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Abstract

A rsen ic  p ro b le m  is n o w  te rm ed  as o n e  o f  th e  lead ing  a n th ro p o g en ic  d isas te r  

o f  B an g lad esh . G ro u n d w a te r  is ex tens ive ly  u sed  fo r  d o m es t ic ,  agricu ltura l 

and  o th e r  p u rp o ses ,  bu t p re sen ce  o f  h igh  co n cen tra tion  o f  a rsen ic  in  a lluvia l 

aq u ife r  in th e  s tu d y  area  is a  m atte r  o f  g rea t  concern . H u n d red s  o f  p eo p le  are 

as b ad ly  r isk  o f  a rsen ic  p o iso n in g  in  the  s tudy  area. T h e  arsen ic  

co n cen tra t io n  has  o ccu red  d u e  to  so m e  g eo ch em ica l  ch an g es  in  shallow  

aquife r . W a te r  levels  in  tubew ell  drop , a llow ing  o x y g e n  to  e n te r  the  g round  

a n d  to u c h in g  o f f  a reac tion  tha t  leaches  ou t a rsen ic  f ro m  p y r i te  in the  soil. 

W a te r  and  soil sam p les  w ere  co llec ted  an d  an a ly sed  fo r  A rsen ic  a n d  o ther 

pa ram ete rs .  S o il  con ta in s  h igh  level arsenic . B oth  sh a llow  an d  deep  

tubew ells  h av e  c o n tam in a te d  w ith  arsenic . S easo n a l va r ia tions  in  vertical 

m o v e m e n t  o f  g ro u n d w a te r  re tard  the  con ten ts  o f  a rsen ic  in  th e  g roundw ate r .  

B o th  fie ld  k it  te s t  and  labo ra to ry  m e th o d  h av e  p ro v e d  the  availab ili ty  o f  

a rsen ic  s itua tion  in  g roundw ate r .  A rsen ic  co n cen tra t io n  is h ig h  in  ou ts ide  

p o ld e r  than  in ins ide  po lder.  T h e  lo w est  co n cen tra t io n  o f  a rsen ic  (0 .005  

mg/1) has  fo u n d  in  deep  tubew ell . A m o n g  the  sh a llow  tu b ew ells  th e  low est 

co n cen tra t io n  o f  a rsen ic  is 0 .03 mg/1 and  the  h ig h es t  is  1.33 mg/1 in  th e  s tudy 

area. T h e  o w n e r  o f  tubew ells  is tak in g  arsen ic  c o n tam in a ted  w a te r  an d  has 

been  su ffe r in g  in  a rsen icos is  inc lud ing  cancer. M e lan o s is ,  kera tosis , 

w eak n ess ,  na il loss  a n d  h a ir  de lay ed  loss a re  a lso  p re sen t  the  ansen icosis  

pa tien ts . N u m b e rs  o f  p eo p le  have  b een  su ffe ring  f ro m  a  m en ta l  agony. 

A rsen ic  p o iso n in g  has  been  c rea ting  pu b lic  health  p ro b le m s  a n d  as w ell as 

socia l an d  p e rso n a l  life. D ivorce , unh ap p y  cond ition  in  co n ju g a l life  h a s  also 

o b se rv ed  in  this  s tudy  area. A  g o o d  p e rcen tag e  o f  re sp o n d en ts  see  tha t  

a rsen icos is  is a  cu rse  o f  na ture . S o m e  o f  th em  are  tak in g  tre a tm en t f ro m  

rural hea lth  centre.
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1. INTRO DUCTIO N

1.1. General Statem ent o f Arsenic Problem:

A rsenic  is a  m etal o ften  found  in n a tu re  in low  am oun ts .  G ro u n d w a te r  

a rsen ic  c o n tam in a tio n  is a g loba l p ro b lem  now . It v ir tua lly  ap p ea rs  on all 

con tinen ts . B an g lad esh  is g rap p lin g  w ith  the  largest m ass  p o iso n in g  o f  a 

popula tion  in h is to ry  b ecau se  g ro u n d w a te r  used  fo r  d r in k in g  has been 

co n tam in a ted  w ith  na tu ra lly  o ccu rr ing  in o rg an ic  arsen ic . A t  p re sen t  arsen ic  

po ison ing  is ve ry  fam ilia re  an d  a recen tly  recogn ized  in en v iro n m en ta l  

p rob lem  in B an g lad esh .  T h e  sca le  o f  the  en v iro n m en ta l  d isa s te r  is g rea ter  

than any  seen be fo re ;  it is b e y o n d  the acc id en ts  at B hopal ,  India, in 1981 and 

C h ernoby l,  U kra ine , in 1986. T u b e w e lls  h av e  be.cn used  in B an g lad e sh  since 

the 1940s. H o w ev e r ,  the  p ro b lem  o f  a rsen ic  c o n tam in a te d  w a te r  has  only 

recently  co m e  to  ligh t d u e  to  the inc reas ing  n u m b e r  o f  tube  w e lls  u sed  over 

the past 20  years  and  the su b seq u en t inc rease  in the  n u m b e r  o f  ind iv idua ls  

d rink ing  from  them . It is d iff icu lt  to p in p o in t  the e x ac t  c a le n d a r  y ear  w hen 

po ison ing  first ap p ea red  in B ang ladesh . B ut, it p ro b ab ly  s ta r ted  w ith  the 

onse t o f  g ro u n d w a te r  w ith d raw a l sch em es  in  the  late  ’60s. W h en  arsen ic  

con tam in a tio n  o f  g ro u n d  w a te r  in W es t  B enga l o f  In d ia  ra ised  s to rm s , we 

w ere  infact u n a w a re  ab o u t the  p o iso n o u s  e lem en t.  T h is  fac t  re m a in e d  upto 

1978. T h e  first d o c u m en ted  case  o f  a rsen ic  w as  rep o r ted  in 1981. In 1994, 

one  A lok  S a rk e r  o f  R a m n ag a r  v illage  in B aru isp u r  th a n a  o f  w est B engal, 

d ied  o f  arsenic . T h is  inc iden t p ro m p ted  the p ro m in en t  re sea rch ers  o f  

B angladesh  to u n d e r tak e  research  on  a rsen ic  c o n tam in a tio n  o f  g ro u n d  water. 

It w as in the  y e a r  1993 that repo rts  o f  p a tien ts  w ith  a rsen ic -a ffec ted  d iseases  

w ere  first o b ta in ed  in the  coun try . In B ang ladesh , th e  f irst g o v e rn m en t
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effo rts  to  tack le  the  a rsen ic  c o n tam in a tio n  b e g an  in 1993 w h e n  the  n ew s  o f  

arsen ic  c o n tam in a tio n  o f  g ro u n d  w a te r  w as  de tec ted  a t S a m a ta  v il lag e  in 

S h a rsh a  th an a  o f  Je sso re  d istrict. In 1993, the  D e p a r tm en t  o f  P u b lic  H ealth  

E n a in e e r in s  o f  B an g lad esh  c o n f irm ed  a rsen ic  c o n tam in a tio n  in B a ru sh u r ia  

U nion N aw abgan j d is tric t.  In 1994. the  g o v e rn m e n t  fo rm ed  a c o m m it te e  to 

rev iew  the s itua tion . It w as  first n am ed , “T h e  co m m ittee  fo r  R ev iew in g  the 

S ituation  o f  a rsen ic  T o x ica t io n  in G ro u n d w a te r” . F inally , it w as  re n a m e d  as 

A rsen ic  C o m m ittee .  P ub lic  H ealth  E n g in ee r in g  D ep a r tm en t  o f  the 

g o v e rn m en t is w o rk in g  in this field. T h e re  a re  som e o th e r  n o n -g o v e rn m e n t  

o rgan iza tions  and  h osp ita ls  w h ich  a re  a lso  w o rk in g  ser iously  to  im p ro v e  the 

s ituation . T h o se  a re  N a tiona l Institu te  o f  P rev en tiv e  and  S ocia l M ed ic in e  

(N IP S O M ), A g ricu ltu re  A d v iso ry  Soc ie ty , A s ia  A rsen ic  N e tw o rk  an d  D h ak a  

c o m m u n ity  H osp ita l .  A m o n g  th em  D h a k a  C o m m u n ity  H osp ita l  is w ork ing  

on arsenic  in co llabo ra t ion  w ith  school o f  E n v iro n m e n t  s tud ies  an d  S c ien ce  

o f  J ad av p u r  U n ivers ity , U n ited  N a tions  D ev e lo p m e n t  P ro g ram  (U N D P )  and 

M in istry  o f  H ealth  on  a p o p u la tion . In 1996 they  de tec ted  a rsen ic  pa tien ts  in 

Isw ardi o f  R a n g p u r  an d  Paksi o f  Pabna . T h en  they  c o n d u c te d  annual health 

c am p s  in those  areas. T h e y  have  a lready  e x am in ed  the w a te r  o f  12,000 

tubew ells  in 2 0 0  thanas  o f  61 d is tric ts . O f  them  62  p e r  c en t  tu b ew e lls  o f  42 

d is tric ts  have  a rsen ic  co n tam in a tio n .  In F eb ru a ry  1998, the  G u rd ia n  (U K ) 

de ta iled  the m ag n itu d e  o f  the  a rsen ic  c o n tam in a tio n  in B an g lad e sh ;  the  local 

c h e if  o f  the  W o r ld  B an k  has  s ta ted  that ten m ill ions  o f  p eo p le  a re  a t risk, and 

that 4 3 ,0 0 0  v illages  ou t o f  6 8 ,0 0 0  are  p resen tly  are at r isk  o r  c o u ld  be  risk in 

fu ture  (D C H , 200 0 ) .  In d iffe ren t countries , a rsen ic  c o n tam in a t io n  in w a ter  

supplies  is k n o w n  to  have  been  cau sed  by  d isso lv in g  n a tu ra lly  occu r  

geo log ical d eposits ,  f ro m  industria l d isch a rg es  an d  fro m  ap p lica t io n  o f  

pesticides, ch em ica l  fertil izers  and  herb ic ides . T h e s e  a re  not only
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co n tam in a te  th e  soils  and  v ege ta tion  b u t  a lso  th e  a ir  an d  near ly  su rface  w a te r  

(N riag u  a n d  A zcu e ,  1990). C o n tam in a t io n  o f  g ro u n d w a te r  in  B a n g la d e sh  has  

a lread y  b een  accep ted  a s  the  la rgest a m o n g  all in c id en ce  in  th e  w o rld  and  

re c o g n ize d  as  a  w o rse  d isas te r  o f  th is  country .

In  a  m o re  recen t  resea rch , a rsen ic  h a s  b een  rep o r ted  to  b e  de tec ted  in  61 out 

o f  6 4  d istricts . T he  la test resu lt ,  in  th e  2 58  p ro c e ssed  U pazila ,  to ta l n u m b e r  

o f  T u b ew e lls  a re  4 6 .3 7  lacs, o f  them  14.06 lacs  ti ibew ells  a re  a rsen ic  

c o n tam in a te d  (30 .32  p e r  cent), total p a t ien ts  id en tif ied  a re  38 ,380. E ig h ty  

p e r  cen t an d  a b o v e  co n tam in a ted  v illages  a re  8 ,546  (B A M W S P , 2004).

F ig u re -} . 1 : A rsenic C ontam inated T u b ew eils  (%)

B rit ish  G eo lo g ica l  S u rv ey  (1999) b a se d  o n  availab le  d a ta  on  arsen ic  

co n cen tra t io n  in tu b ew ell  w a te r  d ev e lo p ed  a  f ig u re  tha t  p ro v id e s  a  p ic tu re  o f  

th e  p re sen t  s itua tion  o f  a rsen ic  c o n tam in a tio n  in  B an g lad esh .  Tt sh o w s  tha t 

w id esp read  a rsen ic  c o n tam in a tio n  in  B ang ladesh . A c co rd in g  to  d iv is ion , 

a rsen ic  a ffec ted  reg io n s  a re  sh o w n  in  ta b le -1 .1 (A p p en d ix -A ).
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T h e  tu b ew ells  in la rg e  p a r t  o f  S y lhe t an d  D h a k a  d iv is ions , m o s t  o f  

C h it ta g o n g  d iv is ion  ex cep t  the  H ill tracts  a rea  s ig n if ican t pa rts  o f  R ajshah i 

d iv is ion  and  m o s t p a r t  o f  K hu lna  an d  B arisa l d iv is io n s  ex ce p t  th e  coasta l 

a rea  c o n tam in a te d  w ith  arsenic . H igh ly  a ffec ted  d is tric ts  inc ludes  

L ak sh m ip u r ,  S u n am g an j,  Sylhet, C om illa ,  B rah m an b a r ia ,  C h an d p u r ,  Feni, 

N o ak h a li ,  N a ray an g an j ,  G opa lgan j,  Saria tpur, M u n sh ig an j ,  Faridpur , 

B ag e rh a t ,  Sa tkh ira , K hu lna , Jessore , Jhen idah , C h u ad a n g a ,  M eh erp u r ,  

K ush tia ,  P ab n a , R a jsh ah i  and  C h ap a i  N aw abgan j.  P resen ce  o f  a rsen ic  in  the 

coas ta l  a reas  is lo w  b ecau se  m o s t  o f  the  g ro u n d w a te r  in  th is  sa line  a rea  is 

ex trac ted  fro m  a rsen ic -free  d eep  aquifer. D e ta i led  in v es t ig a t io n  in  the 

C h it tag o n g  H ill  T rac ts  a rea  is ye t to  be  done.

M i ip - : l . l :  Average conconlralicm  o f  a rscnic in  lu b c n d ls  I'rum  each o f  llie  
a d m iiii» ira liv e  d iv is iuns . N u le  llia l chc C liU lu g o iig  d iv is iu n  includes l l ic  areii 
cast o f  l^ lia k ii as w e ll as l l ic  narrow  s tr ip  o f  land sampled a long  Ihe  S t! coa.sl 
o fU a iig la d c s li.. N o  lib e w e lls  were sampled in  d ie  C liiiu ig o n g  I Mil Tracis

S o u r c e  : B G S  a n d  D P H E ,  2 0 0 0 .
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W idesp read  a rsen ic  c o n tam in a t io n  o f  shallow  aqu ife rs  in  B a n g la d e sh  is a 

m ajo r  p ro b lem  in th e  w a te r  su p p ly  sec to r  s in ce  it is th e  p r im ary  so u rc e  o f  

d rink ing  and  c o o k in g  w ater . H u n d red s  o f  m ill ions  o f  p e o p le  h av e  been  

exposed  to  a rsen ic  c o n tam in a tio n  th rough  d r in k in g  w a te r  in v a r io u s  a reas  o f  

B angladesh  in c lu d in g  th is  s tu d y  area. It is indeed  a m a tte r  o f  g rea t  co n ce rn  

that env ironm en ta l im p ac t  o f  arsen ic  has been  cau s in g  w id e sp rea d  d isqu ie t  

in R am ganj. L ak sh m ip u r ,  as well. A rsen ic  co n cen tra t io n  in g ro u n d w a te r  has 

been  increasing  in here.

In the recen t years  a rsen ic  c o n tam in a tio n  o f  g ro u n d w a te r  has  b ecam e  

catas trophic  in B an g lad esh .  W h ich  is d ifferen t from  o th e r  ca lam ities  such  as 

cyc lones  floods, d ro u g h t ,  S A R S  virus. O n ce  upon  a t im e  th ese  ca lam itie s  

w ou ld  be the last touch . B u t a rsen ic  d o e sn ’t co m p le te ly  feck less  eas ily . It 

has caused  e n o rm o u s  health  h aza rd s  and  social p rob lem s . T u b e w e l l  w h ich  

b ecam e un av o id ab le  fo r  su p p ly  o f  safe  d rink ing  w ater  in rural B an g lad esh  

and  abroad  is n o w  a  b ran d ed  m onster.

A rsenic  po llu tion  is an anx ie ty  for o u r  coun try . In ch em is try  a rsen ic  is 

referred  to as a  v io len tly  p o iso n o u s  w h ite  su b s tan ce  o f  brittle  e lem en t.  N o w  

this  e lem en t is d e tec te d  to  be  p resen t in la rge  quan tity  in the  tu b ew e ll  w ater 

o f  m any  d is tric ts  o f  B an g lad esh . It causes  a k ind  o f  hea lth  haza rd .  P ress  

reports  on  this m a tte r  a re  d ra w in g  a tten tion  o f  all c lasses  o f  p e o p le  to  be 

aw are  o f  it. T h e  p e o p le  sh o u ld  a lso  take all p o ss ib le  m easu re s  to  p reven t 

them selves  fro m  a rsen icos is .  D rink ing  o f  w a te r  po llu ted  by a rsen ic  causes  

d iseases  like so res  an d  s to m ach  troubles. S o  it is u rgen tly  n e ed e d  to  teach 

the people  h o w  to  ge t r id  o f  a rsen icosis . A t p resen t,  an an tid o te  is d isco v e red  

to  purify  w a te r  p o llu ted  by arsenic . B es ides , the  W o rld  B a n k  has  ag reed  to
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ex tend  all p o ss ib le  h e lp  to  m it ig a te  th e  a rsen ic  p ro b lem  in o u r  co u n try .  So 

o u r  g o v e rn m en t is a lso  try in g  h a rd  to  tra in  her  p eop le  in this regard .

F rom  availab le  d a ta  it is  c le a r  tha t  u n accep tab le  levels  o f  a rsen ic  in 

g ro u n d w a te r  have  been  fo u n d  in vast m ajo rity  o f  the d is tr ic ts  o f  th e  co u n try  

as well as ou t o f  co u n try  an d  a la rge  n u m b e r  o f  pa tien ts  a re  su f fe r in g  from  

arsen icos is  and  its c o m p lic a t io n s .  P o iso n in g  by arsen ic  is s lo w  process . It 

d am ag es  the k idneys , the liver, the skin  and  the  ne rvous  system , it is d u e  to  a 

gradual bu ild -up  o f  the  p o iso n  in the h u m an  body . E ven tua lly  p e o p le  s tart to 

sh o w  sy m p to m s  and  b e c o m e  unw ell. D ea ths  d u e  to  lo n g - te rm  po ison ing  

m ake  it even  m o re  im p o r tan t  to  add ress  the  p ro b lem  as soon  as  possib le . 

T h is  is in e ffec t a  race  ag a in s t  t im e  to safe  w a ter  fo r  e v e ry o n e .  M a n y  peop le  

cu rren tly  d r in k in g  a rsen ic  c o n tam in a te d  g ro u n d  w a te r  m a y  deve lop  

p rob lem s soon , they  m u s t  a t te m p t  to find  safe  source  o f  w ater . T h o u s a n d s  o f  

people  in B an g lad esh  a re  su ffe r in g  from  a rsen icos is  an d  m o re  a re  be ing  

a ffected  ev ery d ay . A rsen ico s is  is c au sed  by d rin k in g  lube  w ell w a ter  

co n ta in in g  a rsen ic . P eo p le  w h o  d rink  u n co n tam in a ted  w a te r  d o  not catch  

a rsen icos is  f ro m  a ffec ted  peop le .

T h e  m ajority  o f  the  tu b ew e ils  in B ang ladesh  are free  fro m  arsen ic , b u t  they 

need  to  be tes ted  to  sep a ra te  th e  safe  f ro m  the  u n safe  and , in m a n y  a reas , this 

has not yet been  done . T u b e  w ells , w h ich  have  been  tes ted  fo r  arsenic , 

shou ld  be  p a in te d  g reen  i f  they  a re  safe  o r  red if  they  a re  u n sa fe .  D eep  

tubew eils  are free  fro m  a rsen ic  and  bac te ria  a lthough  they  w ill n eed  testing 

in the future to  en su re  tha t it is still the case . S u rface  w'ater in  p o n d s  and 

r ivers  is a po ten tia l so u rce  o f  a rsen ic -free  w ater . H o w ev e r ,  m o s t  su rface  

w a te r  in B an g lad esh  is heav ily  po llu ted  w ith  d an g ero u s  bacte ria .  N o  su rface  

W'ater should  be  u sed  w ith o u t  som e form  o f  trea tm ent. D rin k in g  w a te r  is
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unsafe  fo r  h u m a n  u se  w h e n  th e  a rsen ic  ex ceed s  0.01 m ic ro g ra m  p e r  litre  o f  

water. T h is  is the  in te rna tiona l s tan d a rd  set by  W o rld  H ealth  O rg an isa t io n .  

B u t B an g lad esh  s tan d a rd  is 0 .05  m ic ro g ram  per  litter o f  w ater . In 

B angladesh  the re  a re  ab o u t 4  m illion  tu b ew ells  p ro v id in g  sa fe  w a te r  to  95 

per cenl o f  the  w h o le  p o p u la tion . It is unders tood  that the resu lt  o f  a 

w idespread  a rsen ic  c o n tam in a tio n  o f  g ro u n d  w ater  w ill be  a T itan  

catastrophic .

1.2. O bjectives o f the Present Study :

T h e  p resence  o f  a rsen ic  in g ro u n d w a te r  at R am gan j in L a k s h m ip u r  is the 

m ost serious  hea lth  hazard . T h e  a rsen ic  co n cen tra tion  o f  th is  a rea  is g rea te r  

than 0.05 mg/1 s ig n ify in g  tha t th o u san d s  o f  people  a re  as b ad ly  risk  o f  

arsen ic  po ison ing .

In the ab o v e  p e rsp ec tiv e  the  b ro ad  o b jec tives  o f  the  p re sen t  s tu d y  are  as 

fo llow s :

Spatial d im e n s io n  o f  g ro u n d w a te r  arsen ic  p rob lem , a rsen icos is  s i tua tion  and 

health seek ing  b e h a v io u r  o f  A rsen ico s is  pa t ien t  in the R am g o n j area.

T h e  specific  o b jec t iv es  are:

i) to find  ou t th e  cau se  o f  g ro u n d w a te r  A rsen ic  C o n ta m in a t io n  in the

study  area,

ii) to  o bserve  the  seasonal varia tion  o f  g ro u n d w a te r  A rsen ic  p ro b lem

ii) to d e te rm in e  the  re la tionsh ip  o f  A rsen ic  w ith  d if fe ren t  pa ram ete rs ,

iii) to  d e te rm in e  the level o f  g ro u n d w a te r  A rsen ic  C o n ce n tra t io n  in the

study  a rea  b y  “ F ie ld  K it” and  L ab o ra to ry  test.
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iv) to  k now  vertica l p o s i t io n  o f  A rsen ic  co n cen tra t io n  in  the  b o re h o le  da ta  

in A v ira m p u r  s tu d y  po in t,

v) to  c o m p are  th e  A rsen ic  co n cen tra t io n  da ta  w ith  o th e r  h y d ro g e o ­

chem ica l d a ta  (bo th  w a te r  and  soil),

vi) to invest iga te  the  so c io -ec o n o m ic  and d e m o g ra p h ic  co n d itio n  o f  the 

a rsen icos is  pa tien ts .

vii) to ex am in e  the  phy s ica l ,  env ironm en ta l  and  p sy ch o lo g ica l  s itua tion  o f  

v ic tim  o f  a rsen ico s is  pa tien ts .

1.3. Logical V iew o f the Research:

A rsen ic  c o n tam in a tio n  o f  g ro u n d w a te r  is a g rea t th rea t  fo r  B ang ladesh . 

P ractically  th e re  is n o  sp ec if ic  trea tm en t o f  a rsen icos is  patient. R es tr ic t io n  o f  

arsen ic  co n tam in a ted  d r in k in g  w a te r  can  reduces  the  health  hazard . So , to 

co m b  at the a rsen ic  tox ic ity  in o u r  coun try  v ia  d r in k in g  o f  tu b ew elis  water. 

M o re  em p h as is  sh o u ld  be g iv en  on  arsen ic  free  w ater. W e  have  to  find  out 

the u n derg round  a rsen ic  c o n tam in a te d  layer and  tu b ew elis  sh o u ld  be 

insta lled  in the  a rsen ic  free  spec if ic  layer. A lth o u g h  it is very  sm all base line  

s tudy  it will e x p lo re  n ew  in fo rm atio n  to  the researchers  fo r  fu r thers  research  

in this field.

T h e  arsenic  p ro b le m  is b e ca m e  a g lobal p ro b lem  w h ich  has  h it  the 

B ang ladesh  severe ly . G ro u n d w a te r  ex trac tion  has  s tead ily  increase  

s in c e l9 7 0 s ,  to g e th e r  w ith  the in tense  per iod  o f  d rau g h t in recen t  years , have 

resu lted  co n tin u e d  fall o f  w a te r  levels in d ifferen t su b zo n es ,  w ith  the 

e nv ironm en ta l  c o n seq u en ce .  A rsen ic  has  b e co m e  w id e ly  k n o w n  that the re  is 

a p rob lem  o f  a rsen ic  in tu b ew ell  w a ter  in m any  parts  o f  B an g lad esh .
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A t present, v a r io u s  ag en c ie s  in  the  health  sec to r  such  as D h a k a  c o m m u n ity  

H ospital (D C H ), In te rn a t io n a l  C e n te r  fo r  D ia rrh o ea  D isease  R esearch , 

B angladesh  ( IC C D D R ,B )  and  w a te r  sec to r  such  as N a tio n a l Ins ti tu te  o f  

P reven tive  and  Socia l M ed ic in e  (N IP S O M ), D iv is ion  o f  Pub lic  H ea lth  and 

E ng ineering  (D P H E ),  B an g lad esh  W a te r  D ev e lo p m e n t  B o ard  (B W D B ) have  

been  w o rk in g  on  A rsen ic  re la ted  ac tiv ities  with the  ass is tan ce  from  

in ternational d o n o r  agenc ie s  and  N G O s. U nivers it ie s  have  began  e x ch an g e  

the view s on  a rsen ic  re la ted  s tu d y  at the p resen t tim e. F ie ld  su rv ey s  on 

arsen ic  co n cen tra t io n  and  w a te r  qua li ty  m easu rem en ts  had  a lread y  star ted  

using various  m e th o d s  by  d if fe ren t  o rgan isa tions . T h ese  resu lts  a re  sca tte red  

and very  few  e x c h a n g e  o f  s tudy  f in d in g s  is obsefved . It is very  n ecessa ry  to 

have the resu lts  c o o rd in a ted  an d  sh ared  w ith  o th e r  o rg an isa tio n . In this 

connec tion . B an g lad esh  G o v e rn m e n t  in o n e  o f  its recen t m o v e m e n ts  set a 

N ational A rsen ic  M itig a tio n  In fo rm a tio n  C en te r  (N A M IC ).  T h is  is a  part o f  

the  w orld  B ank  fin an ced  A rsen ic  M itiga tion  Project, w h ich  w ill deal to 

co llect, m anage , in te rpre t an d  d is sem in a te  all re lev an t h y d ro -g ed o g ica l ,  

w a ter  quality , hea lth  so c io -ec o n o m ic  and  techn ica l in fo rm ation . B es ides  the 

m ost o f  the w o rk s  o f  g o v e rn m e n t  and  n o n -g o v e rn m en t has  found  in the  head  

o f  health seek in g  beh av io u r .  F o r  a p ro p e r  cause  and  e ffec t  o f  g ro u n d w a te r  

arsen ic  p ro b lem  in B an g lad esh , w e  n eed  to  k n o w  the  p re sen t  s i tua tion  o f  

re la ted  s tudies. H o w ev e r ,  the  p resen t s tudy  will try to  e x a m in e  the 

m obiliza tion  o f  a rsen ic  in g ro u n d w a te r  aq u ife r  w ith  o th e r  chem ica l 

param eters .

T h o u g h  m any  coun tr ie s  o f  the  w orld  and  Sou th -eas t  A sia, like  India , T a iw an  

etc. have  repo rted  the  tox ic  e ffec t  on  h u m an  health  d u e  to  p re sen c e  o f  high 

level o f  a rsen ic  in the ir  tu b ew ells  w ater , bu t no  ex ten s iv e  s tu d y  h a s  been

10
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y

d o n e  in our co u n try  a b o u t  the  c o n tam in a te d  lu b ew ells  in c lu d in g  deep  

dril l ing  and  the  e x te n t  o f  c o n tam in a te d  level. A g eo -en v iro n m e n ta l  and  

dem ograph ic  su rv ey  a m o n g  the  users  o f  the  c o n tam in a ted  tu b ew ells  in the  

affected  areas w h e re  p re sen c e  o f  h igh  co n cen tra tion  o f  arsen ic  in tubew ells  

w a ter  will g ive  us v a lu ab le  in fo rm ation  abou t the subso il  w a te r  level w hich  

is free from  arsen ic  c o n tam in a tio n ,  so tha t d u r in g  the ins ta lla tion  o f  tubew ell  

ihis may be u tilized  by the  respec tive  au thority  for d ra w in g  u n d erg ro u n d  

w ater  from that spec if ic  level w hich  is free  from  arsenic .

1.4. Limitation o f the research:

T h e  lim itation o f  the  re sea rch  in G e o -en v iro n m en ta l  ana lys is  in B an g lad esh  

are m anifo ld . E n v iro n m en ta l  re search  is too  tough  and  peril re sea rch . It is 

re la ted  to n a tu re  an d  labora to ry . So , labora tory  research  is ve ry  costly . 

B esides it has  no  su ff ic ien t in fo rm ation  and  data. E x ten s io n  field visit, 

d ril l ing  soil, co llec t  o f  accu ra te  and  prec ise  g ro u n d w a te r  an o th e r  p ro b lem  o f  

this  studies. T h e  fac ilities  tha t  s tuden ts  o f  soph is tica ted  e n v iro n m en ta l  

research en joy  in m an y  coun tr ie s  today  in te rim  o f  labora tory  an a ly s is ,  data  

process ing  and  c o m p u tin g  fac ilities  a re  a lso  neg lig ib le . E v en  m ore

frustrating  is the  lack o f  re levan t litera ture , bo th  in te rm s  o f  b o o k s  or

research  m o n o g ra p h s  an d  jo u rn a ls  o f  re levance .

E v e ry  research  has  socia l case , fo r  this  social case  in v o lv in g  long

questionnaire  sch e d u le  in te rv iew ing . It is the in c reas in g  lack  o f  t ru s t  and  c o ­

opera tion  from  the  re sp o n d en ts .  It a lso  a g rea t  p rob lem . T h e  e d u ca te d  elite 

pose  tougher p ro b lem s , particu la rly  in a reas  w h ich  are a lso  b e in g  frequen tly  

presen ted  by  e n v iro n m en ta l ,  social re sea rchers ,  bo th  p r iva te  and

governm enta l .  T o  add  fu r th e r  to  the p rob lem , the  m ate r ia l  to  b e  sam p led  is 

u sually  very n o n -h o m o g e n e o u s .  T h e  analy tica l ch em is t  w h o  sp ec ia lizes  in

II
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the  analysis  o f  en v iro n m en ta l  sam p les  is ch o o s in g  to  w o rk  on  s o m e  o f  the 

m ost cha llen g in g  p ro b le m s  in analysis . B ecau se  and  ana lys is  a re  often  

p resen t in ex trem ely  low  q u an ti t ie s  and  m a tr ix  can  be  very  c o m p lex .

•V-
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2. ENV IRO NM ENT AND ARSENIC SITUATIO N

2.1. Introduction:

E n v iro n m en ta l ism  is a fairly new  m o v em en t in the w orld . It is g e t t in g  top  

priority  in n a tiona l po lic ies  a m o n g  the dev e lo p in g  countries . D u r in g  perfect 

p lann ing  due  co n sid e ra tio n  is g iven  to  social, cu ltu ra l and  en v iro n m en ta l  

im pacts. A s o u r  planet b e co m e s  m ore  c ro w d ed  and  industr ia liza t ion  

b ecom es  m ore  w id esp read , the d e le te r ious  e ffec ts  on the  e n v iro n m e n t  have 

beco m e  o bv ious . T h e  en tire  w orld  is the en v iro n m en ta l  sc ien tis t 's  

laboratory . E n v iro n m en ta l  sc ience  takes  for its o w n  the  s tu d y  o f  the 

com posit ion  o f  w ater , soil, a tm o sp h ere  and  h o w  m ate ria ls  a re  tak en  up  and 

g iven  o f f  by  p lan ts  an d  an im als . D e ter io ra tion  o f  the en v iro n m e n ta l  reached  

the s ign if ican t levels  w ith  the  d ram a tic  increase  in h u m a n  popula tion , 

acco m p an ied  by  industr ia liza t ion , w h ich  to o k  p lace  o v e r  th e  pas t  c en tu ry  or 

so. M a jo r  p ro b lem s  b ro u g h t abou t by  these  chan g es  a re  th e  c o n ta m in e d  o f  

water, soil, air, g ro w th  in the a m o u n t o f  h aza rdous  w aste ,  d e p le t io n  o f  arable  

land, energy , an d  o th e r  na tura l resou rces , in c reased  e x p o su re  to  toxic 

ch em ica ls  in food , w ater , soil and  air; and  ex p o su re  to  rad ia tion . It w as  not 

until the 1960s tha t an a w aren ess  o f  these  p rob lem s g rew  all o v e r  the  world. 

S ince  then, a  p le th o ra  o f  en v iro n m en ta l  regu la tions  h av e  b een  p rom u lg a ted  

to p ro tec t o u r  env iro n m en t.  All env ironm en ta l  s tud ies  u lt im ate ly  d ep en d  on 

the resu lts  o f  ch em ica l  analys is  o f  sam p les  o f  w ater, soil an d  b io logical 

o rgan ism s.

2.2. Man and Environm ent Interrelationship:

E n v iro n m en t m ean s  the  in te r-re la tionsh ip  ex is t ing  b e tw een  w a ter ,  air, soil 

and  physical p ro p e r ty  and  the ir  re la tionsh ip  w ith  h u m a n  b e in g s ,  o ther
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an im als ,  p lan ts  and m ic ro -o rg an ism s . T h e  en v iro n m e n t  is th e  treasu re  w hich  

supports  life, W E C D  k n o w n  as B ru n d tb an d  c o m m is s io n  defined  

E n v iro n m en t as “w h e re  w e  all live” . It has  been  su g g es te d  tha t the  H oly  

Q u ran  d raw s h u m an  a tten tion  to  p rac tica lly  ev ery th in g  in na ture . M a n ’s 

en d eav o r  to satisfy  his g ro w in g  d e m a n d  to  im prove  his liv ing  in it ia ted  the 

m odif ica tion  o f  the  natural sy s tem  th rough  tech n o lo g ica l  in n o v a tio n s .  N ow  

m an has invaded  na tu re  and  in troduced  m o d if ied  re so u rces  in the 

en v iro n m e n t  co m b in in g  te ch n o lo g y  w ith  natural p h y s io -ch em ica l  and 

b io log ica l sy s tem  k n o w n  as d e v e lo p m en t  resources.

T H E  E N V I R O N M E N T
NA'IURAL KiNVIRONMKN r
IMiysico-Chcmical Component

Air 
I .;u k !
S o i l
W'atci-
M i n e r a l s
S i m l i g l i l
C ' l i ^ n i i c a l s

Y
P r o d u c e r s

Decomposers

Pkinij; 
A n i m a l s  
M i c r o h c s

S e t t l e m e n t  
l i i l Vi i s i ru c lu r es  
l iK k i s l r y  
M i n i n g  
[ £ n c r g y  s u p p l y  
W ' a l e r  s u p p l y  
T o u i i s m .  t i c .

i ’o r e s t  p r o d u c t
P i s h i n g
P o i i c h i n t i

F o o d

S l i e l l e r

C l o l l i i n g

l i n e r u y

T r a n s p o r l

C ' o n i m c r c c

R o e r e a t i o n

l l e a l f h

C' u l i i rc

F i g u r e - 2 . 1 :  N a t u r a l - h u m a n  I n t e r a c t i o n  i n  ( h e  E n v i r o n m e n t  

S o u r c e  : A h m e d .  2 0 0 2

H ossa in  in h is s tudy , “M an /p o p u la t io n  and  E n v iro n m e n t  In te rre la t io n sh ip ” 

exp la in  the va rious  fac to rs  o f  p o pu la tion  and  en v iro n m e n t  w h ich  a re  related
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w ith  each o ther. A  f ig u re  is g iven  b e lo w  n am ely  “p o p u la t io n  and 

en v iro n m en t In te rre la t io n sh ip ” a cco rd in g  to  H o ss a in ’s s tudy.

P opu lation  and E n v ir o n m en t In terre la tio n sh ip

P o p u k ilio ii

UCtlU\ lOUT
f c n i l i l v

m o r in l i iv

n u p i in l i i ) ^ -----------

m ig r a i io i i

C o n s u in p l io n  

6 a i i c  fo o d , w i l c r .  

c d u c n lio i i .  l i c j U l i  

c a r c . c l o i l i l n g .  

I io u s in g . c u l iu r c .  

i r n n s p o n .  d c f c n c c . 

n o n -b n s ic : lu x u r ie s  
o n c n e c ,  add ic lioe i

D e m a n d S u p p ly R e g e n e ra t io n

F igure-2 .2: Population and Environm ent Interrelationship

2.3. Environm ental Conditions and A rsenic Contam ination:

Each person  h a s  a fu n d am en ta l  and  in a lienab le  r igh t to  a healthful 

env ironm ent.  F o r  m any  y ear  people  w ere  m a in ly  in te res ted  in h o w  the 

env iro n m en t in fluences  people  ra the r  than  h o w  p eo p le  affect the 

env ironm en t.  It is o n ly  recen tly , tha t the  c o n v erse  seem s  to  be  tru e  tha t  how 

h u m an  actions  a ffec t  the  na tura l env ironm en t.
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T

C on tam in a t io n  o f  th e  e n v iro n m e n t  is o n e  o f  the  m o s t  ho rr ib le  eco log ica l  

c ris is  to w hich  w e  a re  su b jec te d  today . W e  k n o w  that th ree  b as ic  am en ities  

fo r  liv ing o rgan isa tion  a re  a ir ,  land  o r  soil an d  w ater . S o m e tim e s  in the  past, 

these  am en ities  w ere  pure , v irg in , und is tu rb ed , u n c o n tam in a te d  and  basically  

m ore hosp itab le  fo r  liv ing o rg an ism s. B u t the s itua tion  is ju s t  reverse  today, 

because  o f  inc reased  h u m an  ac tiv ity  fo l lo w in g  the  p ro g ress  in sc ien ce  and 

techno logy  in p resen t day  scenario , lead ing  to  po llu tion  o f  en v iro n m e n t  and 

ser ious  eco log ica l im b a lan ce  w h ich  in long  run, m ay  p ro v e  d isas tro u s  for 

country .

B angladesh  be ing  located  d o w n s t re a m  o f  the  m ig h ty  rivers , the  G an g es  and 

the B rahm apu tra , w orks  as a  re ten tion  basin  o f  ex cess  w a te r  ca r r ied  by  the 

r ive r  and  v ice -v e rsa  is d e p e n d e n t  on  so_U-water in te rac t ion  in the  subsoil 

env ironm en t.  T h e  m ech a n ism s  o f  arsen ic  re lease  in g ro u n d w a te r  and  health  

effects  o f  ch ron ic  ingest ion  o f  arsen ic  w a te r  d r in k in g  w a te r  a re  not well 

unders tood . T h e  m ag n itu d e  o f  the p ro b lem  is ye t to  be asce r ta in ed . A  be tte r  

u n d e rs tand ing  o f  the  possib le  causes  and  ex ten t o f  a rsen ic  co n tam ina tion , 

popu la tion  ex p o se d  to  h igh  level o f  a rsen ic  and  p o ss ib le  health  e ffec ts  is 

essential to m itiga te  the  p rob lem .

2.4. W orld Situation o f A rsenic :

W a te r  has ex is ted  on  ear th  as  ear ly  as 3 0 0 0  m ill ions  y ea rs  ago . It is the 

c o m m o n e s t  f lu id  in nature . W ate r ,  the  sy n o n y m  o f  life. W a te r  e ffec ts  the life 

o f  every  h u m an  on  Earth  an d  can  be de tr im en ta l  to  o u r  l iv e lih o o d ; the 

qua lity  affects  o u r  health  and  well being.

W a te r  p lays a vital ro le  by  co n se rv in g  lives an d  their  h ea lth y  en v iro n m en t.  I f  

w'ater is co n tam in a ted ,  it m ay  be  d an g ero u s  fo r  p lan ts , an im a ls  an d  hum an  

being. W a te r  c o n tam in a t io n  is a severe  p ro b lem  in d o m e s t ic  and  industrial
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purp o ses  and  w a te r  fo r  h u m an  c o n su m p tio n  m u s t  be  free  f ro m  haza rdous  

chem ica l substances . G ro u n d w a te r  w as  trea ted  as the  b e s t  so u rces  o f  safe 

d r in k in g  w ater, b e fo re  a rsen ic  c o n tam in a tio n  w as  repo rted . A rsen ic  is a 

po ison  in all its form s. It is a lso  a po ison  o m n ip resen t  in s ide  the  earth. 

A rsen ic  is the k ing  o f  p o iso n s  and  has p lagued  h u m an  be in g s  s in ce  the days 

o f  antiquity .

T races  o f  a rsen ic  are a lm o s t  universal.  A rsen ic  is o ften  v iew ed  as being  

sy n o n y m o u s  w ith  “ to x ic” . T h e  natura lly  o ccu rr in g  tox ican t, a rsen ic , causes  

ser ious  health hazards  as repo rted  in m any  coun tr ie s  o f  the  w orld . H u m an s  

unavo idab ly  ex p o se d  to the  arsen ic  c o m p o u n d s  p resen t in d r in k in g  and 

co o k in g  water, a po s i t iv e  co rre la tion  w as  found  b e tw een  ex ce ss iv e  in take  o f  

arsen ic  via d r in k in g  w a te r  and  a"senicosis . P resen ce  o f  a rsen ic  in su rface  

w a te r  and g ro u n d w a te r  re so u rces  o f  m a n y  coun tr ie s  in the  w o rld  has  been 

reported  b ecau se  o f  d isso lu tion  from  earth  crust (M osafe r i  e t al., 2003). 

A rsenic  is a n a tu ra lly  o ccu rr in g  e lem en t that ranks  tw en tie th  in a b u n d an c e  in 

the ea r th ’s c rus t,  fou r-ten th  in the  seaw ater ,  and  tw e lfth  in the  h u m a n  body  

w ith  an averag e  co n cen tra t io n  o f  a rsen ic  in ear th  o f  1.5 - 2  m g /k g  in re la tion 

to  o th e r  e lem en ts  (N A S , 1977).

A rsen ic  is the  k ing  o f  p o iso n s  and  has  p lag u ed  h u m a n  b e in g  s in ce  the  days  

o f  an tiquity . A rsen ic  is bo th  a cau ses  o f  la rge  sca le  en v iro n m en ta l  

co n tam in a tio n  and  a ser ious  health  hazard . M an y  inc iden ts  o f  arsenic  

co n tam in a tio n  in the  en v iro n m e n t  and  cases  o f  v ic tim s a re  rep o r ted  from  

various  co u n tr ie s  o f  the w orld . C au ses  o f  arsen ic  c o n tam in a t io n  o f  w ater 

sources  a lso  been  found  in India, C hile , M ex ico , A rg en tin a ,  H u n g ry ,  U nited  

K in g d o m  and  the  U n ite d  S ta tes  (M ap-2 .1 ).
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A rsen ic  c o n tam in a tio n  o f  g ro u n d  w a te r  is n o w  a  m a jo r  en v iro n m en ta l  

p es ti len ce  an d  in te rna tiona l p ro b iem  o f  th e  w o rld .  H ig h ly  e lev a te d  g ro u n d  

w a te r  co n cen tra tio n s  o f  a rsen ic  a re  c o m m o n  in  m a n y  a re a s  o f  th e  w orld , 

c au s in g  l ife - long  ex p o su re  fo r  a  large  n u m b e r  o f  p eo p le  (V ah te r ,  1998). 

M a n y  p e o p le  a t d ifferen t c o m e rs  o f  the  w o r ld  a re  a fra id  o f  th is  h aza rd o u s  

hea lth  p ro b lem . S o m e  o f  th e m  are  a lread y  a ffec ted  an d  th e  res t o f  th e m  are  

a t risk. T h e  w o r ld  s itua tion  o f  g ro u n d w a te r  a rsen ic  seem s  to  b e  lo n g  and  

m a n y  o f  th e  a rsen ic  a ffec ted  a reas  a re  lo ca ted  in  a rid  reg ion . E x cep t  

B an g lad e sh  a n d  Ind ia , a rsen ic  con tam ina tion  o f  d r in k in g  w a te r  so u rce  bo th  

su rface  an d  g ro u n d w a te r  h a s  been  rep o rted  in  a  n u m b e r  o f  A sian  coun tries  

in c lu d in g  C h in a ,  M o n g o lia ,  T a iw an  an d  Thailand .

iHKvaacJ*

▼
N

LEGEND
■I Arsanc'^^ctod aguters 
•  A raan crv M d to m n n g o p e Q tto n e

#
11

Map -  2.1: World Situation of Arsenic
Source: Chowdhury, 2001

In  C h in a  ; In  C h in a ,  ch ron ic  en d em ic  a rsen ism  w a s  first fo u n d  in J izy i and  

Ta inan . T a iw n  p ro v in c e  in  1968 (S un  e t a1., 1998). T h e  reg io n  o f  h ig h
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arsen ic  co n cen tra t io n  is in the  T u m o t and  H e tao  p la ins , s i tu a ted  to  the  south  

o f  the  Yin S han  m o u n ta in s  and  to  the north  o f  the  Y e l lo w  river. T h e  a reas  o f  

the  region w ith  h igh  a rsen ic  is 10000 km". In add ition , the re  is h igh  arsenic  

sp ring  w a ter  in the  va lley  to the eas t o f  D ax in g  A n L in g .  Its length  is 5 0  k m '.  

T h e  T u m o t and  H etao  p la in  on  the sou th  o f  D a  Q in g  m o u n ta in  and  Lany 

m ounta ir . li is o ld  m e ta m o rp h ic  rock. T h e  a rsen ic  co n ten t  is h igh . It is 

d is tr ibu ted  in the  fore-fan  a l iu \ ia l  lake a cc u m u la te d  lo w -ly in g  area. It is 

bo u n d ed  by the Y e llow  R iv e r  and  B lack R iver. H igh  a rsen ic  w a te r  is m ain ly  

d is tr ibu ted  in lo w -ly in g  area. H igh  arsen ic  reg ion  is s i tu a ted  in f ive  reg ions, 

ten  countries , 52  to w n sh ip s  and  575 v illages, 1774 p e o p le  w ere  d iagon ised  

the C h ro n ic  a rsen ism  and  the popu la tion  in v o lv ed  reach ed  6 0 0  thousand  

(S un  et al., 1998), a la rge  sca le  su rv ived  in 1989.

