
CHAPTER 1

C a d m iu m  be long s to  g ro u p  I IB  o f  the  P e r io d ic  T a b le  and  is  a r e la t iv e ly  ra re  m e ta l, b e in g  

6 7 th in  o rd e r o f  e le m e n t abundance. U n lik e  P b , C u  and  H g  w h ic h  ha ve  b een u t i l iz e d  fo r  c en tu ries , 

C d  has o n ly  been w id e ly  used in  th is  ce n tu ry . I t  is  o b ta in e d  as a b y -p ro d u c t o f  th e  s m e lt in g  o f  Z n  

and o th e r  m e ta ls , such as C u  and Pb. I ts  p r in c ip le  uses are : (1 )  as a p ro te c tiv e  p la t in g  o n  s tee l (2 )  

as a c o n s titu e n t in  v a r io u s  a llo y s  (3 )a s  a c o n s titu e n t in  p ig m e n ts  f o r  p la s tic s , e n a m e ls  and  g lazes 

(4 )  as a s ta b iliz e r  fo r  p las tic s , p a r t ic u la r ly  P V C .  (5 )  as a c o n s titu e n t in  N i- C d  d ry  c e ll ba te ries  

( A l lo w a y ,  1990).

D e sp ite  its  use fu ln e ss  in  in d u s tr ia l aspect, C d  has n o  e s se n tia l b io lo g ic a l fu n c tio n , and is 

h ig h ly  to x ic  to  p la n ts  and a n im a ls . H o w e v e r , the  c o n c e n tra tio n s  o f  C d  n o rm a lly  fo u n d  in  the  

e n v iro n m e n t do  n o t cause acute to x ic ity .  T h e  m a jo r  haza rd  to  h u m a n  h è a lth  o f  C d  is its  c h ro n ic  

a c c u m u la tio n  in  the k id n e y s  w h e re  i t  can cause d y s fu n c tio n  i f  the  c o n c e n tra tio n  in  the  k id n e y  

c o rte x  exceeds 2 0 0  m g /k g  fre sh  w e ig h t. A lth o u g h  tobacco s m o k in g  and o c c u p a tio n a l exposures 

to  C d O  fu m e  are im p o r ta n t sources o f  th is  m e ta l, the  m a in  ro u te  b y  w h ic h  C d en te rs  the  b o d y  is 

v ia  fo o d . T h e  o n ly  c le a r ly  es tab lished  case o f  s o il and w a te r  p o llu t io n  c a u s in g  C d  p o is o n in g  in  

p eop le  w a s  a m o n g  ric e  fa rm e rs  in  the  J insu  V a l le y ,  in  the  T o y a m a  P re fe c tu re  o f  Japan. A  P b -Z n  

m in e  had been cau s ing  e x te n s ive  p o llu t io n  o f  the  r iv e r  w a te r  and paddy s o ils  in  the  f lo o d  p la in  o f  

the J insu  V a l ly  fo r  m a n y  yea rs . D u r in g  and a fte r  the Second  W o r ld  W a r , m o re  th a n  2 0 0  e ld e r ly  

w o m e n , w h o  have se ve ra l c h ild re n , d eve lop ed  s k e le ta l d e fo rm a tio n s  and k id n e y  dam age and 65 

o f  th e m  d ied . T h is  c o n d itio n  ( ‘ i t a i - i t a i ’ d isease) w a s  p r im a r i ly  caused b y  C d  to x ic ity ,  exacerbated  

b y  d ie ta ry  d e fic ie n c ie s  o f  C a, v i ta m in  D  and p ro te in , p lu s  the  e ffe c t o f  p reg na nc ies  and ag ing . 

