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GROUkD WA!I’EE POLLUTIGN Dud TO INDUSTRIAL EFFLUINPS IIJ LUDHIANA, INDIA 

Y.P. ma and N.C. BHUNAGAR 

Cent ra l  Ground Water Board, Chandigmh, India .  

ABSTKAUI! 

Rapid i n d u s t r i a l i s a t i o n  of Ludhiana area and g r o s s  n e g l e c t  of 
p o l l u t i o n  abatement measures by i n d u s t r i a l  units has r e s u l t e d  i n  
ground water p o l l u t i o n  at several p l a c e s  due t o  t o x i c  c o n s t i t u e n t s  
p re sen t  i n  t h e  i n d u s t r i a l  e f f luen t s .  Llonitoring of sources  of con- 
taminz t ion  h a s  r evea led  t h a t  p o i n t ,  l i n e  and d i f f u s e  po l lu t ion  i s  
t a k i n g  place. 
with manufacture of b i cyc le s  and a n c i l l a r y  p:irts, electrogla,tiilig, 
s t ee l  and founds?ries etc. me diachasged near  t h e  f a c t o r i e s .  These 
e f f l u e n t s  p e r c o l a t e  i n t o  s o i l  nezr  t h e  source o r  t rzve l  through 
unl ined  channels  t o  shallow p i t s  where see2age i n t o  s o i l  and vadose 
zone t z k e s  place which even tua l ly  contanunztes  p o u n d  water. 

of cons iderable  t h i c k n e s s  of Quarternax; pze and comprises unconsoli- 
da ted  sand, sil t ,  c lzy ,  kmkax arid t h e i r  i n t e rmix tu re  i n  vmying  
p r ~ ~ ~ o r t i o n s ,  Stoszge czynci ty  f o r  p o t e n t i a l  p o l l u t a n t s  may exis t  i n  
t h e  s o i l  vadose zone znd some of p o l l u t z n t s  mL?y b e  z t t en tua ted  
by processes  l i k e  d i l u t i o n ,  f i l t  er2.t i on ,  so rp t ion ,  pi”eci,)it zt ion ,  
redox reactixis. However, z t t e n t u z t i o n  capcc i ty  i s  not unlilnited as 
evidenced by anQt i c r  1 resul t s .  Co2:)er and z inc  h m e  rer.clied t h e  
szt,tur&ted zone which shows t h c t  s o i l  on6 vedose zone i n  res.?ect of 
t h e s e  elenient:; h-ve become satur;ted! ::nd f u r t h e r  p o l l u t i o n  i s  poss ib l e  
i n  fu tu re .  

P resen t  s tudy Yeveals th;.t v c q  hick1 coxe f i t r :  t .Ldr l s  of hexavalent 
c b o a i u l  and cyanide h;.ve beeii found i n  ;round \&er :A shcl low depths. 
High c0ncentrc;tiuils of  c1.‘6 which r.re l inked  w i t h  u l c e r s ,  de rma t i t i s  
and e f f e c t  n s s n l  mucosa, l zsnyx and LEY cause lung c m c i n  -ma, h m e  
been ob:.erved t o  t h e  ex ten t  of  wer 12 m g / 1  i n  groand t!eter. 
wiiich c m  be l e t  a u e  t o  i n h i b i t i o n  of ce l l e r  res:>ir: t i o n ,  hes  been 
recorded between 1.5 t o  2.0 m g / l  t t  severc:l places .  
t r a t i o n s  of to;;ic cons t i tuen- t s  ind ic :  t e  necess i ty  f o r  iiimedic.te 

Untreated eff luents  from i n d u s t r i a l  u n i t s  oonnected 

T h e  area under irivesti;;atioii i s  under la in  by Indo-Gmgetic  alluvium 

Cyanide, 

Such high concen- 
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po l lu t ion  abatement measure s t o  prevent f u r t h e r  damage t o  ground 
water r e  sources. 