T h e  d isease  on the  c o n t in en t  o f  C h in a  has been  repo rted  on ly  in re c e n t  years, 

A lthough  its h is to ry  is short, the s itua tion  and  the  sp read  o f  th e  d isea se  are 

very  serious. In the  m a in la n d  the  d isease  w as  first fo u n d  in ku itun , X in jian  

p rov ince  in 1980. T h e re  w ere  m o re  than 2 0 0 0  pa tien ts  ou t o f  p o pu la tion  o f  

ab o u t 100,000 (W a n g  e t al., 1983). T h e  n u m b e r  o f  pa tien ts  w ith  “ Black 

foo t” d isease  a m o u n te d  to  1636 by  the  end  o f  1985 in J iay i an d  Tainan , 

T a iw an  p rov inces  (Z h en g  e t al., 1995).

C h ro n ic  arsen ic  p o iso n in g  in C h in a  can be d iv id ed  in to  types  acco rd in g  to 

the  exposu re  sources . O n e  is c au sed  by  d rink ing  w ater , in w h ich  the  arsen ic  

co n cen tra tion  is ve ry  h igh . X in jiang , Inner  M o n g o lia ,  Shanx i and  T a iw an  

b e lo n g  to the d r in k in g  w a te r  type. M o st  o f  the p eop le  d r in k  w a te r  f ro m  a 

p u m p  well m ore  than  2 0  m  d eep  and the  a rsen ic  co n cen tra t io n  ran g es  from  

0.15 to  2 .0  m g/l a cco rd in g  to d iffe ren t areas, the h ig h es t  b e in g  u p  to  4 .4  mg/1 

w h ich  w as 88 tim es  the  0 .0 5 m g /l  C h in a  s tandard . T h e  seco n d  is c au sed  by
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coal burn ing . P e o p le  use coal co n ta in in g  h igh  levels  o f  a rsen ic  as fuel for 

co o k in g  and  d ry in g  gra in  in the  k itchen  and  so  inha le  h ig h  leve ls  o f  arsen ic  

co n cen tra tion  in the  air. In G u izh o v  the  a rsen ic  co n ten t  in coal w as  up  to 

9 6 0 0  m g /kg  and  arsen ic  in k itchen  a ir  w as  0 .003  -  0.11 m g /m ‘̂ . T h e  third 

type  is caused  by  industry  ex posu re , m a in ly  c o p p e r  sm e lt in g  and  arsenic  

m niing . T he re  a re  abou t 30 ,000  w o rk e rs  in the industry  ex p o se d  to  arsenic. 

B es ides  the sk in  ch an g es  in all th ree  types  o f  a rsen ic  p o ison ing . L u n g  cancer 

inc idence  w as  h igh  in coal bu rn ing  and  industria l ex p o su re ,  e sp ec ia lly  in 

arsen ic  m ines. A n o th e r  charac te r is t ic  o f  en d em ic  a rsen ism  in C h in a  is that 

the fluoride co n ten t  w as  a lso  high  in bo th  d r in k in g  w a te r  an d  b u rn ed  coal 

w ith  high a rsen ic  co ncen tra tion . T h e  “F lu o r id e  and  A rsen ic  S o c ie ty  o f  C h ina  

(F A S C )” w as  e s tab lish ed  in 1996 and  is n o w  o rg a n iz in g  re sea rch  in to  the 

field o f  f luoride  and  a rsen ic  th ro u g h o u t  the  co u n try  (S u n  e t al., 1998). In the 

140s -  1950s, h igh  a rsen ic  la rge  m o u th  w ater-w ells  w ere  sunk  in the  w estern  

part o f  H uh h o t basin . L ung  and  o th e r  c an c e r  e m erg ed  in the  1970s.

In Japan : A t the  T e ro k u  m ine  and re finery  in M iy azak i ,  Japan , w h ite  arsen ic  

w as in te rm it- ten tiy  p ro d u ced  by ca lc ina ting  a rsen o p ri te  fo r  a b o u t  28  years 

be tw een  1920 an d  1962 (Y oko i,  2001). In ear ly  1930 f iv e  m e m b e rs  o f  a 

fam ily  d ied  and  few  m em b ers  w ere  s ick  in every  house. O n e  o f  the  survey  

revealed  tha t the  a v e rag e  life span  b e c o m e  sho rte r  d u r in g  the  t im e  o f  the 

m ine  opera tion . T h is  w as  said  to  be d u e  to  a rsen ic  tox ic ity . In Ju ly  1996, the 

Jap an ese  E n v iro n m en ta l  A g en cy  said  “ep ithe lium  c a rc in o m a  o n  the  urinary 

tract inc lud ing  the b lad d e r” to  the ca r i to x ia  for co m p en sa t io n  fo r  chronic  

arsen ic  po ison ing . T ill  then, the A g en cy  had  adm itted  o n ly  sk in , lung  and 

liver cance rs  as c au sed  by  arsenic . T h e re  have  been  sev e ra l  repo rts  on 

industry  re la ted  ex p o su re  to  arsen ic  th rough  m eta l sm e lt in g  in  T o ro k u  and
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M atsu o  and  th ro u g h  d r in k in g  w a te r  c o n tam in a t io n  fro m  fac to ry  w aste  in 

N ak a jo  Japan.

In T a iw an  : S in ce  C h ro n ic  en d em ic  a rsen ism  w as  fo u n d  in T a iw a n  in 1968, 

the  d iseases  has  been  repo rted  in recen t years  (S un  et al., 1998). A lth o u g h  its 

h is tory  is short, the  s itua tion  and  sp read  o f  the  d isease  a re  very  ser ious. T he  

E nv ironm en ta l  P ro tec tion  A g en cy  (E P A ) is u n d e r  con g ress io n a l m an d a te  to 

rev ise  its cu rren t  s tan d a rd s  fo r  arsen ic  d r in k in g  w ater  (M o ra le s  e t al.. 1998). 

A c ro ss 'sec t io n a i  s tudy  inc luded  37 v illages  in a , re g io n  o f  T a iw a n  w here  

high  co n cen tra t io n s  o f  a rsen ic  in w ells  had  been  o b se rv ed . S u b jec ts  were  

ex am in ed  fo r  skin  lesions and  skin  cancer. C o n ce rn s  a rise  w h en  an 

ecologica l s tudy  d es ig n  has  been  used . T h is  m eans  tha t  su b jec ts  a re  not 

ind iv idua lly  a ssessed  for ex posu re , b u t in s tead  a re  a ss ig n ed  an exposu re  

based  on the g ro u p  to  w h ich  they  be long , resu lting  in the  statistical o f  

m e asu rem en t e rro r .  A total o f  349  res iden ts  liv ing  in a rseniasis- 

h y pe rendem ic  v il lages  o f  so u th w es t T a iw an  w ere  rec ru i ted  in 1996. 

C um ula tive  a rsen ic  e x p o su re  w as  d e r ived  from  h is to ry  o f  co n su m in g  

artesian  well w a te r  a n d  arsen ic  level in the well w ater.

A n assoc ia tion  be tw een  ingested  in o rg an ic  a rsen ic  th ro u g h  w ater 

co n su m p tio n  a n d  risks o f  va rious  health  e ffec ts  has b een  rep o r ted  am ong  

res iden ts  in b lack fo o l d isea se  en d em ic  a rea  on  th e  so u th w es te rn  co as t  o f  

T a iw an . A la rge  co h o r t  o f  8102  res iden ts  in a n ew ly  iden tif ied  arseniasis  

en d em ic  a rea  on  the  northeaste rn  eas t o f  T a iw an .  S tu d y  su b jec ts  w ere  

fo llow ed  up  to o b ta in  o ccu rren ce  o f  va rious  d isease . W id e  su rvey  fo r  arsenic  

co n firm a tio n  in 8 3 6 5 6  w ell in 31 4  to w n sh ip  in T a iw a n  sh o w e d  that wells  

co n ta in in g  h igh  a rsen ic  w a te r  c lustered  in the southw’est cos t  an d  leaning 

basin  and has  s ign if ican t assoc ia tion  be tw een  arsen ic  level in w ell w a te r  and 

dev e lo p m en t o f  v a rio u s  types  o f  cancer.
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In Iran : K urd is tan  p ro v in c e  is in w est o f  Is lam ic  R ep u b l ic  o f  I ran  be tw een  

3 4 ‘’4 4 ' to  36®30’ north , and  45^31’ to 48° 16’ E ast and  is in n e ig h b o rh o o d  to 

Iraq. In Iran like  m any  o th e r  co u n tr ie s ,  g eo g en ic  a rsen ic  co u ld  a ffec t  g round  

w ater  re so u rces  in so m e  a rea  w ith  K urd is tan  p rov ince . K u rd is tan ,  a w este rn  

p rov ince  o f  Iran, is fac ing  th is  p ro b lem  and  arsen ic  is e n d e m ic a l ly  p resen t in 

d r in k in g  w a te r  o f  rural a reas  o f  this  prov ince . T h e re  is ex p o su re  to  arsen ic  in 

som e v illages o f  this area  for m ore  than 30  years, A s  a resu lt ,  ch ron ic  

p o iso n in g  m an ife s ta t io n s  such  as skhi lesions  K era tosis , p ig m e n ta t io n  and 

even  a m p u ta t io n  due  to  gan g ren e  are reported  in th ese  villages. 

M ea su rem en ts  have  sh o w n  arsen ic  levels in som e w a te r  re so u rce s  as h igh  as 

1.48 mg/l. T h e  W H O  p rov is iona l gu ide line  value fo r  a rsen ic  in d rink ing  

w a te r  is 10 jig/l (W H O  1993). H ow ever , in Iran, like  as m a n y  o ther 

co u n tr ie s  and  in d eed  in all a ffec ted  dev e lo p in g  co u n tr ie s  th is  va lues  is 50  

|.ig/l (IS IR , 1996). A c co rd in g  to  ava ilab le  reports , in Iran sev e ra l  a reas  have  

been  a ffec ted  by natural a rsen ic  con tam in a tio n .  A lth o u g h  g o v e rn m e n t  took 

m any  in itia tives to  supp ly  fresh  w a ter  to  v illages, as it is no t rou tine  to 

m easu re  the  level o f  a rsen ic  in d r in k in g  water. S o m e  o f  th ese  w a te r  supplies  

are po llu ted  and  som e p eo p le  a re  ex p o sed  to arsenic , ex p lo ra t io n  o f  po llu ted  

w a te r  supp lies  th ro u g h o u t the co u n try  is one  o f  the  p rio r it ie s  o f  g o v e rn m en t 

an d  is be ing  c o n d u c te d  n o w  (M osaferi e t  al, 2003).

In T h a ilan d  : Severa l th o u san d  people  o f  R o n p ib o o l  d is tr ic t,  N akorn  

S r itham m ara l p rov ince  h av e  been  ex p o sed  to a rsen ic  th ro u g h  the 

co n tam in a tio n  in su rface  g ro u n d w a te r  for m ore  than  sev en  d ecad es .  A fte r  

the first case  o f  ch ron ic  a rsen ic  po ison ing  w as  d e tec ted  in 1987 

(C h o p rap aw o n , 1998). T h e  so u rce  o f  a rsen ic  c o n tam in a t io n  in  g ro u n d  w ater 

at Ron Ph ibun  is not fu lly  unders tood . P r im ary  tin d e p o s i t  a n d  assoc ia ted
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high  c o n cen tra t io n s  o f  a rsen ic  o ccu r  at this m ou n ta in  site. T h e re  is a lso  

a rsen ic  in a lluv ia l sed im en t  and  in w aste  fro m  m inera l d re s s in g  o f  tin  ores. 

All th ree  types o f  m a te r ia ls  m ay  be m a jo r  sou rces  o f  a rsen ic  in  th e  Ron 

Phibun  area. T h e  m inera l  p rocess ing  o f  the  ores m ay  h av e  gen era ted  

s ign if ican t am o u n ts  o f  o x id ized  arsenic . T h is  w aste  m ay  be  a  s ign if ican t 

source  o f  so lub le  a rsen ic  in g round  w'ater. In ear ly  1998, the  principal 

invest iga to r  c o n d u c te d  four focus g ro u p  d iscu ss io n s  in R on  p iboo l/  

R onph ibun  D is tric t,  N ak o rn  Sri T h am m ara t ,  the  so u thern  p ro v in ce  o f  

T ha iland . T h e  resu lts  from  the  focus  g ro u p  d iscu ss io n s  sh o w e d  tha t the 

tox ic ity  from  arsen ic  c o n tam in a tio n  in natural w a te r  sou rces  in R o n p ib o o l 

D istric t had been  reco g n ize d  by  the T hai g o v e rn m e n t  a n d  the  re s id en ts  o f  

this d is tric t fo r  m o re  than  10 years . S ince  1987, the  g o v e rn m e n t  sec to rs  have 

launched  severa l  in te rven tions . M a jo r  m easu re s  inc lude : p ro v id in g  o f  

a lternative  w a te r  so u rces  (e.g. d is tr ibu tion  o f  b ig  w a te r  j a r s  to  co lle c t  rain 

w ater, co n s tru c tio n  o f  d eep  tube  w ells  and  co nstruc tion  o f  v illage  p ipe  w a ter  

system ). P eriod ic  m o n ito r in g  o f  d r in k in g  w a te r  and  en v iro n m e n ta l  sam ples , 

case  de tec tion  and  su p p o rtiv e  trea tm en t fo r  pa tien ts  w ith  severe  skin 

m an ifes ta tions . A lso  inc luded  w ere  health  edu ca tio n  fo r  the  v il lagers ;  and 

site rem ed ia t ion  to  c lean  up  the  3 ,000  tons o f  h ig h -g rad e  m in e  w a s te  piles. 

H ow ever , the  m a jo r  in te rven tions  during  th ese  ten y ea rs  sh o w  less  success  

than expec ted . A ll fo u r  g ro u p  d iscuss ions  ag reed  tha t they  still lack  a  good  

un d ers tand ing  o f  the  s itua tion  and desire  co n tin u o u s  c o m m u n ic a t io n  w ith  the 

g o v e rn m en t sec tors . V illagers  a re  co n ce rn ed  abou t the ir  e co n o m ic  s ta tus  and 

som e old  life s ty les  inh ib it  the ir  p a r tic ipan t in so lv in g  this p ro b lem . The 

investigators  c o n d u c te d  a  su rvey  o f  all h o u seh o ld s  (a p p ro x im a te ly  total 

5 ,000  h o u seh o ld s )  in the district. In fo rm ation  w as  c o l lec ted  on 

d em o g rap h ics ,  so u rces  o f  w a ter  used  and su sp ec ted  case s  o f  sk in  lesions.
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A fte r  the su rvey  w as  co m p le ted ,  ho u seh o ld  m ap p in g  w as  d o n e  in  a m a n n er  

tha t the v il lage rs  co u ld  eas ily  u tilize  fo r  long  te rm  fo llo w  u p  a n d  d es ig n  the 

app rop ria te  in te rv en tio n s  fo r  the spec if ic  p ro b lem  o f  e ac h  v il lage . It is 

p ro p o sed  tha t a  w e ll-p lan n ed , lo ng -te rm  s tudy  should  be  e s ta b l ish e d  in  o rder  

to con tro l the p ro b le m  and  to p ro v id e  a rich source  o f  sc ien tif ic  k n o w led g e  

to  he lp  us u n d e rs tan d  the  spec if ic  d isease  o ccu rrence  and  c h a n g in g  pa tte rn  o f  

illnesses in th is  area.

In T ha iland , e n v iro n m en ta l  a rsen ic  ex p o su re  has rece iv ed  a t ten tio n  since 

1987 because  o f  skin  m an ife s ta tio n s  o f  “ B lack  F e v e r” re su lt in g  from  

ingestion  o f  w a te r  co n ta in in g  arsenic . M o st  o f  the inhab itan ts  o f  R onp iboo l 

sub-d is tr ic t p re fe r  the da ily  d r in k in g  and  use o f  w ell w a te r  w h ich  has  been 

co n tam in a ted  w ith  a rsen ic  for a  long tim e. T h ey  h av e  h ab itu a lly  ingested  

this well w a te r  fo r  d r in k in g  and  c o o k in g  because  it is sw ee t ,  d e l ic io u s  and 

full. C h ro n ic  a rsen ic  p o iso n in g  will inc rease  in severity  d ay  a f te r  d ay  unless  

inhabitan ts  s top  ingest ing  well w a ter  and  d rink ing  w a te r  su p p ly  is m ad e  safe 

for them. N e ith e r  the  ro u tin e  m on ito r ing  o f  a rsen ic  c o n tam in a t io n  o f  well- 

w a te r  n o r  the  m o n ito r in g  o f  public  d rink ing  w ater  fo r  sa fe ly  is p resen tly  

m an d a ted  in R o n p ib o o n  sub-dis tric t.  T h e  popu la tion  liv ing  in th is  a rea  is still 

at risk o f  g radua l ch ro n ic  a rsen ic  ex p o su re  (S ir ip i tay ak u n k il  e t al., 1998).

D u rin g  the  years  1987 an d  1988, ch ron ic  arsen ic  p o is in g  tu rn ed  in to  a hot 

political issue  p ro d u c in g  lots  o f  con fus ion  in m any  sec to rs ;  in c lu d in g  the 

public , the m ed ia , g o v e rn m e n t  officers , N G O s  etc. A lot o f  in fo rm ation , 

e ither  co rrec t o r  incorrec t, w as  d issem in a ted  th ro u g h  the  m ass  m e d ia  and 

cau sed  e c o n o m ic  d iff icu l ty  to  the  R onp iboo l v illagers  the  long  te rm  effects 

o f  w hich  a re  still ev id en t  now . T h e  g o v e rn m e n t  has  im p le m e n te d  several 

in te rven tions , w h ich  inc ludes  pub lic  educa tion , p ro v id in g  tanks  fo r  s torage
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o f  safe  d r in k in g  w a te r  construc tion  o f  n ew  sm all w a te r  su p p ly  facilities, 

m on ito r ing  o f  a rsen ic  level in su rface  g ro u n d w a te r  and  o th e r  en v iro n m e n ta l  

m edia , and  t re a tm e n t  o f  a ffec ted  ind iv idua ls  etc; n o n e  o f  th e se  g o v e rn m e n t  

in te rven tions  h av e  so lv ed  the p ro b lem  (C h o p ra p a w o n ,  1998).

A novel soil g a s  tech n iq u e  w as  app lied  to  de tec t and  d e te rm in e  the 

subsurface  a rsen ic  c o n tam in a tio n  at Ron p h ib o n /R o n p ib o o l ,  N a k o n  sitam arat 

p rov ince  o f  S o u th e rn  T ha iland . T h is  techn ique  w as tested  fo r  the f irs t  t im e  in 

this type  o f  g e o -c h em ic a l  en v iro n m en t in o rd e r  to de tec t  v o la ti le  fo rm s o f 

arsenic.

In India : A rsen ic  c o n tam in a tio n  o f  g ro u n d w a te r  is w est  B enga l,  In d ia  has 

becom e not o n ly  a  ser ious  na tional p ro b lem  bu t a lso  a serious 

ep idem io log ica l p ro b lem . It d e m an d s  a co n ce rted  e ffo r t  on  the  p a r t  o f  all 

co n ce rn ed  g o v e rn m e n ts .  Sc ien tif ic  c o m m u n ity ,  health  p e rso n n e l ,  public  

health  d e p a r tm en ts ,  sc ience  o rgan iza tions  and  the v ic t im s  to  face  and 

ov e rco m e  the c o n se q u e n ce s  o f  arsen ic  po llu tion  as well as to  a rre s t  o f  far as 

p racticab le  the  sp read  o f  this  pollu tion . A rsen ic  in g ro u n d  w a te r  above 

perm iss ib le  lim it (0 .05  mg/1) has been  de tec ted  in e ig h t  d is tr ic ts  o f  w est 

Bengal viz. M ald a ,  M u rsh id ab ad , N adia , B urdw an , N o rth  an d  S o u th  24 

Parganas, H o w rah  an d  H oog ly . T h is  e ig h t  d is tr ic ts  a re  m o re  a rsen ic  affected  

a rea  o f  w est B en g a l  in India . T h e  a rea  o f  this reg ion  is 3 8 ,0 0 0  sq. km . hav ing  

abou t 38 m illion  popu la tion . In W est  B engal m ore  than  1.5 m ill ion  people  

are d rink ing  a rsen ic  co n tam in a ted  w ater  (D as et al., 1998). A t  p resen t 61 

b locks by the s ide  o f  the  river G a n g a  and  ad jo in ing  a reas  a re  a ffec ted  by 

arsenic  c o n tam in a t io n  in g ro u n d w a te r  are all loca ted  in u p p e r  d e l ta  p la in  and 

are m ostly  in the  a b an d o n e d  m e an d e r  belt. A c tua lly , the  a rsen ic  a ffec ted  area  

is so  vast tha t it n eed s  som e years  to  k n o w  the  ac tua l m a g n i tu d e  o f  this
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calam ity . T h e  f irs t  rep o rt  o f  c h ro n ic  arsen ic  toxc ity  w as  m a d e  b y  G ara i e t al 

in 1984 and S a h a  1984. S u b seq u en tly  severa l reports  ap p ea re d  in  Ind ian  and 

In ternational li te ra tu re  (C h a k ra b o r ty  and  S ah a  1987). C h ro n ic  tox ic i ty  from  

drink ing  w a te r  co n ta in in g  h igh  level o f  arsen ic  has  been  rep o r ted  in 1983 

from  various  ins titu tes  o f  w est B engal. A sm all in c id en ce  o f  s im ila r  

p rob lem s w as  rev ea led  from  C h an d ig arh  and P un jab  bo th  1976 and  1979 

w as ch arac te r ized  by the in v o lv em en t o f  several sy s tem  o f  se r io u s  health  

hazards  (T a lukde r ,  1997).

In H ungary  : B efo re  1984 the a rsen ic  con ten t o f  p iped  w a te r  in K arcag  a 

tow n on  the g rea t  p la in  o f  H u n g a ry  w ith  24 ,000  in h ab itan ts ,  w as  be tw een  

0 .095  and  0 .1 3 0  mg/1, i.e. w e ll  o v e r  the  h y g ien ic  lim it v a lu e  o f  50  jig/l. D ue  

to various  in te rv en tio n s  the  a rsen ic  co n ten t  s tar ted  to  d e c rea se  f ro m  1984 but 

a s teady  co n cen tra t io n  b e lo w  50  j.ig/1 cou ld  be  reach ed  o n ly  fro m  1990 on. 

D rink ing  w ater  c o n tam in a tio n  by  a rsen ic  d ep en d in g  u p o n  the g eo g rap h ica l  

position  and  dep th  o f  w a te r  g iv ing  layers w hich  is tw ice  o r  th r ice  o f  the 

m ax im u m  p e rm iss ib le  limit o f  0.01 mg/1 in the co u n try  (T a lu k d e r ,  1997). 

T he  adverse  e ffec ts  d r in k in g  w a te r  re la ted  a rsen ic  e x p o su re  som e 

d em o g rap h ic  d a ta  fo r  the years  1975-95 o f  K arcag  w ere  c o m p a re d  to  those 

o f  T o rak szen tm ik lo s ,  a  tow n  w ith  a s im ila r  n u m b e r  o f  in h ab itan ts  an d  to  the 

averag e  va lues  o f  co u n try  Ja sz -N ag y k u n -S zo ln o k . B efo re  1984  the 

frequency  o f  s p o n tan eo u s  abortion , stillbirth , p re te rm  birth , p e r in a ta l  and 

in fan t m orta lity  w ere  all s ig n if ic an d y  h igher  in K arcag  fo r  the  h ig h  level o f  

a rsen ic  in the d r in k in g  w ater  than  in the  re fe rence  p o p u la t io n s .  F ro m  1984 

on, all ab o v e  m en tio n ed  f requencies  s tar ted  to  d ec rea se  an d  the  d ifference  

be tw een  the d a ta  o f  K arcog  and w ho le  coun try , e sp ec ia lly  in the  case  o f  

s tillb irth  and  perina ta l m o rta li ty  w ere  lo w er than  those  in  th e  cen tra l  tow n, 

a lthough  still s l igh tly  h ig h e r  than  the c o u n try ’s values.
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In England: S o u th w e s t  E n g lan d  is a a rsen ic  a ffec ted  area . D e v en  and 

C ornw all  are sm all a rea  bu t a h igh  level arsen ic  c o n tam in a te d  a rea  in 

sou thw est E n g lan d . E x p o s u re  w as  de fined  as re s id en ce  in  a rea  w h e re  s tream  

sed im en t c o n cen tra t io n s  o f  a rsen ic  w'ere > 100 |.ig/l, e s t im ated  a t the  level o f  

e lecloral e n u m era tio n  d is tric t.  W itiiin the lim iia iions  o f  the g eo g rap h ica l  

(sm all area) ap p ro ach , no  s ign ifican t assoc ia tion  be tw een  arsen ic  

con tam ina tion  in fo rm er  m in in g  areas and risk  o f  b ladder  c a n c e r  w as  found .

In G erm any : A s ear ly  as 1879 it w as sugges ted  tha t h igh  ra tes  o f  lung can c e r  

in G erm any  m iners  m ay  h av e  cau sed  by  inha led  a rsen ic . A few  y ea rs  later 

H utchinson  repo rted  sk in  can ce r  in pa tien ts  w h o  had  taken  arsen ica l 

m edication .
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Table-2.1: W orldw ide O ccurrences o f A rsenic C ontam ination in  W ater

L o c a t io n P o ten tia l

e x p o s e d

p o p u la t io n

C o n c e n t r a t i o n

( p g ^ )

E n v i r o n m e n ta l  c o n d i t i o n s S o u r c e

ArgonliiKi 2.00() .0()0 l-2 ,9{)0 N a tu ra l :  v o lc a n ic  ro c k s  and  

th e rm a l  sp r in g s

G r o u n d w a t e r

B a n u k id c sh > 2 9 . 0 0 0 , o n o l-4,7. '^0 N a tu ra l ,  a l lu v ia G r o u n d w a t e r

l3olivi;i 5().(K)0 - N a tu ra l  a n d  a n th r o p o g e n ic S u r f a c e  w a t e r  and  

g r o u n d w a t e r

C h i le 5()(l.0()() 10()-I,(K)() N a tu ra l  a n d  a n t l i ro p o g c n ic ;  

b a s in  lak e s ,  th e rm al  

s p r in g s ,  m in in g

S u r f a c e  w a te r

C h in a >5(X) 4 0 - 7 5 0 N a tu ra l ,  a l lu v ia l  s e d im e n ts G r o u n d w a t e r

G ic c c c 150 ,0 0 0 • N a tu ra l  a n d  a n th r o p o g e n ic ;  

t h e r m a l  s p r i n g s  a n d  m in in g

S u r f a c e  w a t e r

1 lung iiry .  R u m a n ia 4 0 0 . 0 0 0 2 - 1 7 6 N a tu ra l ;  a l lu v ia l  s e d im e n t s ;  

o r g a n ic s

S u r f a c e  w a t e r

In n e r  M o n g o l ia > 1 0 0 .0 0 0 1-2 ,4 0 0 N a tu ra l ;  a l lu v ia l  a n d  lake  

s e d im e n ts ;  h ig h  a lk a l in i ty

G r o u n d w a t e r

M e x ic o 4 ( » , 0 0 0 8 - 6 2 0 N a tu r a l  a n d  a n th r o p o g e n ic ;  

v o lca n ic  s e d im e n ts ,  m in in g

S u r f a c e  w a t e r  and  

g r o u n d w a t e r

N ep a l - - N a tu ra l ,  a l lu v ia G r o u n d w a t e r

S p a in > 5 0 ,0 0 0 1-100 N a tu ra l ,  a l lu v ia l  s e d im e n t s S u r f a c e  w a te r

T a iw a n > 1 0 0 ,0 0 0 1 -1 .820 N a tu ra l G r o u n d w a t e r

T h a i l a n d 1 5 .0 0 0 1 -5 .000 A n t h r o p o g e n ic ,  m in in g S u r f a c e  w a te r

V ie tn a m >  1 ,0 0 0 ,0 0 0 1 -3 ,050 N a tu ra l ,  a l lu v ia G r o u n d w a t e r

W e s t  B e n g a l ,  Ind ia > 1 ,0 0 0 , 0 0 0 1 0 -3 .8 8 0 N a tu ra l ,  a l lu v ia G r o u n d w a t e r
Source: Rahman. 2002

In Russia: T ran sb a ik a lian  in R uss ia  lias b io -g eo -ch em ica l  zo n es  w here  

a rsen ic  is above  the  m a n p o w e r  pe rm iss ib le  Hmit in soil and  w a te r  has  show n  

the h igher  m orta li ty  and  m o rb id ity  rates h igh  inc idence  o f  c a rd io v ascu la r  

g es tro -en tero log ic  an d  o n co lo g ic  disease.

>
In United  States; A rsen ic  is a  na tura lly  o ccu rr in g  e lem en t  in rocks. So ils  and 

the  w aters  in co n tac t  w ith  them . R eco g n ized  as a tox ic  e lem en t  fo r  cen turies ,
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arsen ic  today  a lso  is a  h u m a n  health  co n ce rn  because  it can  c o n tr ib u te  to 

skin, b ladder  an d  o th e r  c a n c e rs  (N a tiona l R esearch  C ouncil ,  1999). R ecen tly  

the N R C  (1999) r e c o m m e n d e d  low ering  the cu rren t  M C L  a l lo w e d  fo r  

arsenic  in d r in k in g  w a te r  o f  5 0  |.ig/l (M ic ro g ram s  pe r  litre), c i t in g  r isks  for 

deve lop ing  b lad d e r  an d  o th e r  cancers , the  U S E P A  will p ro p o se  a  n ew  and  

likely lower, a rsen ic  M C L  d u rin g  2 0 0 0  (U S E P A , 200 0 ).  H igh  a rsen ic  

concen tra tions  in g ro u n d  w a te r  have  been  d o cu m en ted  in m any  a reas  o f  the 

United  States. W ith in  th e  last decade , parts  o f  M aine , M ich ig an , M in n eso ta ,  . 

South  D akota , O k la h o m a  and W isco n s in  have been  found  to  h a v e '  

w idesp read  a rsen ic  c o n cen tra t io n s  e x ceed in g  10 |.ig/l. T h e s e  high 

concen tra tions  m o s t c o m m o n ly  resu lt from : (1) U p flo w  o f  g eo th e rm a l  w ater , 

(2) d isso lu tion  o f  o r  d e so rp t icn  from , iron ox ide , and  (3) d is so lu t io n  o f  

su lfide  m inera ls . B ec a u se  the  M C L  fo r  arsen ic  is cu rren tly  b e in g  eva lua ted , 

es tim ating  the e x ce e d an c e  freq u en cy  fo r  d iffe ren t a rsen ic  c o n cen tra t io n s  in 

regulated w a te r  su p p lie s  is particu la rly  tim ely . E s tim a tes  o f  the  f req u e n cy  o f 

exceedance , w h ich  a re  b ased  on analyses  o f  abou t 17 ,000  g ro u n d  w ater  

sam ples , sugges ts  tha t ab o u t 4 0  p e r  c en t  o f  both  large  an d  sm all regu la ted  

w ater  supplies  h av e  a rsen ic  co n cen tra tion  g rea te r  than  1 (ig/1. T h e  freq u en cy  

o f  exceed en ce  d e c rea se s  fo r  g rea te r  arsen ic  c o n cen tra t io n s  -  a b o u t  five  

percen t o f  sy s tem s  e s t im a te d  to  a rsen ic  co n cen tra t io n  g rea te r  than  2 0  )ig/l 

(W elch  et al., 1998). A rsen ic  co n cen tra tio n s  in g ro u n d  w a te r  g en e ra l ly  are 

h ighest in the w est.  P a rts  o f  the  M id w es t  and  N ortheast  a lso  h a v e  arsen ic  

concen tra tions  that e x ceed  10 [.ig/1, the W H O 's  p rov is iona l g u id e lin e  for 

arsenic  in d r in k in g  w'ater. A rsen ic  co n cen tra tio n s  a p p ea r  to  be  lo w e r  in the 

Southeast , b ased  on  a  sm a l le r  a m o u n t o f  data. C o n cen tra t io n s  o f  natura lly  

occurring  a rsen ic  in g ro u n d  w a te r  vary  reg iona lly  due  to  a co m b in a t io n  o f
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c lim a te  and geo lo g y . A t  a b ro a d  reg iona l scale, a rsen ic  co n cen tra t io n s  

exceed ing  10 |J.g/l a p p e a r  to  be  m o re  freq u en tly  o b se rv ed  in the  w es te rn  U.S. 

than in the eas t (W e lch  e t al., 200 0 ).  T h e  cu rren t d r in k in g  w a te r  s tan d a rd  for 

arsen ic  in the U n ited  S ta tes  is 5 0  pp b  and  a m o re  s tr in g en t  s tan d a rd  in the 

range o f  20  to 2 p pb  is be ing  eva lua ted  by  the U S E P A . A l the  p re sen t  tim e, 

only  a few sm alle r  c o m m u n it ie s  in the U .S .. such  as H anfo rd . C a l ifo rn ia  and 

Fallon. N evada , use  so u rce  w a te rs  with arsen ic  co n cen tra t io n  al the  level o f  

the cu rren t M C L . S o m e  la rger  co m m u n it ie s ,  inc lud ing  L os A ngeles ,  

C alifo rn ia  and  A lb u q u e r  que . N ew  M exico , use source  w aters  tha t  exceed  

the w orld  H ealth  O rg a n iz a t io n  p rov is iona l gu ide line  va lu e  fo r  a rsen ic  o f  10 

ppb (H ering , 1998) tha t a fo resa id . A no tab le  excep tio n  is the  Y e llo w sto n e  

geo therm al sy s te m ,.w h ic h  cau se s  arsen ic  co n cen tra tio n s  as h igh  as 36 0  ^g/1 

in the Madi.son R iv e r  at the p a rk  boundary , and  as h igh  as 19 ^.lg/l a rsen ic  in 

the M issouri R iv e r  a t a p o in t 4 7 0  km  dow nstream .

In M exico : T h e  M ex ic o  is an a rsen ic  a ffec ted  co u n try  in M id  A m erica . 

L agunera  is the  m o s t a rsen ic  co n tam in a ted  reg ion  in the  cen tra l  part o f  north 

M exico . A m p u e ro s ,  C o ah u i la ,  a tow n  w hich  had  an averag e  o f  0 .415  mg/1 

arsen ic  in its d r in k in g  w ater . N aza reno , D u ran g o , w h o se  average  

co ncen tra tion  w as  0 .025  mg/1. In both  rural tow ns , m o s t  a rsen ic  w as  in its 

inorgan ic  fo rm  and  m o re  than  92  pe r  c en t  w as  in its p e n tav a len t  s ta te  (R azo 

et al.. 1998). A m p u e ro s ,  C o a h u i la  are h igh  ex p o su re  tow n  an d  N aza reno , 

D u ran g o  are low  ex p o su re  tow n. T h e  co n cen tra tion  o f  a rsen ic  in the 

d r in k in g  w a te r  o f  the ex p o se d  tow n  (A m p u e ro s )  w as  ab o u t 4 0  t im e  h igher 

than  the p rov is iona l W H O  d r in k in g  w ater  g u id e lin e  o f  10 |^g/l arsenic  

(W H O . 1993), w h e rea s  tha t o f  the  low exposu re  tow n  (N aza re n o )  w as  about
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2.5 tim es h igher.  A l th o u g h  little  in fo rm ation  is a v a ilab le  o n  the 

concen tra tion  o f  as in u r in e  fro m  e x p o se d  ch ild ren , the  av e rag e  v a lu es  o f  as 

species  and T A S  in ch ild ren  fro m  R eg ion  L ag u n e ra  here  re p o r te d  a re  a m o n g  

the h ighest rep o r ted  in the  litera ture . In fact, average  T A S  co n cen tra t io n  in 

c h i ld re n ’s u rine  w as  h ig h e r  than  adu lts  ex p o sed  to s im ila r  A s c o n cen tra t io n s  

in d rink ing  w a te r  in the  sam e  c o n tam in a te d  a rea  (R azo  et al.. 1998).

in Chile : T h e  p resence  o f  a rsen ic  in som e d rin k in g  w a te r  su p p lie s  in the 

N orth  o f  C hile  has  a natural o r ig in  d u e  to  the h y d ro g eo lo g ic  charac te ris t ic s  

o f  the area, w hich  has a p re d o m in a n ce  o f  q u a te rn a ry 'v o lc a n ism  (S ancha , 

1998). S ince  rivers  w h ich  o r ig ina te  in the  A ndes  springs  h av e  d ev e lo p ed  

the ir  h y d rog raph ic  basins  in vo lcan ic  m ateria ls  (H en riq u ez ,  1968; 

Henriquez-. 1978). A rsen ic  occu rs ,  p rinc ipa lly , as an in o rg an ic  fo rm  with 

p red o m in an ce  o f  the  p en tav a len t  sp ec ie  (S an ch a  et a!., 1992). T h e  arsen ic  

con tam in a ted  w a te r  p resen ts  in g enera l ,  a low  level o f  tu rb id ity  an d  natural 

o rgan ic  m ateria ls  and  h igh  level o f  a lkalin ity , ch lo ride , h a rdness , Sulfate, 

boron fluoride  and  silica  (S ancha , 1998). B efore  w a ter  trea tm en t u tilit ies  for 

arsen ic  rem oval w ere  set u p  in ch ile , sk in  lesions  w ere  d e tec ted  e sp ec ia l ly  in 

ch ild ren  a lso  so m e  se r io u s  c a rd io v ascu la r  cases  w ere  repo rted  (Zald ivar, 

1974). T h e  health  e ffec ts  repo rted  d u rin g  the s ix ties  fo rced  th e  C h ilean  

au thorities  to  w o rry  ab o u t p ro b lem  and  search  fo r  a  so lu tion  w ith  the 

partic ipation , in the  first s tag e  o f  G e rm an  researchers . T h u s  in th e  seven ties  

the  first tw o  u tilit ies  for a rsen ic  rem ova l w ere  built in C h ile .  L a te r  on, in the 

e igh ties , b ased  on s tud ies  carr ied  ou t by  C h ilean  re sea rch e rs ,  tw o  new  

utilities w ere  bu ilt  and  tw o  ex is t ing  on es  w ere  im p ro v ed  to p ro d u ce  w ater 

w ith  a m a x im u m  arsen ic  level in the  range  o f  0 .0 4 0  -  0 .0 5 0  p.g/1.
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Table-2.2: Area, source o f arsenic exposure and population o f em erging  
epidem ics o f arseniasis in Asia.

A r e a S o u r c e P o p u l a t i o n R e f e r e n c e

B a n g l a d e s h W e l l - w a t e r 5 0 , 0 0 0 . 0 0 0 D h a r  e t  a l .  ( 1 9 9 7 )

C h i n a

G u i z l i o u C o a l  b u r n i n g 2 0 0 , 0 0 0 C a o ( 1 9 9 6 )

I n n e r  M o n g o l i a W c l l - w a i e r 6 0 0 . 0 0 0 C a o ( 1 9 9 6 )

S h a a n x i W e l i - w a i e r ! . 0 0 0 . 0 0 0 C a o  ( 1 9 9 6 )

X i n j i a n g W e l l - w a t e r 1 0 0 . 0 0 0 C a o  ( 1 9 9 6 )

Y u n n a n M e t a l  s n i e l t i n g 1 0 0 . 0 0 0 Ni i i  ( 1 9 9 6 )

I n d i a

W e s t  f3cnta! W e l l - w ' a t e r 1 . 0 0 0 . 0 0 0 C h o w d h u r y  e t  a l ,  ( 1 9 9 7 )

J a p a n

Toroku Maisuo M e t a i  s m e l t i n g 2 1 7  p a t i e n t s H o t t a ( 1 9 8 9 )

N a k a j o C o n t a m i n a t e d  w a t e r 4 4  p a t i e n t s T s u d a  e t a l ( 1 9 8 9 )

P h i l i p p i n e s

M i n d a n o a G e o t h e r m a l  d r i l l i n g 7 H i r o n a k a ( 1 9 9 5 )

T a i w a n

S o u t h w e s t  c o a s t W e l l - w a t e r 1 0 0 . 0 0 0 T s e n g ( 1 9 6 8 )

N o r t h e a s t  c o a s t W e l l - w a t e r 1 0 0 . 0 0 0 C h i o u  e t  a l .  ( 1 9 9 7 )

T h a i l a n d C h o p r a p a w o n  a n d

R o n p i b o o l M i n i n g 1 . 0 0 0  p a t i e n t s R o d c l i n e ( 1 9 9 7 )

S o u rce:  Chen, el a l . , 1998, p . 115

Bangladesh ,  C h in a  and  Ind ia  have  repor ted  s ign if ican t  c o n tam in a t io n  o f  

the ir  g ro u n d w a te r  resources  by  arsenic.  A rsen ic  c o n tam in a t io n  is also 

detec ted  in C a m b o d ia .  M y a n m a r ,  Pakis tan,  V ie tn am  an d  A fghan is tan .  These  

fluoride.  Lao  P D R  and  C a m b o d ia  also expressed  concern  abou t  the  potential  

occur rence  o f  arsenic .  All these  countr ies  have  exp ressed  a need  for  support  

fo r  w a ter  qua l i ty  surveys .
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2.5. Arsenic Situation in Bangladesh:

T h e  P eop le ’s R epub l ic  o f  B an g lad e sh  s tre tches  a terri tory in the  nor theas te rn  

part  o f  the Indian  s u b co n t in en t  in Sou th  A s ia  the  Bay  o f  B en g a l  be tw een  

20"34 '  -  26"38 '  N lati tude and  S S % V  -  9 2 ^4 V  E  longitude .  T h e  country  

forms the caps tone  o f  the  B ay  o f  Benga l  o f  the  Indian ocean  w h ich  has  great  

inHuence  in the  land and  popula t ion .  It has a terri tory o f  1 .47.570 sq. k m  and 

a popula tion o f  near  130 mill ion.  It is a smal l  and  very  d e n se ly  popu la ted  

and  has an agra rian  based  e c o n o m y  and  rural  based  h u m a n  sett lement .  

Geograph ica l ly  B ang ladesh  are  the  largest  delta ic  land o f  the  w o r ld  w h ich  is 

created by the three v ig a u r  r iver sy s tem s  i.e. the  G anges ,  the  B ra h m ap u t ra  

and  the M eg h n a .  It is a  tropical  r iver ine  country  with 2 3 0  rivers,  bo th  large 

and  smal l ,  size, c r i s sc ross ing  the  country .  M a jo r  part  o f  the  c o u n t ry  is low 

lying and cove red  with fluvial ,  f luv io-del ta ic  and coasta l  s ed im en ts .  B ecause  

o f  its geog raph ic  locat ion,  a large part  o f  the country  is a f fec ted  in e ach  year 

by devas ta ting  floods.

Arsenic  c o n tam ina t ion  o f  the  g ro u n d w a te r  o f  B ang ladesh  is a g rea t  concern  

o f  the present t ime. It is a recen t  en v i ronm en ta l  ep isode.  T h e  w o r l d ' s  four 

m a jo r  arsenic  ca lam i t ies  are  in Asia.  T h e  countr ies  are  B an g lad esh ,  W es t  

Bengal,  India ,  Inne r  M ongo l ia ,  X in j ing ,  P .R C h in a  an d  T a iw a n .  Arsen ic  

c on tam ina t ion  is the  s ing le  b igges t  th reat  to B a n g l a d e sh ’s g ro u n d w a te r  

resources.
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V-

Arsenic Contamination In Bangladesh
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Map -2.2: Arsauc Contamination in Bangladesh 

Source: BAMWSP, 2004
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Arsenic C o n ta m in a tio n  Situation in Bangladesli
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Map -2.3; Arsenic Contaminate Situation in Bangladesh 

Source: BGS and DPHE, 2000
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Map -2.4: Probability o f Arsenic in Bangladesh 

Source: htQ3://www.bien.comiacic
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T h e  g rou n d w a te r  a rsen ic  p o iso n in g  in Bangladesi i  appea rs  to be  d irectly  

re la ted to the Fa rakka ,  T i s ta  a n d  o th e r  d am s /b a r r ag e s  tha t  India  cons t ruc ted  

in the B ang ladesh  a n d  In d ia ’s c o m m o n  rivers. T h e  a rsenic  co n tam in a t io n  in 

Bangladesh  began  af te r  1975 (B r idge  and  Husa in ,  2000).

It is so far repor ted  tha t  61 out o f  64  districts and  28  munic ipa l i t ie s  o f  

B angladesh  are facing the m enace  o f  a rsenic  po ison ing  ( C h o w d h u ry .  2001).  

T he  four  distr icts that  have  not ye t  been  su rveyed  are K hagrachar i ,  

Ranganiali  and  B anda rban .  A rsen ic  in d r ink ing  w a te r  as a po iso n  w as  first 

unveiled  in the west  Bengal  o f  Ind ia  in the  late 7 0 ' s  (A charya ,  e l  al., 1999). 

In Bangladesh ,  the  D e p a r tm en t  o f  Publ ic  Heal th  E n g in ee r in g  (D P H E )  

d isclosed  the o c cu r ren ce  o f  e leva ted  arsenic  in g ro u n d w a te r  in 1993. 

Sys tematic  su rvey  th ro u g h o u t  the  c o u n t ry  by  D P H E  and  the  Brit ish 

Geologica l  Survey  (B G S )  in 1999 revea led  that  near ly  21 m il l ion  peop le  o f  

about 47  districts o f  the  coun t ry  were  d r ink ing  arsen ic  c o n tam in a te d  (As 

above  50  | ig /l  g ro u n d w a te r  ( A h m e d  et  a!., 2002) .  T h e  g ro u n d w a te r  arsen ic  

con tam inat ion  in B an g lad e sh  w as  first  d i scove red  by  C h em is t ry  Div is ion  o f  

the A tom ic  E ne rgy  Center ,  D h a k a  (A E C D )  at V i l lage  B a ro g h a r ia  o f  Chapai  

N awabgan j  Dis tr ic t  u nde r  Rajshahi  Div is ion  in late 1993 fo l low ing  reports  

o f  ex tens ive  co n tam in a t io n  o f  w a te r  supp l ies  by a rsenic  in the  border ing  

areas o f  India  (Ali  an d  Ta ro fdar ,  2002) .  T h e  pa t ien ts  su ffer ing  f r o m  chronic  

arsenic  toxicity w as  first  d iagnosed  by screen ing  hair  and  b lood  arsenic  in 

1995. It is genera l ly  k n o w n  that  arsen ic  p rob lem  is m a in ly  geo log ica l  and  it 

is thought that  the  p ro b le m  is be in g  ag g rava ted  by an th ropo log ica l  act ivit ies 

(Alam, 2000).  G r o u n d  w a te r  arsen ic  c o n tam ina t ion  a n d  resu lt ing  arsenic  

toxicity were  a lm o s t  u n k n o w n  in B ang ladesh  until ear ly  nineties ,  a l though  in 

ne ighbor ing  W e s t  B enga l .  India  these b e c a m e  ev iden t  in 1978. T h e  earl ier
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d iscove ry  o f  arsenic  in g ro u n d w a te r  in W es t  B enga l  fo l lo w ed  the  d iagnosis  

o f  arsen ic  po ison ing  in 1978. A large  part  o f  B ang ladesh ,  c o v e r in g  the 

approx im a te  a rea  o f  34  d is tr ic ts  ou t  o f  a total o f  64  dis tr ic ts  in bo rde r ing  

India  (All and  T ara fdar ,  2002) .