B o th  the  lo c a lly  g ro w n  ric e  and the  d r in k in g  w a te r  had  been m a rk e d ly  c o n ta m in a te d  

w ith  C d . A v e ra g e  C d  con ten ts  in  r ic e  w e re  10 tim e s  h ig h e r th a n  lo c a l c o n tro ls  (0 .7  m g /k g  and 

0 .0 7  m g /k g  fre s h  w e ig h t, re s p e c tiv e ly ) , w ith  a m a x im u m  o f  3 .4  m g /k g  C d  ( A l lo w a y ,  1990).
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L ik e  o th e r  h e a v y  m e ta ls , the  r is k  o f  C d  c o n ta m in a tio n  in  the  e n v iro n m e n t is  m a in ly  f ro m  

a n th ro p o g e n ic  sources (F u rg u s s o n , 199 0 ). N o n - fe r ro u s  m e ta l m in e  can be a s ig n if ic a n t  source o f  

lo c a l C d  c o n ta m in a tio n , p a r t ic u la r ly  those  w h ic h  e x p lo it  Z n  and Pb  ores. Z n  o res  in v a r ia b ly  

c o n ta in  the  m o s t C d  b u t the  a c tu a l c o n te n t v a r ie s  w id e ly  b e tw e e n  d if fe re n t  o re  bod ies . T h is  fa c to r 

to g e th e r w i th  m in in g  p rac tices , lo c a l to p o g ra p h y  and d ra inage a l l  in f lu e n c e  the  in te n s ity  o f  

c o n ta m in a tio n . A irb o rn e  c o n ta m in a tio n  can a rise  f ro m  the  w in d  b lo w n  d isp e rsa l o f  m e ta l- r ic h  

s p o il heaps, w h ile  w a te r-b o rn e  tra n s p o rt o f  c a d m iu m -r ic h  m a te r ia l m a y  re s u lt  in  c o n ta m in a tio n  o f  

a g r ic u ltu ra l la n d  som e d is tan ce  d o w n s tre a m  o f  the m in e . C d is  e x tra c ted  as a b y -p ro d u c t d u r in g  

the re f in in g  o f  Z n  ores. T h e  tw o  b asic  processes o f  Z n  p ro d u c tio n , th e rm a l s m e lt in g  and 

e le c tro ly t ic  re f in in g ,  p rod uc e  d if fe re n t  k in d s  o f  C d -r ic h  d ischarge. T h e rm a l s m e lte rs  are 

re sp o ns ib le  fo r  m u c h  la rg e r a tm o s p h e ric  e m is s io n  o f  C d  and a lso  p rod uce  l iq u id  w astes  r ic h  in  C d  

w h ic h  re q u ire  safe d isp osa l. In  co n tra s t, the  o n ly  m a jo r  w astes  assoc ia ted  w i th  e le c tro ly t ic  p la n ts  

are s o lid  leach  res id ues (H u tc h in s o n  and M e e m a , 1987).

In  T h a ila n d , the m a jo r  Z n  p ro d u c tio n  is  in  T a k  p ro v in c e . Z n  s m e lte r s ta rted  o p e ra tio n  in  

1984, and seven  years la te r  C d  w a s  p rod uced  w ith  c ap a c ity  o f  850  to n s /y e a r. T h e  m e ta ls  w e re  

re f in e d  f ro m  Z in c  s ilic a te  and Z in c  ca rbona te , w h ic h  con ta in e d  2 3 %  Z n  and 0 .2 3 -0 .3 8 %  C d  

(T h e e ra p u n sa tie n , 1995). W h e re v e r  Z n S , Z n C 0 3 o r  o th e r s u lf id e  o res are m in e d  o r  sm e lte d , there  

e x is ts  the p o s s ib ility  o f  C d  p o llu t io n  ( A l lo w a y ,  1990). Z in c  p ro d u c tio n  b y  e le c tro ly t ic  process in  

the sam e p ro v in c e  has re leased la rge v o lu m e  o f  C d -c o n ta m in a tin g  w a s te w a te r. In  a d d itio n , d ust 

f ro m  s m e lte r  and w as te s  o r  ta il in g s  m a y  c o n ta m in a te  the nea rb y area (T h e e ra p u n s a tie n , 1995).

