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Meta ls  and m e t a l l i c  compounds a re  i m p o r t a n t  components  o f  t he  
human e n v i r o n m e n t  and many of  these  compounds a re  e s s e n t i a l  
f o r  human h e a l t h .  The m o b i l i z a t i o n  of  v a r i o u s  t o x i c  meta ls  in  our  
e n v i r o n m e n t ,  h o w e v e r ,  can cause e x c e s s i v e  e x p o s u r e s  w h i c h  may 
be haza rdous  to  human h e a l t h  ( U n d e r w o o d ,  1979).  Me ta l  p o l l u t i o n  
comes f rom bo th  n a t u r a l  and a n t h r o p o g e n i c  sources  (Moore and 
Ramamoor thy ,  1984) .  Of t he  v a r i o u s  sources  o f  w a t e r  p o l l u t i o n ,  
one o f  the  most i m p o r t a n t  i s  h o w e v e r ,  i n d u s t r i a l  waste  w a t e r  
d i r e c t l y  e n t e r i n g  a q u a t i c  s ys tems .  T h i s  has r e s u l t e d  in  the  
t r a n s f o r m a t i o n  of  l akes  i n t o  sewage lagoons .  Lake Hussa in  Sagar 
i s  a t y p i c a l  examp le  of  an i n d u s t r i a l l y  p o l l u t e d  l a k e ,  s i t u a t e d  
in  the  h e a r t  of  H y d e r a b a d  c i t y .  The lake  is  h e a v i l y  con tamina ted  
by  v a r i o u s  metats~ ( M a z h a r u d d i n  e t  at 1985).  The l ake  has 
an area of 4 .83  Km Z w i t h  mean dep th  of 2 .5  m. A p a r t  f rom m ino r  
i n f l o w s  f rom the  c i t y ,  t he  source  of  w a t e r  to the  lake  i s  t he  
K u k a t p a t t y  c h a n n e l ,  w h i c h  passes t h r o u g h  the  i n d u s t r i a l  zone of  
the  c i t y  ( F i g .  1 ) .  More than  400 i n d u s t r i a l  un i t s  w h i c h  manufac-  
t u re  chemicals, drugs, paints and machine toots are located 
on its banks (Simhachatam, 1975). The source of the heavy 
metal pollution is leakage from overloaded sewers draining the 
industrial belt which run in to this channel. Some of the indus- 
tries dump their untreated and partially treated effluent directly 
into the lake. 

In  t he  pas t  2 decades the  q u a l i t y  of  the  w a t e r  i n  t he  l ake  
has d e t e r i o r a t e d  due to t he  impac t  of  r a p i d  u r b a n i s a t i o n  and 
i n d u s t r i a t i s a t i o n .  A s t u d y  of  h e a v y  meta l  con tamina t i on  by  Zafar  
e t  a l .  (1976) has  r e v e a l e d  t h a t  h e a v y  meta ls  i n  d i f f e r e n t  p a r t s  
o f  t he  l ake  bas i n  exceeded  no rma l  l i m i t s .  In  t he  recen t  pas t  
a t t emp ts  were  made to  s t u d y  w a t e r  c h e m i s t r y  and h e a v y  meta l  
impac t  in  t he  wa te r  and sed imen t  of  Hussain Sagar take (Khan 
1983, Khan and Seenayya 1985, P r a h t a d  and Seenayya 1987) .  
Howeve r ,  the  impac t  of  meta l  con tamina ted  lake  on the  q u a l i t y  of  
g round w a t e r  by  seepage has been o v e r l o o k e d .  Because the  ground 
wa te r  i s  used in  a d d i t i o n  to m u n i c i p a l  su r face  w a t e r ,  to augment 
wa te r  s u p p l y  d u r i n g  summer by  more than  h a l f  a m i l l i o n  c i t y ' s  
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p o p u l a t i o n ,  the  sa fe ty  of g round wate r  is  of p r i m e  concern .  
Keeping t h i s  in m ind ,  a s t udy  was i n i t i a t e d  to de te rm ine  the  
e x t e n t  of l ead ,  cadmium,  n i c k e l  and z inc  p o t t u t i o n  in  the  take 
and to de te rm ine  the  e x t e n t  o f  g round wa te r  con tamina t ion  by  
these meta ls .  T h i s  s t u d y  w i t I  h e l p  to de t i nea te  the  area of  
g round wa te r  p o t t u t i o n  and p r o v i d e  base t ine  con tamina t ion  data 
fo r  f u r t h e r  i n v e s t i g a t i o n .  

