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Abstract 
Air pollution involves human introduction into the atmosphere of chemical, particulate matters or 
biological materials that causes harm or discomfort to human or other living organisms or 
damages the environment. Using plants as indicators of air pollution is a cheaper way of accessing 
air pollution rather than adopting very costly environmental monitoring gadgets. The principal 
thrust of this paper seek to review the sources of air pollution, and various works on Air pollution 
tolerance index (APTI) as it affects the major biochemical parameters (pH , Ascorbic acid, Total 
Chlorophyll and Relative water content ) and some biochemical parameters (Proline and Soluble 
sugar) that are indicators of air pollution . Using these bio-chemical parameters are very reliable 
method for screening plants in other to ascertain their susceptibility to air pollutants. 
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Introduction 
Pollution is the introduction of contaminants into the natural environment that causes 
hazards, disorder, danger to health, welfare of any living species (Ababio, 1990). Various 
forms of pollution includes: Land, Air, Noise and Water pollution. There are various 
forms of pollution which are listed below along with the pollutants relevant to each of 
them:  
 

1. Air Pollution: The release of chemicals or particulate into the atmosphere. 
Examples are carbon monoxides, sulphur dioxide, nitrogen oxides.  

2. Water Pollution: This is caused by the discharge of waste water from commercial 
and industrial waste (intentionally or through spill) into the surface water or into 
surface run offs.  

3. Land Pollution: This involves the deposition on land of solid waste that cannot be 
broken down quickly or that cannot be broken down at all by the action of organic 
or inorganic forces.  

4.  Sound pollution: This includes roadway noise, air craft noise, industrial noise 
(Ogboru et al., 2014). 
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Air pollution can be defined as the introduction of chemicals, particulate matters or 
biological materials into the atmosphere; causing harms to man and other living 
organisms or damage to the environment (Agbaire, 2009). Pollutants pumped into the 
atmosphere which directly pollute the air are called primary pollutants, while those 
formed in the air from reactions of primary pollutants are known as secondary 
pollutants (Agbaire and Esiefarienrhe, 2009). The primary cause of air pollution is 
linked to human activities in their immediate environment (Odilara et al., 2006). This 
constitutes severe problem facing the world today due to the regular change in 
concentration levels of gaseous pollutants such as CO, CO2, NOX, SOX etc. in the 
environment (Johan and Iqbal, 1992; Joshi et al., 2009). These gaseous pollutants affect 
plants directly via leaves or indirectly via soil acidification (Steubing et al., 1989). 
Pollutants can cause leaf injury, stomata damage, premature senescence, decrease 
photosynthetic activities, disturb membrane permeability and reduce yield in sensitive 
species (Tiwari et al., 2006). 
 
Some Parameters that are Indicative of Air Pollution  
Leaf Relative Water Content (RWC) 
Water is a crucial pre-requisite for plant life. Shortage of water may cause severe stress to 
terrestrial plants (Singh and Verma, 2007). RWC is an appropriate estimate of plant water 
status in terms of cellular hydration under possible effect of both leaf water potential and 
osmotic adjustment. Normal values of RWC range between 98% in turgid and transpiring 
leaves to about 40% in desiccated leaves. Reduction in RWC of plant species is due to 
the impact of pollutants on the transpiration rate in leaves (Swami, Bhatt &Joshi, 2004). 
Therefore the plants with high relative water content under polluted conditions maybe 
tolerant to pollutants. 
 
The standard method used to measure Relative water content is measured using the 
formulae:  
 
RWC (%) = [(FW-DW)/(TW-DW)] x 100  
Where, 
FW  – Sample fresh weight  
TW  – Sample turgid weight  
DW  – Sample dry weight (Seyyednejad, 2011) 
  
Total Chlorophyll Content (TCH) 
Chlorophyll is a green pigment found in leaves of plant and it is one of the major factors 
of photosynthetic capacity. Air pollution stress mostly leads to stomata closure, which 
reduces CO2 availability in leaves and inhibits carbon fixation. It is reported that 
depending on their sensitivity level, plants show visible changes which would include 
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alteration in the biochemical processes or accumulation of certain metabolites (Agbarie 
and Esiefarienrhe, 2009). 
 
