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SUMMARY 

               It goes without saying that the anthropogenic activities are the primary sources of emission of oxides of 

sulphur (i.e. SO2), oxides of nitrogen (i.e. NO & NO2) and reduced nitrogen (as gaseous NH3 or NH4+) in the 

atmosphere. All living beings and the material structures are vulnerable to all the gaseous pollution in the form 

of dry deposition or wet precipitation. Extinction and re-colonization of plant species (e.g. Bryophytes and 

Lichens) are also likely due to the acidic input in an environment over an extensive period of time (Bharali and 

Bates, 2006). The cell membrane functioning is disrupted by reactive ionic species of the acidic pollutants either 

due to lipid peroxidation in membrane or breakdown of disulphide bonds in membrane proteins. However, soil 

pH regulates the level of tolerance or susceptibility of calcifuges (acid loving) and calcicole (acid abhorrence) 

plants species to the pollution. So, some sensitive plant species especially the microphytes have been used as bio-

monitoring agents and pollution mapping in urban and peri-urban areas of a region. 

 

INTRODUCTION 

Sulphur dioxide is one of the major contributors of air pollution in the urban and industrialized areas, 

places nearby thermal power station burning fossils, mostly coals; smelters, brick kilns, and in the cities, where 

there is mass growth of vehicles igniting oils. The concentration of sulphur dioxide along with other noxious 

gases viz., oxides of nitrogen and carbon, suspended particulate matter, heavy metals like lead, have been 

increasing in the cities by several folds. Unless emission of these primary and creation of other secondary 

pollutants e.g. ozone, are devised to transform into harmless forms, and exhausted out safely from the point of 

sources, there is impending grave danger not only to the surrounding habitats of flora and fauna, but to the general 

health of the human and animal being too. Because, SO2 on hydration with water generates its different types of 

ions viz.,Sulfite, bisulfite, and undissociated sulphurous acid (Saunders and Wood, 1973). Likewise, NO and NO2 

are reactive with water, produces dilute nitrous and nitric acid, and on their dissociation, produces nitrite and 

nitrate ions for further assimilation to amino acids in general. The other NOx species i.e N2O (nitrite) is non 

reactive, and behaves as greenhouse gas in the atmosphere. There is every reason to consider oxides of nitrogen 

and reduced nitrogen at higher level as the phytotoxic rather than alternative nutrient for fertilizing vegetation on 

earth (Bharali et al., 2015ab).  

Sulphur dioxide by dint of hydration may become very corrosive to monuments, heritage buildings, and 

other concrete structures, causes water bodies acidic in reaction, and threaten the very existence of the valuable 

aquatic lives. One of the examples of the adverse effects of sulphur dioxide is that in the coal mined areas, the 

rain water is acidic and the iron sheets used over the roof tops of the houses become damaged soon. Therefore, 

monitoring and abatement of the nefarious effects of sulphur dioxide gases are important. Bio-monitoring of the 

gaseous pollutants in the atmosphere using sensitive plant species would be one of the rewarding approaches as 

it’s cheaper predictable method in the present day changing environment.  

 

Discussion 
In Indian coals, sulphur content is about 0.6-3.0%; in crude oil, 1-3 % by weight, and despite the liquid 

nitrogen gas (LNG) and liquid petroleum gas (LPG) contain negligible quantities of sulphur, burgeoning growth 

of vehicles, particularly of diesel ones are our prime concern for air pollution in the urban environment. Sulphur 

dioxide when settles on somewhere as such, is a dry deposited gas, but its conjugation with water forms a solution 

or its product, and the deposition is marked as wet  deposition or it is cloud mist called occult deposition.  In 

solution, sulphur dioxide exists in three ionic forms viz., sulphite, bisulphite, and undissociated sulphurous acids. 

Sulphite predominates at 6.0 or above a pH level i.e. the negative logarithmic value of hydrogen ion, bisulphite 

at pH 2-4, and sulphurous acid appears as a minor component at pH 4.0. (Bharali and Bates, 2002) The dissolved 

sulphur solution is diluted by calcium richer compound with higher pH. Thus, the deleterious effect of the 

deleterious ionic factor is bypassed inside cellular environment. Moreover, metal ions absorbed by plants from 

Bio-Monitoring and Detoxification of Gaseous Pollutants in an Environment 

http://www.agricosemagazine.com/


  AgriCos e-Newsletter (ISSN: 2582-7049)                                                    02 (06) June 2021 

  www.agricosemagazine.com                                                                                                   71 

the growing environment impact straightway towards the physiological adjustment or amelioration of the plant 

communities due to the  pollutants.  

