
Quality of Groundwater, F’roceedings of an International Symposium, Noordwijkerhout, 
The Netherlands, 23-27 March 1981, W. van Duijvenbooden, P. Glasbergen and H. van Lelyveld (Eds.), 
Studies in Environmental Science, Volume 1 7  
0 Elsevier Scientific Publishing Company - Printed in The Netherlands 

163 

GROUND WATER POLLUTION IN WARANGAL TOWN, ANDHRA PRADESH, I N D I A .  

KRIS1I:IA RAO NARAN 

Chief Engineer,  Pub l i c  Health,  Government of Andhra Pradesh and Member Sec re t a ry ,  
A.P. S t a t e  Board f o r  P reven t ion  and Con t ro l  o f  Water Po l lu t ion ,  Hyderabad, 
( I n d i a )  

ABSTRACT 

U n t i l  r e c e n t l y  r e l a t i v e l y  l i t t l e  a t t e n t i o n  has  been focussed on ground water 
p o l l u t i o n  i n  India .  
and are  as  d i v e r s e  as t h e  a c t i v i t i e s  o f  man. 
o f  t h e  problem t o  t h e  water supply i n d u s t r y ,  an a t t empt  i s  made i n  t h i s  paper  
t o  b r ing  o u t  d i f f e r e n t  s o u r c e s  o f  man made p o l l u t i o n  o f  ground water inc lud ing  
sources  o f  p o l l u t i o n  a t  ground s u r f a c e  and a t  sub-surface.  Physical ,  chemical 
and b i o l o g i c a l  a s p e c t s  o f  ground water p o l l u t i o n  are d i scussed  a long  with 
c o n t r o l  methods, 
The chemical and b a c t e r i o l o g i c a l  r e s u l t s  o f  t h e  above survey a r e  reported.  

The causes  o f  under ground water p o l l u t i o n  are  numerous 
Recognising t h e  growing importance 

Ground water  q u a l i t y  survey was conducted i n  t h e  b r a n g a l  Town, 

INTRODUCTION 
Both s u r f a c e  water and ground water are  l i a b l e  t o  p o l l u t i o n .  A t  p r e sen t ,  

most o f  t h e  emphasis i s  d i r e c t e d  towards d e t e c t i o n ,  p reven t ion  and ame l io ra t ion  
o f  s u r f a c e  water p o l l u t i o n ,  widely acknowledged t o  be due t o  t h e  ease with 
which such p o l l u t i o n  can be d e t e c t e d  by adve r se  changes i n  co lou r ,  t a s t e ,  odour 
o r  t u r b i d i t y  which are obv ious ly  p e r c e p t i b l e  o r  d e t e c t a b l e  i n  most cases o r  
evidenced a t  times d r a m a t i c a l l y  by dead a q u a t i c  l i f e ,  o i l  s l i c k s  e t c .  On t h e  
o t h e r  hand ground water  p o l l u t i o n  may remain undetected due t o  removal o f  co lou r ,  
odour, t u r b i d i t y  e t c .  by t h e  s o i l ,  s u b s o i l  and a q u i f e r  m a t e r i a l s  through which 
t h e  p o l l u t a n t s  are f i l t e r e d .  Nevertheless  t h e  hazard o f  p o l l u t i o n  may p e r s i s t  
undetected.  

s u r f a c e  waters (Refs. 1 - 4 )  very l i t t l e  a t t e n t i o n  was pa id  t o  t h e  sub jec t  o f  
ground water  p o l l u t i o n .  
f o r  evapora t ion  o r  f o r  i r r i g a t i o n  l e a d s  t o  contaminat ion o f  ground water. One 
s tudy  (Ref. 5) r e p o r t e d  d e t e r i o r a t i o n  o f  well water supply t o  a town when 
u n t r e a t e d  t anne ry  wastes were d i scha rged  on nearby land.  Another s tudy (Ref. 6 )  
r epor t ed  t h e  e f f e c t  o f  d i s c h a r g e  o f  waste waters from a group o f  t a n n e r i e s  i n  
t h e  d r y  bed o f  a r i v e r .  
which was tapped f o r  domest ic  and i r r i g a t i o n  supply.  
t h e  background c o n c e n t r a t i o n  o f  t o t a l  d i s s o l v e d  s o l i d s  inc reased  from between 
640 & 740 mg/l t o  1900 mg/l and c h l o r i d e s  from 88-100 mg/l t o  820 mg/l i n  t h e  
area o f  t h e  t anne ry  e f f l u e n t  o u t f a l l .  
upto a d i s t a n c e  o f  8 km. Some in fo rma t ion  i s  a l s o  a v a i l a b l e  on t h e  t r a v e l  o f  
pathogenic  organisms through geo log ica l  formations (Refs,  7-9). 

