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Water p o l l u t i o n  is  a ve ry  s e r i o u s  haza rd  to which the common 
man i s  exposed.  I n d u s t r i a l  and domest ic  d i s c h a r g e s  have been 
r ecogn ized  as one of  the major  sources  o f  t ox i c  chemicals  
p re sen t  in the envi ronment .  The re fo re ,  in r ecen t  yea r s  much 
emphasis has  been given to deve lop  simple and r e l i a b l e  
b i o l o g i c a l  methods to e v a l u a t e  the degree  of p o l l u t i o n .  

The Al l ium t e s t  employing roo ted  bulbs  of Al l ium cepa has been 
used as a s t anda rd  sho r t  term t e s t  in envi ronmenta l  mon i to r ing  
and as a too l  fo r  e v a l u a t i o n  and ranking  of  chemical  wi th  
r e f e r e n c e  to t h e i r  t o x i c i t y  by v a r i o u s  agenc ies  (Royal Swedish 
Academy of  Sc ience ,  1973; S t i c h e t  e t  a l . ,  1975). This  t e s t  has  
f r e q u e n t l y  been used by many p o l l u t i o n  b i o l o g i s t  (Levan, 1938; 
Cla rkson ,  1965; Kihlman, 1966; F i s k e s j o ,  1981; L i n n e t  a l . ,  
1978).  I t  has many advantages  l i k e  low c o s t ,  easy  to hand le ,  
good chromosome c o n d i t i o n  to he lp  s tudy  chromosome abnorma l t i e s  
dur ing  c e l l  d i v i s i o n ,  e v a l u a t i o n  of  aneup lo idy  and has good 
c o r r e l a t i o n  wi th  p r o k a r y o t i c  and o t h e r  e u k a r y o t i c  t e s t  systems.  
This  t e s t  system comprises  a r a p i d  and s e n s i t i v e  method a t  
macroscopic  l eve l  by measuring growth i n h i b i t i o n  of  r o o t s  as  
wall  as at  m i c r o s c o p i c  l eve l  compr is ing  harmful  q u a l i t a t i v e  
and q u a n t i t a t i v e  e f f e c t s  on c e l l  and t i s s u e s .  The mic ro scop i c  
l eve l  a l s o  inc ludes  the A l l i t m i m i c r o n u c l e u s  a s say  which has been 
used in s t udy ing  g e n o t o x i c i t y  and b i o a v a i l a b i l i t y  of  s o l i d  waste  
d e p o s i t s  ( c o n t a i n i n g  mercury)  from c h l o r a l k a l i  p l an t  (Dash e t  
a l . ,  1988; Panda e t  a l . ,  1989; Panda e t  a l . ,  1990).  

The p r e s en t  s tudy  was under taken  to moni tor  and a s s e s s  c y t o t o x i c  
e f f e c t s  of  d i s t i l l a r y  waste d i s c h a r g e d  from a sugarcane  f a c t o r y ,  
Kanpur, I n d i a ,  employing modi f i ed  Al l ium t e s t  ( F i s k e s j o ,  1985).  
Modif ied Al l ium t e s t  employs d i r e c t  t rea tment  of  unroo ted  bulbs  
wi th  t e s t  l i q u i d s  i n s t e a d  of  r o o t e d  ones.  The e f f l u e n t  was 
ana lysed  for  i t s  phys i co -chemica l  p r o p e r t i e s  and i t s  c y t o t o x i c  
r esponses  have been s t u d i e d  in r e l a t i o n  to p o l l u t i o n  h a z a r d s .  