D isp o sa l o f  sew age s lud g e , w h ic h  c o n ta in s  h u m a n  e x c re tio n , d o m e s tic  p ro d u c ts  and 

in d u s tr ia l e ff lu e n ts , is a p ro b le m  fa c in g  m u n ic ip a lit ie s  a ro u n d  the  w o r ld . Q u a n tit ie s  o f  th is  

b io s o lid  c o n tin u e  to inc rease  w ith  increases in  p o p u la tio n  d e n s ity  i l l  c itie s . O ne  a lte rn a tiv e  to  

d isp osa l IS re c y c lin g  b y  a g r ic u ltu ra l u t i l iz a t io n  (M o r lv c d t ,  1996). H o w e v e r ,  a p p lic a tio n  o f  

sew age sludge m a y  c o n tr ib u te  to  C d  and o th e r  h e a vy  m e ta ls  c o n ta m in a tio n  in  a g r ic u ltu ra l land  

( A l lo w a y ,  1990; J in g  and L o g a n , 1992; L a m y , B o u rg e o is  and B e rm o n d , 1 99 3 ). T h e  m e ta l 

c o n c e n tra tio n s  in  d iese s ludges are h ig h ly  v a r ia b le , o w in g  to  c o n tin u a l changes in  the
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c o m p o s it io n  and v o lu m e  o f  e f f lu e n t  d ischarged  in to  sew ers. C o n c e n tra tio n s  ra n g in g  f ro m  <  1 to  

3 ,6 5 0  m g  C d /k g  in  the  d ry  m a tte r  have  been rep o rted  fo r  sew age s ludges in  w e s te rn  E u ro p e  and 

N o r th  A m e r ic a  (A l lo w a y ,  199 0 ). S lud g es  lo w  in  C d  and o th e r c o n ta m in a n ts  ha ve  lo w e r  r is k  o f  

fo o d  c h a in  c o n ta m in a tio n  th a n  m o re  c o n ta m in a te d  ones a t th e  sam e a p p lic a tio n  ra te  (J in g  and 

L o g a n , 199 2 ). T h e re fo re , s e ve ra l c o u n tr ie s  have  in tro d u c e d  c o n tro ls  o n  the  m e ta l c o n c e n tra tio n s . 

T h e  c o m m is s io n  o f  the  E C  issued a d ire c t iv e  s p e c ify in g  m a n d a to ry  and re c o m m e n d e d  l im its  o f  

4 0  and 2 0  m g  C d /k g  d ry  w e ig h t, re s p e c tiv e ly , fo r  sewage sludges ap p lie d  to  a g r ic u ltu ra l so ils , 

w h e re a s  the  m a x im u m  a n n u a l lo a d  o f  C d  in  the  U S A . is  1.9 k g /h a /y e a r (M o r tv e d t,  1996).

In  a d d itio n , p hosp hate  fe r t i l iz e rs  have  been concerned  as the  e n try  o f  C d  in to  the  h u m a n  

fo o d  c h a in  v ia  the a p p lic a tio n  in  the a g r ic u ltu ra l lands because p h o sp h o rite s  w h ic h  are ra w  

m a te r ia ls  fo r  the m a n u fa c tu re  o f  fe r t i l iz e rs  c o n ta in  re la t iv e ly  h ig h  con ten ts  o f  C d  ( A l lo w a y ,  1990; 

F e rg u sso n , 1990 ; S a n c h e z -M a rt in  and S a n c hez-C am a zano , 1993). P hosp ha te  fe r t i l iz e rs  have 

b een e s tim a te d  to  a cc oun t fo r  5 4 -5 8  %  C d  in p u t in to  so ils  o f  w e s te rn  c o u n tr ie s  ( A l lo w a y ,  1990). 

