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ABSTRACT 

Transport sector has become an increasing source that causes serious adverse effects on air quality in 

Indian cities, especially in northern India. A rapid growth in vehicle number has been observed during the last 

decade. Large fleet of cheap and over-aged motorcycles, poor vehicle maintenance, and low quality fuels 

contribute significantly to the pollution level in the city. Good understanding vehicle emission and the 

consequent roadside air pollution is a first step toward traffic air pollution management. Thus, an investigation 

of ambient BTEX was conducted at roadside area in Gorakhpur in order to ascertain the contamination levels 

during weekdays and weekends. The levels of BTEX were measured with the help of low volume sampler. 

The samples were extracted with carbon disulphide by occasional agitation and the aromatic fraction was 

subjected to GC-FID. The average concentration of total BTEX during weekday was found to be 26.8 ppb 

whereas it was 18.1 ppb at weekends. During weekdays the contribution of benzene, toluene, ethylbenzene 

and xylene were 31%, 54%, 8% and 7% respectively whereas at weekends it was found to be 32%, 58%, 6% 

and 4%  for benzene, toluene, ethylbenzene and xylene  respectively. The concentration of BTEX decreased in 

the order toluene > benzene > ethylbenzene > xylene. Thus, in this particular roadside study, BTEX exposure 

was found to be 60% during weekdays and 40% during weekends. 
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INTRODUCTION 

 Air pollution continues to pose a 

significant threat to human health and 

wellbeing. Undoubtedly, the most important 

factors responsible for contamination of urban 

ambient air are vehicular and industrial 

emissions. 

 Amongst various air pollutants, the 

Volatile Organic Compounds (VOCs) are the 

most important because in addition to their 

adverse impact on human health, they also play 

an important role in photochemical processes in 

the lower atmosphere (Som et al., 2007). The 

atmospheric reactions of VOCs lead to 
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secondary pollutants, which in turn cause 

degradation of air quality and damages crops 

and vegetation (Srivastava et al., 2005). 

Emission of VOCs occurs from a number of 

sources which include urban, industrial 

activities as well as natural sources. However, 

the most important source of VOCs in urban air 

is the vehicular emission (Srivastava et al., 

2005). Benzene, Toluene, Ethylbenzene and 

Xylene (BTEX) are the major and most studied 

components present in motor vehicular 

emissions (Somet al., 2007). Sampling of 

BTEX is very important because BTEX have 

been identified as toxic, carcinogenic and 

mutagenic at concentration levels found in 

urban environment. According to USEPA, 

benzene has been proved to be carcinogenic for 

both humans as well as other animals (USEPA, 

1998). Toluene is a potent human teratogen. 

Ethylbenzene has been categorized as a 

possible human carcinogen (IARC, 2000). 

Moreover, BTEX also act as sensitizers and 

cause irritation in eyes, nose and throat. To our 

knowledge, there has been a shortage of 

roadside BTEX studies especially in this 

particular part of northern India. Thus, aim of 

the present study is to investigate the levels of 

atmospheric BTEX at roadside in order to 

observe the effect of vehicular emission on 

weekdays as well as on weekends.   

EXPERIMENTAL 

Sampling site description 

Gorakhpur (26°45′32″N 83°22′11″E) is 

located in the terai region of eastern Uttar 

Pradesh in northern India, near the border of 

Nepal, in the foothills of the Shiwalik 

Himalayas. Situated on the basin of rivers 

Raptiand Rohini (Masih et al., 2016a).The 

present district of Gorakhpur, 265kms east of 

capital Lucknow, onNational Highway -28, 

covers geographical area of 3483.8 Sq. km 

having total population of about 4,440,895. 

Golghar Traffic Junction (GTJ), on which the 

traffic density is usually high, was selected as 

roadside monitoring site (Masih et al., 2016b). 

GTJ acts as a connecting road within the 

Gorakhpur city. Usually on this road, there is 

high traffic throughout the day and the 

nightwith both heavy and light motor vehicles. 