NRODUCT I GIG 

a t t e n t i o n  paid. t o  treatment cjf i n d u s t r i a l  eff luents ,  s e r i o u s  ground 
weter pol lut ion has tzken place. Bs a r e s u l t  of r a p i d  i n d u s t r i a l  
growth, demand for water and consequently generation of waste water 
has  increased many fo lds .  I n d u s t r i a l  units i n  t h e i r  endeavour t o  cut 
down c o s t s  and increase p r o f i t s  hzve neglected po l lu t ion  abatement 
measures. It hes  r e s u l t e d  i n  induction of t o x i c  cons t i t uen t s  present 
i n  e f f l u e n t s  t o  ground water r e s e r v o i r s  by d i r e c t  i n f i l t e r a t i o n  or 
gmecipit:Ation recharge. 

o r  f r o n t  of f a c t o r i e s  from where t h e s e  t r a v e l  i n  unlined channels t o  
low lying depressions. 
i n  a r e a s  where po l lu t ion  has taken plzce and underlain by t h i c k  beds 
of s6and with  high permezbili ty w i t h  t h e  r e s u l t  t h a t  seepage O C C U T ~  

r e s u l t i n g  i n  degradation of ground water quali ty.  

- 
Due t o  r s p i d  i n d u s t x i a l i s e t i o n  of  Ludhiana a r e a  and very l i t t l e  

Bf f luen t s  from i n d u s t r i c l  u n i t s  are commonly dischLwged i n  t h e  r e a r  

The s o i l  cover i s  mostly less than two meters 

DISGEUFL'ION OF THX AREA AID SUB-SUKFAm GZOLOGY 
The &re& under study covers approximztely 188 square km including 

area around Ludhiana City (Fig.1) w i t h  a projected populztion of 0.694 
mi l l i on  far 1981. 
S t k t e  a i d  t h e r e  has been many f o l d  increase i n  s e t t i n g  of i n d u s t r i a l  
wit 8 connected w i t h  manufacture of t r a n s g o r t  equipment (mostly bicycl-  
e s ) ,  mcchinery axid machine t o o l s ,  b m i c  a l l o y  i n d u s t r i e s ,  metal 
products,  foundexies, e l e c t r i c a l  macriinery, hoisery etc .  

It i s  coraprised of unconsolidated sands, pebbles, c lzy,  k a k a x  and 
the i r  admixtures i n  vaxying proportiuns. 
ness  from 1.82 t o  3.05 metres. Below t h e  t o p  s o i l ,  beds of sand, c l ay  
and konkm hme  been observal. Ground w?ter occurs occupyin$ t h e  pore 
speces of tho unconsolidated a l l u v i a l  d e r o s i t s  i r  t h e  zone of satura- 
t ion .  
1.50 t o  6.10 metres. The de?th t o  m t e r  i n  t h e  a e 2  ranges from 2.86 
t o  12.42 metres below t h e  1-nd surfece. 

EXPSRILLML'AL 

Ludhiana i s  the  mador i n d u s t r i a l  town of Punjab 

The a rea  i s  uncierlzin by Indo-Gangetic alluvium of Quaternary age. 

T h e  t o p  s o i l  varies i n  tiiick- 

There a r e  several  c l zy  bands vxryirG i n  th i ckness  mostly from 

were co l l ec t ed  in golyethylene b o t t l e s ,  treated at t h e  t h e  
Of co l l ec t ion  md ptnelysed according t o  dandasd procedures out l ined i n  
l i t e r z t u r e  (Standard :Ietr?ods 1975, Brown et.al.1970, ~ a n d a  1976) Trace 
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e l e m e n t s  were determined by Atomic A b s o r p t i o n  Spec t rophot  ometer and 
cyanide  by S p e c i f i c  i o n  e l e c t r o d e .  
p h o t o m e t r i c  method. E i g h t e e n  samples (15 ground water and 3 i n d u s t r i a l  
e f f l u e n t s )  were c o l l e c t e d  i n  1977 and 65 samples  (54 ground water and 
11 i n d u s t r i a l  e f f l u e n t s )  were c o l l e c t e d  i n  1978 from t h e  areaa under  
s t u d y  (Fig. 2). 

