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Duckweeds e x h i b i t  r e l a t i v e l y  h igh  t o l e r a n c e  to heavy meta l  
t o x i c i t y  (Landol t  and Kandeler ,  1987) and a re  a l s o  capab le  of  
a c c ~ n u l a t i n g  them (Nasu et  a l . ,  1983; 1985; Schreinmakers  and 
Dorhout ,  1985; Landol t  and Kandeler ,  1987).  Because of  these  
two c h a r a c t e r i s t i c s ,  Lemna and S p i r o d e l a  have been wide ly  used 
for  the removal of  heavy me ta l s  from p o l l u t e d  wa te r s  (Landol t  
and Kandeler ,  1987).  

Among the  heavy m e t a l s ,  c h r o m i ~  (Cr) i s  a major  p o l l u t a n t  of  
water  bod ie s  as  i t  i s  e x t e n s i v e l y  used in t ann ing ,  and the  
e f f l u e n t  r e l e a s e d  dur ing  the p rocessLng  causes  s eve re  Cr 
p o l l u t i o n  in the water  bod ies  (K.D. & G.K. pond) s i t u a t e d  around 
the t a n n e r i e s  at  Unnao (U.P.)  I nd i a  (Chandra, 1988; Garg and 
Chandra, 1990).  These a re  r e g u l a r l y  used fo r  the c u l t i v a t i o n  
o f  water  ches tnu t  (Trapa b i s p i n o s a ) ,  an impor tant  cash  c rop  of  
the a r ea .  Surveys made r e c e n t l y  have shown tha t  a s u b s t a n t i a l  
amount of  Cr i s  accumula ted  by the water  c h e s t n u t  (Chandra, 
1988) and Cr a t  t o x i c  l e v e l s  e n t e r s  i n to  the  food cha in  caus ing  
seve re  h e a l t h  haza rds  to l o c a l  p o p u l a t i o n s .  

This  paper  r e p o r t s  the i n f l u e n c e  of  meta l  c h e l a t o r s ,  
e t h y l e n e d i a m i n e t e t r a a c e t i c  a c i d  (EDTA) and s a l i c y l i c  a c i d ,  and 
pH on the accur r~ la t ion  o f  Cr by S. p o l y r r h i z a  under the  
l a b o r a t o r y  c o n d i t i o n s .  This  a l s o  inc ludes  the  r e s u l t s  of  K.D. 
pond water  t r ea tment  s t udy  by c u l t u r e d  f ronds  of  S. p o l y r r h i z a .  
In view of  the o c c u r r e n c e  of  meta l  c h e l a t o r s  in  n a t u r a l  wa te r s  
(Nasu e t  a l . ,  1983; Dey, 1986; Fayed and Abd-E1-Shafy,  1985) 
and pH v a r i a t i o n  (Chandra,  1988) the p re sen t  s t udy  would enab le  
to a s s e s s  the per formance  of  t h i s  s p e c i e s  under the  i n f l u e n c e  
o f  these  f a c t o r s .  

L a b o r a t o r y  and f i e l d  exper iments  were conducted  to  de te rmine  
i ) i n f l u e n c ~  o f :m~ta l  c h e l a t o r s  on Cr up take ,  i i )  r e g u l a t i o n  o f  

Send r e p r i n t  r eques t  to R.D. T r i p a t h i  a t  above a d d r e s s .  
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Cr uptake  by pH and i i i )  pond water  t r ea tment  by c u l t u r e d  
f ronds .  

P l a n t s  of  S. p o l y r r h i z a  c o l l e c t e d  from an u n p o l l u t e d  water  body 
were grown in 404 Hoagland n u t r i e n t  s o l u t i o n  (pH 6.2)_2unde ~ 16 
h l i g h t  (us ing  f l u o r e s c e n t  tube l i g h t ,  114 ~ mol m s a t  
25~176 and 8 h dark  p e r i o d .  New f ronds  produced in the  
c u l t u r e  were s e p a r a t e d  and used for  the  exper imenta l  work. In 
a l l  exper iments ,  pH was ma in t a ined  by T r i s  b u f f e r ,  0.1 N HC1 
and 0.1 N NaOH. 

The e f f e c t  of  metal  c h e l a t o r s  was de te rmined  by t r e a t i n g  f ronds  
(16) wi th  s i x  c o n c e n t r a t i o n s  of  Cr (0 .025 ,  0 .25,  2 .5 ,  10, 18 .1 ,  
20.0 ppm) in 500 ml f l a s k s .  In  each of  t he se ,  the 
c o n c e n t r a t i o n s  of  EDTA (29.22 ppm) and s a l i c y l i c  a c i d  (3.45 ppm) 
were kept  c o n s t a n t  (pH 6 . 2 ) .  The c o n c e n t r a t i o n  of  18.1 ppm Cr 
was s t u d i e d  as i t  was found to be the LC-50 fo r  S. p o l y r r h i z a  
( T r i p a t h i  and Chandra, u n p u b l i s h e d ) .  In o t h e r  exper iments  f i v e  
d i f f e r e n t  pH v a l u e s  ( 4 , 5 , 7 , 8 , 1 0 )  were ma in t a ined  in  each of  
these  s i x  c o n c e n t r a t i o n s  of  Cr. 

The pond wate r  (2 1) was t r e a t e d  wi th  10 g of  c u l t u r e d  f ronds  
in l a r g e  p l a s t i c  t roughs  (4 1 c a p a c i t y ) .  

