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Abstract: Urban and Suburban ambient air concentrations of Total Volatile Organic 

Compound (TVOC) were measured in Bilaspur city (Urban), Ratanpur (Suburban) and 

GuruGhasidasVishwavidyalaya (GGV, control), in Chhattisgarh.Bilaspur city was 

selected as a case study to assess the ambient air quality of TVOC specially released 

from the motor vehicle at the roadside.The spatial distribution during summer as well as 

correlation of TVOC at four sites in urban, suburban and control site at GGV campus 

were analysed. The TVOC analyzer (Phochech Tiger), Ion Science U.K. was used to 

analyse the concentration of TVOC at each site of the study area. The result show higher 

variation in TVOC concentration at urban, suburban (roadside) and GGV campus which 

is rich in greenery and having less vehicular load. The maximum TVOC has been 

observed at the site U4 144±5.8 ppb (near railway station). This is due to heavy 

vehicular load emission of semioxidised fuel.Through the study, low concentration of 

TVOC was found at a control site where low vehicular load and highest at urban areas. 
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INTRODUCTION 

The ambient air quality of cities become increasingly deteriorated worldwide and people were 

concerned about their health. Air quality monitoring has extended beyond the criteria pollution 

(carbon monoxide, sulphur dioxide, oxide of nitrogen, ozone and particulate matter) to include 

measurement of some toxic air pollutants (TAPs) such as volatile organic compounds (VOCs).VOCs 

are carbon-based compounds that have vapour pressure to significantly vaporise and enter the 

atmosphere. Generally, VOCsare emitted from natural and anthropogenic sources. The major 

anthropogenic sources of VOCs are industrial processes, oil refining and from the vehicle. The use of 

solvents containing products and industrialized and agricultural sources1.VOCs are an important class 

of air pollutants commonly found in the urban and industrial atmosphere2. Traffic and its related 

sources are known to be a major source of non-methane hydrocarbons (NMHCs i.e., alkenes, alkynes 

and aromatic HCs) in urban areas3-4 but in an industrial and residential area, other sources may also be 

important.In urban areas, a group of aromatic VOCs (benzene, toluene, ethylbenzene and xylenes) 

collectively called BTEX to constitute up to 60% of non-methane VOCs5. Materials like paints, 

varnish, waxes, cleaning supplies and adhesive used in building construction also emit the 

VOCs.Once VOCs are emitted into the atmosphere, they cause not only pollution problem on a local 

scale but also play an important role on a regional scale like acid rain, photochemical ozone formation 

initiated by the reaction with OH radicals in the troposphere in the presence of nitrogen oxides and 

sunlight6. In VOCs, which are the main group of hydrocarbons in the atmosphere, play an important 

role in the formation of ozone and other photochemical oxidants inthe troposphere7.The short term 

adverse effects include conjunctive irritation, nose and throat discomfort, headache and sleeplessness, 

allergic skin reaction, nausea, fatigue and dizziness. While, long term adverse effect includes loss of 

coordination, leukaemia, anaemia, cancer and damage to the liver, kidney and central nervous 

system8-9.  

The monitoring of TVOCs at different sites helps to layout preventive measure to protect human 

health from the effects of a higher concentration of TVOCs. Therefore, the present study has been 

taken to measure the concentration of TVOCs at a different site in Bilaspur city (Urban), Ratanpur 

(Suburban) and GGV campus (control site) which is rich with and less vehicular load. 

MATERIAL AND METHODS 

Bilaspur (urban site) is situated at the latitude-22.0796° N and longitude-82.1391° E with elevation 

262 m. The latitude of Ratanpur (suburban site) is-22.2812° N and longitude-82.1550° E andGuru 

GhasidasVishwavidyalay is situated at the latitude-22.1293° N and longitude-82.1360° E, in Bilaspur 

district of Chhattisgarh State. The Vishwavidyalayacampus is spread over an area of 650 acres and 

represents rich greenery having different tree species.The four sites have been selected to know the 

TVOC concentrations in urban, suburban and control site (GGV campus). The measurements were 

made during morning time between 10:00 am to 12:00 noon and fifty random instant reading were 

taken at each site at a time. During March,April, May and June the average of all four month data 

have been taken into consideration of the summer TVOC status at different sites. 

The TVOC concentration was measured at a site by using the instrument TVOC analyser (Phochech 

Tiger), Ion Science U.K. Phochech Tigerworks on the principle of the PID detection and measures 

450 different types of VOCs and gives a total concentration of TVOC (ppb) for a particular point of 

the site. 



Total …                                                                                                                    Prasen Jeet and  S S Singh.   