MATERIALS AND METHODS 

Water samptes f rom Hussain Sagar take were o b t a i n e d  at  4 s i t e s .  
Loca t ion  of s i t es  was based on m o r p h o l o g i c a l  and b a t h y m e t r i c  
c h a r a c t e r i s t i c s  c o v e r i n g  i n f t o w  p o i n t s  and c e n t r a l  deeper  reg ion  
of the  take ( F i g .  1 ) .  S i te-1  i s  s i t u a t e d  in the  s h a l l o w  reg ion  
of  the  take near the  r e c e i v i n g  po i n t  of the  main i n f t o w  channe l  
( K d k a t p a t t y  chenne t ) ,  dep th  f rom 1 .8 -3 .7  m. S i t e -2  is  on the  
sou the rn  s i de  of the  M in t  compound,  dep th  f rom 2 . 4 - 6 . 4  m. 
S i te -3  is  the  c e n t r a i  reg ion  of dep th  f rom 8 . 5 - 1 0 . 7  m. S i t e -4  
i s  in  the  n o r t h e r n  reg ion  of  the  take at  the  f o rma t i on  of the  
f eede r  channet  w i t h  the dep th  rang ing  f rom 2 . 7 - 5 . 8  m. 

F i f t y  Ground wa te r  samples  were  c o l l e c t e d  f rom b o r e w e l l s  at  
d i f f e r e n t  s i t es  a round Hussain sagar  take,  25 samptes were 
co i t ec ted  w i t h i n  the  r a d i u s  of 1 km, w h i t e  the  res t  were  
co l t ec ted  between 1-2 Km r a d i u s  as i n d i c a t e d  on the  map ( F i g .  
1 ) .  The water  samptes were b r o u g h t  to the  l a b o r a t o r y  in 
p r o p e r t y  washed p o l y e t h y l e n e  bo t t t es  r i n sed  w i t h  d i I .  HCt.  
The samptes were t a t e r  p rocessed f o t t o w i n g  the  s t a n d a r d  p r o c e -  
du res  (APHA, 1980) and were ana tysed  on a P e r k i n  E lmer  2380 
a tomic  a b s o r p t i o n  s p e c t r o p h o t o m e t e r .  