Boreho le  sed im en t  analys is  sh o w e d  high concen t ra t ion  o f  a rsen ic  in soil 

layers where  it was  found  to be assoc ia ted  with Iron Pyrites.  T h e  Iron Pyrites 

were  reported  to be  found  in the  soil layers o f  al luvia l  pla in  o f  G a n g es  of  

W es t  Bengal,  India  and  B an g lad e sh  (C h o w d h u ry ,  2002).

Although  sc ienti s ts  in B an g lad e sh  and  a round  the  w or ld  are  inves t iga t ing  the 

p roblem. Bu t  the  ex ac t  c au se  o f  this c o n tam ina t ion  o f  g r o u n d  w a te r  by 

arsenic  is not c lea r ly  k n o w n .  It w as  p re su m ed  b y  the  geo log is t s  that  in 

countr ie s  l ike B ang ladesh ,  tap in g  o f  g r o u n d  w ater  fo r  d r ink ing ,  i r r iga t ion  

and o ther  househo ld  purposes  causes  lower ing  o f  g ro u n d  w a te r  table  which  

thereby  invites o x y g en  to aera te  it and  tr iggers  the ox ida t ive  p rocesses .  A s  a 

result,  arsen ic  leaches  ou t  f rom  the  pyrites  in soil. It d i s so lves  in this water  

table and thus  c o n tam in a te s  water .

Arsen ic  is p re sen t  in trace  am o u n ts  in the e n v i ronm en t ,  par t icu la r ly  in soil 

and  water.  T h e  reason(s )  for  m ass  con tam ina t ion  o f  subsoi l  w a te r  with 

arsen ic  in B ang ladesh  have  no t  been  well  s tudied.  H o w ev e r ,  various  

hypothes is  has  been  put fo rw ard  by  d if ferent au thor it ie s  to  exp la in  the 

si tuation.  A g ro u p  o f  geo log is ts  f rom  S to c k h o lm  R o y a l  Ins ti tu te  o f  

T e chno logy ,  S w e d e n  hypo thes ized  that  a rsenic  is re leased  f ro m  ferric 

hydrox ide  p resen t  as coa t ings  in aquife r  sed im ents  u n d e r  spec i f ic  reduc ing  

condit ions .  A n o th e r  exp lana t ion  is that  arsen ic  is de r ived  f ro m  the  oxidation 

o f  arsen ic  rich pyrite  in the  sha l low  aquifers  because  o f  lo w er in g  the water  

table  due  to ov e r  abstrac tion  o f  g round  w ater  fo r  irr igation.  S o m e  authori t ies
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d if fe r  from this th eory  b e c a u s e  o f  the  conf l ic t ing  observa t ion  tha t  the  “hot 

spo ts” in B ang ladesh  are  no t  usually  loca ted  w here  g r o u n d  w a te r  w i thdraw a l  

is very  high. F ind ings  o f  ve ry  low concen t ra t ions  o f  su lfa te  in g r o u n d  w ater  

are a lso contra ry  to the  pyr ite  ox ida t ion  hypothesis .

A n um ber  o f  w orke rs  on  the  basis  o f  field ev idences  in B ang ladesh ,  now 

dif fer  the pyrite oxida t ion  theory.  In an a lternat ive  p roposa l ,  the sc ienti s ts  try 

to expla in  that a rsenic  is basica lly  t ranspor ted  and  depos i ted  in adsorbed  

from, on to  the  fine g ra ined  iron o r  m an g an ese  ox ides  i.e. iron oxy-  

hydroxides .  A s  the p o re  w a te r  o f  the sed im ents ,  o f fer  bur ia l ,  b e c o m e s  m ore  

reduc ing  ov e r  t ime. It causes  reduc t ions  o f  the  f e r rug inous  coa t ings  i.e. iron 

oxyhydrox ide  on  gra ins  re leas ing  a dso rbed  arsenic  which  then sp read  o u t  to 

surg ing  w ater  table.  T h u s  the  orig in  o f  arsenic  rich g ro u n d  w a ' e r  is a natural  

p h e n o m en o n  ( C h o w d h u ry ,  2002).

T h e  arsenic  c o n tam in a t io n  o f  g round  w a te r  has  been  w ide ly  repor ted  in 

Bangladesh  s ince  1993. T h i s  has b e c o m e  a ser ious  pub l ic  heal th  p roblem. 

Prolonsjed in take  o f  a rsen ic  c o n tam in a te d  w ater  is well  d o c u m e n t e d  in 

hav ing  de tr imenta l  heal th  effects.  S ince  ab o u t  95 p e r  cen t  o f  the  dr inking  

source  in B ang ladesh  is g ro u n d  water .  All the peop le  d r ink ing  tubewell  

w a te r  m ay  have  c once rn  a b o u t  arsen ic  toxic ity  (K han  an d  A h m e d ,  2002).

Arsen ic  is a re la tive ly  c o m m o n  trace e l em en t  f ound  in nature .  A n  abundance  

o f  2 .87 mg/1 o f  arsen ic  concen t ra t ion  has  been  repor ted  f rom  the  so u th ­

w estern  districts o f  Bang ladesh .  T h e  principal m an ife s ta t ions  o f  chronic  

arsenic po isoning  like p igm enta t ion ,  e rupt ion  c rack in g  o f  h u m a n  skin have 

been  reported.  T h e  sou rce  o f  arsen ic  in d r ink ing  w a te r  is ye t  u n k n o w n ,  but it 

is specu la ted  that  the  sou rce  o f  arsenic  m a y  have  a c lo se  re la t ionsh ip  with 

the aeo los ica l  formation.
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T h e  detec tion o f  a rsenic  in g r o u n d  w a te r  w a s  a c a u s e  for  im m e d ia te  concern  

for  the G o v e rn m e n t  o f  B ang ladesh  and  the  G o v e r n m e n t  im m edia te ly  

r ecognized  th is  as a  Nat ional  heal th  p ro b le m  w h ic h  requ i red  all related 

g o v e rn m e n t  agenc ies  to take  im m e d ia te  steps.  T o  contro l  an d  mit iga te  the 

p rob lem s  aris ing from arsenic  c o n tam in a t io n  in g ro u n d  water ,  the 

G o v e rn m e n t  has fo rm ed  th ree  National com m it tees .  T h e s e  are  -  N a t i o n a l  

S t e e r i n g  C o m m i t t e e  head ed  by  the H onorab le  M in is ter ,  for  Heal th  and  

Family  W elfare .  A r s e n i c  T e c h n i c a l  C o m m i t t e e ,  headed  b y  Direc tor  

Genera l  o f  Heal th  Serv ices  an d  a Sc ien t i f i c  R e s e a r c h  C o m m i t t e e ,  headed  

by  the  C ha i rm an ,  A to m ic  E nergy  C o m m is s io n .  T h e  M in is t ry  o f  Heal th  and 

Fam i ly  W elfa re  is im p le m e n t in g  a  pro jec t  on  arsenic  de tec t ion  and  health 

su rvey  th rough  the  d e p a r tm e n t  o f  O ccupa t iona l  and  E n v i ro n m e n ta l  Health 

(D O E H ,  N I P S O M )  has  been  car ry ing  ou t  pa t ien t  identi f ica tion ,  case  

m anagem en t ,  w a te r  tast ing,  research ,  tra in ing and  a w aren ess  activit ies since 

1994. T he  faculty  o f  D O E H  w as  tra ined on  var ious  aspec ts  o f  arsenic  

c on tam ina t ion  f rom  School  o f  E n v i ronm en ta l  S tud ies  (S O E S ) ,  J ad a v p u r  

Univers ity ,  K o ika ta  (K h an  and  A h m ed ,  2002).

Arsenicos is  d iseases  in B ang ladesh  is a ser ious  heal th  haza rd  fo r  the  people .  

Arsenicos is  is the  o u tc o m e  o f  g ro u n d w a te r  arsenic  po ison ing .  D u e  to this 

d iseases ,  a n u m b e r  o f  so c io -eco n o m ic  and  psycho log ica l  p r o b le m s  have 

arisen in the country .
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2.6 .  O x i d a t i o n  a n d  R e d u c t i o n  T h e o r y  o f  A r s e n i c

O x i d a t i o n  T h e o r y :  O x ida t ion  o f  a re senopyr i te  o r  a rsen ic-r ich  pyrite 

minerals .

Tiie most im por tan t  ores  o f  a rsenic  are arsenic  pyrites ,  rea lgar  an d  orp im ent .  

Arsenopyr i tes  re lease  arsenic  in g ro u n d w a te r  by  ox ida t ion  as s h o w n  in the 

fo llowing equations:

4  FeAsS +  1 1 O :  + 6 H .O  4  F e S O j  + 4  H.AsO., '  +  4  H" [ 1 ]

4  FeA sS  + 13 O :  + 6  H .O  ^  4  F e S 0 4  +  4  H . A s O /  +  4  12]

in this process ,  ox ida t ion  o f  soi ls  m ay  be  c au se d  by aera t ion  d u e  to seasonal  

w a ter  level f luc tua t ions  o r  w a te r  table  lo w er in g  by  la rge-sca le  w i th d ra w a l  of  

g ro u n d  water.  Soil s  m a y  a lso be ox id ized  by  infi l tra t ion o f  w a te r  sa tu rated  

with d is solved oxygen .

Charkraboi ' t i  (1996)  and  his co l leagues  s tud ied  and  c o n f i rm ed  the  p resence  

o f  arsenic  in iron  pyrite  sed im ents .  T h e y  sugges ted  that  the  h igh  vo lum e 

extract ion o f  g ro u n d  w a te r  in the reg ion  has  ex p o sed  the de lta ic  s ed im en t s  to 

air, which  th rough  oxida t ion  reaction  causes  the  d eco m p o s i t io n  o f  iron 

pyrites  to fe r rous  sul fa te  (FeSOa),  ferric sul fa te  (F e 2 ( S 0 4 )3 ) an d  sulfuric 

acid.  T h e  Process  frees  up a rsenic  which  is then ox id ized  in to  a rsen i te  and 

a rsena te  both o f  w h ich  are so lub le  in g r o u n d  w a te r  ( I s lam,  1998).  In the  last 

two decades ,  the G reen  R evo lu t ion  at Bengal ,  had  low ered  the  g r o u n d  water  

level and  thus  the  re lease  o f  arsenic  (L epkow sk i ,  1998).

T h e  oxidation o f  a r senopxr i te  o r  fe rrous  hyd rox ides  rich in arsenic  present

the Bengal D e l ta  s ed im en ts  m a y  be respons ib le  for the  re lease  o f  arsen ic  

ox ides  in so lu t ion  to the g roundw ate r .  T h e  su b seq u en t  m ig ra t ion  o f  this 

arsen ic  c o n tam in a te d  g ro u n d w a te r  th rough  these  delta ic  s ed im en ts  m a y  be 

one  o f  the lead ing  causes  o f  arsenic  c o n tam ina t ion  o f  the  s tudy  area.
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R e d u c t i o n  T h e o r y :  R ed u c t io n  o f  a rsenic -r ich  i ron -oxyhydrox ides .

A cco rd ing  to reduc t ion  theory  arsenic  can  be  m o b i l i z ed  f ro m  soil  in a 

reduc ing  env i ronm en t .  In the  reduc ing  zone  at low r e d o x  potentia l ,  insoluble  

iron minera ls  are part ia l ly  reduced  to so luble  iron and  s imila r ly  m a n g an e se  

is part ial ly reduced  to M a n g a n e se  State.  On d is so lu t ion  o f  the  minera ls ,  the 

a dso rbed  arsenic  is re leased  into pore  water.  T h u s  reduc t ion  and  subsequen t  

dissoUition o f  iron,  m a n g a n e s e  and  o ther  minera ls  that  con t r ibu te  lo sorption 

and  retention o f  arsenic  can  p rov ide  an exp lana t ion  o f  the  m e ch a n i s m  o f  

a rsenic  c o n tam ina t ion  o f  g roundw ate r .  T h e  reduct ion  process  a lso  conver ts '  

p rec ip ita ted  and  a dso rbed  A s (V )  into m ore  so lub le  As(III):

H tA s 0 4  4- 3 +  2e —> H 3ASO3 +  H t O  [3]

In the reduc ing  soil e n v i ro n m e n t ,  a rsenic  will  d o m in a te  in pore  w a te r  as

A s( l l l ) .  Fur ther  reduc t ion  o f  A s ( l l l )  in the  p resence  o f  sulf ides  will

immobi l ize  arsenic  in soils  with the fo rmat ion  o f  arsenic  su l f ide  precipita tes:

2 HiAsO.,  + 6 +  3S-- ^  As.S, , +  6 H 2O  [4]

2 As.S.i +  4 e ' 4  AsS + 2 s ' "  [5]

Arsen ic  from rea lgar  (A sS)  and o rp im en t  (AS2S 3) can  a lso  be  re leased  in

w ater  by ox ida t ion  as sh o w n  in Equa t ions  1 and  2.
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F ig u r e -2 .3  : O x id a t io n  an d  R e d u c t io n  o f  A r s e n i c  P r o c e s s  

S o u r c e :  A h m a d ,  2 0 0 0

T h e  oxida t ion  theory  h o w e v e r  fails  to exp la in  the increase  in a rsen ic  level in 

d eep e r  wel ls  and  anox ic  condi t ion .  Ross  N ickson  o f  the  U n ive rs i ty  Col lege  

London  sugges ted  tha t  in d e ep  wel ls,  a rsenic  is re leased  w h e n  arseniferous  

i ron -oxyhydrox ides  are  reduced  in anoxic  water .  N ic k so n  o b se rv ed  that  

a rsen ic-r ich  g r o u n d  w a te r  is m os t ly  res tricted to the  a lluvia l  aqu ife rs  o f  the 

G a n g es  Del ta  an d  c o n c lu d ed  that  the source  o f  a rsen ic  m u s t  lie in the 

G a n g es  source  reg ion  u p s t re am  o f  B ang ladesh  (T su sh im a ,  1998).
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3. R EV IEW  O F LIT ER A TU R E

3.1. Introduction :

Arsenic  is a u b iqu i tous  and  natura lly  occu r r ing  e lem en t  p resen t  th roughou t  

the  e a r th ’s crust ,  k  is found  in a varie ty o f  forms in soil,  water ,  a i r  and  food. 

Arsen ic  is quite  a rare e lem en t  (in 5 P ’ place in the list o f  the cru.stal 

abundance  o f  e lem en ts ) .  Both  toxic and  inorganic  arsenic  are  p re sen t  in the 

env i ronm en t ,  bu t  the  inorgan ic  forms are  c ons ide red  m u ch  m o r e  toxic.  It is 

an es tab l ished  i iuman carc inogen .  Arsen ic  is tasteless,  co lor less  and  

odor less  even  at h igh  concen t ra t ions  in water.  Soil  is not d e tec ted  easily.  It is 

on e  o f  the m o s t  a b u n d a n t  and  terrestrial e lem en ts  on  ear th .  A rsen ic  “ the  k ing 

o f  po ison” is p resen t ly  a  m ys te ry  and  m yth  w i th  a s y n o n y m  toxic.

T h e  arsenic  con tam ina t ion  in g ro u n d w a te r  is n o w -a -d a y  a m a jo r  

env i ronm enta l  haza rd  and  national threat  no t  on ly  the c o u n t ry  bu t  a lso the 

w ho le  coun t ry  specia lly  in deve lop ing  country .  A t  en v i ro n m en ta l  health 

d isas te r  is un fo ld ing  in B angladesh .  Mil l ions  o f  pe rsons  in m a n y  dis tr ic ts  are 

d r ink ing  g ro u n d w a te r  with  arsenic  concen t ra t ions  for  a b o v e  accep tab le  

levels. T h o u s a n d s  o f  peop le  have  a l ready  been  d ia g n o se d  w i th  po ison ing  

sym ptom s ,  even  though  m u ch  o f  the  a t-r isk popu la t ion  has  no t  ye t  been  

assessed  for  arsen ic  re la ted  heal th  problems.

3.2. Historical Revie>v :

Arsenic  is w ide ly  d is t r ibuted  in nature,  even  though  it is one  o f  the  less 

plenti ful  e lem en ts  in the e a r th ' s  crust . C o m p o u n d s  o f  a rsen ic  w e re  k n o w n  in 

ancient  t imes,  o n e  o f  the  ear l iest  re fe rences  to them  be in g  in the  wri t ings  o f  

G reek  ph i lo so p h e r  T h e o p h ru s tu s  (C .3 70-287  B.C).  T h e  d i scove ry  o f  the
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e lem en t  is genera l ly  c red i ted  to A lbe r tu s  M a g n u s  ( C . 1206-1280 .) ,  the 

G e rm a n  ph i lo so p h e r  and  w r i te r  on  physics .  In 1733 G e o r g e  Brandt 

es tab l ished  tha t  w h i te  a rsen ic  w as  actually  the ox ide  o f  the  e lem en t ,  and  in 

1817 Jons  J a k o b  Berze l ius  de te rm ined  the  w e igh t  re la t ionsh ip  o f  arsenic  to 

o the r  e lem en ts  (Coll ie rs  E n c y c lo p ae d ia  Vol.  2, p. 704-5) .

In the 4 ‘'’ cen tu ry  BC Aris to tle  wro te  o f  a subs tance  called  S a n d a ra ch c \  now 

be l ieved  to have  been  the minera l  realgar ,  a su lfide  o f  arsenic .  T h e n ,  in the 

r ‘ cen tu ry  A D ,  the wri te rs  Pl iny the E lder  and  P edan ius  D isco r id es  both 

desc r ibed  auripigineiituiii, a subs tance  n o w  though t  to have  b e en  the  d yes tu f f  

o rp im ent ,  A s 2 S 3. T h e  first c lear ly  authent ic  repor t  o f  the  tree  subs tance  was 

m a d e  in 1649 by Jo h an n  Schroeder ,  a G e rm a n  p ha rm ac is t ,  w h o  prepared  

a rsenic  by hea t ing  its ox id e  with  charcoal.  L a te r  N ico las  L e m e r y ,  a French 

physic ian  and  ch em is t  o b se rv ed  the fo rm at ion  o f  arsenic  w h e n  heat ing  a 

mix ture  o f  the  oxide ,  soap  and  potash.  By the  18'‘’ cen tury ,  a rsen ic  w as  well  

k n o w n  as a u n ique  sem im eta l s  (E n cyc lopaed ia  o f  B r i tan ica  Vol .  15, p. 984).

O v e r  the  last  tw o  d ecades  in Bang ladesh ,  un trea ted  tu b e  well  w a te r  was  

heav i ly  p ro m o ted  and  d e v e lo p ed  as a  safe  and  en v i ro n m e n ta l ly  acceptable  

al te rnat ive to m ic rob io log ica l ly  unsafe  untrea ted  sur face  wa ter .  In the  1980s, 

scientists  b eg an  f ind ing  e v id en c e  o f  arsenic  co n tam in a t io n ,  b u t  on ly  very 

recently  (m id  1990s) has the crisis  e m er g ed  into b road  p u b l ic  awareness .  

T h e  orig in  o f  the  arsenic  pollu tion is geologica l  in th is  c a se  the  arsenic  is 

re leased to g ro u n d w a te r  u nde r  na tu ra lly  occur r ing  aqu i fe r  condi t ions .

G r o u n d w a te r  is the preferred  source  o f  d r ink ing  w a te r  in rural  areas, 

part icula rly  in d ev e lo p in g  countr ies ,  because  t rea tm en t  o f  the  s a m e  including 

disaffection,  is often  not  required  and  its ex trac tion  sy s tem  can be placed
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near  consum ers .  T h e  g ro u n d w a te r  o f  vast  a reas  in the  G a n g e s  D e l t a  in W es t  

Benga l  and  B an g lad e sh  in h igh ly  con tam ina ted  b y  arsen ic .  T h e  p ro b le m  o f  

arsen ic  c o n tam ina t ion  o f  g ro u n d w a te r  is m ore  se r ious  in B an g lad esh ,  w here  

the  g ro u n d w a te r  in 59  o f  the 64  dist ric ts  is c o n tam in a te d  w i th  a rsen ic  and 

abou t  tw o- th i rd  o f  the  popu la t ion  is exposed  to “ the  b igges t  m a ss -po ison ing  

case  the w or ld  has ever  k n o w n "  (W ash in g to n  Pos t -2001) .  T h e  w a te r  from 

d e ep  wells  in these  a reas  m a y  not be initially c o n tam in a te d  by  arsenic ,  but 

there  is every  reason  to fear that  in course  o f  t im e  the  con tam ina ted  

g ro u n d w a te r  f rom  u p p e r  level m ay  ult imate ly  affect  the  w a te r  o f  the lower 

level too.

Present study dea ls  w i th  the  cause  o f  arsenic  in w a te r  an d  soil a n d  relation 

with o ther  geo log ica l  and  soc io -econom ic  and  psycho log ica l  pa ram ete rs  

a ccord ing  to geo -en v i ro n m en ta l  analysis.  Such  s tudy is ra re  in B ang ladesh .

At the end  o f  the y e a r  2001 ,  the  c laws  o f  arsenic  have  a lso  th rea ten ed  the 

l iving o f  th o u san d s  o f  peop le  o f  28 munic ipali t ies .  T h e  n u m b e r  o f  pa tients  

ser iously  a ffec ted  by  a rsen ic  from dr ink ing  w ater  has  n o w  risen to thousands  

(C h o w d h u ry ,  2001) .  S o m e  61 ou t  o f  64  districts across  the  c o u n t ry  face  the 

m enace  o f  a rsen ic  po ison ing .  In en d  o f  2001,  Bang ladesh i  off ic ia ls  adm it ted  

that  som e  8 0  mil l ion  peo p le  m o re  than 65 pe rcen t  o f  the  c o u n t ry ’s 

popula t ion  l ive in the  arsenic  con tam ina ted  areas .  T h o u s a n d s  o f  c row ed  

vi l lages with the ir  go lden  paddy  fields and  s team y  b a n a n a  g ro v e s  are 

threa tened by p o isoned  w-ater. D ue  to the  shee r  m a g n i tu d e  o f  the ca tas trophe,  

a resource  p o o r  nation like B ang ladesh  is n o w  s t rugg l ing  not quite  

successfu lly ,  to c o p e  w'ith p rob lem  caused  by  arsenic  c o n tam in a te d  tube-  

well s  in the rural a reas  ( C h o w d h u ry ,  2001).

48

Dhaka University Institutional Repository



T h e  lubewel l  w as  p ro m o ted  as a safe  source  o f  w a te r  in the  1970s  in 

Bang ladesh ,  w h ic h  w as  a f fec ted  with w a te r -bo rne  diseases .  I t  w a s  c i ted  as 

success  story fo r  p ro v id in g  the  safe  d r ink ing  w ater  at a  c h e a p  rate .  B u t  the 

story  ch an g e d  in the  late 1980s  when first a rsenic  p a t ien t  w a s  fo u n d  at a 

vil lage in Fa r id p u r  (S hehab ,  2001) .  In recent t imes,  a rsenic  c o n tam in a t io n  of  

g ro u n d  w'ater in B ang ladesh  has  a reached  an a la rm ing  level.

■■...........  B ang ladesh  is hav ing  the b iggest  m ass  p o iso n in g  in history.

D angerous  levels o f  arsenic  have  been  found in the  g r o u n d  w a te r  ..........

a ffect ing mil l ions  o f  peop le  w h o  dr ink  tube-wel l  w a te r  c o n ta m in a te d  by

arsen ic  ............” repor ted  by  the International H era ld  T r ib u n e  in its 11

N o v e m b e r  1998 issue  (C h o w d h u r y  and M u rsh ed ,  2000) .  In B an g lad e sh ,  an 

e s t im ated  26 8  upaz i l las  ou t  o f  465  (now  469,  A u g u s t  2 0 0 3 )  h a v e  been 

affected  with s ign if ican t ly  h igh concen t ra t ions  o f  arsen ic .  A rsen ic  in 

g ro u n d w a te r  is p resen t  in excess  o f  the safe l imit  set  for B an g lad e sh .  It is 

now  recognized  that  o rgan ic  is a ser ious  heal th  hazard .  It r e v ie w s  s o m e  of  

the arsenic  rem o v a l  techno log ies  be ing  tried and  tested  in B ang ladesh .

T h e  southern ,  cen tra l  and  north-eas te rn  reg ions  o f  B a n g lad e sh  have  been 

most  severe ly  a f fec ted  by  arsenic  con tam ina t ion  o f  sha l low  tubew el l  water. 

In B ang ladesh  tubew el l  w a te r  e x t rac ted  f rom  sha l low  aqu i fe rs  is the  p r imary  

source  o f  d r in k in g /co o k in g  w a te r  for  m os t  o f  its popu la t ion .  It is genera lly  

kn o w n  that the  aqu i fe r  mater ia ls  and w ater  con ta in  a rsen ic  as well  as  n on ­

toxic e lem ents .  B u t  arsenic ,  a dead ly  toxic e l em en t  i f  it ex is t s  a b o v e  safe 

level, then it is ser ious  concern  for mank ind .  An es t im ated  7.5 to 8.0 mill ion 

hand tubewel ls  const i tu te  the b a ck b o n e  o f  rural w a te r  s u p p ly  in B angladesh .  

T h e  urban  w a te r  supp ly  is a lso heavily  d e p en d en t  on  g ro u n d w a te r .  An 

e s t im ated  28  m il l ion  peop le  are ex p o sed  to arsen ic  c o n cen t ra t io n s  in 

tubewel l  w a ter  a b o v e  the  B ang ladesh  dr ink ing  w'ater s tan d a rd  o f  5 0  ppb.
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T h e  arsen ic  c o n ta m in a t io n  o f  g ro u n d w a te r  lias b e c o m e  a m a jo r  c a la m i ty  for  

Bangladesh .  T h e  al luvia l  aqu i fe r  that  under l ies  the G a n g e s - B r a h m a p u t r a  

r iver basin con ta in s  arsenic  in minera l  fo rm  and  has  been  w id e ly  ta p p e d  for  

obta in ing d r in k in g  and  irrigat ion water .  O v e r  a per iod  o f  ab o u t  2 0 -2 5  years  

aboul four m i l l ion  wel ls  have  been  insta lled to uti l ize the  g r o u n d w a te r  from 

deepe r  aqu i fe r  layers ,  typically  less than 20 0  m deep. Exp lo i ta t ion  o f  

g ro u n d w a te r  f rom  the.se wel ls  has re su l ted  in m obi l iz ing  the  a rsen ic  an d  led 

lo mass  po ison ing  in the reg ion ,  which  is de f ined  by  the  g en e r ic  term 

ansenicosis. P re sen ce  o f  arsenic  from natural  sources  in the  g r o u n d w a te r  is 

not unusual  an d  has  been  d o c u m e n te d  in o th e r  parts o f  the  w o r ld  (Adeel ,  

2001) .  T he  p re sen ce  o f  arsenic  in the tubewel ls  in B an g lad e sh  ha s  a natural  

origin  due to the  h y d ro g e o lo g ic  character is t ics.

Arsen ic  co n tam in a t io n  o f  d r ink ing  w a te r  has been  repor ted  f ro m  m a n y  parts 

o f  world.  In so m e  arsenic  affected  areas,  substi tu tion  o f  d r in k in g  w a ter  

source  by a safe  an d  eas ily  available  one  m ay  not be  poss ib le  d u r in g  past  or 

all o f  the y e a r  o r  m ay  be very  ex p en s iv e  (Johnston  an d  H e i jned ,  2001).  

G ro u n d w a te r  is ava i lab le  in shal low  aquife rs  in adequa te  quan t i ty  in the 

f lood  plains  fo r  d e v e lo p m e n t  tubewel l  b ased  w a te r  supp ly  for  sca t te red  rural 

popula tion.  B a n g lad e sh  ach iev ed  rem arkab le  successes  by  prov id ing  

dr ink ing  w ater  at lo w  co s t  to the rural popu la t ion  th rough  s ink ing  o f  sha l low  

tubewell s  in f lood  pla in  aquifers .  U nfo r tuna te ly  arsen ic  c o n tam in a t io n  o f  

shal low tubew el l  w a te r  in excess  o f  accep tab le  l imit has  b e c o m e  a m a jo r  

publ ic  health  p rob lem  in Bangladesh .  T h o u s a n d s  o f  peo p le  h a v e  a lready 

show n  the s y m p to m s  o f  arsen ic  pois ing  and  severa l  mi l l ions  are  at  risk o f  

arsen ic  c o n tam in a t io n  f rom  dr ink ing  tubewel l  water .  A rsen ic  r e m o v a l  may 

be a more  appropr ia te  w a te r  supp ly  option  in these si tuations .
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T h e  techno log ies  ava i lab le  fo r  arsenic  rem ova l  f rom  w a te r  supp l ie s  inc lude  

chemica l  prec ip i ta t ion  th ro u g h  coagu la t ion  fil trat ion an d  so f ten ing  activated 

a lu m in a  o r  c a rb o n  adsorp t ion ,  ion ex ch a n g e  and  p rocesses  w i th  m e m b r a n e s  

such as reverse  o sm o s is ,  e lec t rodia tys is  and  nanofi l t rat ion.  M o s t  o f  these 

technologies  have  not been  tested  at full-scale,  with p re sen t  e x p e r i e n c e  only 

at the labora tory  and  pilo t-p lant scale,  w hen  these ad v an c e d  tech n o lo g ie s  are 

tested in a m ore  realist ic  scenar io  with co m p lex  m atr ix  w a te r  such  as 

hardness ,  sulfa te ,  total d i s so lved  solids,  se len ium,  nitrate, f luor ide ,  chloride ,  

ca lc ium, m an g an ese ,  iron,  su lphate ,  o r th o p h o sp h a te  na tura l  organic  

mate ria ls  an d  su sp e n d e d  materia ls.  S o m e  o f  these  t e ch n o lo g ie s  might  

p resent im por tan t  l imi ta t ions  and  the removal  e f f ic iency  m a y  drop  

significantly.

T h e  on ly  tech n o lo g y  fo r  w h ich  there  is exper ience  at full sca le  is  coagu la t ion  

fil tration; these  p rocesses  w o u ld  be used  in Bang ladesh i  w a te r  t rea tment  

utilit ies for arsen ic  removal .  C oagu la t ion  fil tration p rocesses  r e m o v e  th rough  

chemica l  sorp t ion  and  particle removal .  In 1970 the  first  o f  fou r  water  

t rea tment p lants  fo r  arsenic  rem ova l  present ly  in o p e ra t ion  w a s  build  

(Sancha,  1998). T h e  m os t  c o m m o n  technolog ies  u ti l ized the  conven t iona l  

p rocesses  o f  ox ida t ion ,  co -p rec ip i ta t ion  and  absorp t ion  on to  coagu la ted  

floes ,  adsorp t ion  on to  sorp t ive  media ,  ion e x c h a n g e  an d  m e m b ra n e  

techniques  for  arsen ic  removal .

3.3 . U ses o f  A rsen ic  :

Arsenic is a  chemical e lement  in the nitrogen family exist ing in both gray and 

yellow crystall ine forms. Although  com pounds  o f  arsenic were  k n o w n  as early 

as the 4''’ century  B.C., the e lement  was  not identified as such  until 1649.
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Arsenic  w as  u sed  in A r i s to t le ’s t im e  to ha rden  c o p p e r  (E n cy c lo p a ed ia  

Britanica).  A  vas t  l i te ra tu re  exis ts  regard ing  the  hy p o th ese s  tha t  a rsenic  

pois ing  w as  the  c a u s e  o f  N a p o l e o n ’s death,  d u e  to its p re sen ce  in the  green 

p igm ents  o f  the  w a l lpaper .  T h e  French  E m p e ro r  N a p o leo n  B o n a p a r t e  was  

sent into exile  on  the is land o f  St. Helena ,  fo l lowing  his defea t  at the  battle 

o f  Waterloo.  U p o n  the  death  o f  N ep o leo n  in 1821. it w'as a n n o u n c e d  that  he  

d ied  o f  s tom ach  cancer ,  bu t m any  peop le  be l ieved  that he w a s  s low ly  

po isoned  with arsen ic .  In the  midd le  ages ,  a rsenic  w as  c o m m o n ly  u sed  as a 

suicidal  and  hom ic ida l  agent.  A w e l l -k n o w n  case  in S w e d e n  is K ing  Erik  

X IV,  the e ldes t  son o f  G u s tav  Vasa ,  w h o  died in 1577, a f te r  a  w e e k  o f  ches t  

and  s tomach pa ins ;  it w as  p ro b ab ly  E r ik ’s b ro the r  Johan  III w h o  o rd e re d  the 

assass ination.

A lso  in Bang ladesh ,  it w a s  long been  k n o w n  that  arsen ic  is a d ead ly  poison  

and  in the n ine teen th  century ,  a fam ous  case  is the  E m p e r o r  V a w a l  Raza,  

w h o  w as  p o isoned  by  his w ife  but  for tunate ly  he w as  not died.  W h i l e  arsen ic  

sub l imes  on hea t ing  and  it has been  c la im ed  that  cand les  w i th  pr isoned  

w icks  were  used  to po iso n  Leopo ld - I  o f  Aust r ia  in 1970. In fact , d e a th  lamps 

in which  oil w a x  im p reg n a ted  with arsenic  and  o ther  s u b s to m a c h s  are 

burned  have been  u sed  to po ison  v ic t ims  slowly.

O rp im en t  and  r ea lg a r  have  long  been  used  as dep i la to r ies  in the  leather  

industry.  W h e n  o rp im e n t  is ru b b ed  on  si lver,  it gives  the  su r face  a  go lden  

color.  O rp im en t  thus  appears  to have  one  o f  the proper t ies  a tt r ibuted  to the 

p h i lo sophe rs ’ stone,  and  it w as  there  an impor tan t  mater ia ls  fo r  a lchemis ts .

T h e  toxic qua l i ty  o f  a rsenic  a lso has been  k n o w n  s ince  anc ien t  t imes.  In the 

hu m an  body  it a cc u m u la te s  in the  nails  and  the  hair , w h e re  it can  be  de tec ted  

even  in bod ies  o f  pe rson  long dead  by  the  M ar sh  test. T h e  acu te  sy m p to m s
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are  d ia r rhea  and  c ram ps .  In cases  o f  ch ron ic  po ison ing ,  a n e m i a  a n d  para lysis  

m ay  appear.  I f  there  is p ro lo n g e d  con tac t  with the  skin  tu m o rs  can  develop . 

B A L  (Brit ish A n t i -L ew is i te )  w as  d e v e lo p ed  as an an t ido te  aga in s t  the 

arsen ic  con ta in ing  w'ar g a s  Lewis i te ,  but it a lso p roved  useful in treating 

c o m m o n  arsenic  po ison ing .  In medic ine ,  4  am inobenze i ie  arsenic  and  4 

h y d roxybenzene  arsenic  c o m p o u n d s  are used in cer ta in  infections .  A l though  

its w a ter -so lub le  c o m p o u n d s  are  p o isonous  in small  doses  they  are  va luab le  

in m ed ic ine  for the t r e a tm en t  o f  d iseases  o f  the  skin and  resp ira to ry  organs .  

Never the less ,  o v e r  the  pas t  150 years  arsenic  a lso has  been  used  in syphilis ,  

ep ilepsy ,  psoriasis ,  t rypanosom ias is ,  and  am oeb ias is  causes  by  micro  

ranisnis,  m a la r ia  and  d iabetes .  A rsen ic  a lso been  inc luded  in m ed ica l  tonics 

and  as late as the  1959, a rsenic  tr ioxide  (AS2O 3) w a s  as  list o f  drugs  

approved  in S w eden ,  a rsen ica ls  are  used  s o m e  c h em o th e ra p e u t i c  agents.  

Arsen ic  might  still be u sed  in h o m eo p a th ic  m ed ic ine  and  in so m e  herbal 

prepara t ions,  T h e  best  k n o w n  is salvarsan,  an an t isypphi l is  drug. 

C o m m erc ia l ly  a rsenic  is a d d e d  to lead to ha rden  it and  in the  p roduc t ion  o f  

herb ic ides ,  pestic ide  a n d  ve rm ic id e  in agriculture .

T h e  principal use  o f  e lem en ta l  a rsen ic  is as a const i tuen t  o f  a l loys .  A d d e d  to 

copper -base  a lloys ,  a rsen ic  fo rm s  arsenic  brasses  an d  bronzes ,  s p ecu lu m  

metal ,  and  a lloys  fo r  h igh  tem pe ra tu re  uses;  added  to l e ad -base  a l loys  it is 

used  for ba ttery  gr ids ,  bear ings ,  and  cab le  sheaths ;  an d  a l loyed  with 

e lem enta l  lead it is u sed  fo r  H a rd in g  short .  A rsen ic  c o m p o u n d s  are  a lso  sued  

in the m anufac tu re  o f  roden t  poisons ,  g lassware ,  for  p rese rv ing  h ides  and 

m u seu m  sp ec im en s  and  in tann ing  leather.  In forest ry ,  it is u sed  as w o o d  

preservative .  It is a lso  used  in cer ta in  paints ,  wa l lpaper ,  c e r am ic s  an d  as 

co lour ing  mate ria ls  e.g.  K in g ' s  Y e l low ,  minera l  blue ,  pari rs  g reen  etc.
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Table-3.1: Som e uses o f  arsenic within different sectors (N riagu and 

Azcue, 1990)

Sector Uses
Agr icul ture Pestic ides ,  insectic ides ,  defo liants .  W o o d  preserva t ives ,  

d e b a rk in g  trees,  soil d is infectant.
Livestock F eed  addit ive ,  d isease  p reven t ion  (sw'ine dysen te ry ,  heart  

w o r m  infec tions ,  ca tt le  and  sheep  dips,  a lgaecides).
Medic ine A nt isyph i l ic  drugs ,  trea tment  o f  t rypanosom ias is ,  anti 

a m o eb ia s i s  drugs .
Electronic S o la r  cells ,  op to-e lec t ron ic  devices ,  s em ic o n d u c to r  

app l ica t ions ,  l ight em it t ing  d iodes  in digital  ins t ruments .
Industry G la ssw are ,  e lec tro  p h o tog raphy ,  cata lysts,  py ro techn ics ,  

an t i fou l ing  paints,  dyes ,  soaps ,  ceramics ,  p ha rm aceu t ica l  
sus tances

Metallurgy A l lo y s  e.g.  a u to m o t iv e  body  so lder  &  radia tors ,  bat tery 
p la te s  as ha rd en in g  agents

Elementa l  a rsenic  ha s  few  practical  uses ,  o n e  o f  which  is to im par t  more  

near ly  spher ical  shape  in the  m an ufac tu re  o f  lead shot.  It is a lso  used  in 

cer tani a l loys  to increase  s t reng th  at e leva ted  temperatures ,  in b ro n z in g ,  and 

in pyro technics .  All  na tu ra lly  occur r ing  arsenic  consis ts  o f  the  s tab le  isotope 

arsenic  75: the  rad ioac t ive  iso topes  arsenic  -72;  -74  and  - 7 6  have  b e en  used  

in medical  d iag n o s t ic  p ro ced u re  (E n cy c lo p aed ia  Bri tanica,  Vol.  1).

3.4. General Properties of Arsenic:

Arsenic ,  its chem ica l  sy m b o l  is As.  Arsen ic  and  its c o m p o u n d s  are 

ubiquitous  in na tu re  and  exh ib i t  both  meta ll ic  and  nonm eta l l ic  proper t ies .  It 

is fragile in na ture  c rys ta ll ine  and  gray or  tin whi te  in co lour .  It has  three 

a llo tropic fo rm s  that  are ye l low ,  b lack  an d  gray.  A rsen ic  is rap id ly  oxid ized  

to arsenous ox id e  (AS2O3), w'hen heated  with  the  o rde r  o f  garlic.  It is a g roup 

V A  o f  the pe r iod ic  table  w i th  a tom ic  n u m b e r  33 and  a tom ic  w e ig h t  74 .9216,
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Chem ica l ly  this e lem en ts  c lo se ly  re sem bles  to p h o sp h o ro u s  a n t im o n y .  G ray  

arsenic,  the o rd ina ry  state fo rm,  has  specif ic  gravi ty  o f  5 .73  g/cc  and  ye l low  

form  has 2.03 g/cc.  It su b l im e s  at 610°C  unde r  a tm ospher ic  p re s su re  admel ts  

at 814"C unde r  a p ressu re  o f  36  a tm ospheres  (E n cy c lo p ed ia  A m e r i c a n a  Vol.

2 ).

Arsenic  exhib it s  a b road  range  o f  chem ica l  react iv ity  with an abil i ty  to form 

al loys with o th e r  e lem en ts  and  cova len t  bonds  with carbon ,  h y d ro g e n  and 

oxygen .  It par t ic ipa tes  read i ly  in ox ida t ion-reduc t ion ,  m e thy la t ion-  

dem ethy la t ion  and  ac id -based  react ions .  Arsen ic  burns  in a ir  g iv ing  o f f  an 

o d o u r  o f  garl ic  an d  d e n se  w hi te  fum es  o f  arsen ic  t r ioxide  ( A S 2O 3). Arsen ic  

tr ioxide is the  m os t  im por tan t  co m m erc ia l  c o m p o u n d  o f  arsenic .  The  

solubi l i ty o f  arsenic  t r iox ide  in w a te r  is fairly low ab o u t  2  p e r  c e n t  a t  25'’C 

and 8.2 per cent  at 98"C. It h igh ly  so luble  in both hyd roch lo r ic  ac id  and 

alkali.

Arsen ic  occurs  na tu ra lly  in all en v i ronm en ta l  media ,  air, soil and  w a te r  and 

usually presen ts  in the  fo rm  o f  c o m p o u n d s  with su lfur  and  m a n y  meta ls  

(copper ,  gold ,  cobal t ,  lead,  zinc etc). A m o n g  150 species  o f  a rsen ic  bear ing  

minera ls ,  the  m os t  c o m m o n  are a rsenopyri te  (FeAsS) ,  enarg i te  ( C U 3ASS4), 

rea lgar  (A sS)  a n d  o rp im en t  ( A S 2S 3). C h em ica l ly  a rsen ic  c o m p o u n d s  main ly  

are  o f  two  types,  ino rgan ic  and  organic .  Inorganic  a rsenic  is m ore  toxic  than 

organic  arsenic:  tr iva lent inorgan ic  (a rsenite)  is m ore  h a z a rd o u s  than the 

pentavalent fo rm  (arsena te)  (K h a n  and  A h m ed ,  2002) ,  A rsen ic  is exis t  in 

four  forms in water .  T h o s e  are arsenite  ( tr ivalent) ,  a r sena te  (pentavalent) ,  

m o n o m e th y l  arsenic  acid  ( M M A A )  and  d im ethy l  arsen ic  acid ( D M A A ) ,  but 

in g ro u n d  w a te r  arsenic  p redom inan t ly  occurs  in the  tri an d  pen tava len t  

forms.
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Arsena te  (as H 2A s 0 4 ‘ and  H A s  O / )  is the  p re d o m in a n t  f o r m  o f  arsenic  in 

wel l -oxid ized  w a ters ;  wh i le  a rsen i te  occu rs  p redom inan t ly  as H 3ASO3 and 

H 3ASO3' in re d u c ed  en v i ro n m e n ts ,  a l though  because  o f  the  re la tive ly  s low 

redox t rans fo rm at ions  both  a rsena te  and  arsenite  are often  fo u n d  in either 

redox env i ronm en t .  A rsen i te  is tw enty  five to sixty t imes  m o re  toxic  than 

arsenate  and  has  been  m ore  repor ted  to be  m ore  mobi le  in the env i ronm en t .  

Tlie most p o isonous  fo rm s  are  a rsenic  tr ioxide  As^O^ and  so d iu m  arsenate  

(N aA sO i) .  A rs ine  (ASH3) re su l t ing  from elec tro lytic  p rocess  is  ex t rem ely  

toxic often caus ing  hem olys i s  (Philp ,  1995).

Basic Term s o f Arsenic:

A l lo t r o p i c  F o r m s .  E lem en ta l  a rsenic  exis ts  in three  a llo tropic  forms. Black 

arsenic,  which  is am o rp h o u s ,  is ob ta ined  by  the thermal d eco m p o s i t io n  o f  

arsine (AsH^). Y e l lo w  arsenic ,  which  consis ts  o f  A.S4 m o lecu les ,  is ob ta ined  

when arsenic  v apo r  is ch il led  rapidly .  Y e l lo w  arsenic  is qui te  vola ti le  and  is 

m ore  react ive  than meta ll ic  arsenic ,  to which  it t r ans fo rm s  eas ily .  Gray, 

meta ll ic  arsenic  has  a  layered crystal  s t ruc ture  o f  h igh  density .  It is an 

exce l len t  c o n d u c to r  o f  heat,  bu t  its e lectrical  conduc t iv i ty  is on ly  abou t  5 

percen t  that  o f  copper .

R e a c t io n s .  E lem enta l  a rsenic  burns  at 4 0 0 ”C  (752°F)  to fo rm  the 

senqu iox ide  AS4O 6. It a lso reacts  readily  with ch lo r ine  and  su l fu r  and  with 

m os t  meta ls  to fo rm  arsenides .  Arsen ic  does  not d is so lve  in hydroch lor ic  

acid  in the ab sence  o f  o xygen  and  d isso lves  on ly  s lowly  in its p resence .  It is 

insoluble  in d i lu te  su lfuric  acid  bu t  reacts  with the ho t  c o n cen t ra ted  acid to 

fo rm  the sesqu iox ide  but no  sulfate.  W a r m ,  di lu te  nitr ic ac id  a t tacks  it to 

fo rm  H 3 AsOj,  an d  the  concen t ra ted  acid fo rm s  H 3 As0 3 .
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T es ts .  T h e  b e s t - k n o w n  c o m p o u n d  o f  arsen ic  in its -  3 ox ida t ion  state is 

arsine,  A sH j ,  a co lor less  gas.  A rs in e  is fo rm ed  by  hydro lys is  o f  an arsenide ,  

by  reduction o f  a rsen ic  c o m p o u n d s  by  zinc o r  tin in acid so lu tion,  o r  by 

e lectrolysis,  u s ing  a m e rc u ry  o r  lead ca thode .  In the  M arsh  test  for  arsenic,  

after  format ion o f  ars ine.  the  gas  is d e c o m p o s e d  by  heat ing  in a smal l  glass  

lube.  T he  fo rmat ion  o f  a meta ll ic  m ir ro r  on  the  tube walls  is p r o o f  o f  the 

p resence  o f  arsenic .  A second  test for arsenic,  the G uize i t  test, d e p en d s  on 

the reaction o f  a rs ine  with a test  p ap e r  im p regna ted  with m ercur ic  ch lor ide  

or  bromide.  A rs ine  p roduces  a  b ro w n  colo ra tion  o f  the  paper.  B ec a u se  ars ine  

is ex t rem ely  po isonous ,  inha la t ion  o f  the  gas  m us t  be  a vo ided  in m ak in g  

tests.