bI~TERIALS AND ~ S  

E q u a l - s i z e d  bulbs  were chosen from a commercial v a r i e t y  o f  
Al l ium cepa (2n=16). The o u t e r  s c a l e s  of  the bulb  and brownish 
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p l a t e  were removed. The r ing  of  the root  p r imord ia  being l e f t  
i n t a c t .  The pee led  bulbs  were put i n to  f r e sh  water  dur ing  the 
c l ean ing  procedure  to p r o t e c t  the pr imordia  from d r y i n g .  
T h e r e a f t e r ,  the bulbs  were p laced  d i r e c t l y  in 0.5%, 1.0%, 1.5%, 
and 2.0% c o n c e n t r a t i o n  of  t e s t  l i q u i d s ,  a method which mimics 
n a t u r a l  c o n d i t i o n s .  Ten onion bulbs  were se t  up in each s e r i e s .  
Normal tap water  f r e e  from tox ic  ions was used fo r  the c o n t r o l .  
F_xperiment was performed a t  about 20 • 2~ and was p r o t e c t e d  
a g a i n s t  d i r e c t  sun l i g h t .  Test  l i q u i d s  were changed everyday .  

The exper imenta l  and c o n t r o l  roo t  t i p s  were f ixed  on 2 day in 
e t h a n o l :  a c e t i c  ac id  (3 : 1, v /v )  and squashed acco rd ing  to the 
conven t iona l  haematoxyl in  method (Dar l i ng ton  and La Cour, 1976) 
fo r  chromosomal a n a l y s i s .  On 4 day the roo t  l eng th  were 
measured.  The l eng th  o f  the whole roo t  bundle was measured 
o u t s i d e  the t e s t  tubes by a r u l e r .  

The phys i co -chemica l  p r o p e r t i e s  o f  the e f f l u e n t  were de termined 
in accordance  wi th  the s t anda rd  method (APHAAWWA1971). 

RESULTS AND DISCUSSION 

Resu l t s  of  the a n a l y s i s  of  the phys i co -chemica l  parameters  in 
e f f l u e n t  sample i s  p r e sen t ed  in Table 1. The va lue  of  some 

Table i .  Phys ico -chemica l  a n a l y s i s  of  d i s t i l l a r y  waste and tap  
water  

Parameters  D i s t i l l a r y  waste  Tap water  

Colour Dark Brown Co lou r l e s s  

Tota l  S o l i d  2800.0 500 
Disso lved  s o l i d  800.0 n i l  
Suspended s o l i d  2000.0 n i l  
Oil and Grease 583.8 n i l  

6.00 7.5 
B.O.D. 78000.00 70 
C.O.D. 1,20.000.0 100 
Total Nitrogen 227.4 100.0 
Chloride 155.0 500 
Sulphate 31.3 250 
Nitrate 0.15 0.05 
l~nenols (ppb) 48.0 - 
Fluoride 1.14 0.3 
Phosphate 1.05 .01 

*All values are in ppm 

parameters  which impart t ox ic  n a t u r e  of  e f f l u e n t  l i k e  COD, BOD 
and phenols  were found at  l e v e l s  h ighe r  than the reccomended 
p e r m i s s i b l e  l i m i t s  ( ~ D ,  1985).  The f l u o r i d e  l eve l  in the  
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Figure  1. Percen t  i n h i b i t i o n  of  roo t  l eng th  in Al l ium cepa wi th  
d i s t i l l a r y  was te .  

e f f l u e n t  was a l s o  a l a rming .  The n i t r a t e ,  phosphate  and f l u o r i d e  
con ten t  was much h i g h e r  in d i s t i l l a r y  waste as compared to tap  
wa te r .  As ev idenced  by the growth curve ,  t he re  was a gradual  
i n h i b i t i o n  of  r o o t  l eng th  wi th  i n c r e a s i n g  e f f l u e n t  
c o n c e n t r a t i o n ,  however,  a sudden f a l l  a t  c o n c e n t r a t i o n  1.5% was 
observed .  A n e g a t i v e  c o r r e l a t i o n  was found between e f f l u e n t  
c o n c e n t r a t i o n  and roo t  l eng th  i n h i b i t i o n  ( r= -0 .98)  (Fig .  1 ) .  
The EC-50 of  d i s t i l l a r y  waste  being 1.175% i n d i c a t e d  tha t  i t  
had moderate  t o x i c i t y .  The 1.5% and 2.0% c o n c e n t r a t i o n  gave 
c l e a r  macroscopic  growth r e t a r d a t i o n  e f f e c t .  R e s t r i c e d  growth 
response  showed the t o x i c i t y  of  t r e a t m e n t s .  