RESULTS AND DISCUSSION 

Resut ts  i n d i c a t e  a u n i f o r m t y  h i g h  degree of metat con tamina t ion  
in  the  take .  The concen t ra t i on  of v a r i o u s  t o x i c  heavy  metats 
t i k e  l ead ,  cadmium,  n i c k e l  and z inc  was e teva ted  and are above  
the  revers  of an unpo t t u t ed  system (Tab te  1).  A s t u d y  conducted 
by Durum et  at ( 1971), i n d i c a t e s  t ha t  unpo t l u t ed  waters  
gene ra t t y  con ta in  tess than 1 .0 AJg/L of lead and cadmium.  
Hen r i ckson  and W r i g h t  (1978) s ta ted  t ha t  revers  of  0 . 1 - 0 . 5 A J g / L  
of cadmium and read r ep resen ted  the  background va lues  in smart 
Norweg ian  takes .  Howeve r ,  a s t u d y  by Pande and Das (1980) 
revea ted  20-89 AJg/L of lead in take N a i n i t a t  ( I n d i a ) .  The concen-  
t r a t i o n  of  n i c ke r  in the  take Hussain Sagar was in the  range 
of  22-24 / ug /L  w h i c h  is  h i g h e r  than  those of f r esh  wa te rs  w h i c h  
usua t t y  range f rom 1-3 / u g / L  (Snodgrass ,  1980).  Howeve r ,  K e t l e r  
and P i t b a i d o  (1986) demons t ra ted  a r e t a t i o n s h i p  between e teva ted  
n i c k e r  in  Sudbory  area takes and n i c k e t  e m i t t i n g  sources .  N icke r  
i s  not a s i g n i f i c a n t  o r  w i d e s p r e a d  contaminant  in  most o f  the  
f r esh  w a t e r s ,  on l y  a n t h r o p e g e n i c  i npu t s  may inc rease  the  l e v e l s  
of  n i c k e t  in the  range of  2 .5 -15  , u g / L  (He iz ,  1976) w i t h  i n d u s -  
t r i a t  p o t t u t i o n  be ing  the  p r i m e  c o n t r i b u t o r .  The concen t ra t i on  
of  z inc  in  the  Hussain Sagar take was above the  revers  known 
f o r  unpo t t u t ed  w a t e r .  A s t udy  c a r r i e d  out by Durum et  a t .  (1971) 
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r evea led  t h a t  u n p o l l u t e d  wa te rs  g e n e r a l l y  con ta in  20 AJg/L o f  
z i n c .  The mean concen t ra t i on  of z i n c  in  the  p resen t  s t u d y  was 
about  1 8 3 . 3 / u g / L  w h i c h  a l t hough  exceed ing  the background va lues  
bu t  was w i t h i n  the  norma l  l i m i t s  of 500 ug /L  recommended by  
ICMR (1975). 

T a b l e  1.  M e t a l  concent ra t ions  in w a t e r  samples  of Hussain  Sagar 
l ake  

No. of Range in  A r i t h m e t i c  Standard 
Meta l  sampies / u g / L  Mean dev i a t i on  

Lead 10 38 .40-62 .45  42.16 4.1 
Cadmium 10 3 .80 -8 .00  4.60 1.4 
N i cke l  10 16 .20-31 .00  23.88 3 .4  
Zinc 10 48 .00-271 .0  181.33 6 .2  

T a b l e  I I a .  M e t a l  c o n c e n t r a t i o n s  in  ground wa te r  samples  c o l l e c t e d  
f rom a r a d i u s  of 2OO-1000 m f rom the  t a k e  

No. o f  Range Ln A r i t h m e t i c  Standard 
Meta l  samples / u g / L  Mean d e v i a t i o n  

Lead 25 7 .00 -28 .00  14.28 6.35 
Cadmium 25 8 .00 -2? .00  13.88 5.13 
N i cke l  25 20 .00 -74 .00  40.08 16.58 
Z inc 25 36 .03-617.23 106.23 125.97 

T a b l e  I I b .  Meta l  c o n c e n t r a t i o n s  in ground wa te r  samples  c o l l e c t e d  
f rom a r a d i u s  of 1000--2000 m f rom the  t a k e  

No. of  Range in  A r i t h m e t i c  Standard 
Meta l  samples / u g / L  Mean d e v i a t i o n  

Lead 25 1 .00-9 ,00  6 .60  2.73 
Cadmium 25 1 .00-7 .00  3.88 2,13 
N i cke l  25 0 . 0 0 - 2 0 . 0 0  11.24 5.47 
Zinc 25 8 . 0 0 - 3 5 .  O0 17.36 8.03 