One of the most common impacts of air pollution is the gradual disappearance of 
chlorophyll and concomitant yellowing of leaves, which may be associated with a 
consequent decrease in the capacity for photosynthesis (Joshi and Swami, 2007). 
Chlorophyll measurement is an important tool to evaluate the effects of air pollutants on 
plants as it plays an important role in plant metabolism and any reduction in chlorophyll 
content corresponds directly to plant growth (Joshi and Swami, 2009). High amount of 
gaseous SO2 causes destruction of chlorophyll Tripathi and Gautam, 2007). Several 
researchers have recorded reduction in chlorophyll content under air pollution (Tiwari et 
al., 2006; Tripathi and Gautam, 2007; Joshi and Swami, 2007, 2009; Josh et al., 2009). 
Studies of Miria et al., 2008; Tripathi and Gautam, 2007 also suggested that high levels 
of automobile pollution decreases chlorophyll content in higher plants near roadsides. 
Two standard formulae have been adopted by researchers in calculating Total 
Chlorophyll. One of these methods was described by Lichtenthaler(1987). It was done by 
the formulae below: 

 
  
 
 
 
% Total Chlorophyll = 
 

(Chlorophyll a + Chlorophyll b) mg/g 
Where  
D645=absorbance of leaf extract at 645nm  
D663=absorbance of leaf extract at 663nm 
V= Total volume of chlorophyll in solution 

W= weight of tissue extracted in grams 
 
Leaf Extract pH 
pH is the measure of the acidity and alkaline of the leaf extract. Water is said to be 
neutral with a pH of 7.0 at 250C. Leaf extract with a pH greater than 7.0 are basic or 
alkaline while that of less than 7.0 are acidic. 
pH is defined as; – log H+ = log H+ = log 10  
H+  
 
Where H+ is the acidity of hydrogen ions  
The changes in leaf-extract pH may influence the stomata sensitivity to air pollutants. 
The plants with high sensitivity to SO2 and NO2 closed the stomata faster when exposed 

1000W
V x 2.69(D645) - (D663)7.12aChlorophll

1000W
V x 4.68(D663) - (D645)9.22bChlorophll
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to the pollutants (Larcher, 1995). Plants with low pH are more susceptible while those 
with pH around 7 are tolerant (Singh and Verma, 2007). It has been reported that in the 
presence of an acidic pollutant, the leaf pH is lowered and the decline is greater in 
sensitive than that in tolerant plants (Scholz and Reck, 1977), thus higher level of leaf-
extract pH in plants under polluted condition may increase their tolerance level to air 
pollutants. A pH meter is used to measure pH of leaf extract. 
 
Ascorbic Acid Content (AA)  
Ascorbic acid is a naturally occurring organic compound with antioxidant properties 
which may prevent the damaging effect of air pollutant in plant tissues (Singh et al., 
1991). Ascorbic acid is one form (vitamin) of vitamin C. Ascorbic acid plays a significant 
role in light reaction of photosynthesis (Singh and Verma, 2007), activates defense 
mechanism (Arora et al., 2002). It is also a strong reducer of pollutants, with the reducing 
power directly proportional to its concentration (Larcher, 1995). Earlier reports shows 
that a definite correlation between ascorbic acid content and resistance to pollution exist 
in plants (Varshney and Varshney, 1984). Resistant plants contain high level of ascorbic 
acid, while sensitive plants possess a low level of ascorbic.  
 