 

 

641 IJGHC, June 2019 –August 2019; Sec. A; Vol.8, No.3, 639-644.;    DOI: 10.24214/IJGHC/GC/8/3/63944.  

 

RESULT AND DISCUSSION 

The average TVOCs concentrations of month March to June 2017 of urban, suburban and control site 

were recorded and presented in Fig 1, Fig 2 and Fig 3. The significant temporal variations of TVOCs 

at each point of the study site were obtained. The results show that the TVOCs concentration in urban 

and suburban areas was highest wherethe vehicular load was high in contrastto the control site where 

TVOCs concentration was lowest. This is due togreenery and low vehicular load. VOC emission 

could not only be resulted from the industrial sources but also be affected by surrounding traffic 

sources10.Everydaya large amount of VOCs is released from both stationary and mobile 

anthropogenic sources. The major sources of VOCs arean industrial process, oil refining and vehicular 

movement, the use of solvents containing products and agricultural sources1,11. TVOCs and Ozone 

concentration were higher where the heavy vehicular load has been recorded and lowest at a 

residential area having controlled vehicular movement, surrounded by natural forest cover12. 

Site description 

Table1:  Description of sites in control, urban and suburban area. 

Site 

name 

Type Site 

name 

Type Site name Type  

C1 Forestry 

Nursery site 

SU1 Vehicular pollution U1 Vehicular pollution 

C2 HighTree cover SU2 Bus stand U2 Less Vehicular pollution 

C3 Residential area SU3 Heavy traffic U3 Moderate Vehicular load 

C4 Vehicle parking 

site 

SU4 Open area U4 High vehicular load 

C-Control site, SU-suburban site, U-urban site 
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Fig 1: TVOCs concentration at Control site. 

All values are average(n=50)±SD during  

March, April, May and June 

Fig 2: TVOCs concentration at suburban 

site. All values areaverage  (n=50)±SD 

during  March, April, May and June 

during summer 
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At the control sites of  C1, C2, C3 and C4, the TVOCs concentrations were 8±1.0 ppb, 6±0.8 ppb, 

8±1.0 ppb and 16±1.3 ppb respectively. The highest concentration of TVOCs was 16±1.3 ppb at the 

C4 site were motor vehicle parking was prominent. Motor vehicle parking may lead to high 

concentrations of TVOCs in ambient air. Earlier it has also been shown that parking area is the source 

of TVOCs13. The site C2 in the campus is surrounded by green trees and there was less vehicular load 

showing the 6±0.8 ppb TVOCs concentration which is minimum. 

The suburban sites at SU1, SU2, SU3 and SU4 showinga higher concentration of TVOCs compared to 

the control sites. The sites SU1, SU2, SU3 and SU4 are marked in Ratanpur suburban area which is 

20 km away from the Bilaspur city. At these locations,the minimum level of TVOC has recorded 

7±0.6 ppbat  SU4 site and maximum at SU3 site (31±2.7ppb) 

 

 
Fig 3:TVOCs concentration at urban site. All values are average (n=50)±SD during      

March, April, May and June. 

 

In urban area, TVOCs concentrations were higher than the control site and the concentrations were 

58±2.85 ppb, 95±3.2 ppb, 107±4.75 ppb and 144±5.18 ppb at U1, U2, U3& U4. The site U4 (Railway 

station) having thehighest vehicular load of transportation.All vehicular sourcesemitting the 

hydrocarbon that leads to the highest 144±5.18 ppb TVOCs concentration among urban site. The site 

U1 showing the 58±2.85 ppb TVOCs concentrations.U1 site has large open diffusing area so the 

diffusion of gases were faster in the atmosphere and this lead to lower TVOC concentration at ground 

level at this site.This results are inconsistent with those reported by14-16.  

It was also observed that the ozone production in the lower troposphere occurs by reaction of NOx 

(NO+NO2) and VOCs (VOCs, consisting mainly of hydrocarbon) in the presence of sunlight17. The 

high concentration of ozone effects trees and crop physiology by reducing the photosynthesis rate.  

Ozone dose of 20 ppm results in a photosynthesis reduction of 7% for conifers, 36% for hardwood 

and 73% for crops18. 
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CONCLUSION 

A study about TVOC concentration in ambient air of urban and suburban area was carried out to 

understand the concentration distribution of TVOCs with respect to different vehicular load type of 

location. It was observed that the concentration of TVOCs at a different location in urban, suburban 

and control site was directly influenced by the concentration of population and motor vehicle 

movement. TVOCs generated toxic gasses cause both visible and physiological damage to a living 

organism. The TVOCs in the urban area of Bilaspur city needed to monitored continuously as the 

level of TVOCs increase as per vehicular load and conversion of available O3 into TVOC. Green area 

and tree cover lowers the TVOC concentration due to comperative lower temperature at these sites 

and conversion of O3 ↔ TVOC become slower at low temperature. 