Three r e p l i c a t e s  of  each c o n c e n t r a t i o n  were used and the f ronds  
in a l l  the exper iments  were h a r v e s t e d  a f t e r  2 , 3 , 7  and 14 days ,  
d r i e d  and d i g e s t e d  in HNO3:HClO 4 ( 3 : 1 , v / v ) .  Water was d i g e s t e d  
us ing  5 ml HNOa /100 ml pond water  sample.  Cr was e s t i m a t e d  
us ing  Pe rk in  Elra~er 2380 Atomic Abso rp t i on  Spec t ropho tome te r .  

IlI~tlLTS/kI~II) DISCIISSIOI~I 

S u b s t a n t i a l  Cr uptake  was d e t e c t e d  in the t r e a t m e n t s  and 
i n c r e a s e d  wi th  bo th  e x t e r n a l  Cr c o n c e n t r a t i o n s  a n d _ ~ u r a t i o n  of  
the  t r e a t m e n t .  Maximum accumula t ion  (1102 ~g Cr g dry  w t . )  
was found a t  20 pl:~ a f t e r  14 days but t h i s  was not s i g n i f i c a n t l y  
d i f f e r e n t  from the v a l u e  a t  7 days .  

Uptake of  Cr was i n h i b i t e d  by EDTA. _~n the  p r e s e n c e  of  EDTA, 
maximum accumula t ion  was 992.0 ~g g d ry  wt. a t  20 ppm Cr 
a f t e r  14 days .  On the  o t h e r  hand the a d d i t i o n  of  s a l i c y l i c  a c i d  
in the  medium i n c r e a s e d  the  uptake  s u b s t a n t i a l l y  (Table I ) .  

pH r e g u l a t e d  Cr uptake  as shown in Table  2. In the a c i d i c  pH, 
uptake  was s t i m u l a t e d  whereas at  b a s i c  pH (8 & 10!1  i t  was 
s t r o n g l y  i n h i b i t e d .  The maximum uptake  (1138.00 ~g g d ry  wt . )  
was r e c o r d e d  a t  pH5 in 20 plan Cr a f t e r  _~4 days .  In  c o n t r a s t ,  
the up take  was as low as 412.00 ~g Cr g - -  (at  pH 8) and 396.00 
~g Cr g - - d r y  wt. (a t  pH 10) f o r  the  same c o n c e n t r a t i o n  d u r a t i o n .  

C u l t u r e d  f ronds  accumula ted  Cr from pond wate r  (pH 6.75)  having  
0.25 ppm back ground Cr c o n c e n t r a t i o n .  The accumula t ion  
i n c r e a s e d  p r o g r e s s i v e l y  wi th  i n c r e a s e  in  t r ea tment  d u r a t i o n ,  
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Figu re  i .  Chromium accumula t ion  and remloval from pond water  
(2 1) by S p i r o d e l a  p o l y r r h i z a  (10 g) .  The e r r o r  b a r s  r e p r e s e n t  
s t a n d a r d  e r r o r  of  mean. 

being maxirmm (400 ug Cr g-1 d ry  wt . )  on 14 th day.  Cu l tu red  
f ronds  demons t ra ted  the a b i l i t y  of  b r ing  down the Cr 
c o n c e n t r a t i o n  from 0.25 to 0.05 ppm in  pond water  dur ing  the 
t rea tment  experiment (Fig.  1 ) .  

S taves  and Knaus (1985) r e p o r t e d  opt imal  accL~nulation of  Cr by 
S. p o l y r r h i z a  at  10 ppm. However, in  the p r e sen t  s tudy  the 
accumula t ion  was l e s s  a t  the same c o n c e n t r a t i o n  and app rox ima te ly  
the same d u r a t i o n .  

In  Lemna spp. s u p p r e s s i o n  of  Cu and Cd a c c ~ n u l a t i o n  by EDTA has 
been r e p o r t e d  (Tanaka et  a l ,  1982, P o l a r  and KUch~cezzar,  
1986).  Payed and Abd-E1-Shafy (1985) made s i m i l a r  o b s e r v a t i o n  
wi th  r e s p e c t  to Cu, Zn, Cd and Pb. Our r e s u l t s  wi th  Cr conforms 
wi th  these  r e p o r t s .  S a l i c y l i c  a c i d  on the o t h e r  hand has  been 
r e p o r t e d  to promote Cd and Cu uptake  in  Lemna p a u c i c o s t a t a  and 
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L__ u. 8 ibba  (Tanaka __et __al, 1982; P o l a r  and K~c~Kcezzar ,  1986) .  
In  S. p o l y r r h i z a  s i m i l a r  o b s e r v a t i o n  was made by us .  High Cr 
a c c u m u l a t i o n  a t  a c i d i c  pH, as  r e p o r t e d  in  w a t e r  ne t  a l g a  (Rai 
and Chandra,  1989) was a l s o  found in  the  p r e s e n t  s t u d y .  

The r e s u l t s  i n d i c a t e  t h a t  the  f ronds  of  S. p o l y r r h i z a  can 
accumula t e  Cr from p o l l u t e d  w a t e r s  where me ta l  c h e l a t o r s  and 
v a r i a b l e  pH c o n d i t i o n s  may e x i s t .  Th is  knowledge can be u s e f u l  
w h i l e  u s ing  t h i s  p l a n t  in  r educ ing  the  l e v e l  of  Cr in c l o s e d  
w a t e r  b o d i e s .  
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