Air Pollution Tolerance Index (APTI) 
Air pollution tolerance index is used by landscapers to select plant species tolerant to air 
pollution. In recent studies, APTI has been extensively used to rank plant species in order 
of tolerance of air pollution. Level of tolerance to air pollution varies from species to 
species, depending on the plant’s capacity to withstand the effect of pollutants without 
showing damage. (APTI) based on all four parameters has been used for identifying 
tolerance levels of plant species. The plant species which are more sensitive acts as 
biological indicators of air pollution while the plants species that are tolerant to Air 
Pollution acts as sink. The response of plants to air pollution of physiological and 
biomedical levels can be understood by analyzing the factors determining resistance and 
susceptibility. Several contributors agreed that air pollution affects plant growth (Rao, 
2006, Bhatia, 2006). Studies also show the impacts of air pollution on the following 
characteristics in plants, the ascorbic acid content (Hoque et al., 2007), Chlorophyll 
content (Flower et al., 2007), leaf extract pH (Klumpp et al., 2000), Relative water 
content (Rao, 1979), Soluble sugar content (Assade et al., 2011), Proline content (Bates 
et al., 1975). APTI can be identified using the four (4) biochemical parameters earlier 
discussed, which include the following:  
 

– Relative Leaf Water Content (RWC)  
– Total Chlorophyll Content (TCH)  
– Leaf pH Extract  
– Ascorbic Acid (AA) content 
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The formulae for calculating Air Pollution Tolerance Index (APTI) is thus: 
 

 
  
T  = Total Chlorophyll in mg/g 
P  = pH of leaf extract 
R  = Relative water content in mg/g 
AA  =  Ascorbic acid in mg/g 
 
Soluble Sugar  
Soluble sugar is a very vital constituent and source of energy of all living organism. The 
concentrations of soluble sugars are indicative of the physiological activity of a plant and 
it indicates sensitivity of plants to air pollution (Tripathi and Gautam 2007). Soluble 
sugars have been reported to play a protective role against stresses (Finkelstein and 
Gibson, 2011). Reduction in soluble sugar content in polluted sites can be attributed to 
increased respiration and decreased CO2 fixation because of chlorophyll deterioration. It 
has been mentioned that pollutants like SO2, NO2 and H2S under hardening conditions 
can cause more depletion of soluble sugars in leaves of plant grown in polluted areas. 
Soluble sugar is usually analyzed for in the lab using the UV-spectroscopic method 
described by Mohammad and Heidari. (2008).  
 
Proline 
Plants resort to many adaptive strategies in response to environmental stress such as 
dehydration and excessive osmotic pressure (Rensburg and Kruger, 1993) These adaptive 
mechanisms include changes in physiological and biochemical processes. Adaptation to 
all these forms of stresses are associated with metabolic adjustments that lead to 
accumulation of several organic solutes like sugars, polyols, butaines and proline 
(Yancey et al.,1982). Proline is of special interest because of its extensive accumulation 
in plants during environmental stress (Wang et al., 2009). Proline increases in a polluted 
environment than in an environment that is less polluted which demonstrates good 
resistance and tolerance of plants to air pollution. (Agbaire and Akporhonor, 2014). 
 
Conclusion 
Air pollution is a problem which is on the increase due to rapid industrialization in the 
world today. This paper clearly looks at the various bio-chemical parameters which are 
indicative of air pollution and suggests that Air pollution Tolerance Index (APTI) as a 
reliable method for screening large number of plants in other to ascertain their 
susceptibility to air pollutants. Plants with low pH should be planted in polluted area to 
act as sink of air pollutants. Resistant plants planted in polluted areas must be plants that 
have high Total chlorophyll and Ascorbic acid levels. The concentration of soluble sugar 
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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 plants found on polluted 
sites can be attributed to increased respiration and decreased CO2 fixation because of 
chlorophyll deterioration. It was also found that pollutants like SO2, NO2 and H2S under 
hardening conditions can cause more depletion of soluble sugars in leaves of plants 
grown in polluted area. Proline has a main role in the protection of plants from different 
kinds of environmental stress. Proline increases in a polluted environment than in an 
unpolluted environment and demonstrates good resistance and tolerance of these plants to 
air pollution. So plants with high proline level should be planted in polluted areas 
because of their ability to withstand stress. 
 