 BTEX sampling and Analysis  

 The sampling was done on alternate 

working days (i.e. Mondays, Wednesdays and 

Fridays) and also on weekends. BTEX were 

sampled and analyzed using a methodology 

based on National Institute for Occupational 

Safety and Health (NIOSH) method 1501 

(USEPA, 1988a&b; USEPA, 2012; NIOSH, 

1994). BTEX were sampled by drawing air 

through activated coconut shell charcoal tubes 

(CSC, 8 mm x 110 mm, 600mg) containing two 

sections (main section 400 mg, second section 

200 mg) separated by a2 mm urethane foam 

(SKC Inc.), using alow-flow SKC Model 220 

sampling pump (SKC, Inc.,84, PA, USA) at the 

flow rate of 250 ml/min for 20-24 hrs. Charcoal 

beds in the sorbent tubes were transferred to 2 

ml vials and extracted by adding 1.0 ml of 
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carbon disulphide (CS2) with occasional 

agitation for 30 min. Sampled air was then 

analyzed with an HP 6890 gas chromatography/ 

mass spectrometer and gas chromatography/ 

flame ionization detector. 

RESULTS AND DISCUSSION 

 Table 1shows the weekdays/weekend 

levels of BTEX at Roadside, Gorakhpur. 

Table 1: Weekdays/Weekend levels of BTEX 

(ppbv) at Roadside, Gorakhpur 

VOCs Weekdays Weekends 

Benzene 8.26 5.79 

Toluene 14.5 10.42 

Ethylbenzene 2.16 1.04 

Xylene 1.9 0.81 

 Table 1also depicts that higher levels of 

BTEX were observed on weekdays having 

concentrations for benzene (8.26) ppb, toluene 

(14.5) ppb, ethylbenzene (2.16) ppband xylene 

(1.9)ppb, as compared to the respective levels 

on weekends/holidays for benzene (5.79) ppb, 

toluene (10.42) ppb, ethylbenzene (1.04) ppb 

and xylene (0.81) ppbdue to higher traffic 

volume and traffic congestion on weekdays. 

During weekdays the contribution of benzene, 

toluene, ethylbenzene and xylene were 31%, 

54%, 8% and 7% respectively whereas at 

weekends it was found to be 32%, 58%, 6% 

and 4%  for benzene, toluene, ethylbenzene and 

xylene  respectively. 

 
Figure 1: Weekday/weedend concentrations of 

BTEX at roadside (ppbv) 

 Figure 1 clearly illustrates thepattern of 

BTEX during weekdays and weekends. The 

BTEX levels obtained in this study were 

compared with other roadside studies reported 

from different countries of the world (Table 2).  

Table 2: Roadside BTEX profiles compiled from literature data* 

 Location 

(Country) 

          VOC Concentrations (ppbv) 

Benzene Toluene Ethylbenzene Xylene 

Germany 4.7 11.2 -- 8.6 

Austria 1.4 2.5 0.5 1.5 

China 10.9 22.8 5.5 22.1 

Greece 15.6 28.1 -- 13.3 

Algeria 8.5 10.4 -- -- 

Brazil 0.3 1.2 0.8 2.4 

Thailand 22.9 16.5 3.7 7.4 

India 8.26 14.5 2.16 1.9 

* From literature, the data published in µg/m
3
 has been converted to ppbv levels by using the equation: 

(ppbv) = concentration (µg/m
3
) x 24.5/MW (assuming 25

o
C and 1 atm), where MW is the molecular weight 
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It indicates that the concentrations of Benzene 

and Toluene were higher than those reported in 

Germany (4.7, 11.2ppb), Austria (1.4, 2.5ppb) 

and Brazil (0.3, 1.2ppb) ; whereas lower than 

those reported in China (10.9, 22.8ppb) , 

Greece (15.6, 28.1ppb) and Thailand (22.9, 

16.5ppb). It also indicates that, the levels of 

ethylbenzene and xylene were lower than those 

reported in China (5.5, 22.1 µg m
-3

) and 

Thailand (3.7, 7.4 µg m
-3

).  
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