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Coat accounts fo r  more than 70% (87.3 m i l l i o n  tonnes) of the 
t o t a l  power genera t ion  in  Ind ia  and i t s  consumption i s  expected 
to reach 212.8 m i l l i o n  tonnes y e a r l y  by the year 2000 
(Anonymous, 1988). Burning of such a huge q u a n t i t y  of  coal 
would r e s u l t  in the re lease  of a vast  amount of  gaseous and 
p a r t i c u l a t e  p o l l u t a n t s .  Of these p o l l u t a n t s ,  SO 2 and f l y - a s h  
rank much h igher  in the order  of  i n f l i c t i n g  i n j u r y  to p l a n t s .  
The m u l t i p l e  e f f e c t s  of  S02 on p lan t  metabol ism inc lude  
c h l o r o p h y l l  reduc t ion  (Schutz, 1986), decrease in p r o t e i n  
(Mathotra ~ Khan, 1984; Singh e l .  a t . ,  1990) and ascorb ic  ac id  
Level (Varshney B Varshney, 1984) and increase in f ree  amino 
ac id  content (Khan e l .  a t . ,  1990). Garg B Varshney (1985) 
repor ted increased Leaf sur face temperature of  fLy-ash exposed 
p l a n t s .  These parameters are s e n s i t i v e  to a i r  p o l l u t a n t s  and 
can serve as i n d i c a t o r s  of a i r  p o l l u t i o n  s t r e s s .  

In the f i e l d ,  va r ious  f a c t o r s ,  e . g . ,  s o i l ,  water  and 
a g r i c u l t u r a l  p r a c t i c e s ,  o ther  than a i r  p o l l u t i o n  i n f l u e n c e  
p lan t  growth. To reduce these v a r i a b l e s  to a minimum t r a n s f e r -  
experiment i . e .  p lac ing  pot ted p lan ts  at  se lec ted  
Loca t ions /env i rons  wore c a r r i e d  out on two popular  w i n t e r  
annuals v i z .  Aster  amettus and Tropaeotum majus. The choice 
of  these p lan t s  fo r  the present experiment i s  based on the 
e a r l i e r  observa t ions  (dur ing f i e l d  surveys of  the area) tha t  
i nd i ca ted  the p o t e n t i a l i t y  of  these p lan t s  to be used as 
p o l l u t i o n  markers.  

MAT6RIALS AND METHODS 

The Riverside Power House (RPH), generation capacity of 65 MW, 
at Kanpur city was selected for the present study. The power 
plant is not provided with electrostatic precipitators and thus 
spews Large amounts of particulate pollutants along with SO 2. 
Five sites failing in windward (leeward) directions on a 
transect were selected for placing the pots. Air quality for 
SO_ and fly-ash of all the selected sites was monitored and 
de~a i ts  of s i t e s  are sumrer ized (Table 1).  
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s 1. D e s c r i p t i o n  of  S i t es  and Background SO 2 and SPM 
Leve ls .  

Symbol Dis tance D i r e c t i o n  SO 2 SPM ^ 

(ppm) (ug/m 4 ) 
min. max. min. max. 

R1 50 SW 

R 2 100 E 0.06 0 .1 t  146.28 383.08 

R 3 150 W 0.03 0.06 161.90 218.81 

R 4 500 SW(WW) 0.05 0.15 145.20 266.90 

R 5 1000 SE(WW) 0.05 0.14 141.90 247.98 

C 8000 SW 0.01 0.02 52.79 142.28 

8 hou r l y  average. 