PROCESS OF PoLLurIm 

f a c t o r s  l i ke  n c t w e  End c o n c e n t r : t i o n  of e f f l u e n t s ,  s o i l  and s u b - s o i l  
c h a r r c t e r i s t i c s ,  t i m e  fact or ,  p o r o s i t y ,  p e r n e e b i l i t y  , h y d r a u l i c  g r a d i -  
e n t ,  s t o r a g e  capa.city of a q u i f e r s  etc. The f o l l o w i n g  c o n s i d e r a t i o n s  
axe s i g n i f i c a n t  d u r i n g  p o l l u t i o n  of ,-round wa,t e r  from e f f l u e n t s  : 
( i )  R e a c t i o n s  i n  t h e  t o p  s o i l  and vadose  zone : Some of p r o c e s s e s  l i k e  
b i o l o g i c a l  degrada.t i o n ,  f i l t  e r a t i o n ,  s o r p t i o n ,  o x i d e t i o n  end r e d u c t i o n ,  
p r e c i p a t i o n ,  b u f f e r i n g  etc. t a k e  plzce i n  t h e  t o p  s o i l  and vadose zofie. 
These  r e a c t i o n s  are a f f e c t e d  b y  m i c r o s t r a t i g r a . p h y ,  p o r e  v e l o c i t i e s ,  
h y d r o d y n m i c  d i s p e r s i o n  a d  h y d r o c h e n i c z l  f:.ct o r s .  As a r e s u l t  o f  
these r e a c t i o n s  sevem.1 trzce eleiuents  may be r e n w e d  o r  added de?end- 
i n g  on t h e  c h a r n c t e r i s t i c s  of e f f l u e n t s  and n z t u r e  of s t r n t a  through 
which i n f i l t e r a t i o n  t a k e s  place. 
(ii) E f f e c t  of s o i l  m o i s t u r e  d e f i c i e n c y z  S t o r a g e  c a p c c i t y  and mois ture  
character is t ics  of vadose  zone axe i n p o r t z n t  f; c t o r s  i n  c o n t r o L l i n g  
p e r c o l a t i o n  of p o l l u t e d  wzters. I n  z r e a s  where m o i s t u r e  d e f i c i e n c y  i s  
there  due t o  l a c k  of rechzxge ,  c o n s i d e r e b l e  amount of p o l l u t z n t  nay 
remain i n  t h e  s o i l  a d  vadose  zone. 
(iii) Laminar flow of p o l l u t a n t s  : U n l i k e  n o n - l a n i n r r  2nd at t i n e s  
t u r b u l e n t  f l o w  of p o l l u t e d  surface w-ters, t h e  flow of ,round water  
t h r o u g h  strztta i s  lamin:,r. According t o  !,lallrer (1973) ,  recharge wEter 
w i t h  p o l l u t a n t s  appezxs t o  m e i n t d r .  G b u l b  l i k e  m ~ s a  2s it moves down- 
ward t o  t h e  lower psirt of s w f i c i t l l  a q u i f e r s ,  t hen  h o r i s o n t s i l y  throi&h 
t h e  a q u i f e r  ns ter iz l  t o  s a e  nearby d i s c h n r g e  p o i n t .  
(1963) hsve  observed t h e t  a small r i b b o n  of p o l l u t e d  water  i n j e c t e d  
i n t o  ground wzter  f low will move i n  2 well d e f i n e d  s t r e a m l i n e  w i t h  2 

minimum of l s te ra l  o r  v e r t i c d  < i f f u s s i o n  r ~ ~ d  i n  E X I ~  cc:itjs v e r t i c d  
d i f f u s i o n  is i n h i b i t e d  by horizonl ie1 c l a y  l e n s e s  o r  e:zLs?cive aciui- 
c ludes .  These find in,;^ indicFLte  th:;t d i l u t i o n  of  p o l l u t e d  iizttzr by 
n a t i v e  ground wzter du-ing inovement of p o l l u t e n t  s f r o m  rech?.rge t o  
discharge arezs can t e e  p l m e  only t o  2 l i m i t e d  e x t e n t .  
( i v j  Specific g r a v i t y , v i s c o s i t y  e f f e c t s :  T h e  s p e c i 3 i c  ;i.rLvit3 End 

v i s c o s i t y  of e f f l u e n t s  are usu::lly differr:nt  f r o m  n: t u r r . 1  :;round water  

Cr*6 h a s  been de termined  b y  s p e c t r o -  

The p r o c e s s  of p o l l u t i o n  of ground water i s  c o n t r o l l e d  b y  severel 

EIcKee E:nd Wolf 
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and d i f fe rence  i n  these c h a r a c t e r i s t i c s  may p l a y  an important  p a r t  t o  
prevent  d i f f u s i o n  of e f f l u e n t s  with p o u n d  water. 