REFERENCE 

1. S. S. Schiffman, J. L. Bernett, and J.H. Raymer. Quantification of odours and odorants from 

swine operations in Nort Carolina. Agricultural and Forest Meteorology,2001, 10: 213-240 

2. R. C. Derwent, T. J. Davis, M. Delaney, G. J. Dollard, R. A. Field, P.Dumitrean, P. D. Nason, 

M. M. R. Jones and S. A. Pepler. Analysis and Interpretation of the continuous hourly 

monitoring data for C2-C8 hydrocarbons at 12 United Kingdom Sites during 1996. 

Atmospheric Environment, 2000, 34:297-312 

3. I. Caplain, F.Cazier, H.Nouali, A. Mercier and J.Dechhaux.Emissions of unregulated 

pollutants from European gasoline and diesel passenger car. Atmosph Environ,2006, 40:5954-

5966 

4. R. Friedrich and A. Obermeier. Hewitt CN (ed.) Anthropogenic emissions of a volatile 

organic compound. Reactive hydrocarbons in the atmosphere, Academic Press, London, 1999, 

1-39 

5. Lee, S.C., M.Y. H. K.F Chiu, S. C.Zou, and X. Wang. Volatile organic compounds (VOCs) in 

the urban atmosphere of Hong Kong. Chemosphere, 2002,48:375-382 

6. B. Finlayson-Pitts and J. Jr. Pitts. Atmospheric chemistry fundamentals and experimental 

techniques. Wiley Inter-Science, New York, 1986. 

7. P. D. Kalabokas, J.Hatzianestis, J. G.Bartziz and P. PapagiasnnaKopoulos. Atmospheric 

concentrations of saturated and aromatic hydrocarbons around a Greek oil refinery. Atmos 

Environ, 2001, 35:2545-2555 

8. Y. M. Kim, S. Harrad and R. M. Harrison.  Levels and sources of Personal inhalation 

exposure to VOCs. Environ. Sci. Tech, 2002, 36: S405-S410 

9. R. Kerbachi, M. Boughedaoui, L. Bounoue and M. Keddam. Ambient air pollution by 

aromatic hydrocarbons in Algiers. Atmospheric Environment, 2006, 40:3995-4003 

10. P. W. G. Liu, Y. C.  Yao, J. H. Tsai, Y. C. Hsu, L. P. Chang and K. H. Change. Source impact 

by volatile organic compounds in an industrial city of southern Taiwan. Sci Total Environ, 

2008, 31:1077-1085 

11. D. Klemp, K. Mannschrecki, H. W. Patz, M. Habran, P. Mattuska and F. Slamr. 

Determination of anthropogenic emission ratios in the Augsburg area from concentration 



Total …                                                                                                                    Prasen Jeet and  S S Singh.   

 

 

644 IJGHC, June 2019 –August 2019; Sec. A; Vol.8, No.3, 639-644.;    DOI: 10.24214/IJGHC/GC/8/3/63944.  

 

ratios: Result from long-time measurements. Atmospheric Environment,2002, 36: (suppl.1), 

S1-S80. 

12. P. Keshari, P. Jeet  and S. S. Singh. Tvocs Concentration Status and its Correlation with 

Ozone Concentration in different seasons at GGU campus, Bilaspur (C.G.) India. J pollute Eff 

Cont. 2017, 5:1 

13. G. D. Gennaro, P. R. Dambruoso, A. D. Gillio, A. Marzocca and M. Tutino. Indoor and 

Outdoor volatile organic compounds monitoring in a Multi-story car park. J Environ 

EngManag, 2015, 14:1563-1570 

14. A. K. Singh, N. Tomer and C. L. Jain. Concentration of volatile organic compounds (VOCs) 

in the urban atmosphere of National Capital Delhi India. IJPCBS, 2012,2:159-165 

15. C. Hung, C. H. Chen, L. Li, Z. Cheng and H. L. Wang. Emission inventory of anthropogenic 

air pollutants and VOC species in the Yangtze River Delta region, China. Atmosph Chem. 

Phy, 2011, 11:4105-4120.  

16. H. Van Langenhove. Volatile organic compounds (VOCs). Environmental chemistry course 

notes. The University of Ghent, Faculty of bioscience engineering, 2010, p1-44 

17. National Research Council. Rethinking the Ozone Problem in Urban and Air pollution, 

National Academy Press. Washington, 1991, D. C. 

18. P. B. Reich. Quantifying plant resources to ozone: a unifying theory. Physio, 1987,3:63-91 

Corresponding auther: Prasen Jeet 

 

Department of Forestry, Wildlife & Environmental Sciences 

Guru GhasidasVishwavidyalaya, Bilaspur (Chhattisgarh) 