Seeds of  As te r  amel lus L. and Tropaeolum majus L. were sown 
in  nursery  beds at  exper imenta l  p to t s  of  the I n s t i t u t e  (NBRI). 
The seed l in9s  were then t ransp lan ted  in 10" earthen po ts .  A f t e r  
e s t a b l i z a t i o n  of  the seed l i ngs ,  sets  of  ten p lan ts  each were 
placed at  s i t e s  R 1' R 2' R , R 4' R 5 and C. The p l an t s  were 
sampled at  p r e - f l o w e r i n g  ( I ~ ,  f l owe r i ng  ( I I )  and p o s t - f l o w e r i n g  
stages ( l i I ) .  The pho tosyn the t i c  pigments, amino ac ids ,  p r o t e i n  
and ascorb ic  ac id  in  reaves were es t imated  f o t l o w i n g  the 
methods of  Mactachtan ~ Z a t i k  (1963), Pturrmer (1971), Lowry 
e t .  a l .  (1951) and K e t l e r  6 Schwager (1977),  r e s p e c t i v e l y .  Su l -  
phur d i o x i d e  concen t ra t ion  in the ambient a i r  a t  a i r  the s i t e s  
was measured w i th  pulsed f l uo rescen t  SO 2 gas anatyser  (TECO 
model 43) and suspended p a r t i c u l a t e  met te r  (SPM)  w i t h  
Anderson's high volume sampler .  Mon i to r ing  coutd not be done 
at  R1, because the en t r y  of the ins t ruments  was not pe rm i t ted  
i ns i de  the power house fo r  a O n i n i s t r a t i v e  reasons.  

RESULTS AND D I S C U S S I O N  

None of the p lan t s  at  any s i t e  man i fes ted any pe rce i vab le  
f o l i a r  i n j u r y  ( -  naked i n j u r y ) ,  however, they su f f e red  
s i g n i f i c a n t l y  fo r  c e r t a i n  hidden parameters (+ hidden i n j u r y ) .  

P lants  kept at  s i t e s ,  loaded w i t h  r e l a t i v e l y  h igher  concent ra-  
t ions  of p o l t u t a n t s  e x h i b i t e d  more pronounced e f f e c t s  f a l l i n g  
in the 13revat l ing wind d i r e c t i o n ,  f u r t h e r ,  an inverse  c o r r e l a -  
Lion between the d is tance  and e f f e c t  on p tan ts  was a tso 
v a t i d a t e d .  

Ptants of both the species at  R 4 s i t e  w i t h  the h ighest  l e v e l  
of SO 2 e x h i b i t e d  maximum reduc t ion  of ch to rophy l l  contents 
( P 4 0 . 0 1 ) .  ]he toss of  content  was, hov~ver,  h ighest  at  pos t -  
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f l owe r i ng  stage (58 8 55~ in A. amettus,  F i g . l ;  and ~. majus, 
F i g . 2 ,  r e s p e c t i v e t y ,  p ~ 0 . 0 1 ) .  A s i g n i f i c a n t  r educ t i on  of  the 
c h l o r o p h y l l  pigments in both p lan t  spec ies  at a l l  the p o l l u t e d  
s i t e s  may be s a f e l y  a t t r i b u t e d  to poor syn thes i s  f o r  two c i rcur r r  
s t a n t i a t  reasons: ( I )  absence of any obvious i n j u r y  i . e . ,  no 
degradat ion  of  ch to rophy t I  molecu les ,  (2) presence of  t h i c k  
f l y - a s h  and unburned coat p a r t i c l e s  coa t ing  the l ea f  sur faces  
and s u b j e c t i n g  an increase in f o t i a r  temperature ,  and 
e v e n t u a l l y  r e t a r d i n g  the c h l o r o p h y l l  s y n t h e s i s .  Garg 
Varshney (1985) have a lso  repo r ted  reduced syn thes is  of  chLoro-  
phyLL moLecuLes due to thermal power poLLutants .  

