis. The study is also poised 

to identify the plant species tolerant to the prevailing 

atmospheric conditions 

 

MATERIALS AND METHODS 

Selection of Sampling area and Sampling details 

The research work was mainly confined to plant 

species that exist along traffic points in Oleh 

metropolis, in Isoko South Local Government Area 

of Delta State, Nigeria. Seven plant species were 

collected in duplicates with fully matured leaf 

samples of plants growing along the road side of the 

fairly high traffic area of the designated experimental 

sites. Using a similar ecology as control site, seven 

plant samples were collected along Owhelogbo – 

Ozoro metropolis, in Isoko North Local Government 

Area of Delta State, Nigeria. These duplicates of fully 

matured leaves were immediately taken to the 

laboratory where they were cleaned with distilled 

water. The fresh leaf weight was taken immediately 

and then refrigerated at 22
o
C under suitable condition 

for further biochemical analysis. 

 

METHODOLOGY   

Biochemical parameters such as leaf extract pH, 

relative water content, total chlorophyll, ascorbic 

acid, and soluble sugar were chemically determined 

from the leaf extracts as discussed below.  

Total Chlorophyll Content: 
This was done according to the method described by 

(Agbaire and Esiefarienrhe, 2009). 3g of the fresh 

leaves was weighed and blended. This was extracted 

with 10ml of 80% acetone and this was left for 15 

minutes for thorough extraction. The liquid portion 

was decanted into another test-tube and then 

centrifuged at 2,500pm for 3 minutes. The 

supernatant was collected and the absorbance was 

taken at 645nm and 663nm using a 

spectrophotometer. 

Total Chlorophyll was thus calculated using the 

formula shown below 

TCh = 20.2Dx645 – 8.02Dx663      X     V 

                                   1OOOW  

Where Dx645 = Absorbance of leaf extract at 645nm 

          Dx663 = Absorbance of leaf extract at 663nm 

     V = Volume of leaf extract of 4cm3 

    W = Weight of supernatant of 0.5g  

 

Leaf Extract pH 
5g of the fresh leaves was ground to paste and then 

dissolved in 50ml of deionized water. The leaf extract 

pH was then measured using a calibrated digital pH 

meter. 

Ascorbic Acid (AA) Content Analysis 

Ascorbic acid content (expressed in mg/g) was 

measured using spectrophotometric method (Baiaj 

and Kaur, 1981). 1g of the fresh foliage was put in a 

test-tube, 4ml oxalic acid - EDTA extracting solution 

was added; and then 1ml of orthophosphoric acid, 

1ml 5% tetraoxosulphate (vi) acid was added to this 

mixture. 2ml 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 760mm was measured with a spectrophotometer. 

The concentration of ascorbic acid in the samples was 

then extrapolated from a standard ascorbic acid 

curve. 

 

Estimation of Relative water Content 

With the method as described by Singh 1977, leaf 

relative water content was determined and calculated 

with the formula 

RWC = FW – DW   X 100  

              TW – DW     1 

 FW: Fresh Weight 

 DW: Dry Weight 

 TW: Turbid Weight 

 Fresh weight (FW) was obtained by weighing the 

fresh leaves after the excess water on it was removed 

with the help of blotting paper. The leaves were then 

immediately immersed in water over night, blotted 

dry and then weighed to get the turbid weight (TW). 

The leaves were then dried overnight in an oven at 

60
o
C 

 
to obtain the dry weight (DW). 

 

Determination of Soluble Sugar 

Total soluble sugar was determined according to the 

method of Yem and Willis (1954). The plant 

materials were extracted in 80% ethanol solution. The 

dried plant materials was ground so as to pass 

through the 1mm sieve of micro mill and it was taken 

in 25mL test tube. 6mL enthrone reagent was added 

and then heated in boiling water bath for 10 minutes. 

The test tube was incubated for 20 minutes at room 

temperature (25
o
C) and optical density was read at 

625nm on a spectrophotometer. Blank was also read 

the same way. The soluble sugar was calculated from 

the standard curve developed. 

 

Calculation of Air Pollution Tolerance Index 

(APTI)  

This was done following the method of Singh and 

Rao (1983). The formula of APTI is given as 

      APTI = A (T + P) + R  

                        10 

A = Ascorbic Acid Content (mg/g) 

T = Total Chlorophyll (mg/g) 

P = pH of leaf extract 

R = Relative water content of leaf in % 
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Table 1: Result of analysis for APTI and other biochemical parameters of plant leaves collected for both 