In plants, the dry deposited sulphur diffuse into the leaves; becomes abundant in the intercellular water 

as the ionic forms depending on the hydrogen ion concentration or pH gradient inside the mesophyll cell. In 

general, the cell membrane establishes a little hindrance against the passage of dissolved sulphur dioxide into the 

cell. All the ionic forms are highly reactive. In some plants, the sulphur pollutant is predominantly metabolised 

in the chloroplasts, an organelle responsible for food production in cell systems, whereas in some other plants the 

chlorophyll, the green pigments are degraded and turned functionless. The non flowering plants especially lichens 

and bryophytes are a little sensitive or insensitive to sulphur dioxide, when they are dry in winter, but these plants 

are metabolically most active during the cool, moist periods of the year, and exposure of them to the gaseous 

sulphur at this time, the growth and reproduction are interacted. In nature, mosses, the small group of bryophytes, 

do not appear, where there is the winter mean concentration of sulphur dioxide exceeds 50 µg per m3. So the 

mosses are among the most sensitive organisms to atmospheric pollution by sulphur dioxide. Injury to plant cell 

membrane (plasma membrane) and loss of permeability regulation have been regarded as the major negative 

consequence of sulphur dioxide (Bharali and Bates, 2004), Hence, the efflux of potassium ion from living cells 

has proved to be a useful bio-indication tool to the presence of sulphur dioxide pollution in urban environment. 

Because, the sulphur pollutants react with unsaturated fatty acids present in cell membrane, as well as sulphydril 

groups and break disulphide bonds in membrane proteins. 

The diffused oxides of nitrogen plausibly form physiologically reactive ionic species viz., nitrate and 

nitrite along with protons inside the mesophyll cells. The oxides of nitrogen at concentration >10 µll-1 is lethal to 

plant system as it is involved in cell damage by membrane interference. Ammonia and particulate ammonium 

also acidify ecosystem (McClean et. al. 2011). The optimal concentration of the reduced nitrogen is 1mM, beyond 

which it causes toxicity to plant cells which is evidenced by depletion of membrane bound cations (e.g. Ca2+) 

leading to electoral leakage pushing cell to death (Bharali et al., 2016). 

Bryophytes occupying calcareous substrata can tolerate higher levels of sulphur dioxide pollution than 

those growing on acid materials. Several terricolous (soil growing) mosses show a restriction to calcareous soils, 

where the same species do disappear from the places previously polluted by sulphur dioxide. There is a notion 

that calcium ion exerts a protective influence on cell membrane permeability. Soils rich in Calcium, Nickel, Zink, 

and Magnesium reduce the membrane fracture and potassium leakage from the plants upon exposure to aqueous 

sulphur dioxide. However, metal ions like Lead, Copper accelerate the pollutant induced potassium loss from the 

same group of plants. So, it suggests that some positive ions captured in the soil-air environment play a crucial 

role in sensitivity of the plants, or the other way the plants may help in recognising the pollutants. Bryophytes 

have assumed importance in pollution monitoring in recent decades, The simple morphology of the plants makes 

them highly susceptible to the atmospheric pollution. The plants lack a well-developed cuticle and the root system, 

So, the plant readily absorb pollutants from the atmosphere through wet and dry deposition. The pollutant 

absorbing capacity of bryophytes is also higher than those of vascular plants are. At full hydration, the mosses 

are metabolically very active and absorb the gas maximum. In the dry condition, the cell reduces its cytoplasm 

volume, metabolic activity declines and little acceptance of the pollutants is possible.  

Bryophytes occupy a range of other habitats including tree bark, rocks, roof tops etc. Although 

bryophytes commonly grow on soil, they normally do so successfully under poor conditions of light, temperature 

and nutrients owing to competition with vascular plants.  Profound differences exist between the bryophytes on 

calcareous soils and those found on non-calcareous substrata. Substrate acidity and its effects on solubility of soil 

elements and tissue cation exchange capacity are apparently major factors in the determination of the terricolous 

bryophytes as regard to their habitats. Thus, bryophytes on calcareous substrata,  having higher exchangeable 

calcium by 16-17 folds, and greater cation exchange capacity by 3-4 times, provide protection against sulphure 

pollution than those on acid environment. For instance, bryophytes growing on asbestos sheet used for roofing 

on houses can tolerate higher levels of sulphur dioxide than the same group of plants on tree trunks in cities. The 

author of this piece of writing, too, tested hypothesis that in last few decades an increasingly restricted distribution 

of some terricolous mosses, from a wide range of soils, apparently occurred in the greater London area, in response 

to former heavy pollution by sulphur dioxide during and after the industrial revolution in the nineteenth century 
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in the Europe. Of course, re-colonization of these species of Bryophytes had been occurring luxuriously in the 

previously polluted areas, because of decline of sulphur dioxide pollution by virtue of socioeconomic policies 

adopted strictly, especially in the Great Britain and elsewhere (Bharali, 2013). 

 

CONCLUSION 

As we are concerned with the health of all sorts of living being inclusive of human, terrestrial land, 

aquatic plants and organisms, pollution by noxious acidic gases like sulphur dioxide and oxides of nitrogen in the 

atmosphere, and  neutralization of the negative consequences of these, need to be looked into deeply for 

sustainable growth, and productivity of entity. Microphytes encompassing Bryophytes and Lichens play pivotal 

role in bio-monitoring and reducing atmospheric pollution by sulphur dioxide along with other gases (e.g. oxides 

of nitrogen) in the towns and cities, where there is crowded automobile escalation and remarkable up scaling of 

small, medium to large industries responsible for gaseous emission unless these are under close supervision of 

socioeconomic policies and enforced jurisdiction. 
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