O x id e .  The  ox ides  o f  a rsen ic  are  s imi la r  to those  o f  p hosphorus .  A rsen ious  

oxide ,  which  is c o m p o s e d  o f  te trahedral  AS4O 6 m olecu les ,  is k n ow n  

co m m erc ia l ly  as w h i te  a rsen ic  o r  s im ply  as arsenic .  It is so lub le  in som e 

organic  solvents  and  is s l ightly  so luble  in water ,  in w h ich  is fo rm s  solu tions  

o f  a rsenious  acid  ( H 3ASO3). A rsen ious  ox ide  is am pho te r ic  bu t  has a 

sl ightly g rea ter  ac id ic  charac te r .  It d isso lves  readily  in a lkal is  to form 

arsenites.  A rsen ious  ox id e  is ex t rem ely  toxic (0 .06  to 0.2 g r a m  usually  is 

fatal), a l though repea ted  co n su m p t io n  o f  smal l  doses  m a y  lead to  a h igher  

tolerance.  S uspens ions  o f  m a g n es iu m  o r  ferric h y d ro x id e  are  u sed  as 

antidotes  b ecause  they fo rm  inso lub le  arsenites.

U nl ike  phosphorus ,  a rsen ic  does  not react  d irectly  with o x y g en  to form 

arsen ic  pentox ide ,  As^O.v T h e  p en tox ide  can be sy n thes ized  by  ox ida t ion  o f  

arsen ic  with nitr ic acid .  O n  heat ing  the p en tox ide  readily  loses o x y g en  to 

fo rm  arsen ious  oxide .  T h e  p en tox ide  is very  so lub le  in water ,  fo rm ing  

solu tions  o f  arsenic  ac id  (H,-iAs04. ‘/ 2H 2O).
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H o l id e s .  Arsen ic  t r ihalides  a re  p repa red  by  direct  co m b in a t io n  o f  the  

e lem ents  or  by the  reac t ion  o f  the  ox id e  o r  su lf ide  with a  ha logen .  Arsen ic  

does  not fo rm  oxyha l ides .  T h e  on ly  pen taha l ide  k n o w n  is ' arsen ic  

pentaf luoride.  T h e  ha lides  are reduced  by  hypohosph i te ,  su l fu rous  acid, 

c h ro m o u s  chloride ,  o r  cup rous  chloride .  T h e  volati l i ty o f  arsenic  tr ichlor ide  

has  led to separa t ion  o f  arsenic  f rom  an t im o n y  and  o ther  h eav y  meta ls  by 

voku ihza t ion  o f  arsen ic  in a s t ream  o f  chlorine .

A r s e n a t e s  a n d  A r s e n i t e s .  Arsena tes  c lose ly  re sem ble  the  c o r re sp o n d in g  

phosphates  in solubil i ty  an d  crysta l  fo rm,  bu t  they hydro lyze  m o re  than the 

phosphates  do.  S o d iu m  arsenate ,  N a 3A s 0 4 ' 1 2 H 2 0 , is used  in p r in t ing  inks,  in 

d ye ing  textiles,  and  in p repa r ing  arsena te ,  such  as lead  a n d  ca lc ium  

arsena tes,  that are  used  in insec tic ides.  P o ta s s ium  d ih y d ro g e n  arsena te ,  

called M a c q u e r ' s  salt, is used  in the  m an ufac tu re  o f  f ly p a p e r  and 

insect ic ides,  in the  dye ing  o f  texti les,  and  in the  p re se rva t ion  o f  hides.  

S o d iu m  metaarsenite ,  N a A s 0 2 , is used  in m ak in g  soaps  and  insectic ides ,  in 

dye ing  and in p rese rv ing  hides.  Arsen i tes  o f  c o p p e r  are used  in Par is  green 

as an in.secticide an d  in S c h e e l e ' s  g reen  as a p igment.

S u l f ides .  A rsen ic  fo rm s  the sulf ides  AS4S 3, AS4S4 (red  arsenic ) ,  AS2S 3 

(ye l low  arsenic) ,  a n d  AS2S 5. T h e  su lf ides  are  acidic and  d i s so lve  in s trong 

bases .  Both  red and  ye l low  arsenic  w e re  u sed  by  the  G re e k s  an d  R o m a n s  as 

co lo r  p igments .  T h e s e  c o m p o u n d s  are still used  for  colors .

O r g a n i c  C o m p o u n d s .  O rgan ic  c o m p o u n d s  con ta in ing  a rsen ic -ca rbon  bonds  

can be prepare  in n u m e ro u s  ways.  T h e  s implest  w ay  is to use  Grighard  

reagents  and  arsenic  hal ides.  T h e  trialkyl and  triaryl a rs ines  fo rm  many 

c o m p o u n d s  with heavy  transit i ton  metals.  T h e y  also react  with alkyl and  aryl 

halides  to fo rm  qua te rnary  salts.
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E f fe c t s  o n  t h e  B o d y .  A rsen ic  causes  acu te  in f l am m at ion  o f  the  s to m a ch  and 

also affects o th e r  par ts  o f  the  body.  N ever the less ,  arsen ic  c o m p o u n d s  have  

been used  m ed ic ina l ly  at least  s ince  the  t im e  o f  H ippoc ra tes  iri the  5 ' ’’ 

Century  B.C. In 1909 the  G e rm a n  bac te r io log is t  Paul Ehr lich  d i scove red  that 

an organic  c o m p o u n d  co n ta in ing  arsenic  cou ld  cure  syphilis .  H ow ever ,  

antibiotics  have  n o w  rep laced  a rsenic  c o m p o u n d s  in m os t  trea tments .  

(E ncyc lopaed ia  o f  A m er ican a .  Vol.  2.)

T a b l e -  3.2:  B as ic  I n f o r m a t i o n  a n d  P r o p e r t i e s  o f  A r s e n i c

V

C iie m ica !  S y m b o l A s

F o rm s T h r e e

a. y e l l o w

b. b lack

c .  gray

l^lace in ih e  p e r io d ic  chart G r o u p  V A

A t o m ic  n u m b er 33

A t o m ic  w e ig h t 7 4 . 9 2 1 6

Iso to p e ,  s ta b le 75

Iso to p e s ,  u n stab le 7 0 .  7 1 .  7 2 .  7 3 .  7 4 ,  7 6 ,  7 7 ,  7 8 .  7 9 ,  81

M c U in s  p o in t  ("C) 8 1 4  (at 3 6  a t m o s p h e r e s )

B o i l in g  p o in t  (”C ) 6 1 5  ( S u b l i m e s )

D e n s i t y  (g ra m s  p e r c c )

gray  fo rm 5 .7 3

y e l l o w  fo rm 2 .0 3

H a r d n ess  ( M o b s '  s c a le ) 3 .5

A b u n d a n c e  in l i t h o s p h e r e  (p e r c e n t) 0 . 0 0 0 5

O x id a t io n  s ta te s -3 ,  + 3 ,  + 5

C o n v a le n t  rad iu s 121 p p m

Io n ic  radius (As'’*) 6 9  p p m

M e ta l l ic  radius 1 3 9  p p m

E lec tron  c o n f ig u r a t io n 2 - 8 - 1 8 - 5  or

l S - 2 S - 2 p ^ 3 S -

S m e ll G a d i c  o d o u r

Principal o re s As->S? (R e a lg a r )

A S jS ^  ( O r p im e n t)

F e A s S  ( A r s e n o p y r i t e )

M a x i m u m  p e r m is s ib l e  l e v e l  ( in  d r in k in g  w ater)  

B a n g la d e s h  

W H O

0 . 0 5  mg/1  

0 .0 1  m s / l

59

Dhaka University Institutional Repository



* A r s e n ic  c a n n o t  b e  fo u n d  in n a tu re  a s  a  f r e e  e l e m e n t

*  A s  m a n y  a s  1 5 0  s p e c i e s  o f  a r s e n ic  b e a r in g  m in e r a ls  e x i s t  in  th e  earth.

* A r s e n o p y r i te  h a s  b e e n  p r im a r i ly  id e n t i f ie d  a s  th e  m a in  s o u r c e  o f  a r s e n ic  p o l lu t io n  in

the g r o u n d w a te r  o f  B a n g la d e s h .

A c c o r d in g  lo  a v a i la b i l i ty  o f  natural e l e m e n t s  in e n v ir o n m e n t  th e  p o s i t io n  o f  a r s e n ic  is 

>  20'''.
* A r se n ic  is  fo u n d  in a t m o s p h e r e ,  in the a q u a t ic  e n v ir o n m e n t ,  in s o i l s  a n d  s e d im e n t s  

an d  in o r g a n ism s .

* P er  litre natural w a te r  con ia in .s  1-2  m icrogram .s  o f  a rsen ic .

H ig h  le v e l  o f  a r s e n ic  e x i s t s  in s e a -w a tc r .

U s u a l ly  a m an  c a n  r e c e i \ c  a r s e n ic  up to  1 5 0  m ic r o g r a m  for p er  k i lo g r a m  w e ig h t  o f  

h is /h er  b o d y  w it h o u t  a n y  a f fe c t .

* A r se n ic  c o m p o u n d s  are m a in l y  u s e d  in a g r icu ltu r e ,  forestry  a n d  in du str ia l  p r o c e s s e s  

( i .e .  u se d  in the p rep ara t ion  o f  d y e s ,  p o i s o n o u s  g a s .  tran sistor ,  as a  c o m p o n e n t  o f  

s e m i- c o n d u c to r ;  a s  a  p r e s e r v a t iv e  in t a n n in g  an d  in the in d u stry  o f  t e x t i le ,  p a p e r  etc .

>  S o u r c c  : C o l l ie r s  E n c y c lo p a e d ia  V o l .  2

E n c y c lo p a e d ia  A m e r i c a n a  V o l .  2 
E n c y c lo p a e d ia  B r ita n ic a  V o l .  I

3.5. Sou rce and  O ccu rren ce  o f  A rsenic:

Afsenic  c o n tam ina t ion  is a g loba l  p roblem.  T h e  p resence  o f  arsen ic  is 

ubiquitous ,  it is the  33'''* m o s t  c o m m o n ly  occur r ing  e l em en t  w i th  an average  

concen tra t ion  o f  2 p p m  in the e a r th ’s crust  (Aziz ian et  a!., 2002) .  It occurs  

are  results  o f  geo log ica l  p rocesses .  A rsen ic  is c o m m o n ly  f o u n d  in nature 

c o m b in e d  w i th  o th e r  e lem en ts  to fo rm  sulfides (arsenides ,  su l foarsen ides  

and  arsenites)  and  less f requen t ly  ox ides  and oxych lo r ides .  T h e  minera ls  

most f requent ly  encoun te red  are a rsenopyr i te  (F eA sS) ,  loell ingite  (FeAs:) ,  

enorg ite  (CuS ,  As^S?). o rp im en ts  (AS2S 3) and  rea lgar  (AsaSc) (A z iz ian  et al., 

2002).

T h e  B ang ladesh  arsenic  c o n tam ina t ion  is possib ly  the  la rgest  m a s s  po ison ing  

case  in the  w o r ld  now .  T h e  “G reen  R evo lu t ion” has  been  identified
K
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theore tical ly  to be  the  recen t  cause  o f  the  p ro b le m  w h ich  has  in v o lv ed  large 

scale  unp lanned  w i thd raw a l  o f  g roundw ate r ,  g radua l ly  d e n u d in g  the  arsen ic  

deposi ted  u nder  the  fert i le de l ta  o f  B ang ladesh  mil l ions  o f  years  ag o  by  the 

rivers from ihe  H im a lay as  o r  s o m e  o ther  source.

Arsen ic  con tam ina t ion  in g ro u n d  w ater  in W es t  Bengal  has  been  found  in 7 

disU'icts. M ost  o f  the arsenic  con tam ina ted  areas  o f  W es t  B enga l  are in the 

region o f  a lluvial  fo rmat ion .  T h e  source  o f  a rsenic  co n tam in a t io n  in these  7 

districts is no ted  to be geologica l .  B ang ladesh  is geog raph ica l ly  a t tached  

with W es t  Bengal  and  h av ing  s imila r  aqu ife rs  and  soc io -econom ica l  

background .  T h e  a lluvia l  fo rm at ion  in B an g lad e sh  has  c lose  geological  

affinity as those  en co u n te re d  in W e s t  Bengal .  W e s t  B enga l  and  B ang ladesh  

c learly  indicate  tha t  in the region o f  alluvial  sed im en t  there  is ex is tence  o f  

pyrite and  this pyrite  is r ich in arsenic.  D ue  to heav y  g ro u n d  w ater  

wi thdrawal  and  fluc tua t ion  o f  w a ter  table  f rom  pro  m o n s o o n  to pos t  

m onsoon  and  a lso  d u e  to thousands  o f  bore  holes,  the  u n d e rg ro u n d  aqu i fe r  is 

aerated  and  the pyrite  d eco m p o ses ,  the ac id  re leased  d u e  to this 

decom pos i t ion  leaches  out a rsenic  f rom  pyrite.  T h e  fo l low ing  f low  d iag ram  

sh o w s  the t r ans fo rm a t ion  steps.
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Tab!e-3.3: Source and O ccurrence o f Arsenic

S E D I M E N T S  W I T H  T R A C E S  O F  A R S E N I C  F R O M  H I G H L A N D  

i
D E P O S I T E D  IN  T H E  B A C K S W A M P S  O F  R I V E R I N E  S E D I M E N T S  O F  U P P E R  

D E L T A  P L A I N  S H E L F / C L A Y S T O N E  W I T H  A R S E N O - P Y R I T E

W E A T H E R I N G

i
F O R M I N G  C O M I N G  IN  C O N T A C T

A R S E N I C T R I O X I D E  -------------------------------------------------

( A s . O : )  W I T H  G R O U N D  W A T E R

S L I G H T L Y  S O L U B L E  

-► A R S E N O U S  A C I D  

H.AsOo

O X I D A T I O N

D U E  T O  H E A V Y  W I T H D R A W A L  O F  G R O U N D  W A T E R  
A N D  F L U C T U A T I O N S  F R O M  P R E  T O  P O S T  M O N S O O N  
T H E  W A T E R  T A B L E  D R O P S ,  T U R N S  A N A E R O B I C  
C O N D I T I O N  T O  A E R O B I C  C O N D I T I O N  I R O N  P Y R I T E  
O X I D I S E D .

F O R M I N G  C O M I N G  IN  C O N T A C T

A R S E N I C  P E N T O X I D E  --------------------------------------------

(A S 2 O 2) W I T H  G R O U N D

R E A D I L Y  S O L U B L E  

-► A R S E N I C  A C I D  

W A T E R  ( H :A sO :' l

Source  : Khan and  A h m e d  (2002) ,  p. 341.

3.5.1. Natural sources o f arsenic

Arsenic  occurs  m a in ly  in the  A s  (V) and  A s  (111) ox ida t ion  states with As 

(V) d o m in a n t  (Sancha ,  1998). T h e  arsenic  a f fected  areas  o f  W es t  B enga l  are 

ly ing on  a sed im en t  o f  Y o u n g e r  Delta ic  Depos i t ion  ( Y D D )  w h ic h  extends  

eas tw ard  tow ards  B ang ladesh  cover ing  the ap p ro x im a te  a rea  o f  the 41
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districts which  lie m os t ly  in the  Atrai ,  M e g h n a  and  G ange t ic  f loodp la in s  and  

the  t idal reg ions  (D C H ,  1997).  O c cu r ren c e  o f  arsenic  in g r o u n d  water  

dep en d s  on local geo logy ,  h yd ro logy  a n d  g e o ch e m ic a l  charac te r is t ic s  o f  the 

aquife r  materia ls,  w here  pr incipal c au se s  o f  arsenic  c o n tam in a t io n  of  

g rou n d w a te r  is d u e  to reduct ion  o f  arsen ic  rich iron o x y h y d ro x id e  in anoxic  

g ro u n d w a te r  (N ickson ,  et al., 1998; Bha t tacha rya .  et al., 1998).  T h e  source  

o f  the aqueous  arsenic  is be lieved  to be aqu i fe r  sed im en ts  w h e re  organic  

matter  dr iven  reduct ive  d is so lu t ion  re leases  a rsen ic  to g ro u n d w a te r .  S tud ies  

o f  the rocks,  s ed im en ts  and  g ro u n d w a te r  in Bang ladesh ;  and  marine  

sed im ents  in the Bay o f  Bengal  show  that all those  con ta in  arsen ic .  T he  

p rovenance  o f  the sed im en ta ry  rocks  depos i ted  in the B enga l  Bas in  are the 

rocks  in the c a tc h m e n t  areas  o f  the  th ree  g rea t  r iver sys tem s ,  the  G a n g es ,  the 

Brahm apu t ra  and  the  M e g h n a  rivers  (A lam ,  2000) .  T h e r e  are  so m e  direct  

and  indirect  re fe rences  o f  occur rences  o f  arsenic  and  a rsenic  re la ted  minera ls  

in the ups t ream o f  the  rivers  car ry ing  w a te r  and  sed im en ts  in B ang ladesh  

(D P H E ,  B G S  and  M M L ,  1999). T h e  p robab le  p ro v e n a n ce  o f  arsenic  in 

Bangladesh and  the  surrounding  areas are those rocks,  the G a n g a -P a d m a  and 

Brahmaputra  J a m u n a  systems in B angladesh  carry 2.4 bil l ion tons  o f  

sediments,  a p a i t  o f  which is deposi ted  in the flood pla ins  each  year  (Ahmed,  

2000).  Excess ive  w i thdrawal  o f  g roundw ate r  creates m any  hazards  and  arsenic 

hazard  in Bangladesh  is one  o f  those (Alam, 1997). T h e  com par ison  be tween 

deeply  flooded areas  in Bangladesh and the  areas hav ing  m o re  than 10 and 50 

percent o f  the tubewell  con tam inated  by  produc ing  arsenic  (m ore  than 0.05 

mg/l) as dem arca ted  in M a p  3.1 which shows that the deeply  flooded areas are 

mainly  arsenic  p rob lem  areas o f  Bangladesh (A hm ed ,  2000).
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25oN

24oN

23oN

22oN

21oN

89oE 90oE 9 loE 92oE 89o£ 90oE 9 loE 92oE

M ap-3.1: Com parison o f  F looded  areas and A rsenic Contaminated Areas o f  Bangladesh  

Source: Ahm ad, 2 0 0 0

The level o f arsenic in tiie soils o f  various countries o f  the world have been 

said to range from 0.1 to 40 ppm. Arsenic in some solid phases v/ithin 

sediments particularly iron oxides, organic matter and sulphides may be the 

source o f  arsenic in groundwater. Sediment discharged on the Ganges, 

Brahmaputra and Meghna Delta and Bengal Fan is the largest in the world 

due to high relief and tectonic activity o f the upper drainage areas and high 

intensity o f land use by man and sea level fluctuation have greatly 

influenced the deltaic sedimentation pattern through times (Alam, 2000). 

During worldwide episode o f cold climate, the sea level was 120 metres 

lower than the present (Whitney, 1997). The arsenic affected in West 

Bengal and Bangladesh are entirely confined within parts o f the Ganga Delta 

east o f  the Rajmahal hills and further restricted mainly between the 

Bhagirathi-Hugli and Ganga-Padma river channels. The delta plain
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sed im en ts  hos t  the  aqu ife rs  w h ich  con ta in  g ro u n d w a te r  w i th  h ig h  inc idence  

o f  arsenic.  A rsen ic  c o n tam ina t ion  o f  g ro u n d w a te r  o f  a h u g e  m a g n i tu d e  in a 

terrain,  totally d e v o id  o f  industria l  and  m in in g  activit ies,  na tu ra l ly  leads  to 

the conc lus ion  that  such  a p h e n o m e n o n  is essentia l ly  d u e  to geological  

factors. Fluvial  depos i t s  m ay  conta in  arsenic  bear ing  su lph ides  e ro d e d  from 

minera l  deposi t s  in the m oun ta in  areas.  T h ese  phases  will  tend  to s tay fixed 

with the resultant ferroxy hyd rox ides  (A lam ,  2000).  A s  these  sed im en ts  are 

buri' ied and  b e c o m e  anox ic  a rsen ic  will be re leased into the  g roundw ate r .

T h e  occurrence ,  orig in  and  mobi l i ty  o f  a rsenic  in natura l  h a v e  received 

s ignif icant at tention in recen t  years.  M obi l iza t ion  o f  arsen ic  in g rou n d w a te r  

is gov e rn ed  by the  geo-cherh ica l  p rocesses  invo lv ing  teach ing  o f  continental  

rocks  as well  as sed im en ts  (B h a t tach a ry a  et  al., 1998).

Arsen ic  is the main  cons t i tuen t  o f  m ore  than 2 00  minera l  species ,  o f  which 

abou t  60  per  cen t  are  arsenate ,  2 0  pe r  cent  su lfide  and  sulfosalt s  and  the 

remain ing  2 0  pe r  cen t  inc lude  arsenides ,  arsenites,  o x id e s  an d  e lementa l  

a rsenic  (Onishi,  1969). T h e  m o s t  c o m m o n  o f  the  arsenic  minera ls  is 

arsenopyr i te ,  F eA sS ,  and  arsenic  is found assoc ia ted  w i th  m a n y  types  o f  

minera l  depos i t s ,  e spec ia l ly  those  inc lud ing  sulf ide  minera l iza t ion .  The 

abil i ty  o f  arsen ic  to b ind  to su l fur  legends  m ean s  that  it tends  to be  found 

assoc ia ted  with su l f ide -bear ing  minera l  deposit s ,  e i the r  as s epara te  arsenic  

minera ls  or  as a trace  o f  a  m in o r  const i tuen t  o f  the  o th e r  su l f ide  minerals .  

T h i s  leads to e leva ted  levels in soils  in m an y  m ine ra l ized  a reas  w h e re  the 

concen tra t ions  o f  assoc ia ted  arsenic  can range  f rom  a  few  m i l l ig ram s  to > 

10 0  mg/kg.

6 5

Dhaka University Institutional Repository



C oncen t ra t ions  o f  va r ious  types  o f  igneous  rocks  ran g e  f rom  <  1 to 15 m g  

As/kg ,  with a  m e an  va lue  o f  2 m g  As/kg .  S im i la r  concen t ra t ions  (<1 -20  m g  

As/kg)  are fo u n d  in s ands tone  and  l im estone.  S ign i f ican t ly  higher  

concen tra t ions  o f  up  to 9 0 0  m g  As/kg  are  found  in a rg i l laceous  sed im en ta ry  

rocks  inc luding s h a le ’s m ud s to n e  and  slates. U p  to 2 0 0  m g  A s /k g  can be 

present in p hospha te  rocks  (O 'N ei l l .  1990),

C o ncen t ra t ions  o f  a rsenic  in open  ocean  w a te r  a re  typically  1-2 /Lig/litre. The  

concen t ra t ions  o f  arsen ic  in unpo l lu ted  surface  w a te r  and  g ro u n d w a te r  are 

typically in the range  o f  1-10 /xg/litre. Eleva ted  concen t ra t ions  in surface  

w a ter  and  g ro u n d w a te r  o f  up  to 100-5000 / ig/l i tre can  be fo u n d  in areas of  

sul fide  m inera l iza t ion  (W elch  et  al., 1988).  Eleva ted  concen t ra t ions  (> 1 mg 

As/i i tre)  in g ro u n d w a te r  o f  g eochem ica l  or ig ins  have  a lso b e en  found  in 

Ta iw an .  W e s t  Benga l  and  m o re  recently  in m os t  d is tr ic ts  o f  Bang ladesh .  

Elevated arsenic  concen t ra t ions  w e re  a lso fo u n d  in the d r in k in g  w a te r  in 

Chi le ,  North  M ex ic o ;  and  severa l  areas  o f  Argent ina .  A rsen ic  con tam ina ted  

g ro u n d w a te r  w as  a lso  found  in parts  o f  PR C h in a  (X in j iang  and  Inner 

M ongo l ia )  an d  the  U S A  (Cali fo rn ia,  Utah,  N evada ,  W a s h in g to n  and 

Alaska).  M o r e  recently ,  a rsenic  concen t ra t ions  o f  <  0 .98  mg/ l i t re  h a v e  been 

found  in wel ls  in sou th -w es te rn  Fin land . Leve ls  as h igh  as 35 m g  As/l i tre 

and  25.7  m g  As/ l i tre  have  been  repor ted  in areas assoc ia ted  w i th  hydro- 

thermal activi ty  (W H O ,  2001).

In nature,  a r sen ic -bear ing  minera ls  unde rgo  oxida t ion  and  re lease  arsenic  to 

water.  T h i s  cou ld  be one  exp lana t ion  fo r  the p ro b lem s  o f  a rsen ic  in the 

g ro u n d w a te r  o f  W e s t  Bengal  and  Bang ladesh .  In these  areas  the  g ro u n d w a te r  

usage  is ve ry  high. It has  been  e s t im ated  that  there  are ab o u t  4 -1 0  mill ion 

tube wells  in B an g lad e sh  a lone.  T h e  excess ive  w i thdraw a l  an d  low er ing  o f

6 6

Dhaka University Institutional Repository



the  w a te r  tab le  fo r  r ice  ir r igat ion and o ther  r equ i rem en ts  lead  to the  exposure  

and  su b seq u en t  ox ida t ion  o f  a rsen ic -con ta in ing  pyr ite  in the  sed im en t .  As 

the  w a ter  table  recharges  af te r  rainfall,  arsen ic  leaches  o u t  o f  the  sed im en t  

into the aquifer.

H ow ever ,  recen t  s tud ies  seem  to favour  the r educ t ion  o f  FeAs  

oxyh y d ro x id es  as the  source  for  arsen ic  co n tam in a t io n  in g ro u n d w a te r  

{Nickson el al., 1998; BGS,  2000;  B G S  &  D P H E ,  2001) .  A rsen ic  fo rm s  co- 

precipita tes  with ferric  o x y h y d ro x id e  Burial  o f  the s ed im en t ,  r ich  in ferric 

o x y h ydrox ide  and  o rgan ic  matter,  has  led to the  s t rong ly  reducing  

g ro u n d w a te r  condi t ions .  T h e  process  has been a ided  by  the  h igh  w a te r  table 

and  fine-grainec  sur face  layers which  im pede  the  pene tra t ion  o f  a ir  to the 

aqu i fe r  M icrob ia l  o x ida t ion  o f  organic  carbon  has  d ep le ted  the  d is so lves  

o x y g en  in the  g ro undw a te r .  T h e  highly  reduc ing  na ture  o f  the  g ro u n d w a te r  

exp la ins  the p resence  o f  a rsenic  (< 50  per  cent)  in the  water .  T h e  “ pyrite 

oxida t ion"  hypo thes i s  is therefore  unlikely  to be a m a jo r  p rocess ,  and  the 

"o x y h y d ro x id e  reduc t ion” hypo thes is  (N ickson  et al., 1998; A c h a ry y a  et al., 

1999) is p robab ly  the  main  cau se  o f  arsen ic  co n tam in a t io n  in g roundw ate r .  

A l though  the  o x y h y d ro x id e  reduc t ion  hypo thes is  requ ires  fu r the r  va lidation,  

there  is no  d o u b t  tha t  the  source  o f  a rsenic  in W e s t  B e n g a l  an d  B ang ladesh  

is geologica l  as  n o n e  o f  the  exp lana t ions  for  an th ro p o g en ic  c o n tam ina t ion  

can  accoun t  fo r  the regional extent o f  g ro u n d w a te r  co n tam in a t io n .  D ur ing  

the past  30  years  the  use o f  phospha te  fert i l izers has  inc reased  th ree fo ld  in 

this region. T h e  w id esp read  w i thdrawal  o f  g ro u n d w a te r  m a y  h a v e  m obi l ized  

phospha te  de r ived  f ro m  fert i l izers and f rom  the d e ca y  o f  na tura l  organic  

mate ria ls  in sh a l lo w  aquifers .  T h e  increase in p hospha te  co n cen t ra t ion  could  

have  p ro m o ted  the  g ro w th  o f  sed im en t  bio ta  and  the  d e so rp t ion  o f  arsenic
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f rom  sed im ents ,  an d  the  c o m b in e d  m icrob io log ica l  an d  c h e m ic a l  process  

m ight  have  in c reased  the  m obi l i ty  o f  arsenic.

M ar ine  o rg a n i sm s  na tura l ly  a ccum ula te  cons iderab le  quant i t ies  o f  organic  

arsenic c o m p o u n d s .  In m ar ine  an imals  the bu lk  o f  this arsenic  is p resen t  as 

a rsenobeta ine .  w h e rea s  m ar ine  a lgae  con ta in  m os t  o f  the  a rsen ic  as 

d imelhy la rs inoy l r ibos ides .  H u m a n s  are there fore  ex p o sed  to these  arsenic  

c o m p o u n d s  th rough  any  diet  that includes  seafoods.

S o m e  arsen ic  c o m p o u n d s  are  re latively vola ti le  and  co n se q u e n t ly  con tr ibu te  

s ignif icant f luxes  in the a tm osphere .  It has  been  e s t im a ted  tha t  the 

^  a tm ospher ic  f lux o f  A s  is ab o u t  7 3 5 4 0  tonnes /yea r  o f  w h ich  60  p e r  c en t  is o f

natural  origin  an d  the  rest is de r ived  f rom  a n th ropogen ic  sources  (C h i lve rs  & 

Peterson,  1987). V o lc an ic  act ion is the nex t  m o s t  im por tan t  na tura l  s o u rce  o f  

arsenic after lo w - tem p era tu re  volati l ization,  and  on a local  sca le  it will be 

the d om inan t  a tm o sp h er i c  source.

3.5.2. Anthropogenic sources of arsenic:

T h e  source  o f  a rsen ic  in g ro u n d w a te r  is as ye t  unk n o w n .  B u t  it is now  

<  w idely  be l ieved  tha t  the  h igh arsenic  levels  in the  g ro u n d w a te r  in

B angladesh  a n d  W e s t  B en g a l  (India) have  a  natural  source.  A n th ro p o g e n ic  

inputs part icula rly  d u e  to the  app l ica t ion  and use  o f  a rsen ica l  w o o d  

preservatives  (B h a t ta ch a ry a  e t  al., 1998) as well  as pes t ic ides  c o u l d  a lso  lead 

to s ignif icant e m is s io n  o f  arsen ic  in g roundw ate r ,  e spec ia l ly  u n d e r  anoxic  

condi tions .

T h e  reason w h y  arsenic  is c o m in g  ou t  with g round  w a te r  is not com ple te ly  

^  c lear but o n e  reason  sugges ted  by  m an y  scientis ts  all ov e r  the  w or ld ,  that
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heavy  g ro u n d w a te r  w i th d ra w a l  m a y  be o n e  o f  the  r easons .  T h e  U n i t e d  States  

Geolog ica l  Su rv ey  (U S G S )  in one  o f  the ir  pub l ica t ions  c o m m e n ts ,  

“M obi l iza t ion  o f  is sed im en ta ry  aquifers  m ay  be, in part  a resu l t  o f  c h an g e s  

in g eochem ica l  e n v i ro n m e n t  due  to agr icul tura l  ir r igat ion.” A n o t h e r  v iew  is 

lhai due  to h igh use o f  p hospha te  fert i l izer arsenate  o f  soil m ig h t  have 

leached to u n d e rg ro u n d  aquifers .  Scienti s ts  be lieve  this m ay  be true for 

h ighly  porous  soil but for heav ie r  soils  little leaching  is l ikely,  M o re o v e r  

ii'on and  a lu m in u m  o f  soil  will a lso fo rm  a less so lub le  a rsena te  and  will 

b ind to soil, so  leach ing  m a y  not occur.  A g ro u p  o f  sc ienti s ts  be l ieve  that 

due  to heavy  g ro u n d w a te r  w i thdraw a l  the u n d e rg round  aqu i fe r  is aver ted  

and  the o x y g en  is re spons ib le  for  degrada t ion  o f  arsenic  rich source.  

Abst rac t ion  f ro m  cha lk  aqu ife rs  over  m an y  decades  has  resu l ted  in the 

d ew ate r ing  o f  the  ov e r ly in g  Basal Sand  A quife rs  a l low ing  air  en t ry  an d  has 

led to the local ised  o x ida t ion  o f  pyrite  and  the acid  re leased  d u r in g  oxida t ion  

o f  pyrite  is re spons ib le  fo r  the poo r  quali ty  pore  w a te r  in the Basal Sands.  

T h e  rate o f  ox ida t ion  is p ro b ab ly  grea tes t  nea r  to well s  an d  b o re -ho le s  which  

a l low ed  ready access  o f  air  (K inn ibu rgh  e t  al., 1994).

D ue  to heavy  g ro u n d w a te r  w i thdraw a l  the aqu i fe r  in aera ted  an d  the  oxygen  

d e co m p o s e d  the  pyr ite  ( F e S 2) r ich in arsenic  and  the ac id  re leased  leached 

ou t  the arsenic  in so lub le  fo rm  in g roundw ate r .  A c c o rd in g  to A la m  M .K,  

“ Enhanced  leach ing  benea th  irr igated lands m ay  be  the  cau se  o f  

con tam ina t ion  o f  g ro u n d w a te r  by  arsenic.  Before  the  ad v en t  o f  tubew el l s  in 

Bangladesh  peop le  used  to d e p en d  on surface  and  near  sur face  w a te r  for 

dr ink ing  and  o th e r  dom es t ic  uses.  O n  the o th e r  hand,  B an g la d e sh  on ly  ha lf  

cen tu ry  before  land resources  w e re  e n o u g h  to g r o w  m o re  food g ra in s  to feed 

her  people  w i thou t  in tens ive  cu lt iva tion w i th  irr igation by  the g r o u n d  w ater
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developm ent .  W i th  the  g ro w th  o f  popu la t ion  req u i rem en t  o f  w a te r  is 

increasing.  D e v e lo p e d  coun t r ie s  use  m o re  w ater  re sou rce  than the 

deve lop ing  countr ies .  In U S A  per  person  use  o f  w a te r  is 80  ga l lons ,  U K  it is 

about 60  ga l lons  and  in D h a k a  city  it is 4 0  gallons  pe r  day. It is m u c h  eas ier 

and eco n o m ic  to d e v e lo p  g ro u n d w a te r  than the  surface  water .  A s  a  result ,  

there had been hu g e  d e v e lo p m e n t  g ro u n d w a te r  re sources  in B an g la d e sh  for 

drinking , d o m es t ic ,  industria l  and  irrigat ion purpose.  R eco rd s  s h o w  that 

IVom 1961 to 1997. the popu la t ion  has increased f rom  50 m il l ion  to 125 

mill ion.  T h e  c o u n t ry  n o w  has  4  mill ion tube  wells  and  ab o u t  97  p e r  cen t  of  

the people  are  n o w  d e p en d e n t  on  tube  well  w a te r  for d r ink ing  pu rpose .  It is 

now  kn o w n  h o w  m u ch  g ro u n d w a te r  is be ing  w i th d raw n  bo th  f ro m  the 

shallow aquife rs  as well  as f rom  the d e ep  aquifers .  T h e  g r o u n d w a te r  table  is 

decl in ing  in B ang ladesh  and  it m ay  be and  indica tion tha t  the  g ro u n d w a te r  

w i thdrawal  in so m e  areas  in B ang ladesh  m ay  be excess ive .  T h e r e  has  been  

s tudy on the p ro b le m  o f  arsenic  con tam ina t ion  o f  g ro u n d w a te r  is West 

Bengal o f  India  and  it w as  repor ted  that  excess ive  w i thd raw a l  o f  

g roundw ate r ,  spec ia l ly  dur ing  s u m m e r  w hen  recharge  is low m ig h t  lead to 

induce  oxida t ion  o f  aqu i fe r  material  by  increased access  o f  a tm o sp h ere  

oxygen .  U n d e r  such  condi t ions  the  a rsenopyri te /pyr i te  gra ins  k n o w n  to be 

present in the  aqu i fe r  mate ria l  w o u ld  be  d e c o m p o s e d  and  a rsen ic  will  be 

re leased into the  g roundw ate r .  U n d e r  such  d e w a te red  cond i t ion  the  aquife r  

m ay  a lso suck  in arsenic  l ibera ted  f rom  arsenic  a dso rbed  inter b e d d e d  c layey 

layers. Long  dura t ion  p u m p  tests at six bore  ho les  spread  o v e r  three  districts 

y ie lded  as m u c h  as 80 g m s  o f  arsen ic  ov e r  a pe r iod  o f  e igh t  hours .  Such 

ev idence  lend c red en ce  to the  present ly  p reva len t  hypo thes i s  o f  excess ive  

g rou n d w a te r  abstrac tion .  In this co n nec t ion  it m a y  be  m e n t io n e d  that 

inc idence  o f  a rsenic  in g ro u n d w a te r  increased  s ignif icantly  a f te r  the  large
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sca le  in iroduciion  o f  sh a l lo w  ir r igat ion tube  well  m os t ly  t app ing  the 

com para t ive ly  arsenic  in te rm ed ia te  and  shal low  zones  o f  aquifer.  E x cess iv e  

wi thdrawal  o f  g ro u n d w a te r  c rea tes  m an y  hazards  and  arsenic  h a z a rd  in 

Bangladesh  is o n e  o f  those.  H u m a n  act ivit ies  like use o f  ag ro -chem ica ls ,  

pesticides,  w o o d  preserva t ives ,  industr ial  sources ,  minera l  p rocess ing ,  acid  

mine  dra inage,  bu rn ing  o f  fossil  fuels and  o ther  causes  m ay  lead to arsen ic  

con iam inai ion  o f  w a te r  r e sou rces  (A lam .  2000).  T he  largest  sou rces  o f  

pol lution from arsenic  are  agr icul tura l  chem ica ls  such  as herb ic ides  

fungic ides  roden t ic ides  a n d  insec tic ides  (Na ir  et al., 2003).

Nitrates  from fer t i l izers and  an im al  wastes  are  preva len t  co n tam in an ts  o f  

g round  w ater  as well  as pes t ic ides  f rom  agr icul tura l  activit ies.  National 

su rveys  o f  th is  types  o f  no n p o in t  source  g rou n d w a te r  pollu t ion  h a v e  been  

m ade  by the U.S. E n v i ro n m e n ta l  Protection A g en cy  an d  U.S. Geolog ica l  

Survey .

Total  a rsenic  em iss ion  into the  a tm osphere  f rom  a n th ropogen ic  sou rces  is o f  

the order  o f  30 ,0 0 0  to n s /y ea r  (Chi lvers  and  Pete rson,  1987). A rsen ic  is a 

natural  c o n tam in an t  in lead,  zinc ,  go ld  and  c o p p e r  ores  and  can be  re leased 

dur ing  the sm el l ing  process .  Fo r  exam ple ,  in G h a n a  in Africa ,  w h e re  m in ing  

ex p o sed  p rev ious ly  b u r n e d  a rsen ic  con ta in ing  su lphides  to oxida t ion .

Arsen ic  is a c o m p o n e n t  o f  m o re  than 245 minera ls .  T h e s e  are m os t ly  ores 

con ta in ing  su lphides ,  a long  wi th  copper ,  nickel,  lead,  cobal t  or  o th e r  metals.  

T h e  reduction o f  o x y -h y d ro x id e  minera ls  con ta in ing  traces  o f  a rsen ic  in the 

reduc ing  part  o f  sed im en ta ry  aqu ife rs  as in Ohio ,  U S A ,  and  in B angladesh .

Arsen ic  can  be  present in coal  main ly  as a rsenopyr i te  at co n cen t ra t ion  from 

<1 to> 90  m g/kg .  O n  the  sources  o f  arsen ic  c o n tam ina t ion  is coal  f ly  ashes.
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D uring  c o m b u s t io n  a rsen ic  and  o ther  cha leoph i les  (e.g. Cr,  Se ,  Sr.  M o  and  

V) in the coal  are  vo la t i l ized  and  e scaped  into the a tm o s p h e re  w h ic h  may 

eventually  fall o u t  in the  su r ro u n d in g  areas  and can  cau se  su r face  soil 

c on tam ina t ion  (B oy le  and  J o n as so n ,  1973).

W astes  from industr ies  o f  g lass  and  ce ram ics  cements ,  p ig m en ts ,  enam els ,  

antifouling paints ,  iron and  steel  p roduc t ion ,  textile and  fi re  works,  

I ii i ioduction o f  o rgan ic  c o m p o u n d s  into aquifers  from w as te  d isposa l  and 

loss o f  pe t ro leum produc ts  a lso  can  lead to Fe(0 H )3 d isso lu t ion  a n d  release 

o f  arsenic  (W elch ,  1998). W isc in son  and  Sou th  East  Pen n sy lv an ia  in U.S.A . 

w here  the sed im en ts  are  c o n tam in a te d  by  industrial  w as te  w a te r s  (C lem en t  

and  Faust . 1981).

F rom late 1800s to mid  1900s  Zn-arsen i te  Paris g reen  [3 C v g ( A s 0 2 )2, 

C u ( C 2H3 0 2 )] ( c o p p e r  occtoarseni te) ,  inorgan ic  arsenicals ,  usua l ly  as pb,  Ca, 

M g  were  used  ex tens ive ly  as pestic ides  in orchards,  so d iu m  arsen i te  was 

used  as a herb ic ide  a n d  nonse lec t ive  soil  steri lant,  w h i le  arsenic  ac id  was 

used  as a co t ton  desicant.  A rsen ica ls  have  a lso been  u sed  as  si lvicides ,  

herb ic ides  and  des iccan ts  and  increases  arsen ic  concen tra t ion .  T h e  use  o f  

a rsenic  in agricultura l  ch em ica l s  has been  unde r  scru t iny  by  the 

Env i ronm enta l  P ro te c d o n  A g e n c y  (E P A )  for  m an y  years,  the  u se  o f  m any  

arsenical  pes t ic ides  have  been  b a n n ed  by  E P A .  T h e  use  o f  the  arsenical  

d isod ium  m e th anea rsen ic  acid  ( D S M A ) ,  arsenic  ac id  an d  C a e o d y l i c  acid 

(C A ) are expec ted  to decl ine.  It is a lso  an tic ipated  tha t  there  will  be  less 

danger  by a rsenic  pollu tion by arsenic  con ta in ing  pestic ides  in fu ture  (Islam, 

1999).
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F ig u r e -3 .1  : M e c h a n i s m s  o f  G r o u n d  W a t e r  C o n t a m in a t io n  (F etter ,  1 9 9 3 )

A rsen ic  t r ioxide  is used  for w o o d  preservation .  A n th ro p o g en ic  inputs  

part icula rly  d u e  to the  application and  use  o f  arsenical  w o o d  preserva t ives  as 

m e n  as pes t ic ides  lead to s ignif icant em iss ion  o f  arsenic  in g rou n d w a te r  

(B h a t tach a ry a  et  al., 1998).  A l though  disposal o f  arsenical  pes t ic ides  has  led 

to h igh arsenic  concen t ra t ion  in g ro u n d  w ater  (W elch ,  1998).

Ex tens ive ly  u sed  on  cotton,  tobacco  and  fruit  c rops ,  e.g.  le ad  arsenate ,  

ca lc ium  a rsena te  are  u sed  for  w eed  ki l ler  a n d  inc reases  arsen ic  

concen tra t ion .  A rsen ic  is a lso in sew age  s ludge  so m e  re sea rchers  have  

po in ted  o u t  concen t ra t ions  o f  arsenic  f rom  3 to 4 6  m g  A s /k g  in s ludge  f rom  

the  U ni ted  Sta tes  and  Nether lands .  F r o m  4  to 2 0  m g  A s /k g  w as  r e p o r te d  in 

topsoil  f rom  a  s ew ag e  t rea tm en t  p lan t in C anada .  S e w a g e  s ludge  usually  

con ta in  re la t ive ly  large am oun ts  o f  phosphorus  f ro m  0.5 ±  0 .4  pe r  cent  to 1.6 

±  .3 pe r  c en t  w h ic h  co u ld  am el io ra te  the  ill e f fec ts  o f  the  arsenic  p resen t  

(Islam, 1999).
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A no th e r  im por tan t  sources  o f  a rsen ic  c o n tam ina t ion  par t icu lar ly  soils  in 

B angladesh  is the  w o o d e n  e lectr ic  po les  which  con ta in  20  k g  CCA/m'^ 

(C hrom ated  c o p p e r  a rsena te)  w o od .  T h e s e  w o o d e n  po les  con ta in  a b o u t  34  to 

38 percent arsenic .  C h r o m a te d  c o p p e r  a rsena te  (C C A )  is u sed  to p ro tec t  the 

poles  from b iodegrada t ion .  A b o u t  1.4 milMon po les  were  im p o r ted  used  by 

Rural  Electr if ication B oard  (R E B )  for rural  e lectri f ication.  W h e n e v e r  these 

poles  delay hu g e  a m o u n t  o f  arsenic  will be re leased into the env i ro n m en t  

con tam inate  soils  and  sur face  water ,  if  decay ing  po les  are not proper ly  

disposed.

Arsen ic  concen t ra t ions  in non thern ia l  g ro u n d  w ater  ex ce e d in g  the  cu rren t  

^  d r ink ing  w ater  s tanda rd  gen e ra l ly  result  f rom  natural  p rocesses  an d  sources.

Chem ica l  w ea the r ing  and  up f lo w  o f  geo therm al  w a te r  are  sources  c f  arsenic  

in g round  water .  Su lf ide  minera l  oxidation,  re lease  f ro m  i ron-ox ide  and  

evapora t ive  co n cen t ra t ion  are the m os t  c o m m o n ly  identi fied  p rocesses  

lead ing  to w id esp read  h igh  concen tra t ions .  T h ese  p rocesses  o c c u r  na tura lly 

bu t  they can be caused  or  acce le ra ted  by h um an  activities.