Resu l ts  of  the  ground wate r  samples co l l ec ted  f rom b o r e w e t l s  
around the Hussain Sagar lake  revea led  v a r y i n g  l e v e l s  of  meta l  
con tam ina t i on .  In gene ra l ,  ground wa te r  samples c o l l e c t e d  w i t h i n  
the  r a d i u s  of 1 km showed c o n s i s t e n t l y  h i g h e r  concen t ra t ions  
of  l ead ,  cadmium,  n i c k e l  and z inc  than those samples co l l ec ted  
beyond 1 km r a d i u s .  T h i s  i nd i ca tes  t h a t  the source  of  ground 
wate r  p o l l u t i o n  is  due to the contaminated l ake .  Lead in ground 
wate r  was de tec ted  in  the  range of  1 - 2 5 / u g / L .  The concen t ra t ion  
were  a p p r e c i a b l y  h i g h e r  than those f o r  uncontaminated f r e s h  
wa te rs  w h i c h  g e n e r a l l y  have  va lues  of 3 / ug /L  ( F o r s t n e r  and 
Wit ton 1979) . S tudy conducted by  UNEP/WHO (1977) r evea led  
t h a t ,  the g l o b a l  range of  lead concen t ra t ion  in  ground wa te r  v a r i e d  
f rom 1 - 6 0 / u g / L .  Cadmium concen t ra t i on  in  the  samples  ana l ysed  
were  in  the  range of 1-2? AJg/L (Tab le  I I a ) .  The mean concen t ra -  
t i on  o f  cadmium in  the wa te r  samples w i t h i n  800 m r a d i u s  f rom 
the lake was h i g h e r  than the  p e r m i s s i b l e  l e v e l  of  5 / u g / L  
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recommended by  WHO (1970) .  Cadmium concent ra t ion  i n  the  sam- 
p ies  ana lysed  beyond 1 km rad ius  (Tab le  I I b )  can a lso  be r e g a r -  
ded as h i g h ,  s ince the  cadmium contents in  ground wa te r  and 
d r i n k i n g  w a t e r  a re  found to be v e r y  tow,  a t  0 . 1 - 0 . 2  / u g / L  
(F i shbe [n  1985),  and i s  e x t r e m e l y  tow compared to the  amounts 
of  cadmium d e r i v e d  f rom the  food .  The concent ra t ion  of  n i c k e l  
was in  the  range of 3-80 /dg/L. T h i s  can be regarded  as u s u a l l y  
h igh  cons ide r i ng  the  f ac t  t h a t  f r e s h  wa te r  con ta ins ,  about  0 .3  

/ ug /L  n i c k e l  and in the  ground wa te r  i t  i s  a lmos t  n e g l i g i b l e  
(Fo rs tne r  and YVitton 1979).  Hrudey (1985) howeve r  r e p o r t e d  
t ha t  teachate  f rom l a n d f i l l s  contaminate ground wa te r  and may 
contain 1 . 8 5 - 8 . 2 / u g / L .  T h e r e f o r e  i f  n i c k e l  i s  p resen t  in sur face  
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or  g round  wa te r  i t  i s  l i k e l y  to be in  t race  amounts ,  un less  
i t s  p resence is  due to i n d u s t r i a l  p o l l u t i o n .  In  our  p r e s e n t  s t u d y  
we f i n d  t h a t  w i t h  a v e r y  few excep t i ons~  the  n i c k e l  concen t ra t i on  
was h i g h  r e a c h i n g  as much as 80 / a g / L .  T h i s  i n d i c a t e s  a c o n s i -  
d e r a b l e  degree of  seepage i n t o  the  s u r r o u n d i n g  a q u i f i e r s  f rom 
the  take.  

The concentration of zinc was in the range of 14-617 /ug/L. This 
can be reported as significantly high when compared to the 
level of zinc in fresh waters which generatiy range from 0.5-15 
/ag/L (Moore and Ramamoorthy 1984). However~ with very few 
exceptions the ground water samptes were within the permissible 
limit of 500 /ug/L recommended by ICMR (1975). From our study 
we conclude that the industrial contamination of Hussain Sager 
take by various toxic metais has had a direct impact on the 
surrounding aquifiers. Atthough the degree of ground water conta- 
mination varied with the distance from the take~ the ground 
water sampies within the radius of 800 m from the iake~ showed 
elevated concentration of metals, especially cadmium and nickel 
and this may cause health risk to consumers who use ground 
water as a potable source during summer. This study celts for 
urgent remedial measures for restoration of quality of take 
water such as diversion of industrial waste~ thereby preventing 
their entry into the take. 
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