References 
Ababio, O.Y. 1990. A New School Chemistry Senior Secondary Series. African FEP 

Publishers Ltd. 252-254.  
Agbaire, P.O and Akporhonor, E.E. (2014): The Effects of Air Pollution on Plants around 

the vicinity of the Delta Steel Company, Onwian-Aladja, Delta State, Nigerian 
Journal of Environmental Science, Toxicology and Food Technology. ISSN 2319-
2399. 8(2): 61-65. 

Agbaire, P.O. and Esiefarienrhe, E. 2009. Air pollution tolerance indices (APTI) of some 
plants around Otorogun Gas Plant In Delta State, Nigeria. Journal of Applied Science 
Environmental Management. 13:11-14 

Agbaire, P.O. 2009. Air pollution Tolerance Indices (APTI) of some plants around 
Erhoike-Kokori Oil exploration site of Delta State, Nigeria. International Journal of 
Physical Sciences. 4:366-368. 

Arora, V. K. 2002. The use of the aridity index to access climate change effect on annual 
runoff. Journal of Hydrology.265:164-177. 

Assadi, A., Pirbalouti, G.A., Malekpoor, F., Teimori, N. and Assadi, L. 2011. Impact of 
air pollution on physiological and morphological characteristics of Eucalyptus 
camaldulensis Den. Journal of Food, Agriculture and Environment. 9(2): 676-679. 

Bates, L.S., Waldern R.P and Teare D. 1973. Rapid determination of free proline for 
water stress studies. Plant and Soil, 39:205-207. 

Bhatia, S.C. 2006. Environmental Chemistry. CBS Publishers and Distributor, India,  
p. 553. 

Finkelstein, R.R and Gibson S.I. 2001. ABA and sugar interactions in regulating 
development: cross- talk or voices in a crowd. Curr. Opin. Plant Biology, 5:26-32. 

Flower, M.D, Fiscus E.L. and Burkey K.O. 2007. Photosynthesis, Chlorophyll 
Fluoecence and yield of snap bean (Phaseolus vulgaris L) genotype differing in 
sensitivity to ozone. Evironment. Exp. Botany. 61: 190-198. 

Hoque, M.A., Banu, M.N. and Okum, E. 2007. Exogenous Proline and Glycinbetaine 
increase Nacl-induced Ascorbate glutathione cycle enzyme activities improves salt 



544    38th Annual Conference of Forestry Association of Nigeria (FAN) 
 

 

tolerance more than Glycinbetaine in Tobaccoc bright yellow-2-suspension- cultured 
cells. Journal of Plant Phsiology. 164: 1457-1468. 

 Joshi, P.C and Swami, A. 2007, Physiological responses Journal of Environmental 
Biology. 30:295-298of some tree species under roadside automobile pollution stress 
around city of Haridwar, India. Environmentalist, 27:365-375. 

Klumpp, T., Furlan, C.M., Domingos, M and Klumpp, A. 2000. Response of stress 
indicators and growth Parameters to Tibouchinapulchralogn exposed to air and soil 
pollution near the industrial complex of Cubatao, Brazil. Science Total Environment 
246:79-91. 

Larcher, W. 1995. Physiological Plant Ecology. Berlin: Springer 
Lichtenthaler, H.K 1987. Chlorophylls and Carotenoids pigments of photosynthetic 

membranes. Method Enzymology, 48:350-382. 
Miria, A. and Anisa Basheer Khan 2013, Air pollution Tolerance Index and Carbon 

storage of selected Urban Trees: A Comparative Study. International Journal of 
Applied Research and Studies. ISSN: 2278-9480. 2(5): 1-7. 

