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Abstract - Effects of different doses of ozone exposure on VOC emission from Bauhinia variagata and Pongamia pinnata 
was examined in this study. Plants were treated with three different doses of ozone exposure viz. low (2100 g/m3), 
moderate (4200 g/m3) and high (8400 g/m3), Increase in monoterpene emission rates were observed both in Pongamia 
pinnata and Bauhinia varieagata plants at low, moderate and high doses of ozone exposure within 2 hours and 1 day after 
suspension of ozone exposure. Significant reduction in monoterpene emission rates observed in both plant species, in 
measurements made 7 days after suspension of ozone exposure. Both plant species responded to ozone exposure in different 
ways. 
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I. INTRODUCTION 
 
Plants emit a large number of volatile organic 
compounds (VOC) in the atmosphere (Benjamin et 
al., 1996; Geron et al., 2000). It is estimated that 
vegetation contributes about 90 per cent of the total 
biogenic VOC emissions (Guenther et al., 1995). 
Isoprene and monoterpene are the most abundant 
VOCs emitted from the plants, which are estimated to 
account 44 per cent and 11per cent, respectively to 
the global biogenic VOC budget of 1 150 Tg C yr–1 
(Guenther et al., 1995).  In the atmosphere, VOCs 
quickly react with hydroxyl radical, ozone, and 
nitrate radical leading to the formation of carbon 
monoxide, organic acids, and secondary aerosols 
(Fehsenfeld et al., 1992; Atkinson, 2000).  
It has been widely reported that ground level ozone is 
a major phyto-toxic air pollutant and its concentration 
is increasing globally and in Delhi and its environs 
(Varshney and Aggrawal, 1992; Varshney and Rout, 
1998). Some studies have shown that ozone exposure 
effects on VOC emission from plants (Heiden et al., 
1999; Penuelas and Llusia, 2001; Llusia et al., 2002). 
Nevertheless, the effects of different concentration 
ozone on monoterpene emission from plants have not 
been examined in the country. In view of the rising 
trend of the ground level ozone concentration, it will 
be interesting to find out the ozone concentration 
effect on VOC emission from plants. In this study, an 
attempt has been made to study effects of different 
concentrations of ozone exposure on monoterpene 
emission from Bauhinia variagata and Pongamia 
pinnata. 
  
II. MATERIALS AND METHOD  
 
Two plant species namely, Bauhinia variagata and 
Pongamia pinnata were selected to study the effect of 

ozone exposure on monoterpene emission. About five 
year old saplings of the selected plant species were 
purchased and maintained in the earthen pots 
containing fertile garden soil mixed with organic 
manure and plants were watered at regular intervals.  
Four sets of each individual species were maintained 
out of which three sets of plants of individual species 
were exposed to three different concentrations of 
ozone in a dynamic closed chamber comprising of 
polycarbonate. The chamber was fitted with a small 
fan and an inlet and out for introduction and 
withdrawal of air. First set of plants of each plant 
species were exposed to 75 g/m3 of ozone 4 hours 
daily for 7 days and second sets of plants were 
exposed to 150 g/m3 of ozone 4 hours daily for 7 
days. Whilst, the third set of both tree species were 
exposed to 300 g/m3 4 hours daily for 7 days. Fourth 
set of plants were maintained as control (without any 
exposure).Ozone generator was used to provide 
different concentrations of ozone and exposure 
chamber was standardized for different concentration 
of ozone.  
Monoterpene emission was measured from both 
exposed and control plants after completion of ozone 
exposure. Emission measurements were made in 
following manner (a) within 2 hours after exposure 
completion, (b) 1 day after exposure completion and, 
(c) 7 days after completion of exposure.  
 
A dynamic flow through enclosure system as 
employed previously by Street et al. (1996) was used 
for emission measurements. Samplings were carried 
out for 10 minutes as described by Winer et al. (1989) 
at a rate of 0.10 L min–1 from enclosure on to Tenax 
TA (200 mg)/ carbosieve II (100 mg) solid adsorbent 
(Obtained from Supelco Inc. Bellefonte, PA).  
Temperature and photosynthetically active radiation 
(PAR) were measured both inside and outside the 
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chamber with the help of thermometer and Li Cor 
Quantum sensor.  A Perkin Elmer gas chromatograph 
(Perkin and Elmer ATD 400, Perkin Elmer, UK) with 
a fused silica capillary column (length: 30 m, id: 0.53 
mm, bonded phase BP–50 I, Alltech Associates, 
Dearfield, IL, USA) connected with flame ionization 
detector (FID) was used for the analysis of most of 
the samples. Compounds were desorbed at 250 ȗC for 
8 minutes from the Tenax TA/carbosieve sampling 
tube by a thermal desorber injection system 
connected the GC. The initial oven temperature was 
maintained at 40 ȗC for 5 minutes, then, increased to 
150 ȗC at a rate of 5 ȗC min–1 for 5 minutes thereafter 
temperature increased at a rate of 15 ȗC up to 250 ȗC 
and maintained for 10 minutes. The injection 
temperature was 230 ȗC and detector temperature was 
250 ȗC. Monoterpene in the samples were determined 
with the help of standard calibration plots prepared 
from the liquid chemical standard obtained from 
Fluka/Sigma–Aldrich, USA. A weekly calibration 
was performed for monoterpene. After the emission 
flux measurements were completed, the entire branch, 
which has been enclosed in the chamber, was 
harvested to obtain the dry mass of each plant.  
Measured monoterpene emission rates were 
normalised to temperature of 30 C, using the 
algorithm proposed by Guenther et al. (1993). 
 