Experimental and Control Sites. 
PLANT 

SAMPLE 

SITE RWC TCh pH AA SOLUBLE 

SUGAR 
APTI % Increase 

in APTI 

Hevea brasiliensis ES 74.20 0.42 5.10 0.31 0.56 7.59 12.78 

CS 60.24 0.49 5.30 0.53 0.67 6.73 

Dendrocalamus 

calostachyus 

ES 72.41 0.38 3.60 0.29 0.59 7.36 1.94 

CS 69.37 0.37 4.40 0.59 0.71 7.22 

Irvingia 
gabonenesis 

ES 60.08 0.52 6.40 0.47 0.78 6.33 1.44 

CS 57.80 0.55 7.30 0.58 0.84 6.24 

Vernonia 

amygdalina 

ES 58.96 0.49 5.70 0.35 0.52 6.11 21.73 

CS 47.81 0.38 5.70 0.40 0.52 5.02 

Ceiba pentandra ES 70.64 0.33 5.10 0.24 0.44 7.19 1.27 

CS 68.46 0.42 6.40 0.37 0.51 7.10 

Chrysophyllum 
albidum 

ES 42.04 0.34 5.20 0.28 0.39 4.36 29.38 

CS 31.38 0.39 6.40 0.34 0.47 3.37 

Citrus  sinensis L. ES 45.73 0.34 6.20 0.29 0.41 4.76 27.27 

CS 34.37 0.36 6.30 0.46 0.49 3.74 

  

Table 2: Air pollution index value and plant response 

to pollution 
APTI value Response 

30 to 100 

29 to 17 

16 to 1  
˂ 1 

Tolerant 

Intermediate 

Sensitive 
Very sensitive 

 

RESULTS AND DISCUSSION 

Air Pollution Tolerance Index (APTI) is an index that 

denotes the capability of plant to combat air pollution 

stress. Abida and Harikrishna in (2010) reported that 

plant which have higher index value are tolerant to 

air pollution and can be used as sink to mitigate 

pollution, while plants with low index value show 

less tolerance and can be used to indicate levels of air 

pollution. Agbaire and Esiefarienrhe (2009) reported 

that depending on plant sensitivity level, they show 

visible changes which would include alteration in the 

biochemical processes or accumulation of certain 

metabolites.  They further reported that the variation 

of the APTI can be attributed to variation in any of 

the four physiological factors which governs the 

computation of the index. The four physiological 

factors gave conflicting results just as reported by 

Han et al. (1995). A more conclusive deduction can 

thus be drawn from the APTI values. 

 

Relative water content of a leaf is the water present in 

it relative to full turgidity. Water is a crucial 

prerequisite for plant life. According to the study of 

Meerabai et al., (2012), it was reported that the 

relative water content in a plant body helps in 

maintaining its physiological balance under stress 

conditions of air pollution when transpiration rate is 

high. In this study, all the plant species from the 

polluted site gave a higher value for relative water 

content. This is in agreement with Tanee and Albert 

(2012) which reported that it is an indication that 

plants at polluted site retain more water than those at 

unpolluted site. A possible explanation to this might 

be that the plant at the polluted site absorbed more 

water as an adaptive feature which helps in 

maintaining its physiological balance against 

pollution stress. It might also be that it is an  

 

indication that plants with high relative water suggest 

that the pollutant absorbed by the plant is hydrophilic 

which thus, enables the plant to retain more water. 

The present study results support the finding of Jyothi 

and Jaya (2010), Chandawat et al., (2011) and 

Seyyednejad et al., (2011). 

 

All the species under investigation showed lower 

concentration of ascorbic acid content in the 

experimental site as compared to the control site 

(Table 1). In other words, lower ascorbic acid 

contents were associated with lower pH of the leaf. 

Ascorbic acid is a strong reductant and activates 

many biochemical and physiological activities of the 

cell such as cell wall synthesis and cell division. The 

Ascorbic Acid values range from 0.24 – 0.47mg/g in 

the experimental site while in the control site, it 

ranged from 0.37 – 0.59mg/g of the green weight. 

Raza and Murthy (1988) observed that the reducing 

power of the ascorbic acid depends directly on its 

concentration. Pollution load dependent increase in 

ascorbic acid content on some of the plant species 

may be due to the increased rate of production of 

reactive oxygen species (ROS) during photo - 

oxidation of SO2 to SO3 where sulphites are 

generated from SO2 absorbed. Chaudhary and Rao 

(1977), and Varshney and Varshney (1984) are of the 

opinion that higher ascorbic acid content of the plant 

is a sign of its tolerance against sulphur dioxide 

pollution.  