Chi lve rs  and  Pe te rson  (1987)  repor ted  that  g loba l  em is s io n  to the 

t  a tm osphere  f rom  a n th ro p o g en ic  sources ,  e spec ia l ly  c o p p e r  and  coat

combust ion ,  indirec tly  c o n tam in a te s  the  land and  terrestrial  w a te r s ,  while  

cons iderab le  a m o u n t s  o f  a rsenic  are ad d ed  to the land d irec tly  as  landfill  

from  the d u m p in g  o f  slag,  s ew ag e  s ludge  and  industria l  was tes .  Uses  o f  

insectic ides,  catt le tick dip .  feed addit ives,  w o o d  preserva t ives ,  etc. ,  cause  

soil and w'ater c o n tam in a t io n  bo th  directly  and  indirectly.
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3.6. Arsenic in Groundwater:

Arsenic  is a na tu ra lly  occu r r ing  e l e m e n t  found  in a va rie ty  o f  fo rm s  in soil, 

w a ter  air and  food. Potentia l  env i ro n m en ta l  sources  o f  a rsen ic  exposure  

include  househo ld  dust ,  soil,  d r ink ing  water ,  foods  and  a i rbo rne  particula te.  

Since arsenic  is a natural  subs tance ,  m os t  o f  the arsenic  in the ab o v e  sources  

m ay  be there  because  arsenic  is part  o f  the natural  background .  T h e  or ig in  o f  

arsenic  c o n tam in a l io n  in g ro u n d  w ater  may be e i ther  na tura l  or 

an thropogonic .  T h e  c o n tam in a t io n  caused  by  an th ropogen ic  sou rces  is very 

l imited in space  w he rea s ,  the  natural  sources  are responsib le  for  w idesp read  

contamination .

Bangladesh  has  swif t ly  e a rn ed  the  reputa tion  o f  be ing  ,one o f  the  most 

poisoned land in the  w or ld  as a result  o f  arsen ic  co n tam in a t io n  o f  g round 

water.  Tes t  have  been  car r ied  ou t  in a lm o s t  all the  dis tr ic ts  o f  the  country  

and  no dist ric t  o r  un ion  has  repor ted  negative ,  m ean in g  a lm os t  e v e r y  district  

has at least s o m e  pocke ts  which  are arsenic  affected.  G r o u n d w a te r  is the 

p r imary  sou rce  o f  d r ink ing  w a te r  in B ang ladesh  and  n e ig h b o u r  India .  A high 

concentra t ion  o f  arsenic  is de tec ted  in this g ro u n d  water.  G r o u n d w a te r  

con tam ina t ion  is a  g rea t  concern .  It m ay  take d ecades  for  con tam in a ted  

g rou n d w a te r  to na tu ra lly  re tu rn  to a useab le  re sou rce  g iven  the  s lo w  rates o f  

g rou n d w a te r  m o v e m e n t  and  recharge.  G r o u n d w a te r  c o n tam in a t io n  em ana tes  

f rom  point sources  such  as w as te  d isposa l  in landfil ls  and  non p o in t  or 

d is tr ibuted sou rces  such  as agr icul tura l  appl ica t ion  o f  pesticides .

Arsenic  concen t ra t ions  in fresh waters  in unpo l lu ted  areas  va ry  bu t  typical  

va lues  seem  to be  a few m ic ro g ram s  per  litre o r  less the o x ida t ion  state in 

surface  waters  in var ious  parts o f  the w or ld  rem ains  la rgely  u n k n o w n .  T he
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ra tio  o f  tr ivalent to pen tava len t  ino rgan ic  arsenic  r a n g e d  f r o m  <  0 .06  to 6.7 

in a few unco n tam in a ted  su r face  w a te r  s am p les  h av ing  2.5 to 3 .0  mg/1. 

A bou t  8 per cent  o f  the  total a rsenic  in 2  s am p les  o f  well  ae ra ted  s t ream 

w ater  (14  and 6 0  mg/1 respec t ive ly )  w as  repor ted  by  c lem en t  and  Fausl ,  

(1973) ,  to be in the tr ivalent form. In anae rob ic  reservoi rs  all o f  the  arsenic  

present (0 .14 -  1.3 mg/As/1) s e e m e d  to b e  in this form (Is lam.  1999).

Q uent in  and W in k le r  (1974)  found  average  va lue o f  3 mg/1 in r ive r  water  

and  4  mg/1 in lake w ater  in G e rm a n y .  A concen l ra l ion  increase  o f  0.1 per 

cent  pe r  year  is repor ted  for  ocean ic  waters ,  with a net ga in  by  oceanic  

waters  o f  5 .66  x 10'* -  13.7 x lO”* tons /year  (Chi lvers  and  Peters ,  1984). 

M ar ine  a lgae  con ta in  arsenic  at concen t ra t ions  2 0 0 0 -5 0 0 0  t imes  g rea te r  than 

o f  the seawater,  T h e  re lease  o f  a rsenic  re su l t ing  f i o m  the  activ it ie s  o f  man 

exceeded  those due  to natural  processes .

A n um ber  o f  hypo theses  h a v e  been  pu t  fo rward  to exp la in  the  orig in  o f  

ar.senic since the  p ro b le m  w as  first  d i scove red  w h ich  inc ludes  both 

a n th ropogen ic  and  natural  sources .  U se  o f  fert i l izers,  pest ic ides ,  insect ic ides,  

waste  disposal,  arsen ic  c o m p o u n d  treated w o o d e n  poles  etc.  w e re  b lam ed  as 

the  an th ropogen ic  sources  o f  con tam ina t ion .  O n  the  o th e r  h and  scientists  

f rom  the  Schoo l  o f  En v i ro n m en ta l  Sc iences  (S O E S ) ,  J a d a v p u r  Univers ity ,  

W es t  Bengal ,  India  pu t  fo rw ard  the pyrite  oxida t ion  hypo thes i s  as the main 

m echan ism  for  arsenic  w h ic h  w as  w ide ly  accep ted  at the  beg inn ing .  A t  the 

International C o n fe re n ce  o rgan ized  by  the  D h a k a  C o m m u n i ty  Hospital  

(D C H )  and S O E S  in D h a k a  in February  1998 it w as  ag reed  that  the 

con tam ina t ion  w a s  o f  geo log ica l  origin ,  not an a n th ro p o g en ic  one.  An 

alternat ive  hypo thes is ,  k n o w n  as the  iron o x y h y d ro x id e  reduction 

hypothesis ,  w as  pu t  fo rw a rd  at the s am e  confe rence .  It is relevant

7 6
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mention ing  here  tha t  there  is a  o c cu r ren ce  o f  g ro u n d w a te r  arsen ic  

con tam ina t ion  in Calcu t ta ,  W e s t  Bengal  d u e  to a n th ro p o g en ic  sou rces  which 

is com ple te ly  separa te  f rom  the  m a jo r  c o n tam in a t io n  fo u n d  in o th e r  parts  o f

W es t  Bengal (A h m e d ,  2000).

Sea-w aler  ord inari ly  con ta in s  arsenic  concen t ra t ion  rang ing  f ro m  0.1 to 8 

^g/ l  levels o f  about 2 ^g/1 (P en rose  at al., 1977: Onish i .  1969; J h o n so n  and 

Braman,  1975). Arsen ic  concen t ra t ions  in surface  and  d e ep  w a te r  o f  Atlant ic  

found to be 1.45 x 10 '̂  and  1.53 x 10'^ /ig/1 respective ly ,  wh i le  those  values  

are 1.45 x 10 and  1.75 x 10 '̂  /ig/1 for Pacif ic  O c e a n  (E m sley ,  1991).  Arsen ic  

specia tion has  a lso been  p e r fo rm ed  on  well  w a te r  sam ples  f rom  an a rea  in 

A laska  co n ta in ing  high levels o f  arsenic  (H arr ing ton  et  al., 1978).  In fine 

s am ples  con ta in ing  arsenic  f ro m  0 .52  to ? .6  /zg/1, b e tw een  3 p e r  c en t  and  39 

per  cent  o f  arsen ic  p resen t  w as  tr ivalent,  the rest  be ing  pen tava len t .  No 

methy la ted  arsenic  c o m p o u n d s  cou ld  be detec ted .  F o rm s  o f  arsen ic  in fresh 

w ater  are HASO 4; H 2AS4 poss ib ly  H3ASO3, A s 0 4 ^ 'o r  H i A s O / .

T o d a y  s eaw ate r  con ta ins  arsenite  and  arsenate  in a th e o rm o d y n a m ic  

d isequ i l ib r ium (m ore  a rsen i te  that  expec ted )  at a co n cen t ra t ion  o f  total 

arsenic  o f  a p p rox im a te ly  2 ^g/1. A s  m u ch  as 100 years  ag o  de te rm ina t ions  

o f  arsen ic  in m ar ine  o rg an ism s  s u g g es ted  that  the  concen t ra t ion  o f  a rsenic  in 

the o rgan ism s  is m u ch  h ighe r  than in the seawater.  D ur in g  the  pas t  three 

decades  h igh concen t ra t ions  o f  arsenic  were  found  w i th  m u ch  im proved  

analytical  m e th o d s  in m an y  m ar ine  an im a ls  and  plants.  B io accu m u la t io n  

Factors  (concentra t ion  o f  A s  in fresh o rgan ism s/concen t ra t ion  o f  arsenic  in 

seaw'ater) o f  1000 are  the rules.  In excep t iona l  cases  this fac tor  assum es  

values  o f  200 ,000 .  M o s t  o f  the  m ar ine  o rgan ism s ,  in w h ich  total a rsenic  had 

been  de te rm ined ,  possess  concen t ra t ions  o f  a rsenic  o f  a  few m g /k g  and
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severa l  up  to severa l  h u n d r e d  m g /k g  on  a w e t  m ass  basis  ( I rgolic  e t  al.,

1998).

A lthough  concen t ra t ions  o f  total  arsen ic  can be  h ighe r  in fresh w a te r s  (for 

exam ple ,  in h y d ro the rm a l  areas  and  reg ions  with sulf ide  m inera l iza t ion )  than 

in sea water,  in w h ich  the arsenic  concen t ra t ion  is un i fo rm ly  approx im a te ly

2 ^{g/l. ihey are genera l ly  m u ch  lower  than in sea  w a te r  (U.S. National 

A c ad e m y  o f  Sc iences ,  1977).

High  levels o f  a rsenic  have  been fo u n d  in waters  f rom  areas  o f  thermal 

activity.  T he rm al  w a te r s  o f  N e w  Z ea land  con ta in  up  to 8.5 mg/1, geo therm al  

w a ter  in Japan  con ta in ed  arsenic  levels o f  1.8 -  6 .4  mg/1 and  ne ighbor ing  

s treams con ta ined  abou t  0 .0 0 0 2  mg/l .  T h e  solubi l i ty o f  arsenic  w a te r  is 

usually  con tro l led  by  redox  condi t ion ,  b io logica l  activity and  adsorp t ion  

reactions  (A h m ed ,  2000) .

If a  t ime o f  a rsen ic  c o n tam ina t ion  is a f te r  1975 in Bang ladesh ,  a  probable  

explana t ion  is that  the  c h an g e s  in g eochem ica l  en v i ro n m e n t  d u e  to the high 

w i thdrawal  o f  g ro u n d w a te r  re su l ted  in the d eco m p o s i t io n  o f  pyr ites  to oxide  

iron,  arsenic  su lfuric  acid.  T h e s e  ox ides  are so lub le  in w a ter  co n ta in ing  in 

acid.  In the reduc ing  cond i t ions  be low  the w a te r  table  an d  in the  p re sen ce  of  

o rganic  matter  n o n -p o iso n o u s  ox ides  o f  a rsen ic  are  r educed  to p o isonous  

ox ide  forms. T h e  U K / D F I D  repor t  m e n t io n e d  that  the oxida t ion  o f  arsenic  

pyr ile  is to be a m a jo r  c ause  o f  g ro u n d w a te r  a rsenic  po ison ing  in B ang ladesh  

ra ther  the ‘pos tu la ted  an arsenic  adsorp t ion  and o x y h y d ro x id e  r e d u c t io n ’ 

hypotheses  as the  m a in  cause  o f  g ro u n d w a te r  arsen ic  po ison ing  in 

Bangladesh .  T h e  U K / D F I D  states that  “ a n u m b e r  o f  a n th ropogen ic  

exp lana t ions  has  been  g iven  fo r  the  o ccu r rence  o f  a rsenic  in g roundw ate r .
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whi le  it is poss ib le  tha t  s o m e  m a y  exp la in  isolate cases  o f  arsen ic  

con tam inat ion ,  n one  o f  the  a n th ropogen ic  exp lana t ion  on  a c c o u n t  for  the 

regiona l ex ten t  o f  g ro u n d w a te r  c o n tam ina t ion  in B an g lad e sh  an d  W es t  

Bengal .

3.7 Arsenic in Soil:

The  level o f  a rsenic  in the soils  o f  various  countr ies  o f  the w or ld  have  been 

said to range f rom  0.1 to 4 0  p p m  (A la m  2000) .  It is be l ieved  that  arsenic  

adsorbed  on soil g ra in  u nde r  cer ta in  cond i t ions  causes  g ro u n d  w a te r  

con tam ina t ion  th rough  desorp t ion  (A h m e d ,  2000) .  A rsen ic  in soil  may 

.V. or ig inate  f rom  the parent  mate r ia ls  that  fo rm  the soil and  f ro m  industrial

waste  d i scha rges  o r  agr icul tura l  use  o f  pest ic ides .  A rsen ic  is widely  

d is tr ibuted in soils,  m os t ly  c o m b in e d  w i th  iron,  nickel  go ld  and  sulphar .  Soil 

is an im por tan t  natural  resource  for  m ank ind ,  but it a lso serve  as an 

im por tant m e d iu m  for  the accum ula t ion ,  t rans fo rm a t ion  and  m igra t ion  of  

toxicants .  T h e  total a m o u n t  o f  arsen ic  in soil and  its chem ica l  fo rm s  has an 

im por tan t  in f luence  on  plant  g row th  and  an im al and  h u m a n  heal th  (Nriagu 

and  Azcue , 1990).
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F ig u r e -3 .2 :  C h e n i ic a l  F o r m s  o f  a r s e n ic  an d  the ir  t r a n s fo r m a t io n  in s o i l s  
S o i ir c c  : N a r ig u  an d  A z c u e ,  1 9 9 0

Arsenic  in soils  is liighly mobile ,  re su l t ing  in poss ib le  g ro u n d w a te r  

con tam ina t ion .  A ny  re tent ion o f  arsen ic  in soils  w o u ld  o c c u r  by  adsorption ,  

espec ia l ly  if  the  soi ls  con ta ined  iron a lu m in u m  oxides.  T h e  m o s t  im por tan t 

ores  o f  arsen ic  are  a rsen ic  pyrite,  rea lgar  an d  orp im ent .  T h e  a rsen ic  level in 

soil en r iched  in these  ores  are  often h ighe r  than in no rm a l  soil .  Arsenic  

concen t ra t ions  are  cons ide rab ly  h igh in soil  and  states than  the  ear th  crust  

because  o f  its accu m u la t io n  dur ing  w ea th e r in g  and  t rans loca t ion  in colloid  

fractions.  T h e  sol id  part ic les  (g rains) o f  bo th  igneous  an d  m e ta m o rp h ic  rocks 

often denuda t ion ,  w ea the r ing  and eros ion  w hen  ca r r ied  d o w n  to the 

deposi t ional d o m a in  by transpor t ing  agen ts  like water ,  are te rm ed  as 

sediments .  T h e s e  sed im en ts  under  the in f luence  o f  physica l ,  chem ica l  and  

bio logical  p rocess  are  t rans fo rm ed  into sed im en ta ry  rocks .  A rsen ic  in the 

sed im ents  co u ld  be de r ived  from tw'o processes :  (a) as the  denuded .
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f ragm en ted ,  w e a th e red  and  e roded  part ic les  o f  pa ren t  a rsen ic  bear ing  

minera ls  f rom  the  sou rce  reg ions ,  (b) as adso rp t ion  o f  a rsen ic  in the 

sed im en t  gra ins  coa l ing  f rom  arsen ic  rich aq u eo u s  so lu tion .  A c id  M ine  

D ra inage  ( A M D )  from  largely coal  and  to som e  ex ten t  go ld  m in in g  often 

con ta ins  large concen t ra t ion  o f  both iron and  arsen ic  d u e  to o x ida t ion  of  

pyr ite  p rov ided  there  exists sources  o f  arsenic.  T h e  paren t  m a te r ia ls  o f  soil 

are usually sed im en ta ry  rocks .  D ur ing  the  fo rmat ion  o f  these  rocks ,  arsenic  

is carried  d o w n  by prec ip ita tion  o f  iron hydrox ides  and  su lph ides .  T here fo re  

iron deposi t s  and  sed im en ta ry  iron ores  are rich in arsenic .  In 

unco n tam in a ted  soils  the average  concen t ra t ion  o f  total  a rsen ic  is a few 

m g/kg .  M o s t  p lants  g ro w in g  on  these soils  d o  not a c c u m u la te  a rsen ic  and 

therefore  h a v e  in the ir  t issues arsen ic  at concen t ra t ions  b e lo w  m g /k g  on a 

w e t  mass  basis.  In c o n tam in a te d  areas t is sues  m ay  reach a few  m g /k g  (wet 

mass)  ( I rgolic  e l  al., .1998).  Arsen ic  accum ula to rs ,  for  ins tance ,  the 

m u s h ro o m  L a c c a r ia  a m e ih ys t in a ,  reach concen t ra t ions  o f  total a rsenic  of  

approx im a te ly  100 m g /k g  (dry mass)  ( I rgol ic  e t  al., 1998).  A rsen ic  is be ing 

a d d ed  to soils  in var ious  ways.  A p p ro x im a te ly  41 pe r  c en t  a rsen ic  com es  

f ro m  c o m m erc ia l  p roduc t  was te  o f  the  total a rsenic  added  to soils.  A b o u t  23 

per  cent  c o m e  from  coal  f ly ash and  bo t tom  ash,  14 p e r  cen t  from 

a tm ospher ic  fa llout,  10 pe r  c en t  f ro m  m in e  tail ings,  7 p e r  cen t  f r o m  smelter,

3 pe r  cent  f ro m  agrochem ica l  and  2 per cent  f rom  m a n u fa c tu r in g  urban  and 

fores t  wastes  ( I s lam,  1999).  Soil s  are  a lso concen tra ted  w i th  m u c h  arsenic  o f  

up  to ten to hun d red  ppm ,  c o m p a r e d  w i th  the fresh rocks  o f  the s a m e  type.

Arsen ic  is inc lined to be  concen t ra ted  to the fine g ra ined  beds ,  there  is a 

possib il i ty  that  h igh concen t ra ted  arsenic  is o r ig inal ly  co n ta in ed  in the 

a l luv ium  sediments .  T h e  m e ch a n i s m  reason  fo r  the  co n cen t ra t ion  o f  arsenic
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in f ine g ra ined  sed im en ts  and  soils  be fore  and  af te r  sed im en ta t io n ,  m u s t  to 

be  clarif ied.  Soil s  loca ted  near  smel lers  h a v e  b e c o m e  inadver ten t ly  

c on tam ina ted  as soils  in old o rchards  w here  a rsenica l  sp rays  w e re  repea ted ly  

used som e  years  a g o  and  soi ls  d o w n  w in d  f rom  industria l  sou rces  (N r iagu  

and  Azeua .  1990). A s  m an y  as 33 sites in 13 eco sy s tem s  f rom  Cal iforn ia .  

C o lo rado .  Texas .  South  D ako ta  and  M o n tan a  have  ar.senic co n tam in a t io n  up 

10 218  m g  A s /kg  as m easu red  in soil,  w'ater and  sed im en ts  s am p les  {Islam.

1999). Arsenic  is not static in nature.  O xida t ion ,  reduct ion ,  evapora t ion ,  

m eihy l la t ion  and  adsorp t ion  p rocesses  m a k e  arsenic  ava i lab le  in na ture  as 

with various  c o m p o u n d s  A rsen ic  is a lw ays  p resen t  in soil,  a ir  an d  water .  It is 

in te rchangeab le  in these  m edia .  Arsen ic  is p resen t  every  w h e re  in nature. 

M ain  source  o f  arsen ic  is the  volcanic  rocks  w h ich  t ranspor ted  to the  plain 

land before  d u m p i n g  in sea  by  the r iver sy s tem  f ro m  the i r  ups t ream s  

or ig inated  in the  m oun ta ins .  By this p rocess  f rom  the  th o u san d s  o f  years  

dur ing  flow o f  water ,  these  rocks  b eco m e  c ru sh ed  by the  s t ream  o f  river.
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F ig u r c -3 .3 .  A r s e n ic  C y c l e  
S o u r c e  : A h m a d .  S .K . .  2 0 0 0

Extrem ely  high arsenic  concen t ra t ions  o f  4 6 0 0  m g/kg  h a v e  been  repor ted  in 

the arsenic  hor izon  o f  soi ls  near  minera l ized  ve ins  in Bri t i sh  C o lum bia ,  

C anada .  Soils in areas  su r round ing  geo therm al  act iv ity  con ta in  such  high 

concen t ra t ions  o f  arsen ic  that the heal th  o f  g raz ing  an im a ls  is  ser iously 

affected.  Se len i fe rous  soi ls  o f  South  D ako ta  in the U S  G rea t  P la in s  have  

a rsenic  concen t ra t ions  f rom  7 to 8 mg/kg .  T h e  plants  grov^ing on  these  soils 

sh o w e d  arsenic  concen t ra t ions  from 1 to 4  m g /k g  fresh w e igh t  ( I s lam  1999). 

U n d e r  reduc ing  condi t ions ,  a rsenic  d om ina tes  in soils,  bu t  e lem en ta l  arsenic  

can  a lso be present.  Arsen ic  w'ould be present in w e l l -d ra in ed  soils  as 

arsenite  (H 2ASO4 ' ’) if  the soil is acid o r  as arsena tes  ( H iA s O j" ’) i f  the soil is
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alkaline.  Typ ica l  a m o u n t s  o f  arsenic  in natura l  u n co n tam in a te d  so il s  var ied  

from 5 to 6  m g /k g  in A us t r ia  and  up  to 11 m g /k g  in the  N e th e r l an d s  and 

Canada .  H o w ev e r ,  va r ia t ion  a m o n g  soils  can be great  cer ta in  C hilean  soils  

had 21 to 231 m g /k g  arsenic .  S o m e  regional changes  in a rsen ic  have  been 

found related to  soil mois ture .  Soils der ived  f rom  shates  and  g ran i te s  have 

been show n  to have  e leva ted  arsen ic  concen t ra t ions  o f  up  to 25  m g /k g  and 

Aust ra lian  soils  de r ived  from qiiertzite have  100 to 200  m g/kg ,  resu l t ing  in 

reduced  g ro w th  and  toxicity  sy m p to m s  on  leaves o f  B an n a n a  plants .  A long  

the Eas tern A us t ra l ian  coast ,  "ac id -su lpha te"  soils  have  been  m a p p e d  in 

deltaic and e s tua r ine  sed im en ts  o f  H o locene  age.  T h e s e  soils  co n ta in  iron 

>. sulphides,  e spec ia l ly  pyr ite  (F eS 2), which  ox id ise  and fo rm  su lphu r ic  acid

w hen  they are  d ra ined  o r  d is tu rbed  by  land and  rec lam at ion .  T h e  pyre tic  

soils  originally fo r m e d  in vegeta ted  t idal en v i ro n m en ts  such  as m a n g ro v e  

sw a m p s  (W H O ,  2001) .

Soils to w h ich  cacody l ic  acid  (H ydro x y d im e th y l  a rs ine  ox ide )  w a s  ad d ed  

show ed  that  a rsenic  w a s  ex tens ive ly  (60  pe r  cent)  vo la t i l ized  unde r  

anaerobic  cond i t ions ,  bu t  on ly  35 per cent  w as  lost  under  aerob ic  condi t ions .  

^  Soil  conta ins  4  m g /k g  o f  a rsenic  with an average  b a ck g r o u n d  level  o f  about

7 m g/kg  (N a i r  e t  al.,  2003).

Arsen ic  occurs  na tu ra lly  in the soil.  It is ex t rem ely  preva len t  in the  l andm ass  

o f  the G a n g e s - B ra h m a p u t r a - M e g h n a  ( G B M )  basin  as well  as  in par ts  o f  

Sylhet basin.

Arsen ic  f rom  w e a th e re d  rock  and  soil m ay  be  t ranspor ted  by  w in d  o r  water  

erosion .  H o w ev e r ,  because  m an y  arsenic  c o m p o u n d s  tend to a b so r b  to soils, 

leaching usually  result s  in t ranspor ta tion  ov e r  on ly  sho r t  d i s tance  in soil
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(W elch  et al., 1988).  H o w ev e r ,  r a inw a te r  o r  sn o w m el t  m a y  leach  so luble  

fo rm s  into su r face  w a te r  o r  g roundw ate r ,  and  soil m ic ro o rg a n i s m s  may 

reduce  a smel l  a m o u n t  to vola ti le  fo rm s  (ars ines) ( W H O ,  2001) .

^ O xida t ion ,  reduc t ion ,  adsorp t ion ,  d is so lu t ion ,  prec ip ita tion and  vola tization

o f  arsen ic  react ions  c o m m o n l y  o ccu r  in soil. In the pore  w a te r  o f  aerobic 

soils  arsenate  is the  d o m in a n t  arsen ic  species,  with  smal l  quan t i t ie s  o f  

arscnite  and M M A  in m ine ra l ized  areas.

T he  a m o u n t  o f  a rsenic  so rb ed  f rom  so lu tion increases  as the  free  iron oxide,  

m ag n es iu m  oxide ,  a lu m in u m  ox ide  or  c lay  con ten t  o f  the soil  increases;

X removal  o f  a m o rp h o u s  iron o r  a lu m in u m  c o m p o n en t s  by t r e a tm e n t  with

oxala te  e l im ina tes  o r  a pprec iab ly  reduces  the arsenic  so rp t ion  capac i ty  o f  the 

soil. Barry  e t  al (1995)  e x a m in e d  the adsorp tion  charac te r is t ics  o f  a forest  

soil profile.  T h e  grea tes t  sorp tion capac i ty  for  arsen ic  o c cu r red  al  a dep th  of  

30  cm in the  prof ile,  in the B2 hor izon  w here  there  w as  a  p r e d o m in a n c e  of  

c lay and  o x y d y d ro x id e s  o f  iron and a lum in ium .  A dsorp t ion  o f  a rsen ic  on 

soil co llo ids  d e p en d s  on  the  adsorp t ion  capac i ty  and  b e h a v io u r  o f  these 

co llo ids  (clay,  o x id es  o r  hyd rox ides  o f  a lum in ium ,  iron a n d  m anganese ,

^  ca lc ium  carbona te s  o r  o rgan ic  matter) .  In genera l ,  iron o x ide s /hyd rox ide s

are the m o s t  c o m m o n l y  invo lved  in adsorp t ion  o f  a rsenic  in bo th  ac id ic  and  

a lkal ine soils.  M a n n in g  and  G o ldbe rg  (1997)  s tudied  the  adso rp t ion  o f  

arsen ic  in three  arid zone  soils.  T h e y  found  that  the soil  w i th  the  h ighest  

ci tra te -d ith ionite  ex t rac tab le  iron and pe rcen tage  o f  c lay  h a d  the  highest  

affinity for ar.senite and  arsena te  and  d isp layed  adsorp t ion  b e h av io u r  s imilar 

to that  o f  pure  ferric oxide .  A dsorp t ion  iso therms  ind ica ted  tha t  a rsenate  

species  adso rbed  m o re  s trong ly  than arsenite.
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T h e  surfaces  o f  a lu m in iu m  o x ides /hyd rox ides  and  c lay  m a y  p lay  a  ro le  in 

arsenic  adsorp tion ,  bu t  on ly  in acidic  soils.  C a rb o n a te  m inera ls  a re  ex p ec ted  

to adsorb  in c a lca reo u s  soils,  G o ld b e rg  and  G ia u b ig  (1 9 8 8 )  c o n c lu d e d  that  

carbonates  p lay a m a jo r  ro le  in arsenate  adsorp tion  at p H >  9. P h o sp h a te  

substant ia lly  su p p re sses  a rsena te  adsorp t ion  by soil,  with the e x ten t  o f  the 

suppi 'ession va ry ing  f rom  soil to soil. Roy  et a!. (1996)  fo u n d  that  the 

adsorp tion  o f  a rsena te  w as  s ignif icantly  reduced  by com pet i t ive  in te rac t ions  

with phospha te  in three  d i f feren t  soil types  (clay,  silt loam  and  ultisol) . 

Dar land  and Inskeep  (1997)  found  that  p hospha te  e f fec t ive ly  c o m p e t e d  with 

arsena te  for adso rp t ion  si tes on  sand  in ba tch  iso therms  as well  as in 

sa tu rated  tr anspor t  s tudies.  T h e  phospha te  com pet i t ion  w as  not,  how ever ,  

suff ic ient to de so rb  all o f  the  app l ied  arsenate  e i ther  in s im u l tan eo u s ly  

applied  pulses ,  o r  in a co lu m n  w here  a rsena te  w as  app l ied  be fo re  a 

concentra ted  pu lse  o f  phosphate .  A p p ro x im a te ly  4 0  per  c en t  o f  the  app l ied  

arsenate  rem a in ed  so rbed  to the  sand  even  after the  total p h o sp h a te  loading  

exceeded  the c o lu m n  capac i ty  by  m ore  than tw o  orders  o f  m ag n i tu d e .  The  

authors  conc luded  tha t  rates o f  arsenate  desorp t ion  play  an im p o r tan t  ro le  in 

t ranspor t  o f  a rsena te  th ro u g h  porous  media .  E lkha t ib  et al. (1984)  fo u n d  that 

a rsenite  adsorp t ion  w as  not revers ib le ,  with on ly  smal l  a m o u n t s  o f  sorbed  

arsenite  re leased  d u r in g  su b seq u en t  desorp t ion  p rocedures .  N o  s ign if ican t  

corre la tion w as  fo u n d  be tw een  arsenic  adsorp t ion  and  soil  o rgan ic  c a rb o n  or  

cat ion exchange  c apac i ty  (CEC).

Jones  et al. (1997)  found  that  increased mobil i ty  o f  a rsenic  af te r  l iming 

appears  to be  cons is ten t  with the p H  d ep en d en ce  o f  sorp tion reac t ions  o f  

arsen ic  on iron ox id e  m inera ls  ra ther  than d isso lu t ion-prec ip i ta t ion  reactions  

o f  solid metal  arsenates.
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Saka ta  (1987)  repor ts  d is t r ibu t ion  coeff ic ien ts  (K4 ) fo r  a rsen i te  fo r  15 

subsurface  soils  f rom  d i f fe ren t  s i tes  in Japan  with K4 va lues  r a n g in g  f rom  75 

to 1200. T h e  d is t r ibu t ion  coef f ic ien t  w as  s ignif icant ly  co r re la ted  w i th  the 

extractable  iron co n ten t  o f  the  soils.

Precipita tion is a n o th e r  m e c h a n i s m  o f  arsen ic  rem o v a l  f r o m  soil. 

T h e rm o d y n a m ic  ca lcu la t ions  s h o w e d  that in acidic  ox ic  and  su b o x ic  soils, 

iron arsenate  m ay  contro l  a rsen ic  solubil i ty,  w hereas  in anox ic  soils,  sulf ides 

o f  arsenite  m ay  contro l  the concen t ra t ions  o f  the d is so lved  a rsen ic  in soil 

solutions.  In alkal ine,  ac idic ,  ox ic  and  sub o x ic  soils, p rec ipa t ion  o f  b o th  iron 

arsenate and  ca lc ium  a rsena te  m ay  l imite  arsen ic  c o n cen t ra t io n s  in soil 

solutions.  C a rey  et al. (1 9 9 6 )  s tud ied  the  sorp t ion  o f  arsen ic  in tw o  free- 

dra in ing  sandy  soils  in N e w  Zea land .  T h e y  c o n c lu d ed  tha t  a rsena te  sorp tion 

occur red  p r im ar i ly  th rough  adsorp t ion  ra ther than a prec ip i ta t ion  

mechanism.

M an y  soil o rg an ism s  are  c apab le  o f  conver t ing  a rsena te  and  a rseni te  to 

several  reduced  forms, la rgely  m e thy la ted  ars ines  w h ich  are  volati le.  It was  

p roposed  that abou t  1 2  pe r  cent  o f  the arsenic  applied  and  p resen t  in a soil is 

lost th rough  vola ti l ization o f  a lkylars ines  each  year. W o o lso n  an d  Isensee  

(1981)  report  total losses  o f  14-15 per  cen t  pe r  yea r  f rom  soil t rea ted  with 

sod ium  arseni te ,  D M A  or  M M A .  M o s t  o f  the  loss w as  th rough  vola ti l isa tion,  

a l though  s o m e  apparen t  loss w a s  caused  by m o v e m e n t  to o r  m ix in g  with 

subsoil .  S andbe rg  an d  Allen  (1975)  e s t im ated  an arsen ic  loss o f  17-35 per 

cent  per y e a r  th rough  vola tizat ion.  S an fo rd  and  Klein (1988)  repor t  that 

a rsenic  vola ti l ization s h o w e d  a d irect  re la t ionsh ip  with  nutr ien t  levels  and 

microbia l  g ro w th  in soil.
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Leaching  does  no t  a p p e a r  to be  a s ignif icant route  o f  a rsen ic  loss  f rom  soil. 

Arsen ic  as M M A  w as  ap p l ied  to three  soil types  o v e r  a 6  y e a r  period.  

Percen tage  recovery  o f  app l ied  arsenic  averaged  67 per  cent,  57  p e r  c en t  and

39 per  cent  in a f ine s an d y  loam, a sill loam and a  s an d y  loam  soil 

respectively .  All o f  the arsenic  recovered  in the soils  w a s  d e tec te d  in the 

p loughed  layer  (<  30  cm )  w i th  no ev idence  o f  leaching  in to  d e e p e r  zones.  

El fv ing  et al. (1994)  m on i to red  the m o \ e n i e n t  o f  a rsenic  fo l low ing  the 

applicat ion o f  lead a rsena te  to fruit orchai 'ds for insec t  control .  T h e  rate o f  

decrease  in co n cen t ra t ion  o f  a rsenic  with depth  w as  s ign if ican t ly  g rea te r  in a 

sandy  soil than in c lay ,  sugges t ing  that  d o w n w a r d  m o v e m e n t  o c c u r re d  less 

readily  in the  former .  It w a s  s tud ied  the  vertical  d is tr ibution o f  a rsen ic  in six 

con tam ina ted  o rcha rd  soils.  M o s t  o f  the  arsenic  w as  res tr ic ted  to  the  u ppe r

4 0  cm ,  with m a x im u m  arsenic  concen t ra t ions  rang ing  f rom  57 .8  to 36.3 pe r  

cent  m g/kg .  A bso lu te  soil en r ich m en t  with a rsenic  o c c u r re d  to dep ths  

be tween 45 and  >  120 cm ,  with arsen ic  concen t ra t ions  o f  5.3 - 47 .3  mg/kg  

and  120cm. T h e  au thors  state tha t  the  d eep e r  m o v e m e n t  fo u n d  in this study 

c o m p ared  with m an y  o thers  is d u e  to h igh loading  ra tes  o f  lead  arsenate ,  

coanse soil texture ,  lo w  o rgan ic  m at te r  con ten t  and  use  o f  i r r igat ion.  T h e  use 

o f  phosphate  fert i l izers s ign if icantly  increases  the a m o u n t  o f  a rsen ic  leached 

from  soil c o n tam in a te d  w i th  lead  arsenate  pes t ic ide  residues .

It w as  found that  at soil  Eh levels  o f  20 0  and  50 0  m V  arsenic  so lubi l i ty  was 

low and the  m a jo r  part  (65-98  per  cent)  o f  the  arsenic  in so lu t ion  was 

arsenate .  U n d e r  m odera te ly  reduced  soil condi t ions  (at  0  an d  - 1 0 0  m V )  

arsen ic  solubil i ty  was con tro l led  by  the d is so lu t ion  o f  iron oxyhydrox ides .  

Arsen ic  w as  co-precip i ta ted  as  arsenate  with  iron o x y h y d ro x id e s  and 

re leased on  solubil izat ion.  O n  reduc t ion  to - 2 0 0  m V  the so lub le  arsenic
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conten t  increased to 13 t im es  w ha t  it w a s  at 50 0  mV.

Richardson et a!. (1 9 7 8 )  m on i to red  su r face  ru n o f f  o f  arsenic  f rom  a fine 

montmor i l lon i t ic  c lay  af te r  appl ica t ion  o f  arsen ic  ac id  for des icca t ion  o f  

collon iCdssypiiiii) h irsu tu m ) .  T h e y  ca lcu la ted  that  ap p rox im a te ly  7 pe r  cent 

o f  the am oun t  app l ied  w o u ld  be t ranspor ted  f rom  the w a te rshed  by  runof f  

and erosion.  38 per  cent  in solut ion and  62  p e r  cent  a u ac h e d  to sed im ent .

h  w as  ca lcu la ted  an av e rag e  half-l ife o f  6.5 =  0.4 years  fo r  arsenic  

pers is tence on  tw o  N e ther lands  soils  a f te r  app l ica t ion  o f  arsenite.

3.8. A rsenic  in B en ga l Delta:

B angladesh  o c cu p ie s  the  m a jo r  por tion  o f  the Bengal  basin.  N ear ly  85 per 

cent  o f  the recent s ed im en ts  o f  B ang ladesh  have  been  d ep o s i t ed  by  alluvial  

and  deltaic p rocesses  o f  the  m igh ty  rivers  l ike  the G anges ,  the B rahm apu t ra ,  

the M eg h n a  and  the  Tees ta .  T h e  Bengal  Del ta  p la ins  is charac te r ized  by  a 

thick success ion o f  f luviat i le  sed im en ts  pe r ta in ing  to Q u a te rn a ry  age.  The  

arseniferous  belts  located  in the  U p p e r  Del ta  Pla ins  (U D P )  are  mostly  

charac te r ized  by  c o m p le te  o r  t runca ted  cyc les  o f  f in ing u p w a rd  sequences  

dom ina ted  by c o u rse  to m e d iu m  sand, silt and  c lay  sed im en ts  (B ha t tacha rya  

et  al., 1998). A rsen ic  c o n tam in a te d  d r in k in g  w a te r  in the  G a n g e s  de l ta  o f  

B angladesh  is n o w  recogn ized  as one  o f  the  w o r l d ’s largest  env i ronm en ta l  

heal th  problems. T h e  p ro b le m  o f  arsenic  c o n tam ina t ion  in g ro u n d w a te r  in 

the vast  tract o f  a l luvia l  aquifers  in Benga l  Del ta  Pla in is a sub jec t  o f  global 

concern  and  k n o w n  to have  a ffected  a popu la t ion  o f  ab o u t  38  mil l ion  in 

W es t  Bengal  a n o th e r  4 0  mil l ion  in d i f feren t  distr icts o f  B an g lad e sh  (A C IC ,  

1998).  Aziz ian  et al., (2002)  d isc loses  that  the  arsenic  p ro b le m  n o w  facing 

the Bangladeshi peo p le  in the G an g es  and  B ra h m ap u t ra  d e l ta  regions .  In
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1999 M iah ,  M .A .  U nivers i ty  o f  A rkansas ,  U .S .A .  repo r ted  tha t  p r io r  to the 

1970 hundreds  o f  th o u san d s  o f  peo p le  in 2 8 0 0  vi l lages  o f  G a n g e s  Delta  

dr ink w ater  f rom  2 8 0 ,0 0 0  h a n d -d u g  well  (B r idge  and  H usa in ,  2000) .

The  m ap  o f  a rsenic  c o n tam in a te d  region (M a p  3.2) s h o w s  that  high 

con tam inated  areas are fo u n d  in the  c a tc h m e n ts  o f  the G anges .  B rah m ap u t ra  

and M eg h n a  r i \ ’ers. T h i s  f ind ing  has sugges ted  by  Bridge  and  H usa in  (2000) 

and  ihey have  s trong ly  sugges ts  that  there  were  mul t ip le  sources  o f  arsenic  

in the above  m en t ioned  areas.

R ega rd ing  g e o m o rp h o lo g ic a l  units ,  the m os t  arsen ic  c o n tam in a te d  g round  

w ater  is found benea th  the  M e g h n a  R iver  F loodpla in  and  M e g h n a  Estuarine  

Floodplain.  T h e  types  o f  .sediment depos i ted  in the  de l ta  reg ion  have  been 

s trongly  in f luenced  by globa l  c h an g e s  in sea  level d u r in g  the  ple is tocene  

glaciations .  Fo r  ex am p le ,  “ sea  level w as  m ore  than 100m  low er  at  the  peak 

o f  the last Ice A ge  a ro u n d  18,000 years  ago. At that  t im e  the m a jo r  r ivers  cut 

deep ly  incised valley  into the  sof t  sed im en ts  o f  the delta.  All o f  the  highly  

con tam ina ted  g ro u n d w a te r  o c c u r  in sed im en ts  depos i ted  s ince  that  t ime, 

w h i le  those sed im en ts  p reda t ing  the low sea level s tand  con ta in  little o r  no 

a rsenic  c o n tam in a te d  g ro u n d w a te r” (B r idge  and  Husa in ,  2000) .  Arsen ic  is 

only  found in g ro u n d w a te r  d raw n  from  the  H o lo c en e  G a n g e s  and  

B rah m ap u t ra  a lluvia l  s ed im en ts  w hereas ,  o lde r  sed im ents ,  ou te r -opp ing  as 

the M a d h u p u r  and  B ar ind  T rac ts  in central  and  north  w es te rn  reg ions  conta in  

arsen ic  free g ro u n d w a te r  (N ickson .  1997).
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Map-3.2: Arsenic Contaminated Region in the Bengal Delta. 

Source: Bridge and Husain, 2000
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T h e  G an g es -P a d m a ,  the  B r a h m a p u i r a - J a m u n a  an d  the  M e g h n a  r iv e r  sys tem s  

dra in  a huge  a reas  o f  land ou ts ide  the  te rr i tory  o f  B an g lad e sh  car ry  2.4 

bil l ion tons o f  sed im ents ,  a part  o f  w h ich  is depos i ted  in the  f lood  plains 

each  year.  T h e  av e rag e  arsenic  concen t ra t ions  o f  sed im en ts  f rom  the  river  

G anges .  B rah m ap u t ra  and  M e g h n a  are 2.0,  2.8 and  3.5 m g /k g  respectably ,  

while  arsen ic  concen l ra i ion  in r iver w a te r  is less than 3 ^g/1 (A h am ed .  

2002) .  The  G a n g e s -B ra h m a p u t r a - M e g h n a  ( G B M )  has been  ex tab i i shed  that  

the “you n g e r  r idge” , the geo log ica l  stre tch o f  land w h ich  is re la tive ly  young  

-  less than 10 ,0 0 0  years  o l d -  are part icula rly  prone  to a rsenic  con tam ina t ion .  

But o lder  than a reas  are  a lso  s h o w in g  up  on  the  c o n tam in a te d  m a p  lead ing  to 

the theory that  the w a te r  that  has  w ash ed  the  de l la  for  th o u san d s  o f  years  is 

highly  arsenic  laden and  w h e rev e r  that  w a te r  has  gone ,  the  land has  been 

affected.

Both the arsenic  c o n ten t  o f  B ang ladesh  sed im en ts  (0 .4 -10  m g  kg"') and  their  

minera logy  are typica l  o f  y o u n g  alluvia l  and  delta ic  sed im en ts  tha t  con ta in  a 

w ide  var ie ty o f  minera ls  re flecting their  d ive rse  source  rocks .  T h e r e  is no 

need to specu la te  on  a un ique  geologica l  source  o f  h igh a rsen ic  rocks  

s o m ew h e re  u ps t ream  o f  Bangladesh .
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S h a h n e w a z  (1999)  revea ls  tha t  severa l  hy p o th ese s  h a v e  b e en  pu t  fo rw arded  

to expla in  the re lease  m e c h a n i s m  o f  arsenic  in g r o u n d  w a te r  o f  the  Bengal  

Basin.  T h e  ear ly  hy p o th ese s  inc luded  an th ro p o g en ic  sources  such  as 

agrochem ica ls ,  industria l  w as tes  an d  w o oden  e lectr ic  po les.  A c co rd in g  to the 

pyrite  oxidation hypo thes i s ,  a rsenic  is re leased  to g ro u n d w a te r  d u e  to 

ox id au o n  o f  pyr i le /a rsenopyr i te  con ta ined  as p o ck e t  depos i t s  in the  aquife r  

sounds  {Ahmed,  2000).

T h e  S O E S  (School  o f  E n v i ronm en ta l  S tud ies ,  J a d a v p u r  Univers i ty ,  India) 

has p roposed  that  in W es t  Bengal  arsenic  is re leased  by ox ida t ion  of  

a rsenopyr i te  p resen t  in the  sed im en ts  and  the ox ida t ion  is c au se d  by  an 

ingress  o f  oxygen  d u e  to low er ing  o f  the  w a te r  table  o v e r  the  last  decades ,  

S O E S  has sugges ted  the  s o m e  m e ch a n i s m  for  Bang ladesh .

T h e  iron o x y h y d ro x id e  hypo thes i s  p resen ted  at the  1998 c o n fe ren ce  (A h m ed  

et al.. 1988; R avenscro f t  &  A h m e d ,  1998) and  p ub l i shed  later on  (N ickson  et 

a!., 1998; N ickson  et al., 2000, A h m e d ,  K .M .  2003)  exp la in s  the  possible  

source,  t ranspor ta tion  and  re leased  m e ch an ism  o f  a rsen ic  in the  Bengal  

Basin.  Th is  is con tro l led  by the  sed im enta t ion  his to ry  o f  the  bas in  an d  can be 

concep tua l ized  as sh o w n  in F igure  3.5.
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QUATERNARY SEDIMENTATION & ARSENIC ACCUMULATION IN THE BENGAL BASIN

Source area Major Rivers Bengal Basin

R e d u c i t o n  of i ron  o x y h y d r o x id e  c a n  b e  r e p r e s e n t e d  b y  t h e  fo l low ing  r e a c t i o n s  

F e O O H  + H2 O <— > Fe** + 3 0 H '

If a r s e n i c  is s o r b e d  o n t o  t h e  iron  o x y h y d r o x i d e  m o le c u le ,  t h i s  b e c o m e s  

F e O O H  (Hn A s"-)  + H jO  Fe^* + H n A s " '+ S O H '

F ig u r e -3 .5 :  S o u r c e ,  T r a n sp o r ta t io n  a n d  R e le a s e  o f  A r s e n ic  in B a n g la d e s h  
S o u r c e :  A h m e d ,  2 0 0 0

3.9. G eoch em istry  and H yd rocliem istry  o f  A rsenic:

Arsenic  is a po ison  o m nip resen i  ins ide  the  earth.  A rsen ic  that  c o m e s  to the 

surface  th rough  explo i ta t ion  o f  nature  such  as agr icultura l  irr igation, 

w i th d raw in g  u n d e rg ro u n d  water ,  geo therm al  p o w e r  p lants  o r  min ing ,  has 

ser iously  c o n tam in a te d  the  env i ronm en t .  A cco rd ing  to the  e ra  genesis,
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arsenic  or ig inates  as a hypo the rm a l  depos i t  w h ich  is sa id  to hyd ro the rm a l  

depos i t  fo rm ed  at  grea t  dep th  and  in the  t em pe ra tu re  o f  300°  - 500°C  (Khan, 

and  A h m e d ,  2002)

G eo ch em is t ry  o f  arsenic  is m os t ly  o f  C a ( M g )  H C O . r  type  w i th  few 

N a H C O . r  type  and  ra re ly  N a d  type.  T h e  d issoc ia t ion  o f  A s  (III) and  A s  (V) 

acids  is quite  d i f ferent  and  can  be quanti f ied  by the  equ i l ib r ium  cons tan ts  o f  

d issoc ia t ion  (pK a .  i).