The increase ( in  %) in f r ee  amino ac id  content  in  A. amettus 
was maximum at R 4 (42,100,97)  fo l l owed  by R 5 (37,65,75)  and R 2 
( 1 7 , 3 1 , 1 9 ) a t p r e ,  f l o w e r i n g ,  and post- fLow@ring s tages,  p < O . 0 1  
( F i g . 3 ) .  The same t rend was present  in T. ~ ( F i g . 4 ) ,  i . e . ,  
maximum at R 4 (77,119,118) f o t t ov~d  by R 5  (61,115,90)  and R 2 
(58 ,80 ,54 ) ,  ( p ~ O . 0 1 ) .  The increase in amino ac id  con ten t  as 
a sequel to 502 exposure has been repo r ted  by Karokewski 
(1985).  This inc rease is  g e n e r a l l y  assoc ia ted  w i t h  p r o t e i n  
d e p l e t i o n  ( I t o  e t .  a l . ,  1986). Reports c o r r e l a t i n g  f r ee  amino 
ac id  accumulat ion w i t h  p r o t e i n  h y d r o l y s i s ,  based on the data 
from the f i e l d  env i ronn~n t ,  suggest tha t  an a d d i t i o n a l  source 
of n i t r o g e n  may a lso  r e s u l t  in the inc rease  of  amino ac id  
content  in the p lan ts  f ac ing  a i r  p o l l u t i o n  (Zedter  e t .  a l . ,  
1986). Since the i n v e s t i g a t e d  p lan t  spec ies  were kept around 
a coat f i r e d  power house, the emission of  which con ta ins  
cons ide rab le  amount of NO x , p lan ts  would have rece i ved  more 
n i t r ogen  r e s u l t i n g  in increased amino ac id  s y n t h e s i s .  

A marked reduc t i on  in p r o t e i n  content  in  both the p lan t  spec ies 
was observed.  In A. amel lus maximum decrease occurred at the 
f l o w e r i n g  stage in a r t  the s i t e s ,  R1-22 , R2-15 , R3-18 , R4-33 , R - 
275; p ~ 0 . 0 1  ( F i g . 5 ) .  In T. majus, ~owever , ,  most of  the 
decrease occur red at pos t - f Lower ing  s tage,  R 1-23, R2-33 ,  R3 -  
12, R4-52 , R 5 - 4 7 ~ ;  p ~ 0 . 0 1  ( F i g . 6 ) .  The decrease in p r o t e t n  
content  cou ld  be a t t r i b u t e d  to e i t h e r  breakdown of  e x i s t i n g  
p r o t e i n s  (Sa rd i ,  1981) or t h e i r  reduced de nevo syn thes i s  
(Mathotra B Khan, 1984; Singh e t .  a t . ,  1990). 

ALthough a decrease in asco rb i c  ac id  con ten t  was observed in 
both the p lan t  spec ies ,  i t  was s i g n i f i c a n t  on ly  at a few s i t e s .  
In A. amel tus,  at R4 s i t e ,  maximum decrease (30,45 and 34~, 
p~O.01)  was found at a l l  the th ree  sampling stages 
( F i g . 7 ) .  However, in  T. majus i n s i g n i f i c a n t  decrease occur red 
( F i g . 8 ) .  The reduc t i on  in the Level of  asco rb ic  ac id  in 
poLLutant-exposed p lan t s  has been a t t r i b u t e d  to enzyme t o x i c i t y  
and su tphonat ion  of -SH groups (Mapson, 1958). Varshney & 
Varshney (1984) r e l a t e d  p o l l u t i o n  t o l e rance  of p l a n t s  w i t h  
t h e i r  ascorb ic  ac id  l e v e l s  and concluded that  the h ighe r  the 
Level of ascorb ic  ac id  the g r e a t e r  the t o l e r a n c e .  

De present  s tudy a f f i r m s  the dose-response r e l a t i o n s h i p  depen- 
d ing on the evidence of more conspicuous changes in both 
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spec ies  at  s i t e s  loaded w i t h  h i g h e r  c o n c e n t r a t i o n s  of  SO^ and z 
f l y - a s h  and f u r t h e r ,  on an i n v e r s e  r e l a t i o n  w i t h  the d i s t a n c e .  A-  
l b e i t  A. amet lus  and ~.  majus d i d  not m a n i f e s t  any i n j u r y  
symptoms, the  parameters  s t u d i e d  were so s e n s i t i v e  t h a t  bo th  
p l a n t s  can be w e l t  recommended as b i o - i n d i c a t o r s  o f  thermal  
power em iss i ons .  
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