With t h i s  background, s t u d i e s  r e p o r t e d  i n  t h i s  communication were undertaken. 
The q u a l i t y  o f  ground water i n  two a r e a s  i n  Warangal town, Andhra Pradesh, 
Ind ia  where u n t r e a t e d  t anne ry  and t e x t i l e  m i l l  wastewaters are being discharged 

While c o n s i d e r a b l e  work has  been c a r r i e d  out  i n  Ind ia  on p o l l u t i o n  o f  

Spreading o f  u n t r e a t e d  i n d u s t r i a l  wastes on land e i t h e r  

The r i v e r  had a c o n s i d e r a b l e  amount of subsu r face  flow 
The survey showed t h a t  

The e f f e c t  o f  contaminat ion was observed 
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on land, a s  a method of d i sposa l ,  was s tudied over a per iod of one year  and t h e  
r e s u l t s  obtained a r e  reported. 

NATURE AND SOURCES OF POLLUTION OF GROUND WATER 

(Ref, 10) as follows: 
discharged i n t o  underground water by means of  spreading grounds (percolat ion 
beds) o r  recharge wells, provided that such wastes a r e  r e l a t i v e l y  f r e e  of 
substances that c log  t h e  i n t e r s t i c e s  of t h e  s o i l f t .  

d isposal  i s  one of t h e  most widespread causes of  pol lut ion.  
i n d u s t r i a l i s a t i o n  without provis ion of  proper treatment and d isposa l  of  waste 
and e f f l u e n t s  is another  source of pol lu t ion  of atmosphere, biosphere and 
hydrosphere. 
human and animal hea l th  has been rap id ly  increasing,  causing increased pol lu t ion  
of  surface a s  w e l l  a s  ground waters. 

water: 

i )  Disposal of  domestic a s  well a s  i n d u s t r i a l  waste waters and appl ica t ion  
of  p o l l u t a n t s  on t h e  surface.  

i i )  Subsurface waste disposed through p i t s ,  mines, wells, s e p t i c  tanks e t c .  
i i i )  Drill holes, o i l  and gas wells e tc .  leading t o  s a l i n e  water ingress  i n t o  

i v )  

The mechanism o f  ground water p o l l u t i o n  i s  summarised by k k e e  and hblf 
"Wastes from munic ipa l i t i es  o r  i n d u s t r i e s  may be 

Haphazard Urban Development without adequate a t t e n t i o n  t o  sewage and waste 
Rapid 

The use of  p e s t i c i d e s  i n  improving a g r i c u l t u r a l  p roduct iv i ty  and 

To summarise, t h e  following are the  usual causes o f  po l lu t ion  o f  ground 

f r e s h  water a q u i f e r s  and 
Disturbing s a l i n e  water / f resh water i n t e r - r e l a t i o n s h i p s  by over-pumping 
of  f r e s h  water aqui fe rs .  

of  i n j e c t i n g  it through a well o r  s ink o r  from a dispersed source a s  i n  t h e  case 
o f  appl ica t ion  of  manure or  p e s t i c i d e  i n  an i r r i g a t e d  t r a c t ,  
case,  t h e  pol lu tan ts  may be concentrated and i n  t h e  l a t t e r  case, i n c i p i e n t  and 
widespread. 
and concentrat ion of the  p o l l u t a n t s  and t h e  porosi ty ,  permeabi l i ty ,  hydraulic 
gradient  and s torage  capac i ty  of t h e  aqui fe rs ,  besides  t h e  time f a c t o r ,  To a 
c e r t a i n  ex ten t ,  s e l f - p u r i f i c a t i o n  occurs during t h e  course of  movement of  
po l lu tan t  i n  t h e  ground, by which undesirable  q u a l i t i e s  and proper t ies  may be 
removed with o r  without accompaniment of  changes i n  the  proper t ies  of  t h e  medium, 
through which the  movement takes  place. 
mechanisms of t h e  s o i l  and a q u i f e r  fabr ic ,  p o l l u t a n t s  may decompose o r  get  
d i lu ted ,  decayed o r  absorbed and b a c t e r i a  may d i e  due t o  change i n  environment, 
Caldwell and Parr  (Ref, 11) and Dyer and Bhaskaran (Ref, 12) found t h a t  i n  sandy 
and clayey s o i l s  f r e e  from f i s s u r e s ,  b a c t e r i a  do not t r a v e l  more than 3 metres 
t o  about 8 metres i n  the  d i r e c t i o n  of  flow when the  r a t e  of withdrawal of ground 
water i s  not high. 