H.^AsOa ^  H 2A s 0 4 ’  +  l - r ;  p K a , l  = 2 . 1 9

H . A s 0 4 “ ^  H A s 0 4 -“ + ; p K a ,2  =  6 .94

HA.s04 - ‘  ^  As04- '‘  + H ^ p K a , 3  = 11.5

H 3ASO3 ^  H . A s O . r  +  ; p K a , l  -  9 .20

Others  are not know n.

T h e  redox reaction  o f  the A s( I I I ) /A s(V )  sys tem  can  be d e sc r ib ed  e ffect ively  

by the fo l lowing  equation.

H , A s 0 4  +  2H^ +  2 e ‘  H .AsO.,  + H .O ,  E*’ =  +  0 .56V

H ydrogeo log ica l ly  arsenic  c o n tam ina t ion  occu rs  w'ithin the  u nconf ined  

shal low aquifers ,  w h ich  o ccu r  with in  a few  meters  f ro m  the  g r o u n d  surface.  

M ost  o f  the h and  tube  wel ls  abst rac t  w a ter  f rom  this aquifer .
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4. S T U D Y  A R E A :

4.1. Introduction:

B angladesh  is fac ing  the  la rgest  m ass  po ison ing  in the  h is to ry  o f  m a n k in d  in 

the arsenic  p o iso n in g  in g roundw ate r .  T h e re  is a d is t inc t  geograph ica l  

dis tr ibution o f  arsenic  with the grea tes t  concen t ra t ions  in the  sou th  -inid 

southeas t  an d  the  smal les t  concen t ra t ions  in the north and  n o r th w e s t  o r  

B angladesh .  A b o u t  57 mill ion people  o f  B ang ladesh  are d r in k in g  w a te r  from 

shal low tubew el l s  that  con ta ins  harmful  concen t ra t ions  o f  arsenic .  T he  

g rou n d w a te r  o f  B ang ladesh  part icula rly  d raw n  from  sh a l lo w  aquife rs  has 

been  found to be  c o n tam in a te d  with arsenic  and  s o m e  a reas  in R am gan j  

U paz i la  o f  L a k s h m ip u r  Dis tr ic t  has been  identi fied  as a h igh ly  a f fec ted  area. 

U n d e r  the  research ,  invest iga tion  on  the  p ro b le m  w as  m a d e  in t h e  v i l lage  of  

A uguankh i l ,  A b h i ra m p u r ,  C h an d ip u r ,  Panpara ,  R asu lpu r ,  Q u a sh im p u r ,  

Bazar,  T a m ta ,  A n g a rp a ra  and  R u d ra ra m p u r  o f  th is  upazila .  Fo r  an 

unders tand ing  o f  the  p rob lem ,  a  test  geologica l  hole  w a s  dri l led ,  de ta i led  log 

has been  prepared ,  sed im en t  have  been  sam pled  fo r  labora to ry  analyses.  

Before  the test  dri l l ing,  f ield trip was  m a d e  to test  the  w a te r  f r o m  tubewel ls  

with arsenic  field test  kit  and  a lso m easu red  som e  o th e r  p a ra m e te r s  and 

collected  w a te r  s am p les  fo r  labora to ry  analyses.  D u r in g  the  dr i l l ing ,  f ield 

part isans  tested  w a te r  o f  ear l ier  se lec ted  tubewel ls  to o b se rv e  var ia tion.
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4.2. Location o f  the Study Area:

T h e  s tudied a rea  is located  u nder  the  R am g an j  U paz i l l a  o f  L a k h s m ip u r

Distric t  o f  Bang ladesh .  A n d  lies be tw een  lati tude 23°  0 5 '  0 "  N  an d  23°  15' 

0 "  N and long i tude  90'" 4 5 '  0 "  E  to 91° 0 '  0"  E. T h e  is on  c o d e d  in the 

S urvey  o f  B an g lad e sh  T o p o g r ap h ic  Sheet No. 79  I / I 6  in the  sca le  o f  1: 

50 .0 0 0  and site o f  the geo log ica l  test drill hole  is N 23°  5 '  4 8 "  a n d  longitude  

90°  50 '  25"  E.

4.2.1. Extent o f the Study Area:

T h e  s tudy area  is b o u n d e d  on  the  north  by  Shahrasti  and  Fa r idgan j  upazi las 

o f  C h a n d p u r  dist r ic t  on  the  eas t  by Chatkh i l  upazila  o f  N o a k h a l i  dis tr ic t  on 

ihe south  by L a k s h m ip u r  S a d a r  upazila  and  on  the  w es t  by  R a i p u r  upazila  

and  Faridganj upaz i la  o f  C h a n d p u r  district.  T h e  s tudy area  is ve ry  c lose  to 

the M e g h n a  River.

4.2.2. Accessibility o f the study area:

Sam pl ing  and  field su rvey  is an impor tan t  part  o f  any  research .  All the 

sam pl ing  and  fie ld  su rveys  accom pl ised  in the “ R am g an j  U p a z i l a ” were  

concen t ra ted  in the  nearness  o f  the  “U pazi la  H ead  Q uar te r" .  T h e  s tudy area  

occup ies  an a rea  o f  69.31 sq. kilometre .  T h e  s tudy  a r e a  is well  

co m m u n ic a te d  w i th  the  Capi ta l  city D haka ,  Div is iona l  c i ty  C h i t t a g o n g  as 

well  as the dis tr ic t  tow n  L a k s h m ip u r  by m ean s  o f  na tional reg iona l  h ighw ay  

and  the bus  se rv ices  are avai lab le  f rom  the  m en t ion  places .  T h e  Upazi la  

Head  Q uar te r  is a smal l  to w n sh ip  and  access ib le  by  m e ta l led  road  f ro m  the 

ditr ict  head  q ua r te r  and  o th e r  places.  S o m e  o f  the v i l lages  c lose  to the 

U paz i la  H ead  Q u a r te r  has go t  road connec tion .  M o s t  o f  the  r e m o te  vil lages
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o f  the U paz i la  is p o o r  access ib le .  T h e  v il lage  areas  are cha rac te r ized  b y  high 

h om es tead  levels  nex t  to low agr icultura l  lands,  but w h ich  are  n o t  f looded  

every  year ,  o n  a c c o u n t  o f  em b an k m en t .  L ack  o f  well  road ,  th r o u g h  the 

vi l lages m a k e  access ib i l i ty  par ticula rly  difficult .

4.3.  P h y s i o g r a p h y  o f  t h e  S t u d y  A r e a  :

The  area  lies in the  sou thern  part  o f  the T ip p a ra  Surface  c o m p r i s in g  the  high 

flood plain g e o m o rp h ic  unit  ( Rashid .  1991) , and  the  C h a n d i n a  Delta ic  

Plain ( Bakr,  1979). T h e  e leva t ion  o f  the ranges  are f rom  3 m  to 4 m  above  

the mean  sea  level (a.m.s . l) .  T h e  hole  si te lies in the po lde r  a rea  cons t ruc ted  

by  B ang ladesh  W a t e r  D e v e lo p m e n t  B oard  .

4.4.  Soil  o f  t h e  S t u d y  A r e a  :

T h e  soil o f  the  upaz i la  has  a lluvia l  sed im en t  o f  recen t  orig in  w i th  a d m ix tu re  

o f  sand  and  c lay  in va ry ing  propor tion .  It is lying in low parts  o f  the  M e g h n a  

es tuar ine  t loodp la in .  fo rm ed  a lm os t  level al luvial  land with in  the  M e g h n a  

estuary.  T h e  soi ls  on  the  south  are  sl ightly ca lcareous  and  so m e  are  sa line  in 

va ry ing  degree .  In the  north  it has non-ca lca reous  b ro w n  soil  o f  the  old 

M e g h n a  es tua r ine  f loodplain .

4 .5 .  C l i m a t e  o f  t h e  S t u d y  A r e a  :

T h e  upazila  has  a  m i ld  tem pera tu re  and  high humid i ty .  T h e  s u m m e r  beg ins  

f rom  April  and  con t inues  till the midd le  o f  June.  T h e  m o n s o o n  c o m m e n c e s  

from the  e n d  o f  J u n e  and  con t inues  till the  middle  o f  O c tober .  T h e  dry 

w in te r  starts f rom  N o v e m b e r  and  cont inues  up to  the end  o f  F eb rua ry .  The  

m a x im u m  an d  m in im u m  m ean  tem pera tures  dur ing  the w in te r  va ry  f rom  

2 7 . 1 X  to 12.4°C. d u r in s  su m m er ,  the m a x im u m  an d  m i n i m u m  mean
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tem pera tu re  va ry  f ro m  3 3 .0 ° C  to 25 .5°C .  T h e  level o f  h u m id i ty  is  a ro u n d  79  

p e r  cent  in J an u a ry  a n d  a ro u n d  9 0  per cent  in July .  T h e  an n u a l  ra in fa ll  o f  the 

zila recorded  in 1996 w as  2 7 0 9  mill imeters.

4.6. Vegetation of the Study Area:

L a k sh m ip u r  and  its upaz i la  R am g an j  is the coastal  a rea  at the f r inge  o f  the 

Bay o f  Bengal with vast  c h a r  land o f  recen t  or igin in the  South .  T h e  plant 

life if  conf ined  genera l ly  to varia tions  be long ing  to the  lo w e r  G a n g e t ic  plain 

and  o f  o ther Dis tr ic t  in the  southern reg ion  o f  the country .  E x c e p t  the 

G o v e rn m en t  sp onso red  affores ta t ion  p ro g ram  for the coasta l  bel t  the re  is no 

o rgan ized  fores try  in the district .  H o w e v e r  all h o m e s tea d s  are  usually  

cove red  by d e n se  a n d  lush green  foliage o f  w id e  varie ty o f  trees.

In the  fa rmlands ,  varie ties  o f  c rops  n am ely  local and  H Y V  rice, ju te ,  

vegetables,  spices ,  pu lses ,  o il seeds ,  etc. are  p roduced .  R ice  c o v e r s  about 

majori ty  percen t  o f  the  g ross  tem porary  c ropped  area.

M ost  o f  the trees g r o w n  in h om es tead  fores ts  are  fruit  bear ing .  M an g o es ,  

a l though  poo r  in quali ty ,  g r o w  in abundance .  A lm o n d  o r  b a d a m  is unusual ly  

c o m m o n .  O th e r  c o m m o n  trees are  G a b  (D iaspy ros  em b ry o p te r i s ) ,  Jam  

(E ugen ia  j a m b o la n a ) ,  P lum ,  T a m a r in d  o r  ten d ,  Jackfrui t ,  Jalpai  (E laeoca rpus  

serrat ius),  w o o d  app le  or  be!  (aegle  m arm elos ) ,  C h a lta  (D i l l en ia  indica),  

Boro i  or  kuU G u a va ,  etc.  B a n a n a  is seen a lm o s t  e v e r y w h e re  bu t  the i r  quali ty  

is ra ther poor.  Litchi, K am ranga , A ta , H aritaki, A m lo k i ,  etc.  g row  

abundantly .  Ju ice  o f  G a b  fruit m ixed  with charcoal is used  in c o lo r in g  boats 

and  st iffening fi sh ing  nets.

Indigenous  t im ber  trees  inc lude  Korol, Slial K oro i  (A lb iz ia  procera) ,  G arjan  

(D ip terocarpus  spec iosa) ,  J a n d  ( la rgers t roem ia  speciosa) ,  S h im id  (Salmal ia ) ,

102

Dhaka University Institutional Repository



etc. H ow ever ,  va r ious  exo t ic  trees  l ike  Teak, M a hagon i,  Sissii,  etc.  have  

been  in t roduced  as  w a y s id e  trees as well  as farm fores try .  M a n d a r  

(Erythrina  indica),  a th o rn y  tree  m os t ly  used  as fuel and  fenc ing ,  is  seen  in 

a lmost every  h o u seh o ld  forest . Shiiuiil and  K a d a m  t rees are  ve ry  c o m m o n  

and are pre te rred  for  m a n u fa c tu r in g  matchst ick .  T he  fruit  o r  Sh iin id  o r  

kdrpas  is u sed  for s tu ff ing  mat t resses  and  p i l lows  and  has  a  si lky 

appearance .  N e w ly  in t roduced  trees inc lude  Eiicalyptit.s a n d  Pine.

M a n g o  w o o d  is not good  as a t imber,  but o w in g  to its be ing  in ab u n d an c e ,  it 

is much used. T h e  w o o d  o f  T a m a r in d  and  KnI  is hard  g ra ined  an d  o f  good  

quali ty.  T he  A m a h a s  is u sed  for  house  and  rough  furniture.  J a n d  is u sed  for 

boat build ing an d  pil lars  o f  house.

T h e  luxuriant g ro w th  o f  p a lm s  is the  m os t  charac te r is t ic  fea tu re  o f  the 

vegetation.  S iipar i  (A reca  C a tchu )  p lan ta tions  are m ore  and  m o re  abundan t  

towards  the nor th  an d  the w es t  o f  the upaz i la  and  g row s  a lm o s t  in forest.  

C ocoanu t  o r  n a r ike l  are  g ro w n  abundan t ly  th roughou t  the  upazi la .  T oday  

pa lm s  or  Tal (B oras sus  flabell iformis)  and  Date  pa lm s  o r  K h e jn r  are  also 

very c o m m o n .  D a te  p a lm  is a va luab le  tree. T h e  ju ic e  is e x t rac t red  and  made  

into gnr, the leave  are  m ade  into mat. T al  w o o d  is used  for  pos ts  o f  houses  

and  o ther  bu i ld ing  purposes ,  leaves  are  used  fo r  m a k in g  la rge  fans .  Siipari  

a n d  N arike l  are  g o o d  sou rce  o f  h ouseho ld  income.

S hady  trees inc lude  B an y a n  o r  b a t  (F icus  indica) ,  P ip a l  (F icus  re l ig iosa )  and 

N im  (A zad i rach ta  indica).  T h e re  are severa l  varie ties  o f  canes ,  a  g o o d  deal 

o f  b am b o o  o f  d i f feren t  varie ties  and  tha tch ing  grass  o r  c ld ian  a l th o u g h  their  

plan ta tions  are  g radua l ly  decreas ing  steadily .  U se  o f  b a m b o o  is w idesp read  

such  as post  and  fenc ing  o f  houses ,  m a k in g  o f  baskets  and  t rays  o f  various
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kinds.  B e t  is used  fo r  m a k in g  baske ts ,  b ind ing  and  tha tch ing .  In the  m arsh es  

are found S o la  (A e s c h y n o m e n e  aspera  Linn)  and  S ita lp a ti  (P hryn ium j  

d i scho tom um ) w h ich  is ex tens ive ly  use  m ak in g  var ious  types  o f  m a ts  and 

baskets.

4.7. Fauna of the Study Area:

O w in g  to the ab sence  o f  o rg an ized  fores t  and  o ther na tural  cond i t ions ,  any 

kind o f  large o r  m e d iu m  c a r m iv o r a  are  no  longer  seen in the  dis t r ic t  as well  

as R am gan j  upazi la .  H o w ev e r ,  the  fo l lowing  m a m m a ls  are  still seen  the 

L i p a z i l a  a l though  the i r  n u m b e r  is gradua l ly  decreas ing :  J a c k a l  (Canis  

aurcas i .  F o x  (V u lp e s  bengalens is ) .  La rge  Indian C ive t  o r  B a g d a s  (V iverra  

zibetha),  O t ta r  o r  U d  (L u t ra  penpic i l la ta),  Irraw addy , Squirre l,  K a t  B iral  

(CoHosciurus  pyge ry th rus ) ,  Bengal  m o n g o o s e  o r  B eji  (herpes tes  

auropuncta tus ) ,  d i f feren t  k ind  o f  rats and  several  species  o f  bats.

A h n o s t  all varie ties  o f  birds tha t  are seen  all ov e r  B an g lad e sh  are  also 

c o m m o n ly  seen in R am g an j .  Raptoria l  birds inc lude  K ing  V u l tu re  o r  

Sliakiiii (T rogos  calvus) ,  L a n n e r  Falcon  or  B a j  (Faico  b ia rm icous ) ,  Marsh  

Harr ie r  o r  G o ch ila  (C i rcus  aerug inesus) .  Par iah  Kile  o r  C hee l  (Milvus  

migrans),  several  spec ies  o f  stork like P o n d  Heron  o r  K aiii B o g a  (Ardeo la  

grayii) .  Cat t le  Eg re t  or  G o  B o g a  (B abu lcus  ibis) and B lack  B i t te rn  o r  K ala  

B oga  (D upe te r  Plovicoll i s) ,  c ro w s  and  K ing  Fisher ,  etc.  D u c k s  are 

represen ted  by  a n u m b e r  o f  spec ies  inc lud ing  w in te r  m ig ran ts  l ike  G reen leg  

goose  (A iiser  anser). R a jh a n s  (A nse r  indicus),  the P iia i l  (A nas  acu ta )  and 

som e  o ther  dom es t ic  species .  W a te r  b i rds  inc lude  the  Lit t le C o r m o r a n t  or 

P a n ka w ri  (P h a lac roco rax  niger),  W ate rh en  or  D a n k  (A m auro rn i s  

phonicurus) ,  w a te rco ck  o r  ko ra  (Gall ic rex  cinera).
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M an y  k inds  o f  co lourfu l  an d  s ing ing  birds  are seen  in the  upazila .  T hese  

inc lude  the na tional b i rds  R ob in  M ag p ie  (C o p sy cu s  sania r is ) ,  K okil  

(E u d y m am y s  sco lapacea) .  O r io le  o r  H a lde  Pakhi (Orio lus  X an tho rnus ) ,  

K ingcrow  o r  F inga  (D ic ru rns  ads im il is ,  {M yna  (S lu rnus  m a labar ica ) ,  S ha lik  

(Acr idolheres  tristis), R ed v e n te d  B u lb u l  (P ycnono tus  cafer) ,  T unlun i  

{Orilnomus su tharus) .  S h a ina  (C. malabar icus) ,  S p a r ro w  (Passer

domest icus) .  F lo w e rp e c k e r  (D ic a c u m  ery lh rochyiichos) ,  B a b u l  ( f am o u s  for 

artistic nest  b u i ld ing  on  the  b ranches  o f  h igh  pa lm trees),  severa l  species  o f  

pheasan ts ,  quails , p ig e o n s  a n d  doves.

The  repti les inc lude  d i f feren t  spec ies  o f  snakes ,  l izards and  tortoises .  T he  

snakes  inc lude  d i f feren t  varie ties  o f  Cobra ,  U rgabora , D u g h d a b o ra ,  

K u ch ia h o ra  an d  Jiu labora ,  ail po isonous .  T h e  l izards  inc lude  gecko ,  calotis ,  

wall  l izard a n d  m o n i to r  l izard. T h e re  are am ph ib ians  l ike  toad, f r o g s  a n d  

tree frogs .

There  are m a n y  species  o f  sea  and  fresh w ater  fish avai lab le  in the  district  

and  R am gan j  upazi la .  T h e  list o f  the varie ties  is too  long to f ind p lace  in this 

volume. A l though  L a k s h m ip u r  is a coas ta l  distr ict  bu t  m o s t  o f  the  supply  

c o m es  f rom  po n d s  and  tanks ,  cana ls  and  low lying areas  inunda ted  by  rain 

water,  P o p u la r  var ieties inc lude  the  carp  tr ibe  (Cypr in idoes) ,  R ulii t  (Labeo  

ruhita),  K a ta l  (C a t ia  buchanan i ) ,  M rig e l  )Cyrrh ir ia  mr iga la )  a n d  K a la b a u sh  

(L abeo  ca lbasu) ,  A irh  (M ystusaur) ,  T engra  (M acrones )  o f  severa l  types,  

M a g u r  (C lar ious  m agur ) ,  S in g i  (S accob ranchus  fossil is)  and  K o i  (A nabas  

scandens  o r  c l im bing  perch)  are cons ide red  to be de l ic ious .  Sliol 

(C hannas t isus) ,  B o a l  (W a l lag o n ia  atru),  G a za r  (C h a n n a  m aru l iu s )  and  

P a b d a  are ava i lab le  in ab u n d an ce .  P raw n ,  cry fish ( icha)  and  c rabs  are  also 

found M uralla , Punti, K hoksha . Bain  and  C hela  are smal l  f ish and  are  found 

all over  the d is tr ic t  in abundance .
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Exot ic  f ishes  l ike g ra ss  ca rp  (C te ro p h a ry a g o d en  idellus),  S i lv e r  C arp  

(H ypo th o lm ich th y s  moli tr ix),  Telap ia  (T i lap ia  m o s su m b icu s ) ,  N ilo tica  

(O reochrom s  nilo licus),  etc.  h a v e  a lso  been  in t roduced  for  c o m m erc ia l  

pisciculture  in p o n d s  and  tanks.

4.8.  G e o lo g y  o f  t h e  S t u d y  A r e a :

L akshm ipur  up a z ila  is s i tua ted  in the coastal  belt  o f  sou theas te rn  

Bangladesh,  c lose  to the p re sen t  cou rse  o f  the M eg h n a  r iver sy s tem  and 

d o w n s t ream  o f  its c o n f lu en ce  with the  J a m u n a  and  G a n g es  rivers.  The 

surface  geo logy  com pr i se s  in the  south ,  al luvial  silt and  c lay  an d  t idal  deltaic 

deposi ts  which  are part  o f  the active  M e g h n a  flood pla in ,  an d  in the  north,  

C h an d in a  A l lu v iu m .  T h e  C h a n d i n a  A l lu v iu m  is c o m p o s e d  o f  y e l lo w  brow n 

(partly ox id ised)  o r  g rey  silt an d  c lay  and  is m ore  conso l ida ted ,  than the 

active  f loodpla in  sed im ents .  T h e  sur face  is e leva ted  re la tive  to the  active  

f loodpla in  and  rad iocarbon  d a t in g  sugges ts  that  its depos i t ion  c e a s e d  during 

the middle  H o lo cen e  (A lam  et al., 1990).  It was p roposed  a tw o - fo ld  d iv is ion 

o f  the C h an d in a  Form at ion  b ased  o n  borehole  records .  T h e y  de f ined  an 

uppe r  unit, inc lud ing  ca. 3 m  o f  surface  c lay  (C h an d in a  A l luv ium ) ,  underla in  

by ca. 30  m o f  grey  m icaceous  sand  with  occas ional th in  peat  beds .  S om e  

boreholes  f rom  this hor izon  d ischa rge  m e th an e  (A h m e d  et  al., 1998).  It was 

a lso desc r ibed  a  low er  unit  o f  dark  grey m icaceous  s an d y  silt  con ta in ing  

brackish  g ro undw a te r .  T h e s e  are  under la in  by fu r ther  s an d y  depos i t s  o f  

unknow'n age.

In the sou thern  part  o f  the  upazila ,  al luvia l  and  de lta ic  s ed im en ts  o f  the 

active  M e g h n a  f loodpla in  are  c o m p o se d  p redom inan t ly  o f  in te r - layered  grey 

to yellow'ish-grey fm e  m ic a ce o u s  sand  and  grey c lay  and  silt. Surface
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horizons  are usually  o f  si l t o r  clay .  T h ree  main  aqu i fe r  units  h a v e  been 

descr ibed  in the  sequence :  an  u p p e r  unit  ex tend ing  d o w n  to a b o u t  8 0  m 

depth ,  a second  unit  b e tw ee n  ab o u t  100 m  and  130 m  and  a lo w e r  unit  at 

g rea ter  than ca.  2 5 0  m,  e x ten d in g  to ca.  35 0  m ( D P H E / B G S / M M I . ,  1999). 

All are separa ted  by c lay  and  silt layers. T h e  lower  unit  is be l ieved  to be the 

Dupi Tila  Form at ion ,  but the s t ra tigraphy at this depth  has  not been  well-  

charac treri sed.  T h e  su b su r face  re la t ionsh ip  be tw een  the  sed im en ts  o f  the 

active  f loodpla in  and  the  C h a n d i n a  Form at ion  is a lso no t  well  unders tood .

Sedim ents  recovered  f rom  the  co red  log o f  alluvia l  s ed im en ts  at L a k s h m ip u r  

reveal  a large deg ree  o f  ver tical  sed im en t  he te rogene i ty ,  par t icu lar ly  at 

shal low dep ths  (<60) .  In te rbedded  layers o f  silt and  fine sand  typica l ly  jus t  

a few cen t im ete rs  th ick  o ccu r  in this interval and  m us t  g ive  rise  to 

considerab le  he te rogene i ty  o f  g ro u n d w a te r  f low on a local  scale.  Sil ts  and 

fine sands  (g rey  and  b ro w n ish  g rey)  p redom ina te  in the  co re  prof ile  d o w n  to 

around  85 m  dep th  with a coar se r  sandy interval at  6 0 -7 0  m. R ad ioca rbon  

analys is  sugges ts  that  s ed im en ts  d o w n  to a round  7 0  m  dep th  are  genera l ly  

a round  10,000 years  B P  or  less. Peat occurs  at a ro u n d  7 6 -7 7  m  depth  

( rad iocarbon age  > 4 0 ,0 0 0  year s  BP) .  B e tw een  85 -1 5 0  m,  s ed im en t s  are 

m o re  c o m m o n ly  g rey  m e d iu m  and  coarse  sands.  B e l o w  this,  g rey  si l ts  o ccu r  

d o w n  to the base  o f  the  prof ile  at 153 m. R ad ioca rbon  d a ta  a re  d if ficult  to 

interpret  in the low er  m os t  part  o f  the  profile:  sed im en ts  at a ro u n d  80  m 

dep th  give rad iocarbon  ages  o f  a round  35 ,000 -38 ,000  years  B P  w h i ls t  in the 

depth  interval 92 -1 3 8  m,  the  age  dates  (3 sam ples )  are  less than 13 ,000 BP. 

The  prof ile  does  not  penetra te  as far as the  d e ep  aqu i fe r  u sed  for 

g ro u n d w a te r  abstrac tion  an d  so age  re la tionships  o f  the  d e e p e r  l i thologies 

remain  unknown.

107

Dhaka University Institutional Repository



mr mmii

N

A
2$

U tM e e tT  CONFORMAL PROJECTDN 
SCA1£ 1 :1 0 0 0  000 

» __________ 50.

0  2S

7S 100 KAOMCTRES

One c«i««n«n tQuXs ippramnuMr 10 
On* intti «qiuH 4pproma(«^ 15.7B mte

Map-4.2: Geological Map Lakshmipur District and Adjoining Areas. 

Source : Alam, M.K. et. al. 1990 { Ex-Director General, GSB)
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G ro u n d w a te r  is abs t rac ted  f r o m  sandy  sed im en ts  in the C h a n d i n a  Form at ion  

and  tlie al luvia l/deltaic  s equences  o f  the active  f loodplain ,  as well  as f rom  

the deep  low er  aquifer.  G r o u n d w a te r  levels in both  d e ep  an d  shal low 

lubewell s  are genera l ly  shal low,  j u s t  a metre  o r  tw o  be low  g r o u n d  level. 

G roundw a te r  qua l i ty  is s ign if icant ly  im pac ted  by salinity and  the  salinity 

N'ariation with depth  is c o m p le x  ( Jensen ius  and  R ahm an .  1997), H ow ever ,  

absU'aciion is p r inc ipa l ly  f rom  tw'o dist ric t  dep th  ranges:  < 2 0  m an d  > 1 7 0  m. 

Few  tubewel ls  abs t rac t  from the in te rmedia te  depth  range b e ca u se  o f  the 

presence  o f  b rack ish  o r  sa line  g ro u n d w a te r  in this interval.  T h e  dep th  o f  the 

g roundw ate rs  f rom  the  uppe r  aqu i fe r  is sha l low er  than in the o th e r  Special  

S tudy Areas.  T h e re  is thus  a large dep th  d i f ference  be tw een  the  sh a l lo w  and 

deep  aquifers  u n d e r  in ves t iga ' ion  in L a k s h m ip u r  and  there  is  un l ik e ly  to be 

hydraulic  connec t ion  be tw een  the  two.

4.8.1. Geological Setup:

The  area  u nde r  the  s tudy  lies in the sou thern  part  o f  the Bar isa l  C h a n d p u r  

Grav i ty  High and  the  c o r re sp o n d in g  Ha t ia  T ro u g h  w h ich  has  the  th ickest  

sed im ent  c o lo u m n  o f  m ore  than 30  km  in the world  (G uha ,  1978).  It is noted 

that  the area  l ies in the sou the rn  o f  Barisal  G rav i ty  High  ( R a h m a n  et  al., 

1990). T h e  t rough  is g rea t ly  subs id ing  It is to note  that  are  l ies in be tw een  

tw o  deep  dr il l ing  si tes one  in B eg u m g an j  Antic line  and  a n o th e r  in Muladi .  

A nt ic l ine  in the  w es t  and  Feni  deep  dri l l ing site is very  c lose  to the  area.  All 

these geostructu ral  features  have  im pacts  in the g ro u n d w a te r  f low ,  recharge  

and  storase .
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4.8.2. Description Geological Cross Sections:

F or  an unde rs tand ing  o f  the  ex ten t  and  na ture  o f  the aqu ife rs  an d ,  aquife r  

mate ria ls  tw o  geo log ica l  c ross  sec tions  (G C S )  have  been  m a d e  o n  the  basis 

o f  the subsurface  g e o lo g y  as  en co u n te red  in the deep  dr il l ing in the  Feni 

Anticl ine ,  B eg u m g an j  A nt ic l ine  by the P e t robang la  , bore  ho les  d o n e  by  the 

Bangladesh  W a te r  D e v e lo p m e n t  Board  and  the Project  Drill  H o le  and 

pr ivate ly  o w n ed  tube  well  borings .  G eolog ica l  C ross  section A - A /  represen ts  

geological  log in the bore  hole  C o m i l ! a - 9 l ( B W D B ) ,  A ugunkh i l  (P D H ) ,  Feni 

and  B egum gan j  ( Pe t robang la )  . T h e  Geolog ica l  C ross  Sec t ion  B-B / 

represents  the geo log ica l  logs  at  Com il la -91  (B W D B ) ,  A u g u n k h i l  ( PD H ) ,  

R asu lpur  (T W ) , B e g u m g a n j  &  Feni (Petrobangla) .  G C S  A - A  /  s h o w s  that 

there  are tw o  aquife rs  nea rby  the  M e g h n a  r iver in the  p ro b ab le  H o lo cen e  

sed im ents  w h ich  are be in g  trunca ted  in the  eas t  and  runs  in the  eas t  o f  

Augunkhi l .  A n d  at dep th  ano the r  aqu i fe r  is con t inu ing  in the  east .  It appears  

that  this aquife r  is the  con t inua t ion  o f  Dupi  T i la  Sands tone .  In the  sec t ion  a 

thick aquitard  is p reva i l ing  in b e tw een  the area  b e tw een  A u g u n k h i l  and  

B egum gan j  and  it s h o w s  vir tual ley  very  poor  aquife r  condi t ions .  In the  east  

o f  the section there  preva i les  a th ick  aqu i fe r  unde r  a few m er t res  aquitard.  

T h i s  aquife r  l i tho logica lly  fo rm s  the  D up i  T i la  Sands tone  that  over l ie s  the 

G iru jan  Clay.  T h e  G C S  A - A  /  sh o w s  that  there  is good  poss ib i l i ty  deep  

aquife r  in the area.  T h e  G C S  B-B /  depic ts  the  s imi la r  condi t ion .  T h e  Sonne  

M iss ion  on the Bay  o f  Benga l  has  found  T o b a  Volcan ic  Ash  beds  (75 ,000

B.P) well  p rese rved  in the sed im en ts  in the Bay  o f  Bengal  and  in the  Indian 

Ocean. T o b a  V o lcan ic  A sh  m igh t  have  con tr ibu t ion  in the s ed im en ts  that  

h ave  been  depos i ted  af te r  this grea t  e p isode  o f  vo lcan ic  activity.
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4.9. Lithology of the Study Area:

T h e  obta ined dr i l l ing  d a ta  f rom  the  B eg u m g an j  Ant ic l ine  s h o w s  that  

sed im en t  c o lo u m n  rang ing  in age  f rom  Pl iocene  to H o lo cen e  is  m o r e  than 

700  in th ickness.  G r o u n d w a te r  resources  are  used to o ccu r  in th is  sed im en t  

co loumn.  So fa r  k n o w n ,  the  g ro u n d w a te r  in the sha l low  aqu i fe r  has  been  

found to be c o n tam in a te d  with arsenic  but the g ro u n d w a te r  f rom  the  deep  

aquife r  has been  fo u n d  to be safe d r ink ing  water .  T h e  geo log ica l  data  

obta ined f rom  the  test  drill ho le  in A ugankh i l ,  da ta  ob ta ined  in rega rds  o f  

shal low as well  as d e ep  tube  wel ls  and  that  f ro m  the  d e ep  dr i l l ing  for 

hydrocarbon  exp lo ra t ion ,  the  genera l ized  geologica l  success ion  is as 

follows:
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Table-4.1: Geological Succession in Ramganj Area, Lakshmipur 

District, Bangladesh

j.

F orm ation L i t h o lo g ic a l  L i t h o l o g y  unit T h ic k n e s s  
in m etres

H y d r o g e o ­
lo g ic a l

A g e

A lk i \ ' iu m i. S a n d y  s i l t ,  c l a y e y  s a n d y  
s i l t .  s i l t ,  s a n d y  c l a y e y  silt,  
g re y ,  u n c o n s o l id a t e d

10 A q u ic lu d e H o l o c e n e

h. S a n d ,  f in e  to  m e d iu m  
g r a in e d ,  g r e y ,  
u n c o n s o l id a t e d

2 A q u if e r

g . S a n d ,  f in e  g r a in e d ,  c l a y  
s i l t ,  s i l t  w i t h  m ic a s ,  
u n c o n s o l id a t e d

2 A q u ic lu d e

f. S a n d ,  f in e  g ra in e d ,  
u n c o n s o l id a t e d

1 A q u if e r

e .S a n d y  s i l ty  c lay,'  m i c a c e o u s  
w it h  b r o w n  m a te r ia ls ,  
u n c o n s o l id a t e d

9 A q u ic lu d e

d. S a n d ,  f in e  to  m e d iu m  
g r a in e d ,  dark  g r e y  
m ic a c io u s

2 A q u i f e r to

c.  S a n d  v e r y  f in e  g r a in e d ,  
s i l ty  c l a y ,  s i l ty  sa n d ,  
m ic a c e o u s ,  u n c o n s o l id a t e d

3 0 A q u ic lu d e

b. S a n d ,  f in e  to m e d iu m  
g r a in e d ,  u n c o n s o l id a t e d .

1.5 A q u i f e r L ate

a. S i l t y  c l a y ,  c la y ,  
u n c o n s o l id a t e d

17 .5 A q u ic lu d e Q u atern ary

(U nconfo rm i ty )

D u p i T i la  S a n d  g r e y ,  m e d iu m  g r a in e d .

C o n s o l id a t e d  

B ased  ; B ased  is no t  kn o w n

15 A q u if e r P l i e c o n e
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A fl/RG

DETAILED GEOLOGICAL LOG OF TE S T HOLE DRILLED UNDER THE S T U D Y  
GROUNDWATER ARSENJC CONTAMINATION : GEO-ENVIRONMENTAL ANALYSIS

VIDoge- Augankhali Upozila* Ramgong DisfrtcT-Lakhsmipur

Co-ordif>ote : Lotitude N 2 3 «5  37-2 — Longitude 90*50 15-5 E

Depth In 
M/Ft.

I

Uthoiogic 
section 

2

Uttw logic 
unit

3

Uthology

4

Hydrogeo.
unit

5

Formcrkxi 

6

Age

7

Comment 

8

MSL

10-

I&-

20-

2»-

30-

ss- f *

Sondy s lit  ; L ight yellowJsn 9rey, 
con to ln t humous,(Oft.

C loyey sondy s ilt : Grey to light 
ytilow lth  gr«y, 
so tt(N B -| 3). 

Sandy t l i r  : L ight ye llow lth  grey, 
m icdceous, s o f t .

S ilty sand : L igh t g r * y ,  v«ry ftn« 
groined,micoccMt soft

C lay ty  s ilty  sond : L igM  grey.

Clayey sandy s ilt : Light g re y , 
very soft.

Sondy c loyey  s ilt : Grey with 
patches sF 

yehowish tfn ts,dark 
minerols present.

Aqulc lude'l

S ilty  sand : Grey, fine grelned^ork 
coloured mlneroli present;
ttiff(Ne-e).

Sand : Srty, fine grained,micoceout, 
dork coloured

H
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40

iO

45

SO

•t»

IZ

55

eo

t* 13

14

IS

6 5

16

TO

17

75

eo le

19

minerals p re se n t.

Clo/ey send and silt : Dork grey 
with micas 

layer, medium soft ( N B -6 )

Sana : Ytllowlsn g rey,fine groined, 
mieoeeous, dork caiojred 

m in e ra ls  p re se n t.

Clayey sand : Gr«y,<ine grained.mlca- 
ccous,stiff (St I f f  (\8 -l4 )

Sond Yellowlsn grey,fine grained,
m icoc tou t.d a rk  colored mine­
rals present.

Sondy Clay : Dark g r iy , micaceous 
organic m oterisis present 
soft.

Sondy cloyey s lit ; Grey, softfNB 3-5 
Sandy silty ckiy : Light brown, 

micoceous.

Sand witn a band of cloyey i l i i ,  
fine to medium groined,mieoeeous 
s t if f  < N B -:i)

S ilty sand : Yellowish grey,medium 
to ffne groined,mlcoceou

Sand : Light grey, medlvm

To

AquicludeH

AauHer-1
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Deptn
M/Ft.

Lirho logic 
secrion

Lrthologic
unit LiThology

Hydrogeo
unit Formotion Age Comment

90 -

9 3

100-

lO S -

lO O -

C ( / m »

IIS

120-

1 2 5 -

130—

' c i / f n t

1 3 9 -

1 4 0 -

20

21

23

2 4

29

- cs/rhC 2 6

i i . ' . 27

Sond : G riy  m td lum  grain.

Sand : Y t llo w , f in *  to m td lu m
grolntd.with m icas,itltflN B -lS

Sand : Light ycDow, fln« to m td ljm  
gra ln«d.

Sond : Grey, cocrs* ta rrwdlum 
grained, grains a r t ongulor.

Sand : S rcy , coorsc gro ined,
green, black and brick red 
coloured inlnerols pre ient,

Aqulclude>l
A qu i'(e r-2

Sand : Y e llow , coarse to medium 
g ro ined ,

Sand : L igM  yellow, coo rie  to 
medium gra ined ,stiff 

{Ne-I8l.

U n e o n fo rm lty___ _ ________ _

Sandstone : Pink, m assive ,tine  
grained s t i f f  (NS-141.

A q u ir* r-2

A gu lc lud*

M

0 P liocene
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Depth
M/FT.

Liltiobglc
section

Lrthologic
unit Lithology

Hydrogeo
unit Formatior Age Comment

140

145-H

1 5 0 -

I5S—

t6 0 -

• -f*

165-

28

2 9

30

Sandstone : Grey, m os>lve,coorie 
grained verjr s t i f f  
(NB-161.

Sondstone : Grey, coarse groined.

AguicIude-2

A q u lfe r -3

Sondetone ; Grey, massive,coorse 
to medium gra ined, 
s t i f f  (N B -I4 I.

A q u ife r-3

E X P L A N A T I O N

Sand S ilt Cldv

. ‘m s*.
• « •  — .  -  , _  _  ^  _ _ _  _  ~

Fine gro in Medium grain Ccarse groin

F ig u r e - 4 .3  : G e o l o g i c a l  L o g  o f  T e s t  H o l e  D r il led .
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4.10. River System of the Study Area:

T h e  rivers  f lo w in g  th ro u g h  the  z ila  and  R am g an j  upaz i la  a re  the  M e g h n a ,  the 

Dakatia .  the S h a b a jp u r  and  the  Jas i rdona .  T h e  w ides t  M eg h n a ,  separa tes  the 

L a k sh m ip u r  f rom  Bar isal  zila. T h e  M e g h n a  and  the D aka t ia  are  nav igab le  

througboii t  the  year .  Total  length  o f  the  rivers  f lowing  o v e r  the  z i la  is abou t  

118 kms. With  an area  o f  ab o u t  32 2  sq .kms.  W h ich  is 22 .65  pe r  c en t  o f  total 

a rea  o f  the zila.

4.11. Population of the Study Area:

T h e  area  o f  the  s tudy area  is 169.31 sq. k i lom e te r  and  it has  a  popu la t ion  o f  

238 ,333  o f  w h ich  114.,363  are  m a les  and  123,970 are  females .  T h e  sex  ratio 

o f  the  upazila  is 9 2  m a les  p e r  100 fem a les  as agains t  91 m a le s  p e r  100 

females  in 1981. T h e  decada l  popu la t ion  g row th  rate  is 20.91 p e r  c en t  and  

annual  c o m p o u n d e d  g ro w th  rate  is 1.92 p e r  cent.

In the upazila,  there  are 43 ,9 9 5  households .  In all, 13 o f  th e m  are  tribal 

households .  D is t r ibu t ion  o f  h ouseho lds  by  type  sh o w s  that  there  are 98 .39  

per  cent  d w e l l ing  units,  0 .26  p e r  cent  ins ti tutional units  and  1.34 p e r  cent 

o the r  units.

T h e  average  h o u s eh o ld  s ize  fo r  the  upaz i la  is 5 .4  pe rsons ,  fo r  rural  a rea  the 

size is sam e  i.e. 5 .4  an d  for  urban  area  the  s ize  is  sl ightly  big  i.e. 5.6.  T h e  

househo ld  size in dw e l l ing ,  ins ti tu tiona l and  o th e r  units  are  5.4 ,  4 .2  a n d  1.8 

pe rsons  respect ively.

In the upazila,  9 1 .4 4  p e r  c en t  o f  the d w e l l ing  h o useho lds  use  tubewel l ,  0.09 

per  cent  use tap,  0 .29  per  cent  use  dug-wel l ,  8.01 p e r  cent  use p o n d  and  0.17 

per  cent  use cana l / r ive r  as m a in  source  o f  d r ink ing  water.
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In R am gan j  upazi la ,  10.81 p e r  c en t  o f  d w e l l in g  h o u seh o ld s  h a v e  sanitary 

latrines with 9 .98  p e r  c en t  in rural  a rea  and  2 0 .2 4  per  cent  in urban  area.  A 

total o f  80 .04  per  cen t  o f  the  h ouseho lds  h a v e  non-san i ta ry  la tr ines  with 

82 .06  per  cent  in rural  a rea  and  69 .02  p e r  c en t  in urban area.  In th is  upazila,  

9.15  per  cent  o f  the  h o u seh o ld s  have  no  toilet facil it ies.

R am gan j  M unic ipa l i ty  a long  w i th  e ight  un ions  o f  the upazila  have  been  

brought  unde r  Rural  E lec t r i f ica t ion  P ro g ra m m e.  So far, 4.13 per  cent  o f  the 

total househo lds  and  3 .48  pe r  cent  o f  dw elH ng  hou.seholds repor ted  to have  

e lectric i ty connec t ion  in the  en t i re  upazila.

In Ranganj upaz i la  6 7 .4 4  per  cent  o f  the  d w e l l ing  househo lds  o w n  and  32 .56  

p e r  cent  do  no t  o w n  agr icultura l  land. P e rcen tage  o f  o w n e r sh ip  o f  

agricultural  land is 60 .65  p e r  cent  in urban a rea  as agains t  68 .69  p e r  cent  in 

rural area.

In the upazi la  4 1 .1 5  p e r  cent  o f  the  d w e l l in g  h o useho lds  d e p e n d  on 

agr iculture  as the  m a in  source  o f  h o u seh o ld  in co m e  with 23 .06  per  c en t  on 

cult iva tion/share  c ropp ing ,  0 .92  per  cent  on l ivestock, fo res try  an d  fishery,

0 .08  pe r  cent  on  p isc icu l tu re  an d  17.09 pe r  c en t  as agricultura l  labour.  O ther  

sources  o f  h o u seh o ld  in co m e  are  non-agr icu l tu ra l  l abou r  (3.31 p e r  cent) ,  

bus iness  (17 .06  p e r  cent)  an d  e m p l o y m e n t  (22 .85  per  cent) .  In urban  area, 

main  sources  o f  h o u seh o ld  incom e  are bus iness  (26 .15  per  cent),  

e m p lo y m e n t  (20 .67  p e r  cent) ,  non-agr icu l tura l  l abou r  (3 .84  p e r  cent)  and 

agriculture  (31.25 p e r  cent).

T h e  li teracy is 45 .0  p e r  c en t  for both  sexes ,  49 .2  pe r  c en t  fo r  m a le  a n d  41 .4  

pe r  cent  for female .  In case  o f  urban  area,  it is 46 .2  pe r  cen t  for  bo th  sexes,  

50 .9  pe r  cent  fo r  m a le  and  4 1 .4  p e r  c en t  fo r  fem a le  w h ich  are  h ighe r  as
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c o m p a r e d  to the  co r re sp o n d in g  ra tes  in rural  a rea  o f  4 4 .8  pe r  c e n t  for  both 

sexes ,  48 .8  pe r  cen t  fo r  m a le  a n d  4 1 .4  pe r  c en t  fo r  female .  In the  upazila ,  the 

l i teracy is the  h ighes t  i.e. 49 .8  p e r  cen t  in D a rb esh p u r  un ion  an d  the  lowest

i.e. 41.3 pe r  c en t  in B h a d u r  union.