H o w e v e r ,  M o r tv e d t (1 9 9 6 ) show ed  th a t p la n t u p ta ke  o f  C d  c o n ta m in a n ts  in  the  fe r t i l iz e rs  w a s  

n e g lig ib le  and i t  w o u ld  ta ke  1 ,300  yea rs  o f  phosp hate  a p p lic a tio n s  a t a ra te  o f  20 k g  p /h a  to  reach 

the  to le ra b le  C d  l im i t  (4 .5  kg /h a ) assu m in g  an average C d  c o n c e n tra tio n  o f  0 .5  m g /kg . T h is  

c a lc u la t io n  ig n o re d  o th e r p o ss ib le  C d  in p u ts  to  a g r ic u ltu ra l s o ils , such  as sew age sludges and 

a tm o s p h e ric  d e p o s itio n . I n  sp ite  o f  tha t, m a n y  c o u n tr ie s  have  set th e ir  re g u la t io n s  o n  C d 

c o n c e n tra tio n  in  phosp ha te  fe r t il iz e rs . .

M o re o v e r ,  the  re la t iv e ly  h ig h  v o la t i l i t y  o f  C d  w h e n  heated  ab ove  4 0 0 J c accounts fo r  the 

s ig n if ic a n c e  o f  a tm o sp h e ric  e m iss io n s  f ro m  the  n o n -fe rro u s  m e ta l p ro d u c tio n , fo s s il fu e l 

c o m b u s tio n , re fu s e  in c in e ra tio n  and iro n  and stee l p ro d u c tio n . C d c o n c e n tra tio n s  in  a ir  depend on  

the  d is tance  fro m  e m it t in g  sources (A l lo w a y ,  19 9 0 ) .  T h e n  C d  m a y  d e p o s it to  the land  b y  b o th  d ry  

and w e t d e p o s itio n . C d  c o n c e n tra tio n  in  excess o f  1,7 0 0  ppm  w as m easured  in  s o ils  n e a r Z n  

sm e lte rs . A t  d is tances o f  16 and 21 k m  fro m  the  e m iss io n  sources the  c o n c e n tra tio n  o f  C d 

reached the  b a ckg round  le v e ls  o f  5 and 7 p p m , re s p e c tiv e ly  (H a g h ir i,  1974).
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W h e n  re a c h in g  s o il,  the  fa te  o f  C d  is  c o n tro lle d  b y  m a n y  re la t in g  fa c to rs  in c lu d in g  its  

c h e m ic a l fo rm s  (L a m y , B o u rg e o is  and B e rm o n d ,1 9 9 3 ; C h lo p e c ka , 1 9 9 6 ), s o i l  p H , C E C , C la y  

m in e ra l (S a n c h e z -M a r t in  and S a n c hez-C am a zano , 1993) and o th e r  m e ta l io n s  (A l lo w a y ,  1990). 

T h e  m e ta l can be fo u n d  in  s o il in  a n u m b e r o f  fo rm s , such as d is s o lv e d  in  th e  s o i l  s o lu t io n , 

e le c tro s ta t ic a lly  adsorbed in  the  c o llo id  fra c t io n  (assoc ia ted  w i th  c la y  m in e ra ls , o x id e s , and  

o rg a n ic  m a tte r) ,  su lp h a te  o r  carbonate  p re c ip ita te s , and s o lu b le  o r  in s o lu b le  o rg a n ic  m a tte r 

che la tes  (S a n c h e z -M a r t in  and S a n c hez-C am a zano , 1993). C h lo p e c k a  e t a l. (1 9 9 6 )  id e n tif ie d  

fo rm s  o f  C d  in  c o n ta m in a te d  s o ils  f ro m  so u th w e s t P o lan d . I t  w a s  fo u n d  th a t th e  sam p les  w i th  C d  

ab ove  b a c kg ro u n d  le v e l to  m a x im u m  to le ra b le  le v e l (>  0.5 - <  3 .0  m g /k g )  and  in  excess o f  

m a x im u m  to le ra b le  le v e l (>  3 .0  m g /k g ) w a s  exchangeab le  fo rm , the  m o re  p h y to a v a ila b le  fo rm , 

w ith  4 8 .7 %  and 3 2 .5 %  , re sp e c tive ly , w h ile  re s id u a l f ra c t io n  p ro b a b ly  re s id e d  in  p r im a ry  

m in e ra ls  (5 8 .7 % ) p re d o m in a te d  in  sam p les w ith  b ackg round  le v e l o f  C d  (<  0 .5  m g /k g ). S o i l  p H  

a lso  in flu e n c e s  the  c h e m ic a l fo rm  o f  C d. T h a t  is , fo r  acid  s o il sam p le s  (p H  <  5 .6 )  a m ean  v a lu e  o f  