regulat ion and cont ro l  of  d i sposa l  of  wastes, o r  by regulat ion o f  the  construct ion 
and abandonment of  wells (Ref. 13). Only through comprehensive, conjunct ive manage- 
ment o f  surface and ground waters can t h e  f u l l  benef i t s  of these  resources ,  with 
adequate pro tec t ion  of  q u a l i t y  be achieved, 

The p o l l u t a n t  may e n t e r  t h e  ground water from a point  source a s  i n  t h e  case 

In t h e  former 

The degree and ex ten t  of  po l lu t ion  la rge ly  depends on t h e  quant i ty  

Turbidi ty  may be removed by f i l t e r i n g  

Protect ion of ground water q u a l i t y  cannot be f u l l y  achieved s o l e l y  by 

GEOGRAPHICAL AND HISTORICAL FEATURES OF KARANCAL 
Karangal t o m  i n  Andhra Pradesh (India)  with a population o f  0.25 mil l ion has 

got a protected water supply scheme with Dharmasagar lake as  the  main source. 
During t h e  pas t  decade the  town had experienced severe drought. 
year (1973) the  only source got dr ied  up completely forcing t h e  loca l  a u t h o r i t i e s  
t o  search for  a l t e r n a t e  sources of water supply. 
on t h e  ex t rac t ion  of ground water t o  meet t h e  demand of water supply during such 

In one p a r t i c u l a r  

Invest igat ions were taken up 
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exigencies, 
water supply. 
study was undertaken. 

Several bore wel ls  were sunk a l l  over t h e  town t o  augument t h e  town 
In order  t o  study the  q u a l i t y  of t h e  water i n  these  wells, t h i s  

Mrangal  town is  s i t u a t e d  on a Lat i tude of  18' North and Longitude o f  79' East 
a t  an a l t i t u d e  o f  about 274.32 meters above mean sea leve l .  
r a i n f a l l  i s  about 610 millimeters. I t  is an elongated c i t y ,  spread out i n  a 
ribbon l i k e  fashion, along t h e  main road connecting East and h'est. 
no sewerage system and t h e  n i g h t s o i l  and re fuse  are dumped a t  various p a r t s  of 
t h e  town. W i l e  p a r t  of  t h e  l iqu id  waste i s  used f o r  i r r i g a t i o n ,  the  r e s t  i s  
discharged through open dra ins  i n t o  a f resh  water lake,  In one area o f t h e  town 
(Zone I )  there  a r e  12 small vegetable tanner ies  discharging t h e i r  untreated 
wastes on nearby land. In another  a rea  (Zone 11) a t e x t i l e  m i l l  i s  discharging 
d a i l y  about 0.6 mil l ion l i t r e s  of  waste water, 
flow through open dra ins  which u l t imate ly  j o i n  a f resh  water lake,  Sullage from 
d i f f e r e n t  a r e a s  i s  a l s o  discharged i n t o  t h e  open dra in  carrying t e x t i l e  m i l l  
waste waters a t  d i f f e r e n t  po in ts ,  

The average annual 

The town has 

This waste water i s  allowed t o  

MATERIALS AND METHODS+ 

Water samples were c o l l e c t e d  from a number of  wells i n  Zone I and I1 where 
untreated e f f l u e n t  from tanner ies  and t e x t i l e  m i l l  along with su l lage  i s  
discharged, Samples f o r  chemical a n a l y s i s  were c o l l e c t e d  i n  c lean polythene 
b o t t l e s .  Samples f o r  bac te r io logica l  ana lys i s  were co l lec ted  i n  c lean s t e r i l i s e d  
g lass  stoppered b o t t l e s ,  preserved i n  an ice-box and analysed within 6 hours 
a f t e r  c o l l e c t i o n ,  Samples were co l lec ted  a t  monthly i n t e r v a l s  f o r  a period of 
one year. Data f o r  pH, a l k a l i n i t y  and d is tance  o f  the  well from t h e  pol luted 
a reas ,  were recorded on t h e  spot  while c o l l e c t i n g  t h e  samples, Water samples 
were analysed f o r  pH, t o t a l  dissolved s o l i d s ,  a l k a l i n i t y ,  chlor ides ,  sulphate, 
COD, BOD, n i t r a t e s  and f o r  t o t a l  count and coliforms. A l l  these tests were 
c a r r i e d  out a s  per  methods given i n  Standard Methods (Ref. 14). 

RESULTS AND DISCUSS IONS : + 

The range values of  t h e  c h a r a c t e r i s t i c s  o f  waste water discharged from 
d i f f e r e n t  tanner ies  and t h e  t e x t i l e  m i l l  a r e  given i n  t a b l e s  1 and 2.  