(v)  Slow movemert of e f f l u e n t s  L The flow of ground water and p o l l u t i n g  
con-s t i tuents  t h a t  it may con ta in  i s  very slow as compared with f low on 
Land surface. Underground flow may be only a f e w  feet  p e r  yea r  through 
sandstone and other f i n e r  g r a i n  d e p o s i t s  and a few fee t  p e r  day through 
sand and g r a v e l  o r  c rev iced  limestone. P s a r e s u l t  of  slow movement 
of e f f l u e n t s ,  it may take cons iderable  time f o r  p o l l u t i n g  materials t o  
move away from t h e  source of p o l l u t i o n  and degrada t ion  i n  water q u a l i t y  
may remain undetected. However, when p o l l u t i o n  effects are evidenced, 
r e c t i f i c a t i o n  cannot be achieved by s topping t h e  p o l l u t i o n  from source 
as process  of p u r i f i c a t i o n  by leaching  t a k e s  more time t h a n  i n i t i a l  
per iod  of po l lu t ion .  

DIS CUSS1 ON 
( i )  General chemical q u a l i t y  : 
medium m i n e r a l i s a t i o n  w i t h  s p e c i f i c  conductance range  of 373 t o  1717 
micromhos/cm. 
of s p e c i f i c  conductance i n d i c a t e  t h a t  during low minera l i s a t  i o n  water 
i s  predominatly of mixed Ca-Mg, H W 3  type.  
s a t i o n ,  t h e r e  i s  increase of  sodium, ch lo r ide  and su lpha te  ions. pH of 
ground water at  most of t h e  p l aces  i s  between 7 t o  8. I n  case of 
samples p o l l u t e d  by a c i d i c  e f f l u e n t s ,  pH was observed t o  b e  between 6 
t o  7. 
t e r i s t i c s  of ground water of areas w i t h  a l luv ia l  formr t ions .  
(ii) Hexavalent chromium : 
t r i v a l e n t  (Cr*3) and hexavalent  ( C r b 6 )  forms and Cr” forms h ighly  
in so lub le  hydroxide. 
from i n d u s t r i a l  pollution and metal p l a t i n g  operatioris. The major 
sources  of waste chromium a r e  chromic a c i d  ba th  2nd r e n i s e  wzter pro- 
cesses. The p r i n c i p a l  t o x i c  effects  of chromium on human body are  
exer ted  on s k i n ,  n a s a l  mucous membrane, la rnyx ,  lung carcinoma, l e s i o n s  
of kidneys (Browning 1961). There are e rup t ions  dnd u l c e r a t i o n  of 
sk in ,  i r r i t a t i o n  of the con juc t ive  2nd r e s p i r a t o r y  passages and cont i -  
nuous exposure t o  chromates may cause cancer  of  lungs  (Dubois &: G e i l -  
i n g  1959). Due t o  cumulztive na ture  of chromium i n  human body, it 
could be found i n  blood a d  u r i n e  of persons exposed t o  high levels of 
chromium y e s s  after ces sa t ion  of exposure. 

I n  Ludhianz a ree  , (2 was detectea i n  30 samples out of 54 i n  1978 
and 8 s m p l e s  out of 15 i n  1977. The number of s anp le s  i n  wnich C r  
l e v e l s  exceeded 0.05 m g / l (  l i m i t  p r e sc r ibed  by U.s.Public Heal th)  was 

The ground water i n  t h e  area has low t o  

Concentrations of major c o n s t i t u e n t s  i n  d i f f e r e n t  ranges 

With i nc rease  of minera l i -  

D i s t r i b u t i o n  of major i o n s  i s  i n  conformity wi th  general. charac- 

Chromium occurs  i n  aqueous systems as both 

Cr*6 i s  a common component of p o l l u t e d  waters 

*6 
*6 
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6 i n  1978 c ~ d  7 i n  1977. 
12.90, 12.13, ll.CN, 3.50 m g / l  h w e  been observed i n  c r u u n d  h z t a r  nec.r 
b i c y c l e  f a c t o r i e s .  These f E . c t  ories d i s c h n g e  among o the r  e f f l u e n t s  
chromate wastes without groper  t reatment .  As a. r e s u l t  of seepzge, 
t h e s e  e f f l u e n t s  mwe t o  water tFb le  which i s  8 t o  10 metres i n  t h e  
areas where these f a c t o r i e s  zre loce ted .  