4 4 %  o f  the  fra c t io n a l sum  o f  C d  is  associated w ith  the  exchangeab le  fo rm , as opposed  to  2 9 %  fo r  

the s lig h t ly  ac id  to  c irc u m n e u tra l s o il sam p les (p H  > 5 .6 ) . C a d m iu m  added to  s o il as ca rbonate  is  

re la t iv e ly  m o b ile  in  a c id ic  c o n d itio n s  and w ith in  a fe w  ye a rs  o r  less m a y  pass to  th e  exchangeab le  

fo rm  (C h lo p e c k a  e t a l., 1996). S o i l  w ith  h ig h  p H  va lu e s  fa v o rs  th e  exchang e  o f  C d  b y  o th e r 

c a tio n s  -  p a r t ic u la r ly  d iv a le n t ca tions , th e re b y  decreasing  the C d  m o b il i ty .  M o re o v e r ,  the  c a tio n  

exchange cap a c ity  (C E C )  as w e l l  as the  s o il p ro p e rtie s  re la t in g  to  it ,  such as c la y  c o n te n t, has 

s tro n g  in f lu e n c e  o n  the C d  fa te  in  so ils . In  s o ils  w ith  h ig h  C E C , C d a d s o rp tio n  b y  the  s o il 

c o m p o nen ts  p re v a ils  o v e r  its  m o b il i ty ,  e sp e c ia lly  i f  the exchange c o m p le x  o f  the  s o il concerned  is 

sa tu ra ted  w ith  d iv a le n t c a tio ns , and so ils  w ith  h ig h  c la y  c o n te n t fa v o rs  re te n tio n  b y  the  c o n s titu e n t 

m in e ra ls  (S a n c h e z -M a r t in  and S a n c hez-C am a zano . 1993). A s  fo r  the  e ffe c t o f  o rg a n ic  m a tte r, 

o rg a n ic  m a tte r f ro m  sludge d isp osa l reduced C d  re te n tio n  b y  the  s o il across the  p H  range f ro m  5 

to  7 ( L a m y  e t a l., 1993). H o w e v e r , S a n c h e z -M a rt in  and S a n c h e z -C a m a za n o  (1 9 9 3 )  sh o w e d  th a t 

C d  m o b il i ty  is m o re  c lo s e ly  re la ted  to  the n a tu re  o f  the  o rg a n ic  m a tte r  th a n  i t  is  to  its  con ten t. 

W h ile  h ig h ly  h u m if ie d  o rg a n ic  m a tte r (C /N  <  15) fa v o rs  re te n tio n  o v e r  m o b il i ty ,  less h u m if ie d  

o rg a n ic  m a tte r (C /N  >  15) c o n ta in s  ab und an t s o lu b le  fra c tio n s  th a t fa v o r  fo rm a t io n  o f  so lu b le  

c o m p le xe s  w ith  C d , th e re b y  in c re as ing  its  m o b il i ty .  C h ris te n s e n  (1 9 9 6 )  fo u n d  th a t C d  s o lu b il i ty  

in  ca lca reous so ils  (c a rb o n a te -r ic h  s o ils )  is  n o t l ik e ly  to  be c o n tro lle d  b y  p re c ip ita t io n  o f  C d C O j
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because d isso lve d  o rg a n ic  ca rb on  acts as a p re c ip ita t io n  in h ib ito r  and  is  the  reaso n  fo r  the 

ap p aren t la c k  o f  C d C O j p re c ip ita t io n  in  C d -am e nd ed  so ils . A n o th e r  fa c to r  c o n tro ll in g  the  fa te  o f  

C d  is  the  e ffe c t o f  o th e r  m e ta l io n s . A l lo w a y  (1 9 9 0 ) re p o rte d  th a t c o m p e tit io n  w ith  o th e r  m e ta l 

io n s , such  as Z n , C a , C o , C r , C u , N i  and  Pb  can in h ib i t  the  a d so rp tio n  o f  C d . A m o n g  these ions , 

Z n  had  the  g re a te s t in h ib ito r y  e ffe c t.