TABLE 1 

C h a r a c t e r i s t i c s  of  Waste Water from Tanneries i n  Zone I 

S. No. Charac te r i s t ics  Range Values 

1. 
2. 
3. 
4. 
5 .' 
6. 

P" 
Alka l in i ty  (CaC03) 
Suspended Sol ids  
BOD5 a t  20% 
C.O.D. 
Chlorides (Cl) 

8 - 10.5 
500 - 1200 

1900 - 6000 
2000 - 7500 
3500 - 15000 
5000 - 7500 

- ~~ 

A l l  r e s u l t s  i n  mg/l except pH. 

+ 
Abbreviations used: mg/l = milligrams per  l i t r e ,  EOD = biochemical oxygen demand, 

SS = suspended s o l i d s ,  TDS = t o t a l  dissolved s o l i d s ,  COD = chemical oxygen demand, 
m = metres, 
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TABLE 2 

Characteristics o f  Waste Water from T e x t i l e  M i l l  i n  Zone I1 

S.No. Characteristics Range Values 

1. 
2. 
3. 
4. 
5. 
6 .  
7.  

PH 
A l k a l i n i t y  (CaC03) 
Suspended S o l i d s  
E.O.D.5 a t  20°C 
C.O.D. 
Ch lo r ides  (Cl) 
Su lpha te s  

7.5 - 11.0  
500 - 900 
250 - 600 
100 - 600 
250 - 900 
450 - 1200 
110 - 400 

A l l  r esu l t s  i n  mg/l except  pH. 

Informat ion  on t h e  q u a l i t y  o f  bore well waters i n  Zone I and Zone I 1  are 
p resen ted  i n  Tab les  3 and 4. 
away from t h e  a r e a  o f  d i s c h a r g e  o f  t a n n e r y  waste water on land '  on t h e  q u a l i t y  
of water was s t u d i e d  and t h e  r e s u l t s  are shown i n  Tab le  5.  

TABLE 3 

Physical-Chemical and B a c t e r i o l o g i c a l  c h a r a c t e r i s t i c s  o f  water from d i f f e r e n t  
wells l o c a t e d  i n  Zone I 

The e f f e c t  o f  dep th  o f  t h e  w e l l  s i t u a t e d  5 metres 

Refe- Well Nos 

Well 1 2 3 4  5 6 7 8  
C h a r a c t e r i s t i c s  rence  

1. Di s t ance  from e f f l u -  500 
e n t  channel  ( i n  me te r s )  

2. pH 7.4 
3. T u r b i d i t y  1 0  
4. Colour  2 

6 .  C.O.D. 8 
5.  BOD^ a t  ZOOC 2 

7.  A l k a l i n i t y  (CaC03) 120 
8. Suspended S o l i d s  15 
9. Ch lo r ides  160 

10. Su lpha te s  60  
11. N i t r a t e s  as N 5 
12. T o t a l  Dissolved S o l i d s  650 
13. T o t a l  Count/ml. 40 
14. Col i form MPN/100 m l .  4 

5 1 0  20 50 75 100 125 150 

8 .3  8.3 8.2 8 .1  8.1 8 .0  7.7 7.4 
12.0 12.0 12 .0  11.0 10.0 10 .0  10 .0  10 .0  
40.0 36.0 30.0 20.0 1 5  8 2 1 
30.0 25.0 21.0 16.0 12.0 10  5 2 
80.0 70.0 55 .0  40.0 30.0 21 14 10 

360.0 320.0 270.0 210.0 190.0 160  140  125 
20.0 18.0 16 .0  15.0 15.0 15 .0  15.0 15.0 

1200.0 860.0 640 510 405 320 180 165 
62 64 56  61 49 71 62 62 

6 5 4  5 5 4 5 5  
1460 1350 1215 1120 1030 830 680 650 
260 220 170 140 110 90 5 0  40 

20 1 6  1 0  1 0  10  6 4 4 
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TABLE 4 

Physico-Chemical and Bacter iological  c h a r a c t e r i s t i c s  of water from di f fe ren twel l s  
i n  Zone I1 

C h a r a c t e r i s t i c s  Reference Well Nos 
Well 1 2 3 4 5 6  

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

Distance from e f f l u e n t  
i n  meters, 
P" 
Alka l in i ty  (CaC03) 
Colour 
B . o . D . ~  a t  ZOOC 
C.O.D. 
Total Dissolved Sol ids  
Suspended Sol ids  
Ch1 or  i d e s  
Total  Count/ml 
Coliform MPN 100 m l  