T h e  c h i ld -w o m a n  ratio  (Chi ld ren  0 - 4 /W o m e n  15-49) p e r  th o u san d  fo r  the 

upazila.  rural and  urban areas  are 738 , 74 7  and  688  re spective ly .

School  a t tendance  al the age  g r o u p  5 -24  fo r  male  is 56 .5  p e r  c e n t  and  for 

fem ale  is 44 .8  p e r  cent.  T h i s  sh o w s  increases  ov e r  the  1981 f igures  o f  38.6  

pe r  c en t  and 23 .8  pe r  cent  respective ly .

In the upazila,  34 .54  per  cent  o f  the  popu la t ion  are be low  10 year s  o f  age. 

A m o n g  the popu la t ion  o f  r g e  10 years  and  ov e r  27 .48  pe r  c e n t  are not 

work ing ,  2 .60  per  cent  are  look ing  for  w ork ,  40 .43  p e r  cent  are  en g ag e d  in 

househo ld  w o r k  and  the r e m a in in g  29 .49  per  c en t  are w ork ing .  T he  

d is tr ibution o f  w ork ing  peop le  sh o w s  agr icu lture  (14 .63  per  cent) ,  industry  

(0 .46  per  cent) ,  water ,  gas  &  elec trici ty  (0 .04  per  cent) ,  co ns t ruc t ion  (0.58 

per  cent) ,  t ranspor t  and  c o m m u n ic a t io n  (0 .89 p e r  cent) ,  bus iness  (5 .52  per 

cent) ,  serv ices-  se l f -em ployed  (0 .69  per  cent)  and  others  (6 .67  p e r  cent).

Urbaniza t ion:  R am g an j  M un ic ipa l i ty  is the  on ly  urban  a rea  o f  the  upazi la .  It 

consis ts  o f  3 w a rds  and  18 m aha l lahs  and  occup ies  an area  3 6 .9 6  sq.  km.
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Table-4.2: Population and Other Variable at a Glance

V

I t e m
199 1 1 9 8 ! G r o w t h  R a t e  ( % )

D e c a d a ! A n n u a l

t .  A R E A

1 11  s q . k m . 1 6 9 .3 1 1 6 9 .3 1

[n  s q . r n i l e s 6 5 . 3 7 6 5 . 3 7

2 . H O U S E H O L D S 4 3 . 9 9 5 3 6 . 8 7 1 1 9 ,3 2 1 ,7 8

R u r a l 3 6 . 9 4 1 3 3 , 8 9 7 8 , 9 8 0 , 8 6

U r b a n 7 . 0 5 4 2 , 9 7 4 1 3 7 , 1 9 9 , 0 2

3 .  H O U S E H O L D  S I Z E  ( D w e l l i n g  U n i l )

T l i a n a 5 . 4 5 . 4 0 . 0 0 0 , 0 0

R u r a l 5 . 4 5 . 4 0 . 0 0 0 , 0 0

U r b a n 5 . 6 5 . 4 0 . 0 0 0 . 3 6

4 .  P O P U L A T I O N 2 3 8 , 3 3 3 1 9 7 J  16 2 0 . 9 1 1 .9 2

M a l e 1 1 4 , 3 6 3 9 3 , 9 8 2 2 1 . 6 9 1 .9 8

F e m a l e 1 2 3 , 9 7 0 1 0 3 . 1 3 4 2 0 , 2 0 1 .8 6

R u r a l 1 9 9 , 1 0 0 1 8 2 , 1 2 2 9 , 3 2 0 . 9 0

M a l e 9 4 , 5 4 2 8 6 , 2 1 1 9 . 6 7 0 . 9 3

F e m a l e 1 0 4 , 5 5 8 9 5 , 9 1 1 9 ,0 1 0 . 8 7

U r b a n 3 9 , 2 3 3 1 4 , 9 9 4 ( + ) 1 6 1 . 6 6 1 0 . 1 0

M a l e 1 9 ,8 2 1 7 , 7 7 1 ( + )  1 5 5 . 0 6 9 , 8 2

F e m a l e 1 9 , 4 1 2 7 . 2 3 3 ( + )  1 6 8 . 7 5 1 0 , 3 9

5 .  D E N S I T Y

P e r  s q . k m 1 .4 0 8 1 ,1 6 4 2 0 . 9 6 1 .9 2

P r e  s q . m i l e 1 ,6 4 6 3 , 0 1 5 2 0 . 9 6 1 ,9 2

6 .  S E X  R A T I O N  ( n V f )

T h a n a 9 2 91 1 . 10 0 .1 1

R u r a l 9 0 9 0 0 , 0 0 0 . 0 0

U r b a n 102 1 0 8 ( - ) 5 , 5 6 ( - ) 0 . 5 7

7 .  L I T E R A C Y  ( 7  Y e a r s  a n d  O v e r )

T l i a n a 4 5 . 0 3 7 . 0 2 1 . 4 9 1 .9 7

M a l e 4 9 . 2 4 4 . 5 1 0 . 4 9 1 ,0 0

F e m a l e 4 1 . 4 3 0 , 5 3 5 . 6 0 3 . 0 9

8 .  S C H O O L  A T T E N D A N C E  (5  t o  2 4  Y e a r s )

T h a n a 5 5 , 4 2 8 2 8 , 8 6 9 9 2 . 0 0 6 . 7 4

M a l e 3 0 , 5 9 5 1 7 , 4 5 7 7 6 . 2 6 5 . 7 7

F e m a l e 2 4 , 8 3 3 1 1 ,4 2 1 1 1 7 . 6 0 8 , 0 9

9 .  U R B A N  P O P U L A T I O N  ( % )  1 9 . 4 6 7 .6 1 1 1 6 . 2 9 8 . 0 2

10. G E O G R A P H I C  U N I T

U n i o n 13 11

M a u z a 1 2 2 1 3 3

V i l l a a e 1 2 6 1 4 0

M u n i c i p a l i t y 1 -

W a r d 3 -

M a h a l l a 18

Source: BBS, 1993
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5. M ETH O D O LO G Y

5.1. Introduction:

An env i ronm en ta l  ana lys is  is co m p r i sed  o f  severa l  steps.  A well  m a rk ed  

research o r  ana lys is  requ ires  the co m bina t ion  o f  the  s am p l in g  an d  prepare  

for  labora tory  analys is ,  the field data  and the  ex is t ing  data ,  p rev ious  da ta  

collection,  f ie ld  invest igation,  da la  organ iza t ion  and  representa t ion ,  

in terpre ta tion a n d  finally  repor t ing  on that  pa r t icu la r  s tudy  area.  S a m p l in g  is 

the p rocess  by w h ich  we c o l l e d  enough  o f  a mate ria l  to adequa te ly  represent 

the system w h ich  w e  wish to characte rize .  T h e  sam p le  sho u ld  rep resen t  both 

the overa ll  concen t ra t ion  o f  w h a tev e r  subs tance  is be ing  m e asu re d ,  a n d  the 

d i s tpbu t ion  o f  the  subs tance  in the system. S a m p le s  m u s t  be  proper ly  

preserved .  S o  that  the i r  com p o s i t io n s  d o  not c h a n g e  be fo re  analys is .  A fte r  

the  s am ples  are  taken , it m u s t  be  p repared  for  analysis.

5.2. M eth od  o f  Se lection  o f  C on tam in ated  T u b ew ells  :

Arsenic  in d r in k in g  w a ter  is the w ors t  p rob lem  at R am g an j  U p az i la  in 

L a k s h m ip u r  dis tr ic t  o f  Bang ladesh .  A c co rd in g  to the  D P H E  informat ion  

m ore  than 60  per  c en t  Sh a l lo w  T u b e w e l l s  are  a ffected  by  g ro u n d w a te r  

arsenic  p ro b le m  in th is  upazi l la.  A  s tudy has taken  M in is t ry  o f  S c ie n c e  and  

Tech n o lo g y  in 2001 ,  it has  p roved  that  m o re  than 80  per  c e n t  Shal low  

Tu b ew e l l s  an d  21 p e r  cen t  people  are  c linical ly  a f fec ted  in th is  area  

(Bhuyian ,  2001) .  Arsen ic  wors t  a f fected  area,  the s tudy has taken  the  study 

upazila.

A t  first, in fo rm at ion  regard ing  geography ,  geo logy ,  h y d rogeo logy ,  

geophysica l  d a ta  and  o the r  re levant da ta  were  co l lec ted  f rom  tha t  part icula r
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s tudy area.  T h e n  a rec o n n a is s an c e  w a s  m a d e  in the  area  w h o  w e re  affected  

by  arsenic  tox ica tion .  D ur in g  the  per iod ,  som e  o f  the  a f fec ted  tub ew e l l  w a ter  

was tested  with a rsen ic  fie ld kits  and  o ther  re levant p a ram e te r s .  W a t e r  was 

co l lec ted  in tw o  phases .  F ir s t  phase  w as  in collected M arch  (dry  season),  

2001 and  s eco n d  phase  was co l lec ted  in June  (wet  season)  2001 .  In second  

t ime  so m e  tubew el l s  w'ere unusable .  So,  il has  taken a n o th e r  w a te r  sample  

f rom near  that place.

5.3. M eth od  o f  D eep  D rilling  L ocation  :

O n  consu l ta t ion  with  the local  peop le  a site w as  se lec ted  for  geo log ica l  test 

dri l l ing.  T h e  test  dri l l ing  w as  d o n e  near ly  the  midd le  po in t  in the  vil lage  of  

A uguankh i l  an d  A b h i r a m p u r  n e a r  a m o s q u e  nearby  m o s t  o f  the  shal low 

tubewel ls  h a v e  been  affected  by  arsenic  c o n tam ina t ion  an d  tw o  deep  

tubewel ls  have  ins ta lled for  supp ly ing  water .  T h e  dep ths  o f  the  tu b ew e l l s  are 

abou t  2 0 0  metres.
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M a p - 5 .1 :  L o c a t i o n  o f  S h a l l o w  T u b e w e l l s  a n d  D e e p  D r i l l in g .

127

Dhaka University Institutional Repository



5.4. M eth o d  o f  Soil S a m p lin g  in the  D eep  D rill in g  L o c a t io n  :

Soil  sam pl ing  is an im p o r tan t  part  fo r  an en v i ronm en ta l  resea rch  w o rk .  T h e  

s tudy  has  co l lec ted  soil s a m p l e  f rom  the test  hole  as fo l lows  :

A. Borhole  soil s am p le  c o l le c ted  in plast ic  sea led  sy r inge  w i th in  poly thene .  

S am ples  have  co l lec ted  fo r  every  five feel cu t t ing  and  w h e n  the  c o lo u r  has 

c h an g e d  in l iquid  soil d u r in g  dri l l ing t ime, s tudied  and  p repa red  in plastic 

con ta iner  bags foi' labora to ry  analysis.

B. After f ive  feel  in te rval,  sed im en ts  were  sam pled  w i th  sam pler ,  a  part  o f  

the  sam p le  w as  spli t ted,  s tud ied  and o the r  part  o f  the  sam p le  w a s  taken  by  5 

inch shringe  and  w a s  p re se rv e d  by w ax ing  so as to pro tec t  m o is tu re  con ten t  

and  o ther ingredients  an d  p re se rv ed  fo r  labora tory  s tudy.  S a m p le  sed im en t  

has  collected  th rough  vert ical  d e ep  dri l l ing  so as to o b se rv e  vert ical  varia tion 

in the sed im en t  co lum n.

C. In addit ion to the  s am p l in g  after f ive feet  s am p l in g  o f  s ed im en ts  w as  

do n e  as w hen  it w as  felt there  w as  s o m e  changes  in texture ,  c o lo u r  a n d  gra in 

size in the l i thology.

D. D ur ing  the  dr i l l ing  o p e ra t ion  a deta i led  geologica l  log w a s  p repa red  

(pp .116-119) .

E. D ur ing  labora tory  analys is  o f  sed im en t  s am ples  aga in  the  s e d im e n t  were  

s tudied  and ad d ed  m o re  in fo rm at ion  if  it w as  found.

F. It has  spread  the sam ples  in largely,  then f rom  each  ten inches  depth ,  one 

sam p le  was r an d o m ly  se lec ted  fo r  analysis.  T h e  chem ica l  ana lyses  d one  for 

those  mate ria ls  are M a g n e s iu m ,  Ca lc ium ,  Arsen ic ,  C hlor ide ,  Iron,  Sulphate  

and  Nitrate.
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T h e  results  o f  the  ch em ica l  ana lyses  have  been  plotted  in the  g ra p h  sheet 

along with Japanese ,  A m e r i c a n  and  Bang ladesh i  s tandard .  It is d o n e  on ly  for  

Arsenic.

5.5. T ech n iq u es  o f  S o c io -eco n o m ic  D ata Collection:

G ro u n d w a te r  arsen ic  c o n tam in a t io n  o f  R am gan j  Upazi la  has been  suspec ted  

to be the b igges t  a rsen ic  c a la m i ty  in Bang ladesh .  W a te r  is the  m o s t  avai lab le  

natural  resource  o f  B ang ladesh .  But  it is no t safe  for  man. E igh t  v i l lages  and  

a c ro w d ed  p lace  (B azar)  w e re  se lec ted  fo r  the  research  w o rk .  O u t  o f  the 

twenty  sha l low  tubew el l s  an d  tw o  d e ep  tubewel ls  were  taken  as  a sam ple  

which  were  h igh ly  arsenic  affected .  Ident if ied  the pat ients  an d  ev e ry  person  

was in te rv iew ed  w h o  w ere  used  those  tu b e w e l l ’s w a te r  in these  e ig h t  s tudied  

vil lages. Person  to pe rson  an d  d o o r  to d o o r  su rvey  w as  c o n d u c t e d  in the 

study area  with a s t ruc tured  ques t ionna i re  on  the basis  o f  se lec ted  soc io ­

eco n o m ic  cond i t ion ,  socia l ly  and  psycho log ica l ly  a f fec ted  arsenicos is  

patients  and  the ir  reaction ,  physica l  cond i t ions  o f  the  pa t ien ts  and 

env i ronm en ta l  variables.

5.6. D eterm in ation  o f  C h em ica l U sed  for  Soil an d  W a te r  D ata  

A nalysis:

T h e  n a m e  o f  the  ch em ica l s  are  g iven  be low  w h ich  is u sed  fo r  Soi l  an d  W ate r  

Data  Analysis .

129

Dhaka University Institutional Repository



Table-5.1: Name of Chemicals

SI. C h e m ic a ls  n a m e S ta te O r ie in G r a d e

1. Arsenic ( A S ; 0 0 Fine E.M erck  (G erm any) G PR

2 A m m on ium  Purpuraie Solid B D H  (E nsland) G R

3 A m m on ium  Chloride (NH^Cl) Solid E.M erck (Germany) GR

4 A m m on iu m  acetate (N H jO A C )  

(Buffer iron)

Liquid B D H  (England) AnalaR

5 A m m nium  (N H jO H ) Concentrated B D H  (Ensland) GPR

6 Barium Cliloride (BaCl^) Solid E.Merck (G erm eby) GPR

7 Cliloroform Liquid B D H  (England) GPR

« D i-sodium  Salt (E D IA ) Solid E.M erck (India) GPR

9 Ethyl A lcohol Liquid E.M erck  (Germany) GPR

10 Olycrine Concentrated Bangladesh N S C

11 Hydroxylam ine hydrochloride  
(NH^OH H C U

Solid E .M erck  (Germany) GR

12 Hydrochloric acid (HCL-<) Liquid B D H  (England) AnalaR

13 Lead acetate Solid E.M erck (G erm any) GPR

14 Morpholine Liquid E.M erck (G erm any) AnalaR

15 Nitric acid (H N O i) Concentrated B D H  (England) AnalaR

16 Orihophenanthroline Solid B D H  (England) G PR

17 Potassium chrom ate (KiCr^Oa) Solid E.M erck (Germany) GR

18 Phenol Solid B D H  (England) GPR

19 Potassium hydroxide (K D H ) Solid B D H  (England) GPR

20 Potassium Iodide (Kl) Solid E.M erck (Germany) GR

21 Potassium Nitrate (kNOO Solid E.M erck (Germany) G PR

22 Sodium  hydroxide (N aO H Solid B D H  (England) G PR

23 Sodium  chloride (N aC l) Solid E .M erck  (India) GPR

24 Silver nitrate (A a N O i) Solid E .M erck  (Germany) GPR

25 Sulphuric acid (H--SOO Concentrated B D H  (England) GPR

26 Silver diethyldithiocabamate  
(S D D C )

Solid E.M erck (Germany) G PR

27 Stannous Chloride (SiiCl;) Solid B D H  (England) GPR

28 Sodium  Sulphate ( N O ’SO j) Solid E .M erck  (Germany) GPR

29 Zinc (Zn) Granular Loba (India) GPR
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5.7. A n alytica l M ethod s:

Analytical  m e th o d  is  the  m o s t  im por lan t  m e thod  o f  inves t iga t ion  and  is 

w idely  used in all b ran ch es  o f  sc ience  which  are re la ted  to chemis t ry .  

Analytical  m e th o d  is d iv ided  into tw o  parts.  Field kit T e s t  M e th o d  of  

shallow' tubewel ls  and Lab o ra to ry  M ethod .

5.7.1. F ield kit test m eth od  o f  sh a llo w  tubew ells:

Field kit test m e th o d  is not a p ro p e r  m e th o d  foi' chem ica l  ana lys is  in any 

branch  o f  sc ience.  T h i s  m e th o d  uses  on ly  for  p r imary  idea in a par ticu la r  

area. It has  u sed  F ie ld  kit T e s t  M e th o d  for  de te rm ina t ion  o f  arsenic ,  pH, 

d is so lve  o xygen ,  b ica rbona te  and  tem pe ra tu re  paramete rs .

5.7.1.1. Arsenic

Arsenic  appears  in na ture  p r im ar i ly  in the  form o f  sulf ides  in assoc ia t ion  

with su lfides o f  ores  o f  si lver,  lead,  copper ,  nickel,  a n t im o n y ,  coba l t  and 

iron.  T race  a m o u n t s  o f  a rsenic  are fo u n d  in water ,  soils  an d  other  

e n v i ronm en ta l  m edia .  U n c o n ta m in a te d  soil genera l ly  con ta in s  less  than 40  

arsenic  p e r  g r a m  o f  soil.

Arsen ic  c o n tam in a t io n  o f  g ro u n d w a te r  is a m a jo r  publ ic  heal th  p ro b le m  at 

R am gan j  in L ak sh m ip u r .  T h e  m ajor i ty  o f  tubewel ls  in the  s tudy  a rea  are 

being  screened  for  arsen ic  us ing  fie ld  test  kits. T h e  Fie ld  Kit  T e c h n iq u e  used 

by M erck o q u a n t  ( M E R C K ) ,  G e rm a n y  is based  on  the  “A na ly t ica l  Tes t  

Strips” technique.

The  Analy t ica l  T e s t  St rips  M e th o d  is o n e  o f  the famil ia r  t e chn ique  which  is 

b e in s  c ons ide red  for  test ing o f  the  wel ls  by  d if ferent N G O s  in B angladesh .
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This  techn ique  can  be  u s ed  as rapid ,  low cost ,  f ie ld  level quali ta t ive  

screening  m e th o d  and  can  de tec t  a rsen ic  c o n tam ina l ion  as  low as 0 .1 -3  mg/1 

level.

In groundw'ater,  a rsen ic  usua l ly  occu rs  as arsenite  (As-I I I)  and  a rsena te  (As- 

V).  T o  de term ine  the arsenic  in w a te r  a rsena te  is lo be reduced  to a rseni te  by 

the reducing agen ts  zinc  an d  hydroch lo r ide  acid.  T h i s  tw'o r eagen ts  are 

kn ow n  as arsenic  f ie ld-tes t  kit. T h i s  arsenic  field lest  kit w o rk s  on  the 

pr inciple  o f  reduc ing  first ino rgan ic  so lub le  arsenic  (As-I I I  and  A s - V )  to 

arsi te gas (H.^As). T h e  a rs ine  gas  then reacts  with m ercu ry  b ro m id e  

impregnated  on  strips to f o r m  m ercu ry  b ro m id e  ha logen ides  tha t  d isco lour  

the  test strip (d isc  paper) .  T h e  co lou r  c h an g es  f ro m  ye l low  to redd ish  b ro w n  

depend ing  on  the  co n cen t ra t ion  o f  arsen ic  in the test  water .  In ab se n c e  o f  

arsen ic  in the w a te r  s am ple ,  no  c o lo u r  is  p ro d u ced  on the  paper .

D E T E R M I N A T I O N  O F  A R S E N I C

Apr>aratus

(i) Arsen ic  T e s t  kit B ox

M erck o q u a n t ,  G e rm a n y .

Chemicals

(1) Zinc  (M esh)

(2) H ydroch lo r ic  A c id  (H C L)

(3) Analy tical  test  strips.
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Procedure  for  A rsen ic  T e s t  in W a t e r  b y  M e r c k o q u a n t  F ie ld  K i t :

1. First,  ho ld ing  the  reac t ion  z o n e  o f  the  test  str ip d o w n w a r d s ,  inser t  the  

test str ip into the  sl it  in the  cap  o f  the  react ion vesse l  such  tha t  the  cap 

d iv ides  the str ip into tw o  app ro x im a te ly  equal  segments .

2. With  the  aid o f  the sy r in g e  p laced  5 ml (the well s  w e re  p u m p e d  for at 

least 15 m inu tes )  o f  test so lu tion  (w a te r  sam ple)  in the reaction  vessel ,  

added  1 m easu r in g  spoonfu l  o f  reagent  1 (Z inc  mesh)  and  swir led.

3. A d d ed  10 drops  o f  reagen t  2  (H C L )  and c losed  the  reac t ion  vessel  

im m edia te ly  with the  cap.

4. A l lo w ed  to s tand fo r  3 0  m inutes ,  shak ing  gent ly  2-3 t imes.  R e m o v e d  

the test  strip,  im m e rse d  briefly  in water ,  shaked  o f f  e x ces s  l iqu id  and  

c o m p a r e d  the  reac t ion  z o n e  w i th  the  co lou r  sca le  (a t tached  wi th  the 

strips box )  c o r re sp o n d in g  to concen t ra t ion  ranges  p rov ided .  T h e  

concen tra t ion  ranges  p rov ided  on  the test char t  are  0, 0.1,  0 .5 ,  1.0, 1.7,

3 mg/1 and  recorded  the  co n ten t  o f  arsenic  in the  format .

T h i s  m ethod  g ives  a  qua l i ta t ive  idea  abou t  the arsenic  co n cen t ra t ion  with the 

intensity o f  staining.

In Bang ladesh ,  ve ry  few  ins ti tu tions  h a v e  labora tory  faci l i t ies to test  water  

fo r  arsenic,  these  m e th o d s  are often  ve ry  costly  and  a lso  t im e  consum ing .  

There  are severa l  f ield kits  ava i lab le  in B angladesh .

The  D epar tm en t  o f  O ccupa t iona l  and  E n v i ronm en ta l  H eal th  (D O E H ) ,  

N IP S O M  uses  the  field kit techn ique  to d e lec t  a rsen ic  in w a te r  s ince  1995. A 

scientis t  H i rom i  H iro n ak a  o f  A s ia  A rsen ic  N e tw o rk  ( A A N )  h as  d eve loped  

this Fie ld Kit  M e th o d  and  D O E H  has  the  capac i ty  to p ro d u ce  th is  kit. The
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princip le  o f  this m e th o d  is a l so m t  s am e  as the ab o v e  m en t io n  f ie ld  kit  

m e th o d  tha t  is used  th is  research .

5 .7 .1 .2  pH :

pH is an impor tan t  pa ram ete r .  T h e  p H  o f  a so lu t ion  is de f ined  as the  negative  

c o m m o n  logar i thm o f  the  h y d ro g e n  ion activity,  and  can be  d e sc r ib ed  as aH'; 

pH =  - log lO {■'H''), [H"^] =  h yd rogen  ion concen tra t ion .  It a lso  descr ibes  

w he ther  a so lu tion  is acid ic  pH =  10 + < 7, neutra l  pH =  7 o r  basic  (pH>7) .

In a dilute  so lu t ions  the  h y d ro g e n  ion activity  is ap p rox im a te ly  equal  to the 

concentra t ion  o f  h yd rogen  ion.

T h e  pH o f  an a q u eo u s  s am p le  is usually  m easu red  e lec t rom etr ica l ly  with  a 

g lass electrode.  T h e  pH  o f  m o s t  r aw  w ater  sources  lies w i th in  the  ran g e  6 .5 -  

8.5 (W e b b e r  and  S tu m m ,  1963).  pH  is re lated,  in severa l  d i f feren t  w ays ,  to 

a lm os t  every  o ther  w a te r  qua l i ty  pa ram ete r  as aq u eo u s  chem ica l  equ i l ib r ium  

invar iab ly  involve  h yd rogen  (and  hydroxyl)  ions.  Natura l  w a te r s  con ta in  

gases ,  co llo idal  m at te r  an d  a  varie ty o f  e lec tro ly te  and  non-e lec t ro ly te  

materia l;  these ,  toge the r  with pH,  de te rm in e  the  ex ten t  o f  co r ro s ion  in a 

sy s tem  and  def ine  the  “ag g re ss iv e ly ” o f  the water .

A  pocket  o r  pen  p H  m e te r  w i th  g lass  e lec t rode  and  au tom at ic  tem pera tu re  

c o m p en s a to r  w as  u sed  to de te rm in e  the  pH. T h e  p H  m e te r  w as  ca l ib ra ted  

u s ing  the s tandard  bu f fe r  so lu tion pr io r  to sam pl ing .  T h e  r e c o m m e n d e d  

gu ide l ine  va lue  for p H  is 6 .5 -  8.5 (W H O ,  1988).
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I n s t r u m e n t s  :

(i) p H  m e te r  ( c o m p a c t  pH m e te r  B .212) .  H o r ib a  Ltd.  K yo to  J apan

(ii) Beaker,  100 ml 

R e a g e n t s

(a) S tanda rd  bu f fe r  so lu t ions  o f  pH  4 .0  (po tass ium  h y d ro g e n  ph thala te ) 

and  pH 7 o r  9.2 ( sod ium  te t rabora te  buffer)  H arb ia  Ltd,  Kyoto ,  Japan .

P r o c e d u r e

1. Into a  100 ml b eak e r  p lace  on  5 0  ml o f  s am p le  solut ion

2. Switch  on  the  p H  m e te r  and  ad jus t  w i th  buffers .

3. P laced  the e lec t rodes  into the  s am p le  and  read  the  pH.

DETERMINEATIAN OF pH

5.7.1 .3.  D isso lved  oxygen

T h e  pr imary  effect  o f  d is so lved  o x y g en  in w a ter  is an ox ida t ion- reduc t ion  

react ions ,  invo lv ing  iron,  m an g an ese ,  c o p p e r ,  and  c o m p o u n d s  tha t  conta in  

ni trogen  and  sulfur.

T h e re  are m a n y  d isadvan tages  in d is t r ibut ing  a  w a te r  low in d is so lved  

oxygen .  L ow  values  o f  d is so lved  oxygen  can cause  ki l l ing  o f  fish and  o ther 

an imals  o f  w a te r  k in g d o m .  It is a test, w h ich  indicates  the  sani tary  status  o f  a 

water.  O x y g e n  is a  h igh ly  active  gas  an d  its p re sence  in w a te r  may 

con tr ibu te  to its cor ros iveness .  T h e  d is so lved  o x y g en  also su g g es ted  w he ther
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the  p rocesses  u n d e rg o in g  c h an g e  are  ae rob ic  o r  anaerob ic .  A g o o d  w ater  

sh o u ld  have  so lub ih ty  o f  o x y g en  abou t  15 mg/1 litre at 0°C and  7 mg/1 litre at 

35°C ( D i d a r e t  a l ,  1991).

DETERM INATIO N OF DISSOLVED O XYG EN

O n e  o f  the m os t  useful t i trat ions  invo lv ing  iodine  is that  originally  

d e v e lo p ed  by w ink le r  to de te rm in e  the a m o u n t  o f  o x y g en  in sam ples  o f  

water.  The  d is so lved  o x y g e n  con ten t  is not on ly  im p o r tan t  w i th  respect to 

the  species  o f  aquatic  life which  can  su rv ive  in the water ,  bu t  is a lso a 

m easu re  o f  its abil i ty  to ox id ise  o rgan ic  impur i t ies  in the  water .  D esp i te  the 

a d v en t  o f  the  o xygen -se lec t ive  e lec t rode  direct  t i trat ions on  w a te r  s am ples  

are  still used  ex tens ive ly  (F urm an ,  1962; V o g e l ’s, 1989).

In o rder  to av o id  loss o f  o x y g en  f ro m  the  w a te r  s am p le  it is ‘f ix e d ’ by its 

react ion with m an g an ese  (II) h yd rox ide  which  is co nver ted  rap id ly  and 

quanti ta t ive ly  to m a n g an e se  (III) hydroxide .

4  M n  (0 H )2+ O 2 +  2 H 2O  ^  4  M n  (OH).i

I n s t r u m e n t s

(i) D O 2 me te r  ( J E N W A Y  9 0 7 1 )  with a tem pera tu re  p robe  

P r o c e d u r e

T o  get accura te  d is so lved  O x y g e n  (D O :)  read ings  a b u ck e t  w as  he ld  up to  the 

mou th  o f  the well  be ing  im m e rse d  in to  the w a te r  a n d  the  tubew el l  was  

p u m p e d  con t inuous ly  for 15 m inu tes  so tha t  it o v e r f lo w e d  to m in im ize  air  

en t rapm en t .  T h e n  the  o x y g en  probe  w as  im m ersed  in to  the  w a te r  a n d  the
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read ings  w e re  recorded .  T h e  D O 2 m e te r  w as  ca l ib ra ted  e v e r y  m o r n i n g  prior 

to sampl ing .

5.7.1.4.  B ica rbona te  ;

^  B icarbonate /a lkali  is tiie n a m e  used  for  som e  o f  the  c o m p o u n d s  o f  the alkali

metals.  W h e n  ad d ed  it to water ,  these  ox ides  f rom  the h y d rox ides ,  so lutions  

o f  the hyd rox ides  turn  l i tmus  ex tract  blue ,  r e a d  with acids  to g ive  neutral  

salts  and  have  a corros ive  act ion on the skin. All the  alkali  m e ta ls  from 

s imila r  c o m p o u n d s .  T h e  reaction  with l i tmus  is a p rope r ly  c o m m o n  to all 

alkalis ,  but o th e r  c o m p o u n d s  also fo rm  li tmus blue .  (E n cy c lo p ed ia  

Am er icana ,  vol.  1).

D E T E R M I N A T I O N  O F  B I C A R B O N A T E

Disso lved  ca rbona te  (CO?" ) and  b ica rbona te  (H C O 3" ) in wa ter ,  inc luding 

soil so lutions ,  as c onven t iona l ly  carried  out,  is of ten te rm e d  “ total  a lka l in i ty” 

because  it usua l ly  inc ludes  smal l  a m o u n t s  o f  phospha te s ,  bora tes ,  and  

si l icates as well  as the  tw o  spec ies  o f  c a rbona te  in w a te r s  and  soil  so lutions  

are  genera l ly  smal l  e n o u g h  to be negligible.

A p p a r a t u s  :

(i) B ica rbona te /A lka l in i ty  T es t  Kit B ox  H A N N A  ins t rument ,  I taly. 

C h e m i c a l s

(1) P heno lph tha le in  indica to r  (pH range  8.3 -  10.3)

(2) B ro m p h e n o l / th y m o l  b lue  indica to r  [pH range  (base) 8 .0  -  9.6]

(3) H ydroch lo r ic  Ac id  (0 .1% )
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Procedure for Bicarbonate Test in water by HANNA instruments Field

K i t

(a) T aken  5 ml o f  s am p le  in the suppl ied  con ta ine r  that  w a s  m a r k e d  5 ml to

2 0  ml.

(b) A d d ed  2-3 d rops  o f  pheno lph tha le in  indica to r  it m ight  sl ight  p in k  co lour  

appea red  in s o m e  samples .

(c) A d d ed  2-3 drops  o f  b rom pheno l  b lue  as indicator ,  it has  been  violet 

colour.

(d) T i t ra ted  very  s low ly  by  hydroch lor ic  acid  (0 .1%),  unti ll  the  co lour  

ch anged  f rom  vio le t  to yellow.

(e) N o ted  the reading.

Calcula tion: B ica rbona te  (HCO,^') mg/l  =  Read ing  x 100

5 . 7 . 1.5. T e m p e r a t u r e :

In genera l ,  the  ra tes  o f  chemica l  reactions  decrease  w i th  decreas ing  

temperature .  T h e  re la tive  concen t ra t ions  o f  reactants  an d  p roduc ts  in 

chem ica l  equ i l ib r ium  can  a lso  ch an g e  w i th  tempera ture .  T e m p e r a tu r e  can,  

therefore ,  a f fec t  every  a spec t  o f  the  t rea tm en t  and  de l ivery  o f  p o ta b le  water.

T e m p e ra tu re  m e asu re m e n ts  at the  well  head  w e re  taken  i m m e r s in g  the 

tem pera tu re  p ro b e  o f  the D O i  m e te r  into the  w a ter  and  the  s tab le  reading 

were  recorded.
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5.7.2. Laboratory method :

Labora to ry  m e th o d  is the  m os t  accura te  m e th o d  o f  m e asu r in g  th e  proper ties

o f  w a te r  and  soil. T o  col lec t  s am p le  f rom  s tudy a rea  to a n a ly z e  them

>  independen t ly  in a labora tory .  All the g ro u n d w a te r  an d  soil  s am p les  were

ana lyzed  to de te rm in e  the  concen t ra t ion  o f  s o m e  m a jo r  co t ions ,  a n io n s  and 

for arsenic,  All the s am p les  were  ana lyzed  at the E n v i ro n m e n ta l  Labora to ry  

o f  the G e o g rap h y  and  E n v i ro n m e n t  D ep ar tm en t  in D h a k a  Univers i ty .

Arsen ic  was  ana lysed  in S D D C  (Silver D ie thy ld i th io  ca rbona te )  m ethod  

us ing  spec t ro p h o to m et re  ( J E N W Y  6300, U.K. and  A N A L O G U E  S 1 0 4 ,  UK ) 

fo l lowing  the  s tanda rd  so lu tion ins tructed by  manufacturer .

C hlor ide ,  C a lc iu m  a n d  M a g n e s iu m  w ere  a n a ly z e d  by  ED '^A 

(E th y len ed iam in e  T e t r a  A ce t ic  Ac id)  T i tra tion  m e th o d  us ing  AgNO.v 

So lu t ion  E D T A  (E thy lened iam ina le t race t ic  acid  d i so d iu m  salt)  solution 

(0 .02N  and O.OIM) respec t ive ly .  Iron was  ana lyzed  in sp ec t rap h o to m e t r ic  -  

1-10 phenon t ro l ine  m e th o d  us ing  spec tropho tom etre .  N i t ra te  w a s  ana lyzed  

in p h eno ld isu lphon ic  ac id - spec t ropho tom etr ic  m e thod .  S u lp h a te  was  

ana lyzed  in tu rb id imet r ic  method.

T o  fulfil the  ob jec t ive  o f  the  research  to identi fy  the  sou rces  o f  a rsen ic  and  

o ther  unfr iend ly  toxic  e lem en ts  and  c o m p o u n d s  w h ich  c o n ta m in a te d  the 

g ro u n d w a te r  a re  se lec ted  fo r  chem ica l  analysis .  T h e  c h em ica l  an a ly se s  done 

for those mate ria ls  are M ag n es iu m ,  Ca lc ium ,  A rsen ic .  C h lo r id e .  Iron, 

S u lpha te  and  Nitrate.  T h e  result s  o f  the chem ica l  ana lyses  h a v e  been  plotted 

in the  graph  sheet a lo n g  with plo tt ing  pe rm iss ib le  l imit  o f  those  e l em en ts  in 

d r ink ing  w a te r  by  the  W o r ld  H eal th  Organ iza t ion  and  B a n g lad e sh  s tandard .
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5.7.2.1.  W a te r  analysis ;

W a te r  is the m o s t  vital  e l em en t  a m o n g  the  natura l  re sources ,  an d  is crucial  

for  the  surv ival o f  all l iving  organ isms.  T h e  env i ronm en t ,  e c o n o m i c  g row th  

and  d e v e lo p m en t  o f  B ang ladesh  are all h ighly  in f luenced  by  w a te r  -  its 

regional and  seasonal  availabil i ty  and  the qua l i ty  o f  su r face  and 

g roundwater .

C lean  w ater  is essentia l  to hu m an  survival,  and  the  ear l ies t  env i ro n m en ta l  

regula tions  deal  with  c o n tam ina t ion  o f  local  w a ter  sources .  C o n ta m in a t io n  

o f  w a ter  re sources  has  a lw ays  occur red  f rom  a va rie ty  o f  a n th ro p o g en ic  

activit ies,  and ,  as popu la t ion  density  increased,  r ivers, lakes ,  and  even  

oceans  b e c a m e  con tam ina ted .  Direc t  d ischa rge  o f  industrial  w as te ,  dom es t ic  

sewage,  pestic ide ,  r u n o f f  f rom agricultural  land an d  ac id  rain all con t r ibu ted  

to this con tam ina t ion .  G r o u n d w a te r  m ay  be pol lu ted  by landfil l  leachate ,  

leaking s to rage  tanks  and  pipe lines,  oil and  gas  wel ls,  i r r igat ion practices ,  

was te  d isposal by  d i rec t  u n d e rg round  in ject ion and  o th e r  process .  

G ro u n d w a te r  a n d  surface  w a ter  earn a lso co n tam in a te  e ach  o th e r  as  they are 

not isolated.

W a te r  analys is  has  had  a long history.  A n  early lest  for  the  su itab il i ty  o f  

d r ink ing  w a te r  w a s  used  in Is tambul  in the  seven teen th  cen tu ry .  W e ig h e d  

p ieces  o f  co t ton  w e re  soaked  in the  w a te r  and  dried.  (K e b b e k u s  an d  Mit ra ,  

1998). T h o se  w a te r  sam ples  w h ich  g a v e  the  best.  R ec e n t  d e v e lo p m e n t s  have  

m ade  sophis t ica ted  ana lys is  m e thods  e v e r  m ore  impor tan t .  W a te r  is 

ana lyzed  for a la rge  n u m b e r  o f  poss ib le  subs tances ,  d e p e n d in g  o n  its 

p roposed  use.  D r in k in g  w a te r  is p robab ly  the  m o s t  tho rough ly  tes ted ,  with 

tested  for  pH ,  tu rb idity ,  meta ls ,  inorganic  an ions ,  and  n o w ,  toxic  organic
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mater ia ls  such  as pes t ic ides  and  t r iha lom eihanes  be ing  d o n e  rout ine ly .  In 

addit ion,  m o re  in tang ib le  quali t ies  such  as o d o r  and  taste a re  d e te rm ined .  A 

large n u m b e r  o f  d i f ferent  tests are  needed  to m o n i to r  such  p rope r t ie s  as 

c o lo u r  turbid ity ,  taste odor,  acidi ty,  hardness ,  conduc t iv i ty ,  so l ids ,  and  

oxygen  d e m a n d  as well  as m ore  specif ic  chem ica l  an a ly se s  fo r  metals,  

inorganic  non-m eta l l ic  const i tuents ,  pestic ides  and  radioactiv ity .

5.7.2.1.1.  Arsen ic

A rsen ic  occurs  na tu ra lly  in all en v i ronm en ta l  m ed ia  and  is usua l ly  p resen t  in 

the fo rm  o f  c o m p o u n d s  w i th  su l fu r  and  with m an y  m e ta ls  (copper ,  cobalt ,  

lead, zinc,  etc.) . T h e  average  concen t ra t ion  in the e a r t h ’s c rus t  is abou t  2 

m g /k g  (G uide l ines  for  C an a d ia n  dr ink ing  w a te r  quali ty ,  1978).  A l though  

arsen ic  exists in va r ious  va lence  states and  in both o rgan ic  an d  inorganic  

fo rms,  the levels o f  en v i ro n m en ta l  arsen ic  are  norm al ly  r epo r ted  in te rm s  of  

total arsenic.  In so m e  local ized geog raph ic  areas,  c o m m e rc i a l  use  and 

produc t ion  o f  a rsen ic  c o m p o u n d s  have  resulted  in s ign if ican t  e leva t ion  in the 

am o u n ts  o f  env i ronm en ta l  a rsenic  a bove  natural  b a ck g ro u n d  levels.

M an y  arsen ic  c o m p o u n d s  are  w a ter -so lub le  and, thus ,  c o n tam in a t io n  o f  

w a te r  can occur.  T h e  chem ica l  fo rm  o f  arsen ic  in w a te r  has  no t  been  fully 

e lucidated,  bu t  bo th  tri an d  pen tava len t  fo rm s  have  b e en  iden t i f ied  som e  

forms o f  o rgan ic  arsen ic  have  been  fo u n d  in w'ater. G e o th e r m a l  d i s ch a rg es  in 

N e w  Z e a lan d  h a v e  been  fo u n d  to con ta in  s ignif icant quan t i t ies  o f  a rsenic .  In 

spite o f  its ub iqu i tousness  in nature,  m os t  o f  the a rsen ic  f o u n d  in water  

de r ives  f rom  industr ial  d ischarges ;  the highest  concen t ra t ions  o th e r  than 

those  occu r r ing  natu ra lly  in spr ing-wate rs  are usua l ly  in a reas  o f  high 

industria l  activity.
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A large n u m b e r  o f  w a te r  suppl ies  con ta in  very  low levels o f  arsenic ,  i.e. well  

be low  10 jig litre. In specia l  si tua tions,  g ross  c o n tam ina t ion  o f  w e l l  suppl ies  

has o ccu r red  an d  severa l  th o u san d  m ic ro g ra m s  o f  arsenic  p e r  l i tre o f  w a te r  

h ave  resulted.  T h e r e  is little in format ion  co n ce rn in g  the  fo rm  o r  spec ies  o f  

a rsenic  in w a te r  supplies.

Var ious  m anifes ta t ion  such  as hyperp igm enta t ion ,  kera toses ,  and  lung 

c an c e r  have  been  o b se rv ed  w here  high occupa t iona l  e x p o su re  to a rsen ic  has 

occurred  (W H O ,  1984).

DETERM INATIO N OF ARSENIC

O f  the n u m b e r  o f  p ro ced u res  avai lab le  for  the de te rm ina t ion  o f  m inu te  

am oun ts  o f  arsenic ,  on ly  o n e  will be  descr ibed ,  viz. the  spec t ro p h o to m ete r ic  

S D D C  method. It possesses  great  sensit ivi ty  and  prec is ion  an d  is readily  

applied  co lor im etr ica l ly  o r  spec t rophotom etr ica l ly .

SPECTRO PH O TO M ETRIC SDDC M ETHOD

O ne  o f  the bes t  m e th o d  for  arsen ic  analysis ,  H V G  ( H h y d r id e  vapour  

Genera tor) .  A to m ic  A bso rp t ion  S p e c t ro p h o to m e te r  is an  a n o th e r  p ro fuse  

in t roduced  method .

Apparatus

i) 5 ml pipette

ii) 5 ml cy l inder

iii) D roppe r
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iv) G enera to r

v) S p e c t ro p h o to m e te r

vi) Funnel 

R e g e n t s  :

1. Po tass ium Iod ide  Solu t ion  : D isso lved  15 g o f  solid K1 in d is t i l led  w a ter  

to m a k e  10 0  ml solution.

2. S tannous  C h lo r id e  So lu t ion  : D isso lved  4 0  g  hydra ted  t in (II) C h lo r id e  in 

10 0  ml concen t ra ted  hydroch lo r ic  acid.

3. S D D C  Solu t ion  : D isso lved  0.75 g o f  S D D C  + add  25 ml c h lo ro fo r m  + 

add 2.5 ml m o rp h o l in e  and  m ixed  222.5  ml dis t i l led water.

4. H ydroch lo r ic  ac id  concen t ra ted  (12 N).

5. Z inc  : U sed  20  -  3 0  m esh  o r  g ranu la ted  arsenic  free.

6 . Lead  acet.

7. S tandard  a rsen ic  So lu t ion ,  1000 p p m  o f  A s  : D isso lved  1 .320 g  o f  AS2O3 

in dis t i l led w a te r  and  dilu ted  the so lu tion to I litre (1000  ml).  T h i s  solut ion 

con ta ins  1000 p p m  As.

F rom  this so lu tion,  p repared  a  secondary  s tanda rd  solution by u s in g  fo rm ula /  

equat ion  this so lu t ion  c on ta ined  100 p p m  As.

T ak en  a liquots  o f  0.05,  O.I and  0.2 ml fo r  p reparat ion  o f  0 .05 ,  0.1 and  0.2 

p p m  respec t ive ly  f ro m  100 p p m  s tock  A s  solution in a ser ies  o f  100 ml 

vo lum etr ic  f lasks  for  the s tandard  curve.
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F orm ula /equa t ion

V i X S | = V 2 X S 2

Here,

Vi = H o w  m u ch  (ml)

S |  =  H o w  m an y  ppm  

S :  =  F rom  h o w  m an y  ppm

V 2 =  M e a s u r e m e n t  that w e  w ant  for a ser ies  o f  s tan d a rd  curve.  

(D ida r  et al., 1991)

Method

(a) T a k e n  25 ml o f  s am p le  in a generation.

(b) A d  2 ml o f  po ta ss ium  iodia te  solution.

(c) A dd  5 ml o f  hydroch lo r ic  ac id  concentra t ion  solution.

(d) A dd  10 drops  o f  S n c h  solution.

(e) Poured  S D D C  so lu t ion  in the bend  funnel.

(f) Finally  a d d e d  z inc  w h i le  con f in ing  the bend  funnel.  Le t  s tand  fo r  30 

minutes .  T h e n  pour ing  the  S D D C  in conta iner ,  r eco rded  the  a b so r b a n c e  on 

spec t ro p h o to m ete r  a t  525  n m  by  us ing  dis t i l led w a ter  b lank.

Processed  the s tandard  arsenic  so lu tion  o f  d if ferent concen t ra t ions  in s imilar 

w ay  and recorded  the  a b so rb an c e  for  each.  Plot ted a s tanda rd  cu rv e  f rom  

these  values  and  d e d u c e  the total  arsen ic  con ten t  o f  the  sam p le  in m g /1 by 

c o m p ar in g  the  absorbance  o f  sam p le  w i th  the s tandard  curve.
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5 .7 .2 . I .2 .  Iron :

Iron (Fe) is a m e ta l l ic  chem ica l  e lement .  T h e  sy m b o l  fo r  iron is d e r iv e d  f rom  

the  Latin  w ord  fo r  the  meta l ,  ferrum. It is a si lvery  whi te  so l id  m eta l ,  appears  

in the periodic  tab le  as T R A N S I T I O N  E L E M E N T .