I t  is  e v id e n t th a t m e ta ls  in c lu d in g  C d  f ro m  a n th ro p o g e n ic  sources are p o te n t ia lly  m o re  

m o b ile  th a n  those  th a t are  u lt im a te ly  in h e r ite d  f ro m  the  g e o lo g ic a l p a re n t m a te r ia l 

(C h lo p e c k a  e t a l, 199 6 ) F u r th e rm o re , C d  is  g e n e ra lly  re c o g n ize d  to  be the  m o s t m o b ile  trace 

m e ta l in  so ils . C o n s e q u e n tly , i t  m a y  cause m a n y  p ro b le m s  because the  m o b ile  fo rm  is 

p h y to a v a ila b le  and m a y  p o llu te  the  w a te rw a y s . P ro b le m s  d e riv e d  f ro m  C d c o n ta m in a tio n  in  the 

lo n g  ru n  are l ik e ly  f r o m  d ischarg e  o f  w a s te w a te r  o r  d u m p in g  o f  haza rd ous w a s te  to  w as te  o r  even 

arab le  land  w ith o u t  a p p ro p ria te  tre a tm e n t and m an a g e m e n t, p a r t ic u la r ly  d u r in g  e c o n o m ic  c ris is  

w h e n  eco n o m ic s , n o t  e n v iro n m e n ta l p ro te c tio n , com es f irs t .  R e d u c tio n  o f  p ro d u c tio n  c os t is 

necessary fo r  the  s u rv iv a l o f  bus iness. I t  is  n o  d o u b t th a t tre a tm e n t cos t o r  a n y  o th e r budgets in  

e n v iro n m e n ta l concerns is  reduced  o r  a b s o lu te ly  cu t. T h is  s itu a tio n  a c c o m p a n y in g  w i th  w e a k  

re g u la tio n s  and p e n a ltie s  m a y  cause se rio u s  e n v iro n m e n ta l p ro b le m s  in  the  fu tu re .

S in c e  C d  is m u c h  m o re  to x ic  fo r  h u m a n s  th a n  fo r  p la n ts , le v e l o f  0 .5 m g C d /k g  , w h ic h  

are n o t y e t to x ic  fo r  p la n ts , m u s t be cons id e red  as c r it ic a l w h e n  the  p lan ts  are used as n u tr im e n t o r  

fo d d e r (S a u e rb e c k , 1985 c ite d  in  S tic h e r, 1993). F u r th e rm o re , i t  is  n o t p oss ib le  to  re ly  o n  the 

onse t o f  v is ib le  s y m p to m s  o f  C d  to x ic ity  to  ac t as a w a rn in g  w h e n  fo o d  crops have accum u la ted  

excess ive  a m o u n t o f  m e ta ls  w h ic h  c o u ld  be haza rd ous to  h e a lth . R e la t iv e  la rge c o n c e n tra tio n s  o f  

C d  can a c c um u la te  in  ed ib le  p o rt io n s  w ith o u t  the  p la n t s h o w in g  sy m p to m s  o f  stress (C h a n e y  et 

a l., 1977 c ited  111 A l lo w a y ,  1990). O nce e n te r in g  the  fo o d  w eb , the o rg a n ism s  take  up  the he a vy  

m e ta ls  f r o m  s o il,  w a te r  o r  se d im e n t, and the m e ta l c o n c e n tra tio n  is m a g n if ie d . T h is  p rocess is 

k n o w n  as b io m a g n if ic a t io n . O rg a n is m s  in  h ig h e r  tro p h ic  le v e l m a y  acc um u la te  and concentra te  

the m e ta ls  to  the e x te n t th a t th e y  m a y  cause adverse  h e a lth  e ffe c ts . T h e e ra p u n sa tie n  (1 9 9 5 ), fo r  

e xa m p le , fo u n d  th a t m u sse l in  the  P in g  r iv e r  near sew e rs  o f  the Z n  re f in in g  fa c to ry  con ta ined  