During the experiment roo t  t i p s  turned  brownish which may be 
due to the  dark  brown co lou r  of  e f f l u e n t .  Table  - 2 shows the 
r e s u l t  from mic ro scop i c  s t u d i e s .  The e f f l u e n t  c o n c e n t r a t i o n s  
of  0.5% and 1% were not . ~ c h  e f f e c t i v e  wi th  r e s p e c t  to m i t o t i c  
index and number of  counted c e i l s .  F igure  2 ( a - f )  r e p r e s e n t s  
the c y t o t o x i c  a b n o r m a l i t i e s  a f t e r  e f f l u e n t  t r e a tmen t .  At 1.5% 
and 2.0% c o n c e n t r a t i o n ,  t he re  occur  m i c r o s c o p i c a l  damage e f f e c t s  
namely the d i sp lacement  in number of normal s t a g e s  o f  m i t o s i s .  
At the c y t o l o g i c a l  s c r e e n i n g  dur ing  the pe r s en t  experiment a 
v e r y  low degree  of  C-metaphase (Fig .  2b) was r eco rded  wi th  1.5% 
and 2.0% c o n c e n t r a t i o n  which were consequences o f  i n a c t i v a t i o n  
of  s p i n d l e  appara tus  connec ted  wi th  d e l a y  in the d i v i s i o n  of 
the cen t romere .  S t i c k n e s s  (Fig .  2c) was ve ry  much f requent  wi th  
1.5% c o n c e n t r a t i o n  i s  a g e n e r a l i z e d  type of  t ox i c  e f f e c t .  The 
f requency  of  chromosomal fragment (F ig .  2e) were h i g h e r  wi th  
h i g h e r  c o n c e n t r a t i o n  at  anaphase g iv ing  a i n d i c a t i o n  of  muta t ion  
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Figure  2 a - f .  Mic roscop i ca l  pa ramete r s  in the Al l ium t e s t  as  
e f f e c t e d  by e f f l u e n t  t r e a t m e n t ,  a,  metaphase c o n t r o l ;  b, 
C-metaphase;  c ,  metaphas ic  chromosome s t i c k n e s s ;  d, anaphase 
c o n t r o l ;  e ,  anaphas ic  f r agmen ta t ion ;  f ,  anaphas ic  l a g g a r d s .  

r i s k s .  Such chromosome breaks  a re  h i g h l y  c o r r e l a t e d  to 
matagenic  even t s  (De S e r r e s ,  1978).  Laggards were observed  a t  
anaphase (Fig .  2f)  w i th  a low f requency .  

Resu l t s  a re  i n d i c a t i v e  of  a l i n e a r  r e l a t i o n s h i p  between 
macroscop ica l  and m i c r o s c o p i c a l  pa ramete r s .  However, the e f f e c t  
on the macroscopic  parameter  seem to be more appa ren t .  Growth 
r e s t r i c t i o n  seems to be camula t ive  response  of  a l l  damage 
e f f e c t .  

T h e r e f o r e ,  the p r e sen t  Allit~n t e s t  i n d i c a t e  tha t  the d i s t i l l a r y  
waste which was t e s t e d  in  the p r e sen t  experiment  can be ranked 
to moderate  tox ic  envi ronmenta l  chemical  wi th  r e f e r e n c e  to i t s  
t o x i c i t y .  The c y t o l o g i c a l  a b n o r m a l i t i e s  p r e s e n t l y  observed  
i n d i c a t e  tha t  the  con tamina t ion  of  water  bodies  by the sugar  
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cane was te  water  may be hazardous  to bo th  f l o r a  and fauna.  
However, to  s t a n d a r d i z e d  the Al l ium t e s t  system some more work 
would be r e q u i r e d  in r e l a t i o n  to d i f f e r e n t  envi ronmenta l  
f a c t o r s .  
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