Mohammad Khani, N. And Heidari R. 2008. Drought induced accumulation of soluble 
sugars and proline in two varieties. World App. Sci J. 3(3): 448-453. 

Odilara C.A., P.A. Egwaikhide, A. Esekheigbe and S.A. Emua 2006. Air Pollution 
Tolerance Indices (APTI) of some plant species around Ilupeju Industrial Area, 
Lagos. J. Eng. Sci. Appl., 4:97-101 

Ogboru R.O., I. Agboje., C. Mangodo and I.D Arabambi 2014. Air Pollution Effects on 
Climate Change. Proceedings of the 1st Faculty of Agric/ Technology International 
Conference held in Rufus Giwa Polytechnic Owo, Ondo State, Nigeria. 15th – 17th 
April, pp. 217-222. 

Rao, C.S. 1979. Plants as a pollution monitoring device. Fertilizer News. 24: 25-28. 
Rao, C.S. 2006. Environmental Pollution Control Engineering. 2ND Edition. New Age 

International Publishers, Anand Gujarat, p. 440. 
Rensburg, V.L. and Kruger, G.H.J. 1993. Differential inhibition of photosynthesis (in 

vivo and in vitro) and changes in chlorophyll a fluorescence induction kinetics of 
four tobacco cultivars under drought stress. Journal of Plant Physiology 100:424-
432.  

Scholz, F. and Reck, S. 1997. Effects of acids on forest trees as measured by titration 
invitro inheritance of buffering capacity in Picea-Abies. Water, Air, Soil Pollution. 
8:41-45. 

Seyyednjad, S.M., K. Majdian, H. Koochak and M. Niknejad 2011. Air Pollution 
Tolerance Indices of Some Plants Around Industrial Zone in South of Iran, Asian 
Journal of Biological Sciences, 4:300-305. 

Singh, S.N., Rao, D.N., Agrawal, M., Panddey, J. and Narayan, D. 1991. Air Pollution 
tolerance index of plants. Journal of Environmental Management, 32:45-55. 

Singh, S.K. and Rao, D.N. 1983. Evaluation of the plants for their Tolerance to Air 
Pollution, Symposium on Air Pollution control held at IIT, Delhi, pp. 218-224. 



Ogboru, R. O., Agboje, I., Okolie, P. L., Mangodo, C.  and Arabambi, I. D.     545 
 

 

 

Singh and Verma 2007. Phytoremediation of air pollutants: A review in environmental 
Bioremediation Technology, Singh, S.N and R.D Tripathy (Eds), Springer, Berlin 
Heidelberg 1:293-314. 

Stuebing L, Fangmier R and Both R. 1989. Effects of SO2, NO2 and O3 on population 
development and morphological and physiological parameters of native herb layer 
species in a Beech Forest. Environmental Pollution. 58:281-302. 

Swami, A., Bhatt, D. and Joshi, P.C. 2004. Effects of automobile pollution on sal (Shorea 
robusta) and rohini (Mallatous Phillipinensis) at Asarori, Dehradun. Himalayan 
Journal of Environment and Zoology, 18(1): 57-61. 

Tiwari, S and M. Tiwari 2006, Air Pollution Tolerance Indices of Few Plants Growing 
near Raigarh (India). Journal of Environmental Research and Development.1(2): 
129-135. 

Triphati, A.K and Gautam, M. 2007. Biochemical parameters of plants as indicators of air 
pollution. Journal of Environmental Biology, 28(1): 127-132. 

Varshney, S.R.K. and Varshney, C.K. 1984. Effect of sulphur dioxide on ascorbic acid in 
crop plants. Environmental Pollution, 35: 285-291. 

Wang, F., B. Zeng., Z Sun and Zhu, C. 2009. Relationship between proline and Hg2+ 
induced oxidative stress in a tolerant rice mutant. Journal of Environment, 
Contamants and Toxicology, 56:723-731. 

  