3 .6 0 -5 .5 6  (Ug/g F W  w h ic h  exceeded the  p e rm is s ib le  l im it .
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In  T h a ila n d  a n u m b e r o f  researches in v o lv in g  h e a v y  m e ta ls  and p la n ts  have  been focused  

o n  th e  u p ta ke  o f  m e ta ls  b y  ed ib le  p la n ts  and the  re m o v a l o f  m e ta l io n s  in  w a s te w a te r  b y  aq ua tic  

p lan ts . F e w  s tud ies  are em p has ized  o n  the  p h y s io lo g ic a l responses o f  p la n ts  exposed  to  to x ic  

m e ta ls  o r  the  so ca lle d  ‘ p h y to re m id ia t io n ’ w h ic h  is the  use o f  p la n ts  as an  a lte rn a tiv e  m e th o d  fo r  

re m o v in g  m e ta ls  in  p o llu te d  s o il.  In  th is  s tu d y  tw o  c u lt iv a te d  ve g e tab les , K a n g k o n g  (Ip om oea  

aq ua tic a  F o rs k .)  and  C h in e se  K a le  (B ra ss ic a  o le ra c e a  L .  cv  g ro u p  C h in e se  K a le )  and tw o  w eeds, 

F a lse  d a isy  (E c lip ta  p ro s tra ta  L . )  and S w o lle n  f in g e r  grass ( C h lo r is  b a rb a ta  ร พ . )  w e re  used  as 

p la n t m a te r ia ls . W e e d s  w e re  chosen to  s tud y  the  fe a s ib il i ty  o f  u s in g  th e m  fo r  p h y to re m e d ia tio n  

p u rp ose , w h i ls t  c u lt iv a te d  veg e tab les  w e re  s tud ie d  th e ir  u p ta ke  o f  m e ta l. T o  a ch ieve  these goa ls , 

k n o w le d g e  o n  p h y s io lo g ic a l responses o f  p la n ts  u n d e r stress is  necessary.

1.2 Objective
T o  รณ d y som e p h y s io lo g ic a l responses i.e . p ro lin e  a c c u m u la tio n , c h lo ro p h y ll c o n te n t and 

p la n t g ro w th  o f  fo u r  se lec ted  species w h e n  exposed  to  C d.

1.3 Scope of study
T h is  s tu d y  w e re  conducted  o n  fo u r  p la n t species g ro w n  b y  h y d ro p o n ic  te c h n iq u e  in  

c o n tro lle d  e n v iro n m e n ts . C d  c o n c e n tra tio n s  o f  5 and 2 0  p p m  w e re  tested  b u t d if fe re d  in  the 

d u ra tio n  o f  รณ dy. T h e  C d  tre a tm e n t w a s  p e rfo rm e d  w h e n  the p la n ts  had v ig o ro u s  g ro w th , 

a p p ro x im a te ly  one  m o n th  a fte r  g ro w in g  in  n u tr ie n t s o lu t io n , and  the e x p e r im e n t lasted  fo r  

fo u r te e n  days a fte r  the p lan ts  b e in g  re m o v e d  to  C d -fre e  s o lu t io n .

1.4 Anticipated benefits
1. I t  m a y  p ro v id e  a basis fo r  ณ rth e r s tud y  in  o rd e r to  und e rs tand  the  p h y s io lo g ic a l 

responses o f  p lan ts  w h e n  exposed to  Cd.

2. I t  m a y  p a r t ly  be used as a gu idance fo r  se le c tin g  m e ta l to le ra n t p la n ts  w h ic h  m a y  be

used fo r  c le a n in g  c o n ta m in a te d  so il.
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