High concen t r a t ions  of Crb6 i n  ground water are not confined t o  sha- 
l l o w  levels only. W i l e  i n  most of t h e  cases ground water with high 
C C * ~  concent rz t ion  has  been t sp2ed  from depth  levels renging from 16.77 
t o  27.44 metres, &*6 level of 12.10 ng/l has  been found i n  ground 
water i n  a w e l l  ;Lt t h e  de$h of 60.97 metres. It shows t h e t  ground 
water at dee_oer levels has  e l s o  been adve r s ly  a f f e c t e d  by e f f luen t s .  

For wells i n  which Cr*6 hc".s been de tec t ed  but level  i s  below 0.55 
mg/l, t h e r e  ?..re chznces f o r  i nc rease  of concentrc.tion i n  future.  It i s  
proba.ble t h 6 t  e f f luents  heve not rezched t h e s e  p o i n t s  i n  f u l l  i n t e n s i t y  
o r  complex for rmt ion ,  so rp t ion  hes teken  ple.ce during traverse period. 
Pe rco la t ion  of a c i d i c  e f f luen t s  c2.n cause n i g r z t i o n  of chroniucl and 
thereby  increase i t s  levels  i n  p o u n d  water. 

There i s  i n c r e a s e  i n  Cr*6 levels i n  Sround i!Eter a t  oeverz l  plcces 
with passege of t i m e .  
11.00 a d  from 6.66 t o  12.1G m g / l  i n  two wells i n  zbout  one ye2.r. I n  
o the r  cases n e m  b i c y c l e  fp-c tor ies  where no chrocium was ear l ie r  
de tec ted ,  Cr*6 has  been observed i n  ground ws.ter. 
where Crt6 was present  ee r l i e r  has not been detected. zgz in ,  which m q -  
be  due t o  complex fornz.tion, so rp t ion  etc. 
(iii) Cyanide $ 

i n  i n d u s t r i a l  e f f luen t s .  Qsnide concen t r a t ions  ar ise  f r o n  c y m i d e  
vats, d ips ,  d r i p  from t h e  a r t i c l e s  snnd r i n s e  operz t ions  2nd conta in  
high l e v e l s  o f  cysnide. High t o x i c i t y  of cyanide t o  human body i s  well 
known. 
rome-oxidase-CN complex and w i t h  t h r t  of met hemoglobin t o  form cymome- 
themoglobin. 
md when t h e  two substzinces combine, c e l l u l z x  respir:.tioii i s  inhib i ted .  
The minimum l e t h a l  or2.1. dose i s  between 0.7 t o  3.5 mgr.per k i l o  body 

weight (Polson & Tattersal  1969). 

water ssmples out of 54. kt 10 p laces ,  cyanide l e v e l s  ere  more than  
0.05 mdl, ( t h e  l i m i t  p rescr ibed  by M * f i e 0 *  1971). 
p o i n t s ,  cyanide l e v e l s  axe between 0.04 t o  0.05 w/l and are q u i t e  
c l o s e  t o  maximum permiss ib le  l i m i t .  Cyanide concent ra t ion  ranging 