 

Chlorophyll content is an index of productivity of 

plants (Raza and Murphy, 1988). Result reveals that 

71.43% of the plants species selected for the study 

showed higher concentration of total chlorophyll in 

the control site than in the experimental site (Table 

1). The reduction in total chlorophyll might be as a 

result of the effect on the degradation of chlorophyll 

synthesis. This is in line with Joshi and Swami (2007) 

who reported that one of the most common impacts 

of air pollution is the gradual disappearance of 

chlorophyll and concomitant leaf chlorosis which 

may be associated with a consequent decrease in 

photosynthetic capacity. This is also in agreement 
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with Meerabai et al.(2012) and Agbaire (2009). It 

was reported in Allen et al, 1987., Tanee and Albert 

(2012) that certain air pollutants have been reported 

to reduce chlorophyll content (Tiwari et al., 2006; 

Joshi and Swami, 2007 and Joshi et al., 2009) while 

others increase it (Tripathi and Gautam, 2007, 

Agbaire and Esiefarienrhe, 2009). Seyyednejad et al., 

2011 reported that the shading effects due to the 

deposition of suspended particulates matter on the 

leaf surface of plant might be responsible for the 

decrease in the concentration of chlorophyll in 

polluted site. This might clog the stomata, thus 

interfering with the gaseous exchange, which leads to 

an increase in leaf temperature which may 

consequently retard chlorophyll synthesis. Also, the 

reduction of chlorophyll may further be attributed to 

the release of acidic pollutant such as SO2 which 

cause phaeophytion formation by the acidification of 

chlorophyll. 

 

The result of pH of leaf extract was quite variable in 

this investigation with the mean alkaline value, 

maximum at 7.30 in the control site and 6.40 for 

Irvingia gabonenesis in the experimental site. 

Minimum value recorded for Dendrocalamus 

calostachyus in the control site was 4.40 and for 

experimental site, it was 3.60. It was reported by 

Tiwari et al. (2006) that leaf extract pH plays a 

significant role in regulating SO2 sensitivity of plant. 

Muhammed et al (2011) reported that in the presence 

of an acidic pollutant, the leaf pH was lowered and 

the decline was greater in sensitive than that in 

tolerant plant (Scholz and Reck, 1977), thus higher 

level of leaf extract pH in plants under polluted 

condition may increase their tolerance level to air 

pollutants. 

 

Soluble sugar is an important constituent and source 

of energy for all living organisms. Plant manufacture 

this organic substance during photosynthesis and 

break them down during respiration (Seyyed and 

Haniyeh, 2013; Tripathi and Gautam, 2007). In this 

study, the concentration of soluble sugar in the plant 

leaves collected from the experimental site were 

found to be reduced when compared with those 

collected from the control site. This is in agreement 

with Tripathi and Gautam (2007). Their study 

revealed significant loss of soluble sugar in all tested 

species at all polluted sites. The concentration of 

soluble sugar is indicative of the physiological 

activity of a plant and it determines the sensitivity of 

plants to air pollution. Reduction in soluble sugar 

content in polluted stations can be attributed to 

increased respiration and decreased CO2 fixation 

because of chlorophyll deterioration. This was 

revealed in this study by the decreased in the 

concentration of total chlorophyll content in the 

experimental site as compared to the control sites. 

Seyyed and Haniyeh (2013) reported that the 

deleterious effects of the pollutants are caused by the 

production of reactive oxygen species (ROS) in 

plants, which cause peroxidative destruction of 

cellular constituents (Tiwari et al., 2006). Vernonia 

amygdalina witness an approximately the same 

concentration of soluble sugar in both control and 

experimental site but observed an increase in total 

chlorophyll in experimental site as compared to the 

control site. Several factors could be responsible for 

such results. Seyyed and Haniyeh (2013) suggested 

that for some species, the biggest effects of air 

pollution treatment are associated with the early stage 

of the life cycle (Honour et al., 2009). Also, the long 

term and low  concentration exposures of air 

pollution produces harmful impacts on plant leaves 

without visible injury. 

 

Table 1 show the APTI values for both experimental 

and control site. Results show that plants growing in 

polluted (experimental) site have higher APTI values 

as compared to plant growing in the control site. 

Ceiba pentandra, Irvingia gabonenesis and 

Dendrocalamus calostachyus are sensitive species 

with percentage increase in APTI values of 1.27, 1.44 

and 1.94 respectively while Hevea brasiliensis, 

Vernonia amygdalina, Citrus  sinensis L.and 

Chrysophyllum albidum can be regarded as an 

intermediate species with a % percentage increase of 

12.78, 21.73, 27.27 and 29.38 respectively 

 

In summary, combining a variety of parameters can 

give more reliable results than those based on a single 

biochemical parameters. The APTI determination 

provides a reliable method for screening large 

number of plants with respect to their susceptibility to 

air pollutants. The method is simple and convenient 

to adopt under field conditions without adopting any 

costly environmental monitoring gadgets. The results 

of such studies are useful for future planning and may 

be helpful to bring out possible pollution control 

measures. The present study suggests that plants have 

the potential to serve as excellent quantitative and 

qualitative indices of pollution; since biomonitoring 

of plant is an important tool to evaluate the impact of 

air pollution on plants.   
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