M = Ms exp [(T-Ts)] 
Where Ms is the normalised monoterpene emission 
rate (g g-1 h-1 ). 
M is non normalised monoterpene emission rate 
 is an empirically determined coefficient derived 
(0.09 K-1) 
T is the temperature (in Kelvin) and  
Ts is the standard temperature (303 K). 
The temperature of well-mixed air inside the 
enclosure was used to normalise the emission rates 
because the leaf temperature was not measured in this 
study. 
 
III. RESULTS AND DISCUSSION 
 
Pongamia pinnata plants exposed to low (2100 
g/m3), moderate (4200 g/m3) and high doses (8400 
g/m3) of ozone exposure exhibited  about 15 to 60 
per cent increase in monoterpene emission over 
control plants, in emission measurements made 
within 2 hours and 1day after suspension of ozone 
exposure. However, reductions in monoterpene 
emissions from 4 to 37 per cent were observed, in 
measurements made 7 days after suspension of 
exposure (table 1). Similarly, Bauhinia varieagata 
plants exposed to low, moderate and high doses of 
ozone exposure exhibited about 14 to 74 per cent 
increase in monoterpene emission over control plants, 
in emission measurements made within 2 hours and 
1day after suspension of ozone exposure. However, 
reduction in monoterpene emission rates from 18 to 

45 per cent were observed as compared to control 
plants, in measurements made 7 days subsequent to 
suspension of exposure (table 2).  
 
It is interesting note that both Pongamia pinnata and 
Bauhinia varieagata plants responded to ozone 
exposure in different ways.  Increase in monoterpene 
emission rates were observed both in Pongamia 
pinnata and Bauhinia varieagata plants at low, 
moderate and high doses of ozone exposure within 2 
hours and 1 day after   suspension of ozone exposure. 
However, decline in monoterpene emission rates 
observed in both plant species, in measurements 
made 7 days after suspension of ozone exposure. 
Some studies have reported that ozone exposure 
increases monoterpene emission from plants (Llusia 
et al., 2002). The high rate of ozone emission 
observed in the measurements within 2 hours and 1 
day after suspension of ozone exposure could be on 
account of the mechanical stress/injury induced by 
the ozone. Since, monoterpene are stored in plants 
leaves in special structures such as resin canal, 
blisters, oil glands etc. The disturbance or destruction 
to these structures by mechanical stress/injury might 
have resulted release of stored monoterpene. 
Relatively less emissions of monoterpene in plants 
after 7 days consequent to suspension of ozone 
exposure may be attributed to partial or complete 
damage of monoterpene storage structures in plant 
leaves due to ozone injury. Characteristic ozone 
injury symptoms were observed at high ozone 
exposure dose in Pongamia pinnata plants, 
nevertheless, no visible ozone injury symptoms were 
noticed in Bauhinia varieagata. Some researchers 
have also reported  variations in VOC emission rates 
in case of few woody Mediterranean plant species 
with response to same doses of ozone exposure 
(Heiden et al., 1999; Penuelas and Llusia, 2001;  
Llusia et al., 2002). 
 
CONCLUSIONS 
 
This study shows that It Pongamia pinnata and 
Bauhinia varieagata plants responded to ozone 
exposure in differently.  Increase in monoterpene 
emission rates were observed both in Pongamia 
pinnata and Bauhinia varieagata plants at low, 
moderate and high doses of ozone exposure within 2 
hours and 1 day after   suspension of ozone exposure. 
However, decline in monoterpene emission rates 
observed in both plant species, in measurements 
made 7 days after suspension of ozone exposure. It 
has been reported that ozone concentration is rapidly 
rising in urban sheds in the country, which could 
enhance biogenic VOC emission flux to atmosphere. 
Thus the increased VOC emission could have 
profound impact on regional ozone and aerosol 
chemistry.  
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O3 exposure 
dose 

N.M.E.R. 
within 2hr 
(gg-1h-1)  

 Difference 
with control         
(%) 

N.M.E.R. 
after 1 day 
(gg-1h-1)  

Difference 
with control 
(%) 

N.M.E.R. 
after 7 day 
(gg-1h-1)  

Difference 
with control 
(%) 

2100 gm-3 5.0  4 32 4.0  1.5 15 3.2  0.8 - 6 
 

4200 gm-3 9.3  5.7 63 3.6  2.2 20 2.8  1.3 - 4 
 

8400 gm-3 8.6  4.1 60 6.0  4 50.0 1.7  0.1 - 37 
 

Control 3.4  1 - 3.0  0.8 - 2.7  1.2 - 
 

N.M.E.R.: Normalised monoterpene emission rate 
Table 1. Different doses of ozone exposure effects on monoterpene emission from Ponamia pinnata. 

 
O3 exposure 
dose 

N.M.E.R. 
within 2hr  
(gg-1h-1) 

Difference 
with control  
(%) 

N.M.E.R. 
after 1 day 
(gg-1h-1)   

Difference 
with control  
(%) 

N.M.E.R. 
after 7 day 
(gg-1h-1)   

Difference 
with control 
(%) 

2100 gm-3 1.5  2 27 1.2  1.4 14 0.9  2 - 18 
 

4200 gm-3 2.4  1.7 54 1.7  3.2 18 0.8   0.4 - 27 
 

8400 gm-3 4.2  3 74 1.7  1.8 18 0.6  0.2 - 45 
 

Control 1.1  0.5 - 1.4  0.8 - 1.0  0.03 - 
 

N.M.E.R.: Normalised Monoterpene Emission Rate 
Table 2. Different doses of ozone exposure effects on monoterpene emission from Bauhinia variegata. 
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