7 50 

7.3 
140 

3 
2 
7 

7 50 
10 
80 
35 
10 

5 

8.4 
440 
45 
33 
90 

1380 
18 

100 
2400 
2400 

10 

8.2 
370 
35 
24 
76 

1210 
15 
92 

1400 
1200 

25 

7.9 

27 
18 
61 

1080 
1 2  
84 

500 
600 

310 

50 75 125 

7.7 7.4 7.4 
220 160 150 

18 9 4 
11 7 2 
38 18 10 

860 770 750 
10 10 10 
80 80 80 

500 300 30 
400 100 10 

TABLE 5 

Influence of  depth on t h e  q u a l i t y  of  well water 5m away from source of  po l lu t ion  
i n  Zone I 

S.No. C h a r a c t e r i s t i c s  Depth i n  meters 
0.5 3 6 1 2  

1. PI1 8.3 8.1 7.8 7.1 
2. Alaka 1 i n i  t y  (CaC03 ) 360 300.0 225.0 140 
3. BOD5 a t  20°C 30.0 24.0 16.0 4.0 
4. Chlorides 1200 1050 800 180 

From Table 1 it can be seen t h a t  t h e  pH o f  Tannery waste water var ied from 8 
t o  10.5 while BOD and c h l o r i d e  var ied from 2000-7500 mg/l and 5000-7500 mg/l 
respec t ive ly ,  

From t a b l e  2 i t  can be seen t h a t  t h e  pH of  t h e  t e x t i l e  waste water varied from 
7.5 t o  11.0 while BOD and SS varied from 100-600 mg/l and 250-600 mg/l. 

From t a b l e  3 i t  can be seen t h a t  t h e  q u a l i t y  of  ground water de ter iora ted  
depending upon t h e  d is tance  of t h e  borewell from t h e  point  o f  discharge o f  tannery 
waste water. 
po l lu t ion  source was very much af fec ted .  The BOD, chlor ide,  TDS o f  t h e  well water 
a t  5 m dis tance  was 30, 1200, 1460 mg/l respec t ive ly .  A s  t h e  d is tance  of  t h e  
well from pol lu t ion  source increased t h e  q u a l i t y  of water improved, 
o f  po l lu t ion  could be seen upto 150 meters. 
c o n s i s t s  of  sandy loams and rocky s o i l .  

The q u a l i t y  of t h e  water i n  the  well a t  a d is tance  of  5m from t h e  

The e f f e c t  
The s o i l  i n  t h i s  area i s  pervious and 

From t a b l e  4 it  can be seen t h a t  t h e  ground water q u a l i t y  i n  Zone I 1  where 
untreated t e x t i l e  m i l l  waste together  with town su l lage  is  discharged i n  an open 
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channel  showed marked v a r i a t i o n  i n  c h a r a c t e r i s t i c s  as t h e  d i s t a n c e  from t h e  
p o l l u t i n g  source  i n c r e a s e d  u p t o  125 m. 

From Table  5, i t  can  be  seen  t h a t  water c o l l e c t e d  from deeper  wells was p u r e r .  
Ground Water c o l l e c t e d  a t  1 2  m. dcp th  was t h e  l e a s t  p o l l u t e d ,  

SUMMARY AND CONCLUSIONS 

tiarangal town has  two areas i n  which u n t r e a t e d  was te  wa te r s  from t a n n e r i e s  
and a t e x t i l e  m i l l  a r e  be ing  d i scha rged  on land  i n  t h e  a r e a .  
q u a l i t y  o f  ground water i n  t h e s e  a r c a s  have been c a r r i e d  o u t  and r e s u l t s  ob ta ined  
a r e  p re sen ted .  

S t u d i e s  on t h e  

The physico-chemical and b a c t e r i o l o g i c a l  c h a r a c t e r i s t i c s  o f  well wa te r s  
showed t h a t  a number o f  wells i n  t h e s e  areas a re  h i g h l y  p o l l u t e d .  R e l a t i o n s h i p  
between t h e  p o l l u t i o n  o f  t h c  well water and t h e  d i s t a n c e  o f  t h e  well from t h e  
source  o f  p o l l u t i o n  and dep th  o f  t h e  well has  a l s o  been s t u d i e d .  Plost o f  t h e s e  
well wa te r s  a r e  found t o  be u n f i t  f o r  d r i n k i n g  and domes t i c  purposes .  

F a c t o r s  i nc lud ing  t h e  p o l l u t i o n  o f  ground water were d e s c r i b e d  and t h e  need 
f o r  c o n t r o l  i s  s t r e s s e d .  
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