Eexavalent chromimi concentr2.tions as high zs 

C r + 6  concent rc t ions  hr.ve increesed  f roE  3.75 t o  

Gnly i n  one cn.se 

Elec t ropls . t ing  wzstes =are t h e  m j o r  source of cyanide 

Cyanide reacts with Fee3 of cytochrome oxidase t o  form Cytoch- 

Cy-tochrome oxidase i s  p a r t i c u l s z l y  reactive with cyanide 

I n  t h e  area under s tudy ,  cyanide has  been de tec t ed  i n  33 ground 

A t  f ive s e a p l h g  
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between 0.05 t o  0.98 mg/l h n e  been observed i n  ground water from 
i n d u s t r i a l  area where i n d u s t r i e s  connected w i t h  manufactwe of anci-  
l l i a r i e s  are concentrzted and e l e c t r o p l a t i n g  of d i f f e r e n t  metals i s  
carried out. 
1977 were observed between 1.60 t o  2.00 m g / l  neer  d i schmge  p o i n t s  of 
b i cyc le  i n d u s t r y  e f f luents .  

observed i n  t h e  i n d u s t r i a l  e f f l u e n t s  of b i c y c l e  i n d u s t r i e s .  
i n d u s t r i a l  e f f l u e n t s  goes on changing depending on t h e  shop fron: which 
d ischarge  i s  mzde, it i s  probbble  t h z t  low cyanide v s l u e s  of other 
e f f l u e n t s  may be due t o  decomposition of cyar.ide at in t e rmed ia t e  s t a g e  
by a c i d i t y  of some of e f f l u e n t s .  s i m i l a r l y  f o r  ground water, decrease 
i n  cyanide levels  as compared w i t h  prev ious  concent ra t ions  may be due 
t o  decorqos i t ion  of cyanide, complex formztion etc. 
(iv) Other trace elements: Apart from chromium and cyanide, o the r  
trace elements determined i n  ground water a t  some p l a c e s  and e f f l u e n t s  
are: Cu, an,  Co , KO, Cd, T1, S r ,  L i ,  C s  and Ag. Concentrat ions of 
t h e s e  t race elements a r e  mostly within limits where s t anda rds  f o r  
domestic s u p p l i e s  have been prescr ibed .  
by p o l l u t i o n ,  t h e s e  va lues  can se rve  bsclground concentrzt  i o n s  t o  
monitor p o l l u t i o n  of t h e s e  c o n s t i t u e n t s  f o r  subsequent s tud ies .  

perco la t ion .  Presence of these i o n s  at some p laces  i n  ,ground water 
i n d i c a t e s  thr% s o i l  zone has  become s a t u r a t e d  i n  r e spec t  of t h e s e  i o n s  
and f u r t h e r  inc rease  i n  concent rz t ions  of these c o n s t i t u e n t s  may take 
p lace  i n  future. 
P6E"I!IAL RISK OF POLLUIIICE 

High concent rz t ions  of hexavalent  chromium and cyanide i n  ground 
water as discussed are  mostly n e a  meas where b i c y c l e  f a c t o r i e s  and 
i n d u s t r i e s  engaged i n  manufacture of a n c i l l i a r y  p a r t s  undergoing elec- 
t r o p l a t i n g  are  located.  
factories, t h e s e  c o n s t i t u e n t s  hare been de tec t ed  which shows t h a t  there  
i s  p o t e n t i a l  danger of p o l l u t i o n  of GTound ws.ter i n  are.% away from 
fac to r i e s .  

S tud ie s  c m r i e d  out t o  f i n d  t h e  d i r e c t i o n  of ground water movement 
reveal t h a t  i n  t h e  h igh ly  p o l l u t e d  ground wzter a e m ,  t h e  generz.1 flow 
d i r e c t i o n  i s  towcxds north-west i.e. towards pumping depression.  It 
i n d i c a t e s  t h a t  po l lu t ed  ground water i s  moving tob=ds  t h e  main P& of 
t h e  c i t y  where t h e  dens i ty  of populat ion i s  moximm. 
danger of ground wster r e s e r v o i r  being p o l l u t e d  by t o x i c  c o n s t i t u e n t s  

Cyanide levels  i n  5 samples of ground water c o l l e c t e d  i n  

High levels of cyanide t o  t h e  ex ten t  of 63 and 26 mg/l h w e  been 
As pH of 

As t h e  axea has been a f f ec t ed  

Copper and z i n c  i o n s  present  i n  e f f l u e n t s  axe he ld  by s o i l  during 

A t  some p laces  a few kilometers away from 

There is  t h u s  
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present i r  i n d u s t r i a l  e f f l u e n t s  unless  ameliorative measures a r e  taken. 
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