Iron is the four th  m o s t  abundan t  e lem en t  by  w e igh t  in the  e a r th ’s crust .  In 

w a te r  it occurs  m a in ly  in the d ivalent and  tr ivalent (f errous  and  ferric)  states 

(U S E P A .  1976). Both  cas t  iron and  steel pipes  are e m p lo y e d  fo r  drinking-  

w a ter  d is tr ibution to the  c onsum er .  In the p roduc t ion  o f  po tab le  water,  

various  salts o f  iron are  used  as coagula t ing  agents .

Iron in surface  w a te r  is genera l ly  present in the ferric  (Fe  III) state.  T he  

concentra t ion  o f  iron in well  aerated  w ater  is se ldom  high,  bu t  under  

reduc ing  condi t ions ,  w h ich  m ay  exis t  in s o m e  g ro u n d w a te r ,  lakes  or 

reservoirs,  and  in the  ab sence  o f  su lfide  and  carbonate ,  h igh  concen t ra t ions  

o f  so luble  ferrous  iron m ay  be  found.  C o ncen t ra t ions  o f  iron g rea te r  than 1 

m g  litre have  been  repor ted  to o ccu r  in g roundw ate r .  T h e  p re sen ce  o f  iron in 

natural  waters  can  be a tt r ibuted  to the d is so lu t ion  o f  rocks  and  m inera ls ,  acid  

m ine  dra inage,  landfil l  leacha tes ,  sewage,  o r  i ron-re la ted  industries.

Iron is genera l ly  p resen t  at low concen t ra t ions  in the  a tm o sp h e re  as a result 

o f  em iss ions  f rom  the  iron and  steel indus try ,  the rm al  p o w e r  plants ,  and 

incinera t ion,  bu t  f ew  da ta  are  avai lab le  on  levels o f  iron in the  a tm osphere .

T h e  iron con ten t  o f  foods  var ies considerab ly .  Cerea ls  (m ean  0 .0 2 9 5  mg/g)  

and  meat (0 .0262  m g/g)  ap p ea r  to be the main  d ie ta ry  sou rces  o f  this 

e lement ,  the iron concen t ra t ion  o f  m os t  o th e r  natural  foods  be in g  less than

0 .0 2 0  mg/g.  Leve ls  m a y  be  s o m e w h a t  h ighe r  in foods  for t i f ied  w i th  iron or 

in food  co o k ed  in iron  utensi ls .  Ev idence  sugges ts  that  the  iron  co n ten t  o f  

foods tu ffs  decreases  du r ing  boi l ing  (W H O ,  1984).
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T h e re  are m an y  m e th o d s  ava i lab le  for  d e te rm in ing  iron (Fe)  g rav im et r ica l ly ,  

volumelr ica l ly  o r  co lour im et r ica l ly .  N u m b e r  o f  m e th o d s  h a v e  been  

y  em ployed  to assess  the availab il i ty  status o f  Fe  in w a te r  a n d  soils.  The

sp ec t ro p h o to m e t r ic - 1 , 10  phenon t ro l ine  m e th o d  d esc r ibed  in the  b e lo w  .

S P E C T R O P H O T O M E T R I C - 1 , 10 P H E N O T R O L I N E  M E T H O D

This  is undoub ted ly  the m o s t  accura te  m e th o d  for d e te rm in ing  in te r  a l ia  the 

concentra t ion  o f  su b s tan ces  in solution,  but the ins t ruments ,  are,  o f  

necessi ty ,  m o re  expens ive .  A  spec t ro p h o to m ete r  m ay  be  rega rded  as a 

refined filter pho toe lec t r ic  p h o to m e te r  w hich  permits  the  use  o f  con t inuous ly  

variable  and m ore  near ly  m onochro rna t ic  bands  o f  l ight ( V o g e l ’s, 1989).

Apparatus

(i) Spec t ro p h o to m e te r

(ii) 10  ml pipette

(iii) 5 ml conica l  f lask/bott le

-V'
(iv) M easu r ing  cy l inder

(v) V olum etr ic  f lask

(vi)  D roppe r  

R e a g e n t s

1. H y d ro x y la m in e  h yd roch lo r ide  so lu tion  ; D is so lv ed  10 g  o f  

hy d ro x y iam in e  h yd roch lo r ide  in dist i l led w a te r  to m a k e  10 0  ml solution.
-t

DETERMINATION OF TOTAL IRON
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2. A m m o n i u m  ace ta te  b u f fe r  so lu t ion  : D isso lved  100 g  o f  a m m o n i u m  

acetate in 6 0  ml o f  d is t i l led  w a te r  an d  a d d ed  28 0  ml glacial  ace t ic  acid.

3. O r th o p h en o th ro l in e  S o lu t ion  : D isso lved  0.3 g o f  o r th o p h en o n th ro l in e  

m onohydra te  in d is t i l led  w a te r  by  shak ing  and  heating up to  80°C. C o o l  the 

solution and  ad d ed  w a te r  to m a k e  a vo lu m e  o f  10 0  ml.

4. S tandard  iron so lu tion .  1000 p p m  o f  Fe : M ix ture  102 ml o f  accate  

acid with 70  ml o f  a m m o n i u m  acid  (N H 4O H ) uplo IL  dis t i l led w a ter .  This  

solution con ta ined  1000 p p m  Fe.

From this so lu tion ,  p re p a red  a secondary  s tandard  so lu t ion  by  using  

fo rm ula /equa t ion  this so lu t ion  con ta ined  10 p p m  Fe.

T o o k  an a liquots  o f  2 0  ml,  5 0  ml and  7 0  ml preparat ion  o f  2 p p m ,  5 ppm  

and 10 ppm ,  respec t ive ly  f rom  10 p p m  stock  Fe solut ion in a ser ies  o f  100 

ml volumetr ic  f lasks  fo r  the  s tandard  curve.

Form ula /equa t ion

V) X S |  =  V 2 X S 2

Here,

Vi  =  H o w  m u c h  (ml)

S[ =  H o w  m an y  ppm  

S 2 =  F ro m  h o w  m an y  ppm

V t = M e a s u re m e n t  that  w e  w an t  for a ser ies o f  s tan d a rd  curve .  

( D i d a r e t a l . ,  1991)
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M e t h o d

(a) T o o k  5 ml o f  s a m p l e  in a con ica l  flask

(b) A dd  8 d ro p s  o f  h y d r o x y la m in e  solution.

(c) A dd  20  d ro p s  o f  o r th o p h en an th ro l in e  solution

(d) Final ly ad d ed  22  drops  o f  buffer  iron solution.  Let s tand  fo r  10 o r  20 

minutes  then s tab le  faint  p ink or  red co lo r  appeared.  T h e n  r e co rd ed  the 

absorbance  on  s p ec t ro p h to m e t r e  at 4 9 0  nm  by  us ing  dis t i l led w a te r  b lank .

Processed  the  s tanda rd  iron so lu tion  o f  d if ferent concen t ra t ions  in s imilar 

w ay  and  reco rded  the  ab so rb an c e  fo r  each. Plot ted a s tan d a rd  cu rv e  from 

these  values  an d  d e d u c e  the  total iron  con ten t  o f  the s am p le  in m g /1 by 

co m p ar in g  the  a b so rb an c e  o f  sam p le  with the s tandard  curve.

T a b le -5 .2 :  P r o p e r t y  o f  I r o n

P R O P E R T I E S  O F  I R O N

A to m ic  n u m b e r 26

A tom ic  w e igh t 55 .847

Isotopes,  stable 54, 56,  57 ,  58

Isotopes,  uns table 52, 53 ,  5 5 , 5 9

M el t ing  po in t  (”C) 1535

Boil ing  poin t ("C) 3000

Specific gravi ty  (g ram s  per  cc) 7.87

Hardness  ( M o b s '  scale) 4 . 0 - 5 . 0

A b u n d a n ce  in l i thosphere  (percent) 5 .000

Oxida t ion  states +2, +3, +4,  + 6

S o u r c e  : C o ll ie r s  E n c y c lo p a e d ia  V o l .  13
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5.7 ,2.1.3.  C a lc iu m

C alc ium  is a m eta l ic  e lem en t .  It is a m e m b e r  o f  the a lka l ine  ea r th  family  

which  a lso inc ludes  ba r ium ,  rad iu m  and  s t ront ium. C a lc iu m  w as  d i scove red  

by the Engl ish  ch em is t  S i r  H u m p h ry  D avy  in 1808. It is the  th i rd  m os t

abundan t  metal  in the  e a r th ' s  crust . C a lc iu m  plays  an im p o r tan t  ro le  in the 

phys iological  c h em is t ry  o f l i v i n g  organisms.

C alc ium  occurs  w ide ly  and  abundan t ly  in w a ter  and  soils  as the  ca rbona te  

phosphate ,  S il icate  and  Sulpha te .  G r o u n d w a te r  from m ost  o f  the B ang ladesh  

aquifers  ap p ea r  to be  o f  c a lc iu m -b ica rbona te  type  with ex ce p t io n  o f  more  

sal ine  g roundw ate r ,  p r e d o m in a n t ly  near  the coast ,  which  h a v e  s o d iu m  as  the 

dom inan t  cation.

I

DETERM INATIO N OF CALCIUM

The  de te rm ina t ion  o f  ca lc ium  is m o re  complica ted ;  m a n y  chem ica l  

in terference are en co u n te re d  in the  ace ty lene  -  a ir  f lame  an d  the  use  of  

' •releasing a g en t s ” such  as s t ron t ium  chloride ,  lan thanum  ch lo r ide  o r  E D T A  

is necessary.

TITRIM ETRIC M ETH O D

T h e  opera t ion  o f  d e te rm in ing  the s t rength  o f  an u n k n o w n  so lu t ion  by 

a l lowing it to react  with  the s tandard  so lu t ions  is called t itrat ion, T h e  process  

o f  ti trat ion consis ts  o f  add i t ion  o f  the  so lu tion  from a bure t te  to a  m easu red  

vo lu m e  o f  a  so lu tion  o f  the  o ther  reactant o r  to a w e ig h ed  s a m p l e  d is so lved  

in water,  until the s am e  n u m b e r  o f  equ ivalen ts  o f  each  subs tance  h a s  been 

used. T he  en d  po in t  in the t itrat ion is de tec ted  by  m e an s  o f  a su itable
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X-

indicator.  P heno lph tha le in ,  w h ic h  is red in basic  so lu tion  and  co lou r le ss  in 

acid solution,  is of ten  u s e d  fo r  ac id -based  t itrat ions.  T h e  en d  p o in t  o r  po in t  at 

w hich  a p e rm a n e n t  c o lo u r  c h a n g e  ju s t  occurs  after th o rough  mix ing ,  is very  

sharp.  Only  a d ro p  o r  f rac tion o f  a d rop  will b r ing  abou t  a c o lo u r  change .

Apparatus

i) 25 0  ml conica l  f lask.

ii) M icrobure l te

iii) 50,  100, 5 00  and  1000 ml vo lum etr ic  flask.

iv) 2 and  5 ml p ipette

v) Fit t ing stand

vi) St ir rer : J E N W A Y  L T D ,  Fels ted  D u n m o w  E ssex  E n g lan d  C M 6  3LB 

M odel  1 100.

Reagents

1. H y d ro x y la m in e  h yd roch lo r ide  solution; D isso lved  10 g  o f  h y d ro x y la m in e  

hydroch lor ide  in d is t i l led  w a te r  to m ake  10 0  ml solution.

2. Po tass ium  h y d ro x id e  S o lu t ion  (12N )  : D isso lved  336.5  g  o f  K O H  in 

dis t i l led w a ter  to m a k e  the v o lu m e  50 0  ml.

3. M urex id e  ind ica to r  : M ix e d  0 .2  g o f  a m m o n iu m  purpu ra te  a n d  100 g of  

sod ium  ch lo r ide  and  gr ind  thoroughly .

4.  S tandard  E D T A  Solu t ion  (0.01 M )  : D isso lved  3 .723  g  o f  d i - s o d iu m  salt 

o f  E D T A  in d is t i l led  w a te r  to p repare  I L  o f  solution.
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Method

(a) Taken  50  ml o f  s am p le  in a con ica l  flask.

(b) A d d ed  I ml o f  h y d ro x y la m in e  hydroch lo r ide  so lu tion an d  1 ml K O H  

solution

(c) A d d ed  a p inch  o f  M u re x id e  Indicator

(d) Tit ra te  agains t  E D T A  Solu t ion  until the p ink co lou r  o f  the  so lu tion  

turns to blue.

Calculation

F or  ca lc ium (Ca'"^)

C a lc iu m  (mg/ l)  = T  x 400 .5  x 1.05

V

where ,

T  =  V o lu m e  o f  t i t rant (ml)

V = V o lu m e  o f  s am p le  (ml)

Fo r  ca lc ium  ha rdness  as CaCOa

C alc ium  ha rdness  (m g/ l )  =  T  x 1000 x 1.05

V

where,

T  -  V o lu m e  o f  t i t rant (ml)

V = V o lu m e  o f  S a m p le  (ml).
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Table-5.3: Property o f  Calcium

P R O P E R T I E S  O F  C A L C I U M

A tom ic  n um ber 2 0

A tom ic  weight 40 .08

Isotopes,  stable 40, 42,  43,  44,  46,  48

Isotopes,  unstable 3 8 , 3 9 , 4 1 , 4 5 , 4 9

M el t ing  poin t ("C) 839

Boi l ing  point ("C) 1,484

Specif ic  gravi ty  (20"C) 1.55

Density  (g rams  per  cc)

Hardness  ( M o h ' s  sca le) 1.5

A b u n d a n ce  in l i thosphere  (percent) 3.63

V alence  / 3.5

O xida t ion  stale + 2

Source : Collier 's Encyclopaedia Vol. 5, Britunica Encyclopaedia Vol. 2

5.7.2.1.4,  Ch lo r ide

C hlo r ide  is w ide ly  d is t r ibu ted  in nature,  genera l ly  in the fo rm  o f  so d iu m  

(NaCl), po ta ss ium  (K C l)  and  ca lc ium  (CaCb)  salts.  It consti tu tes  

approx im a te ly  0.05 per  c en t  o f  the  l i thosphere  (Natura l  R esea rch  C o u n c i l  o f  

C an a d a  A ssoc ia te  C o m m i t t e e  on  Scienti f ic  Criteria  fo r  E n v i ro n m en ta l
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quali ty,  1971).  By fa r  the  g rea tes t  a m o u n t  o f  ch lo r ide  in the  e n v i r o n m e n t  is 

p resen t  in the oceans .

T h e  p resence  o f  ch lo r ide  in na tura l  waters  can be a tt r ibuted to d isso lu t ion  o f  

salt deposits ,  c o n tam in a t io n  resu l t ing  f rom  sal t ing  o f  roads  to con t ro l  ice and  

snow (M uray ,  Enns tand ,  Ralas ton  1976. 1971). d ischarges  o f  e f f luen ts  from 

chemica l  industr ies  (Litre 1971).  o il -well  opera t ions  (Petty  Jo h n .  1971), 

sew age  d ischarges ,  ir r igat ion dra inage ,  con tam ina t ion  f rom  refuse  leacha tes,  

and  seaw'ater in trus ion in coasta l  a reas  (B o n d  and Strab,  1973).  Each  of  

these sources  m ay  result  in local  c o n tam ina t ion  o f  both su r face -w a te r  and 

groundwater .  T h e  ch lo r ide  ion  is h igh ly  mobile ,  h ow ever ,  an d  is even tua l ly  

transpor ted  into c losed  basins  o r  to the  oceans .

Ch lo r ide  is genera l ly  pi 'esent at low concen t ra t ions  in natural  surface-water .  

Levels  in unpo l lu ted  w a te r  are  of ten  less  than 10 mg/ li t re  and  m a y  of ten  be 

less than I mg/l i t re  (W H O ,  1984).

DETERM INATIO N OF CHLORIDE

C hlo r ide  is o n e  o f  the m a jo r  cons t i tuen ts  found  in all na tu ra l  and  

g roundw ate rs  in d if ferent concen t ra t ions .  T h e  chlor ides  o f  Ca ,  M g ,  K and 

Na are all very  soluble .  C h lo r id e  is usually  the an ion  in ex trac ts  o f  sa line  soil 

and  the  concen t ra t ion  m a y  reach  severa l  hundred  mil l ion  eq u iv a len ts  per  

litre. Ch lo r ide  is specif ica lly  toxic  to s o m e  trees and  crops.

TITRIM ETRIC M ETHOD

T h e  well  know'n M o h r  vo lum etr ic  m e th o d  is sa t i s fac tory  for  the 

de te rm ina t ion  o f  ch lor ide  in a q u eo u s  soil extracts.
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V

A p p a r a t u s

(i) 2 50  ml conica l  f lask

(ii) M icrobure t te

(iii) 50,  100, 50 0  and  1000 ml vo lum etr ic  flask.

(iv) 2 and  5 ml pipetie

(v) Fit t ing s tand

(vi)  St ir rer : J E N W A Y  L T D ,  Fels ted D u n m o w  Essex  E ng land  C M 6  3LB, 

M odel  1100.

R e a g e n t s

(1) Si lver nitrate so lu t ion  (0 .02N)

Disso lve  3 .397 g  o f  s i lver nitrate  in dis t i l led w a te r  and  d i lu te  to 1 Liter. 

Stored the Solu t ion  in a da rk  glass bottle.

(2) Po tass ium c h ro m a te  indicator;

>- Disso lve  10 g  o f  po ta ss ium  c h ro m a te  in abou t  20  ml o f  dis t i l led water .

M e t h o d

(a) Taken  10 ml o f  sam p le  in a f lask and  3-5 d rops  o f  p o ta ss ium  c h ro m a te  

indicator

(b) T h e  c o lou r  o f  sam p le  b e co m e s  ye l low

(c) Tit ra te  agains t  s i lver nit ra te  solut ion unti l  a pers is ten t b r ick  co lour  

appears.
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V

C a l c u l a t i o n

C h lo r ide  (mg/1) =  V x N x  35 .45  x 1000

S

where

V =  V o lu m e  o f  the t i l ranl (ml)

N =  V o lu m e  o f  the sam p le  (ml)

N = N o rm al i ty  o f  the  l itrat 

T a b le - 5 .4 :  P r o p e r t y  o f  C h l o r i d e

P R O P E R T I E S  O F  C H L O R I D E

A tom ic  num ber 17

A to m ic  weight 35.453

Isotopes,  stable 35, 37

Isotopes,  unstable 3 3 , 3 4 ,  3 6 , 3 8 , 3 9

M el t ing  poin t (“̂ C) -100,  98

Boi l ing  poin t ("C) -34.6

Density  (1 atm,  0"C) 3 .214  g/1

O xida t ion  stales -1, +1, +3, +5 ,  +7

Source  : Coll ie rs  E n cy c lo p aed ia  Vol.  6
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5.7.2.1.5.  M a g n e s iu m

>

M a g n e s iu m  is a s i lve ry  w hi te  m eta l l ic  e l em en t  o f  the A L K A L I N E  E A R T H  

M E T A L  g roup ,  the  l ightest  s tructura l  metal .  It is the e ight  m o s t  abundan t  

e lem en t  in E a r th ' s  c rus t  (abou t  2.5 pe r  cent) .  M ag n e s iu m  occu rs  in nature  as 

a mix ture  o f  three  isotopes.  It is a ve ry  s t rong reduc ing  agent  reac t ing  with 

most acids  or  with boi l ing  w'ater to l iberate  hydrogen ,  but it is res is tant to 

most alkalies.

DETERM INATION OF CALCIUM  AND M AG NESIUM

In the c o m b in e d  de te rm ina t ion  o f  ca lc ium  and  m a g n es iu m ,  E r io ch ro m e  

Black T  is used  as the  indicator.  T h e  o p t im u m  pH  for  the  fo rm at ion  o f  

m ag n es iu m  E D T A  c o m p le x  is 10 this is main ta ined  by  a  b u f f e r  solution.  

C a lc iu m  is c o m p le x ed  be fore  m a g n e s iu m  and  the  indica to r  c h a n g e s  f rom  red 

to b lue  w hen  the m a g n e s iu m  en d  poin t is reached. T h e  c o lo r  c o m p le x  has a 

grea te r ioniza tion cons tan t  than the  E D T A - M g  c om p lex  ( D id a r  et  al, 1991).

EDTA TITRIM ETRIC M ETHOD

C alc ium  and  m a g n e s iu m  concen t ra t ion  in w a ter  m ay  vary  f r o m  zero  to 

severa l  hun d red  m il l ig ram s p e r  litre, dep en d in g  on  the source  an d  t rea tment  

o f  w a ter  w hereas  in soil the  C a  and  M g  contents  vary  w ide ly  d e p e n d in g  on 

soil pH. T h e  a tom ic  abso rp t ion  spec t ropho tom etry  p rov ides  an accura te  

m ethod  fo r  the de te rm ina t ion  o f  ca lc ium  and  m ag n es iu m .  B u t  the  simplic ity  

and rapidity  o f  E D T A  titration p ro ced u re  m ak es  it the  m e th o d  o f  cho ice  for 

general  use.
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y

Apparatus

i) Microbure tte .

ii) V o lum etr ic  f lask (50,  100, 5 0 0  an d  1000 ml).

iii) 2 and 5 ml pipettes.

iv) M easu r ing  c y l inder

v) Fit t ing stand

vi) St ir rer : J E N W A Y  L T D ,  Fels ted  D u n m o w  Essex  E n g lan d  C M 6  3LB

M odel  1100.

Reagents

(1) H y d ro x y la m in e  hyd ro ch lo r id e  So lu t ion  : D isso lved  5 g  o f

hydroxy lam ine  h yd roch lo r ide  ( N H t O H,  Hcl) in 100 ml o f  dis t i l led 

water.

(2) A m m o n ia  B uf fe r  So lu t ion  : D isso lved  13.5 g o f  A m m o n i u m  chloride  

in 114 ml o f  concen t ra ted  a m m o n i u m  h y drox ide  and  d is t i l led  w a te r  to 

m ake  the  v o lu m e  2 0 0  ml.

(3) E ro ch ro m e  B lack -T  In d ica to r  : D isso lved  0.5 g o f  E r i c h r o m e  B lack -T

d y e  in 100 ml o f  8%  Ethyl  Alcohol.

(4) E D T A  S tanda rd  (0.0 IM )  S o lu t ion  : D isso lved  3 .723 g o f  d i -sod ium  

salt o f  E D T A  in dis t i l led w a te r  to prepare  I L  o f  solution.  S to red  in a 

po lye thy lene  bottle.
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Method

(a) Taken  5 0  ml o f  sam p le  in a conica l  f lask.

(b) A d d ed  1 mi o f  h y d ro x y la m in e  h yd roch lo r ide  solution

(c) A dded  3-5 ml o f  bu f fe r  solut ion.

(d) A dded  1-2 d rops  o f  E r ich rom e  B la o ck -T  Indicator.

(e) Tit ra te  agains t  E D T A  Solu t ion  until the  w ine  red co lou r  o f  the  solution 

turns 10 blue.

Calculation

Total  Hardness  (mg/1, as C a C O . - i ) T  x lOQQ

V

where,

T  = V o lu m e  o f  t i t rant (ml)

V =  V o lu m e  o f  s am p le  (ml)

Total  hardness  and  ca lc ium  hardness  o f  w a te r  as mg/l  CaCO.i are de te rm ined  

as descr ibed  earl ier .  F ro m  these  values  m a g n e s iu m  con ten t  is ca lcu la ted  by 

us ing  fo l lowing  relation.

M ag n e s iu m  (mg/ l )  =  (T -C )  x 0 .244

where,

T  = Tota l  hardness  

C  =  C a lc iu m  hardness .
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Table-5.5: Property of M agnisium

P R O P E R T I E S  O F  M A G N E S I U M

A tom ic  n u m b e r 1 2

A tom ic  weight 24 .312

Melt ing point 65V 'C

Boiling point 1.107"C

Specific gravity 1.74 (20'’C)

Valence 2

Source  : E n cy c lo p aed ia  Bri tan ica  Vol.  7.

5.7.2.1.6.  Su lpha te

T h e  majori ty  o f  sulfa tes  are  so lub le  in water ,  the excep t ions  be ing  the 

sulfates o f  lead,  ba r ium ,  and  s t ron t ium  ( M c K e e  and  wolf,  1963). D isso lved  

sulfate is cons ide red  to be a p e rm a n en t  solu te  o f  water.  It m ay ,  h o w e v e r ,  be 

reduced  to sulfide ,  vola ti l ized  to the a ir  as H^S, prec ip ita ted  as an insoluble  

salt, o r  incorpora ted  in l iving  o rgan ism s .

Sulfates  are d isch a rg ed  in to  the  aqua t ic  env i ro n m en t  in the  w as te s  f rom  

m an y  different industries .  A tm o sp h er ic  su l fu r  d iox ide  ( S O 2), fo rm ed  by the 

com bus t ion  o f  fossil fuels  and  em i t ted  by the meta l lurg ica l  roas ting 

processes ,  m ay  a lso con t r ibu te  to the sulfa te  con ten t  o f  sur face -wate r .  Sulfur  

tr ioxide (SO.O, p ro d u c e d  by  the photo ly t ic  o r  cata lytic  o x ida t ion  o f  su l fur  

d ioxide,  c o m b in e s  w i th  w a te r  vapo r  to fo rm  sulfuric  acid ,  w h ich  is 

prec ip ita ted as “acid  ra in” o r  snow.
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Sulfa te  is not r e m o v e d  f rom  w a te r  by  co n v en t io n a l  w a te r  t r e a tm en t  methods .  

Sulfate  concen t ra t ions  o f  bott led  m inera l  w a te r  m arke ted  in Eu ropean  

C om m u n i t ie s  average  223 mg/l i t re  ( range  0 .1 1 8 2  mg/li t re) .  H ig h  sulfate 

concen tra t ions  in w'ater m a y  con tr ibu te  to the  corros ion  o f  m e ta ls  in the 

dist ribution sys tem,  par ticula rly  in waters  hav ing  low a lkal inity .  (W H O .  

1984).

DETERM INATIO N OF SULPHATE

O nce  in .solution, so i l /w a te r  su lpha te  can be de te rm ined  grav im etr ica l ly ,  

vo lumetr ica lly ,  co lor im etr ica l ly ,  conduc t im e t r ica l iy  o r  tu rb id im etr ically .

TUR BID IM ETRIC M ETHOD

T h e  de term ina t ion  o f  su lpha te  th rough  the  turbid ity  d e v e lo p e d  on 

precipita tion as B a S 0 4  (B a r ium  Su lpha te )  has  long  been  an a t t rac t ive  and  

m uch  used method.  Su lpha te  m ay  be d e te rm in e d  by  the  turb id i ty  o f  

suspended  ba r ium  sulphate .

Apparatus

(i) S p ec t ropho tom ete r

(ii) Conical  f lask

(iii) Pipettes (10  ml,  5 ml)

(iv) Beaker

(v) Filter p ap e r  ( w h a tm an  No.  44).

Chemicals

(1) Glycr ine  : Labo ra to ry  r eagen t
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(2) H ydroch lo r ic  ac id  (Hcl) ,  6 N

(3) B ar ium  ch lor ide  : F ine ly  d iv ided  BacK, crysta l  (20  to  60  mesh) .

(4) Sulfate  Ext rac t ion  So lu t ion :  M ix ed  57,5 ml glacial  ace tic  and  18 ml 

a m m o n ia  in d is t i l led w a te r  and  dilu te  to 5 0 0  ml (only  fo r  soil extraction).

(5) Standard  su lphate  so lu t ion  : D isso lved  14.79 m g  anh y t ro n  N a 2S 04 

(S od ium  Su lpha te )  in dis t i l led w a te r  and  dilu te  100 ml. Th is  s tanda rd  stock 

solulion conta ins  10 n ig /L  S O / ’.

F rom  this s tandard  so lu tion,  taken  I ml, 5 ml and  10 ml by us ing  equa t ion  

that  describe  ear l ier  fo r  p repara t ion  o f  1 p p m ,  5 p p m  a n d  10 p p m  

respective ly  f ro m  s tandard  su lpha te  so lu tion  in a series  o f  10 0  ml vo lum etr ic  

f lasks for the s tandard  curve.

Methods/procedures

(a) T aken  10 ml o f  s am p les  in a vo lum etr ic  flask.

(b) A d d ed  5 drops  o f  glycrine.

(c) A dded  8 d rops  o f  HCL.

(d) A dded  a  p inch  o f  B a C ^  crys ta ls  and  m ix  throughly .

(e) Let s tand for 20  m inu te  an d  then swirl  the  flask.

F o r  Sol!

( 0  T aken  1 g  soil in conica l  f lask and  ad d ed  25 ml o f  su lfa te  ext rac t ion  

solution

(g) S haked  the flask throughly .
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(h) Fil tered the  suspens ion  th ro u g h  a fi l ter  paper.

(i) Taken  3 ml c lear  a l iq u o t  a n d  m a d e  the v o lu m e  up to  10 ml w i th  dis t i l led 

water.  Then  the sam e  process .

(j) Read  the density  o f  the  sam p le  so lu tion  by  tak ing  a bso rbance  using 

s p ec t ropho tom ete r  at a w a v e  length  o f  4 2 0  nm  by us ing  d is t i l led  w a ter  

blank.

Standard Curve

Processed  the  s tandard  su lpha te  so lu tion  o f  d i f feren t  concen t ra t ion  in s imi la r  

way  and recorded  the  a b so rb an c e  for  each .  Plot ted  a s tandard  cu rv e  from 

these  values  and  d e d u c e  the  total su lpha te  con ten t  o f  the s am p le  in m g /1 by 

c o m p ar in g  the a bso rbance  o f  s am p le  with the  s tandard  curve.

5.7.2.1.7 N i t r a t e :

Nitrates  are w ide ly  p resen t  in substantia l  quanti t ies  in soil,  in m o s t  waters,  

and  in plants,  inc lud ing  vegetab les .  Nitri tes  a lso o ccu r  fa irly  w ide ly ,  but 

genera l ly  at very  m u ch  low er  levels  than nitrates.  Nit ra tes  are  p roduc ts  o f  

oxidation o f  o rgan ic  n i t rogen  by the bacter ia  p resen t  in soils  an d  in w a ter  

w here  suff ic ient o x y g en  is present.  Nitri tes are  fo rm ed  by  incom ple te  

bacteria l  ox ida t ion  o f  o rgan ic  nit rogen. O n e  o f  the pr incipal uses  o f  nitrate 

is as a fert il izer; m os t  o the r  n i t rogen  con ta in ing  fert i l izers will ,  h o w e v e r ,  be 

conver ted  to nitrate in the  soil.  Nit ra tes  are a lso used  in exp los ives ,  as 

oxid iz ing  agen ts  in the  chem ica l  indus try  and  as food  preserva t ives .  The  

main  use o f  nitr ites is as food  preservatives ,  generally  as the  so d iu m  o r  the 

po tass ium salt. S o m e  nit rates  in the  en v i ro n m e n t  are  p ro d u ced  in the soil by 

fixation o f  a tm ospher ic  n i t rogen  (bacter ial  synthesis ) .  S o m e  nit rates  are
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nitri tes are fo rm ed  w h e n  o x id es  o f  n i t rogen  p ro d u ced  by  the  ac t ion  of  

l ightning d ischa rge  o r  via  m a n - m a d e  sources  are  w ash ed  ou t  by  rain, 

Nit ra tes  and  s o m e  nitr i tes are  a lso  p ro d u ced  in the  soil as a r esu l t  o f  bacterial  

decom pos i t ion  o f  o rgan ic  mate ria l ,  bo th  vege tab le  and  animal.

B ecause  nitrates and nitr i tes  are  w id esp read  in the e n v i ro n m e n t ,  they are 

found in m os t  foods,  in the  a tm osphere ,  and  in m an y  w a te r  sources .

Ferti l izer  use. decay ed  vege tab le  and  an im al  matter,  d o m e s t ic  effluents ,  

s ew ag e  s ludge  d isposa l  to land, industria l  d ischarges ,  leacha tes  f ro m  refuse 

du m p s ,  and  a tm ospher ic  w a sh o u t  all con tr ibu tes  to these  ions  in water  

sources .  C h an g e s  in land use  m a y  a lso g ive  rise to increased  n it ra te  levels. 

D epend ing  on the  s i tua tion,  these  sources  can co n tam in a te  s t ream s ,  r ivers, 

lakes,  and  g ro undw a te r ,  e spec ia l ly  wel ls.  C o n ta m in a t io n  m ay  resu l t  from a 

di rect  or  indirec t  d ischarge ,  or  it m a y  ar ise by percola t ion  ov e r  a  pe r iod  o f  

t ime, som et im es  af te r  m an y  years.  T h e  levels o f  nit ra tes in po l lu ted  w ater  

are  a lmost  invar iab ly  very  m u c h  h igher  than the  levels o f  nitr i tes,  (W H O ,  

1984).

DETERM INATIO N OF NITRATE

In spec i fy ing  the  qua l i ty  charac te r is t ics  o f  a water ,  it is  necessa ry  to know  

the  nitrate status o f  water .  In g ro undw a te r ,  nitrate is on ly  ra re ly  an  impor tan t  

natural  const i tuent,  h igh concen t ra t ion  m a y  indica te  sources  o f  pas t  or  

p resen t  pollut ion.  Nit ra te  in soil ex t rac t  o r  w a te r  can be d e te r m in e d  e i ther  by 

reduction to a m m o n ia  (by us ing  D e v a r d a ' s  al loy) w h ich  is then l ibera ted by 

alkal ine s team  dis ti l la t ion and  t i trated agains t  a s tanda rd  ac id  or 

co lor imetr ica l ly  e i ther  d irectly  or  af te r  reduc t ion  o f  nitrate to a m m o n ia  

(D ida r  et al.. 1991).
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PHENOL DISULPH O NIC AC ID-SPEC TRO PH O TO M ETR IC  

M ETHOD

Severa l  c o m m o n  chem ica l  reac t ions  are  avai lab le  for the  de te rm ina t ion  o f  

soil o r  w a ter  nit ra tes by  phenol  d isu lphon ic  acid sp ec t ropho tom etr ic  method.  

O n e  o f  them is the d e v e lo p m en t  o f  ye l low  co lou r  o f  the  soil ex t rac t  o r  o f  

w a ter  phenol d isu lphon ic  in p resence  o f  co ncen t red  H 2S O 4. T h e  co lour  

b eco m e s  ye l low  w'hen m ade  a lkal ine  w'ith po ta ss ium  hydroxide .

Apparatus

(i) Spec t ro p h o to m e te r

(ii) 1 ml and  2 0  ml pipette

(iii) Conical  flask.

(iv) C eram ic  bath.

Reagents

(1) Phenol d isu lphon ic  acid solution: D isso lved  25 g  white  phenol  in 150 ml 

o f  concentra ted  ion su lphur ic  acid and  fur ther  ad d ed  95 ml o f  concen t ra ted  

su lphur ic  acid.  Hea ted  for abou t  2 hours  on  a w a ter  bath,  then coo l  a n d  kept 

the  solution in a  da rk  bottle.

(2) Po tass ium  h y drox ide  so lu tion (12 N) : D isso lved  336 .5  g  o f  po tass ium  

hydrox ide  in dist i l led w'ater to m ake  the  vo lu m e  50 0  ml.

(3) Soil  extraction so lu tion  (1 N) : D isso lved  3 7 .2786  g  po ta ss ium  chloride  

(K C L )  in 50 0  ml dis t i l led water.

(4) S tandard  nitrate so lu tion  : D isso lved  0 .8815  g Po tass ium  nit ra te  (K N O 3)
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in 5 00  ml d is t i l led water .  T h i s  so lu tion  con ta ined  100 m g /L  N 0 3 -ions .  F rom  

this solution,  p repa red  a sec o n d a ry  s tanda rd  so lu tion  by  u s ing  equa t ion  (that  

desc r ibe  ear l ier)  this so lu tion  con ta ined  10 p p m  N O j-  ions.

T ak en  al iquots  o f  10 mi.  20m l  and  30  ml for  p repara t ion  o f  1 p p m .  2 ppm  

and 3 ppm  respec t ive ly  f rom  10 p p m  s tock  N 0 3 ~ s o lu t io n  in a ser ies  o f  100 

ml volumetr ic  f lask for the s tandard  curve.

Method

(a) T a k e n  5 0  ml o f  sam p le  in a c e ram ic  bath  and  e vapora te  it to d ry n es s  bn a 

hot w a ter  bath.

(b) A fte r  cool the  sam p le  ad d ed  0.5 ml o f  phenol  d isu lphor ic  ac id  reagent .

(c) D isso lved  the  res idue  in the  phenol  di-sulfur ic  so lu t ion  w i th  he lp  o f  a 

glass rod.

(d) M ixed  5 ml dis t i l led w a te r  and  pour ing  in a  2 0  ml whi te  bottle.

(e) A d d ed  5 ml dis t i l led water.

(f) Read abso rbance  o f  4 2 0  nm. in a s p ec t ro p h o to m ete r  by  us ing  dis t i l led 

w a ter  blank.

(g) P rocessed  the  s tandards  exactly  s a m e  w ay  and  cons t rac ted  a  calibra t ion 

curve.

(h) Calcu la ted  the NO^' concen t ra t ion  in the sam p le  by  c o m p a r in g  with 

s tandard  curve.
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5 . 1 2 . 2 .  Soil  analysis:

T h e  m os t  c o m m o n  en v i ro n m e n ta l  s am ples  are  air,  wa ter ,  soil ,  b io logica l  

mate r ia ls  and  w as tes  ( l iquids ,  sol ids,  or  sludges).  Each  m atr ix  is sam pled  

us ing  different techn iques  but the  unde r ly ing  concep ts  are the s am e  in each  

case.  Soil is a c o m p le x  m atr ix  ju s t  as m a n y  o th e r  en v i ronm en ta l  mater ia ls  

are m any  c o m p o n en t s  o c c u r  natura lly  in soil, and  o thers  are in t roduced  into 

it by h um an  activities.

C on tam in a t io n  o f  soil is n o w  recogn ized  as be ing  as im por tan t  as a ir  and 

w a te r  pollut ion.  Soil  co n tam in an ts  teach in to  g ro u n d  w a te r  a  rain w a ter

V percola tes  th rough  it. F o o d  c rops  m ay  absorb  an d  concen t ra te  con tam inan ts .  

Even  children m ay  be  e x p o se d  w hen  they play  in c o n tam in ed  soil (Mit ra  

1998). Soil is quite  he te rogeneous ,  con ta in ing  rocks ,  t rapped  gases  and 

l iquids. It varies across  the sur face  and  with dep th  this var ia tion  is  caused  by 

con tac t  with the a tm o sp h ere  and  the b iosphere ,  as well  as by  the  f low  o f  

g ro u n d  water .  M ost  land c o n tam ina t ion  occurs  in the  d isposa l  o f  m in in g  and 

industria l  waste s ,  o r  f rom  land disposal o f  dom es t ic  and  m un ic ipa l  waste.  

T h e  mining  and  industria l  w as te  can con ta in  h igh concen t ra t ions  o f  spec ific
V
*  chem ica ls  w h ich  m ay  be  very  toxic.  W hi le  dom es t ic  w as te  usually  is very

he te rogeneous  and  con ta in s  f e w er  toxic  chem ica ls .  W i th  the  ex p lo s io n  o f  

c o n su m e r  goods .  O u r  soc ie ty  curren t ly  p roduces  an e n o rm o u s  quan t i ty  o f  

dom es t ic  waste  which  genera l ly  bur ied  in landfil ls .  B efo re  1970s  landfil ls  

w'ere often chosen  haphazard ly .  A s  a result ,  co n tam in an ts  have  leached  from 

m an y  o f  them and  c o n tam in a te d  soil and  g ro u n d  water .  T o d a y ,  si tes are 

se lec ted  fo r  their  geo log ica l  characte r is t ics  and  m ay  be  l ined w i th  c lay  and  

g ra d e d  to reduce  pe rco la t ion  o f  leachate  ( K u b b e k u s  and  Mit ra ,  1998).
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A n o th e r  source  o f  soil  c o n tam in a t io n  is le akage  f rom  u n d e rg ro u n d  s to rage  

tanks ,  especia lly  gaso l ine  tanks.  O v e r  the years,  these  tanks  can  leak 

mil l ions  o f  liters and  can  c o n tam in a te  large areas  o f  soil  as well  as g r o u n d  

water.  M an y  old  industria l  si tes  are fo u n d  to be c o n tam in a te d  because  in the 

past.  C hem ica l s  w e re  used  fo r  varie ty  o f  act ivit ies and  little a t ten tion  was  

paid  to their  p ro p e r  con ta inm en t .  Fo r  this reason,  we  need  soil  ana lys is  to 

find the propor tion  o f  co n tam ina t ion .  Bes ides  soil ana lys is  is need  to clean 

up  con tam ina ted  land si tes  and  g r o u n d  water.

Analysis  o f  soil s am p les  in the  labora tory  w as  m a d e  on  s am p les  co l lec ted  

f rom  field. Soil  s am ples  w e re  co l lec ted  by soil  au g e r  and  spade .  Soil 

s am ples  were  d iges ted  w i th  s t rong  acid.  5 ml o f  concen t ra ted  nitr ic ac id  and  

7 ml o f  concen t ra ted  o f  su l fu r ic  ac id  w e re  added  on  1.0 g ra m  soil s am p le  in 

a c eram ic  tube  a n d  it w a s  hea ted  at I60"C  and  d igested  by w et  m e thod .  Af te r  

two hours  later w hen  it b e c a m e  near  d ryness ,  10  ml o f  d is t i l led  w a te r  and 

five drops  o f  sul furic  ac id  (conc.)  w e re  ad d ed  and the  l iquid  w as  hea ted  at 

!60"C. Af te r  every  tw en ty  m inu tes  tw o  d ro p s  o f  su lfur ic  ac id  (conc.)  was  

added  in three  t im es .  H eat ing  w as  con t inued  until it w a s  digest ion  

comple te ly ,  w hen  d iges t ion  w as  com ple ted ,  the sam p le  w as  ad jus ted  to 10 0  

ml by  adding  dis t i l led w a te r  f o r  analys is  in var ious  method.

All the soils pa ram etres  w e re  ana lyzed  l ike  the w a te r  ana ly z in g  m e thod .  Fo r  

su lphate ,  soils  w e re  d ig e s ted  with su lpha te  ex trac tion  solution.  F o l low ing  

digest ion m e thod ,  the soil s am p les  were  di lu ted  at 1 ; 25 soil (g) so lu tion  

ratio.  From the ex trac tion ,  3 ml extrac t ion  sam ples  w'ere taken  so that  no 

sed im en t  w as  avai lab le  in and  m ixed  7 ml dist i l led w a te r  fill up  to 10 ml 

(sam ples  for  su lphate) .  T h e n  it was  ana lyzed  like w a ter  s ample .
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Apparatus:

i) Electric  B a lance

ii) C e ram ic  T u b

iii) Electric  Blast  D ry in g  O v e n  M odel  J2607 ,  D aJ ian g  Elec tric  

Ins trument Fac to r  W u h a n .  China.

iv) D roppe r

v) V o lum etr ic  Flask

vi) Fil ter  p ap e r  ( W h a tm a n  No. 44)

vii) Beaker

Reagent

H N O 3 c oncen tra ted

H 2S O 4 concen t ra ted

and  for su lpha te  G lacia l  ace t ic  acid

A m m o n ia
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kA

F low  char t  o f  arsen ic  o f  Soil

169

Dhaka University Institutional Repository



>

5.8 Data Presentation :

T h e  cheinica! analys is  d a ta  (bo th  w a te r  an d  soil)  have  been p re sen ted  in 

graphica l ly  on acco rd ing  to the  o b jec t ives  o f  th is  study.

Q uest ionna ire  for so c io -ec o n o m ic  si tuation and  arsenicos is  d iseases  p ro b le m  

in the study area  w as  f r am e d  af te r  th rough  s tudy o f  re levant l i tera ture  and  

discussion.  T abu la t ion  and  da ta  p rocess ing  were  ana lyzed  both  by  m anua l ly  

and  mechanica l ly  so f tw a re  in com pu te r .  P e r  c e n t  d is t r ibut ion ,  and  

c a r t o g r a p h i c  t e c h n i q u e s  w e re  used  for d if ferent variables.
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6. RESULT AND DISCUSSION

6.1. Introduction

^  Results  o f  chem ica l  ana lyses  o f  soil and  w a te r  o f  tubewel ls  in the  m o n th s  o f

M arch  and  J u n e  (2001)  has been  p re sen ted  in this chap te r  and  H eal th  S o c io ­

eco n o m ic  d a ta  o f  the a rsen icos is  pa t ien ts  has  been  p resen ted  in chap ter  

seven.

6.2. Water

T o  fulfill the ob jec t ive  o f  the  re search  to identify  the sources  o f  a rsen ic  and 

■V o ther  unfr iendly  toxic  e lem en ts  an d  c o m p o u n d s  which  c o n tam in a te d  the

groundw ate r ,  f i f teen s am p les  o f  s ed im en t  taken  random ly  for  the  chem ica l  

analyses.  T h e  chem ica l  ana lyses  d o n e  for  those  mate r ia ls  are  arsenic ,  iron,  

ca lc ium, chloride ,  m a g n es iu m ,  su lfa te  and  nitrate.  T h e  re su l ts  o f  the 

chem ica l  analyses  h a v e  been  plo tted  (excep t  soil)  in the g raph  shee t  a long 

with p lo tt ing  pe rm iss ib le  l imit  o f  those  e lem en ts  in d r ink ing  w a te r  by  the 

W or ld  Heal th  O rgan iza t ion  and  B an g lad e sh  D ep ar tm en t  o f  E n v i ro n m e n t  

standard.
X

T h e  results  are d i scu ssed  below:

Result s  o f  C hem ica l  A n a ly se s  o f  Sed im en ts ,  W a te r  o f  tube  wel ls  in the 

m o n th s  o f  M arch  and  June  (2001)
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Table -6 .1 :  W a te r  A na lys is  o f  P h a s e  D a ta  (D ry  Season)

V

L a b  C o d . pM T e r n .

' C

D .O B i c a r F e C a C i M g S O 4 N O , A s -  in  

L a b .

A s -  in  

F ie l d

S T W  - 1 8 .3 - - 7 0 .3 3 1 5 .1 6 7 .5 .54 ,71 0 ,0 6 1,6 0,21 0 .3 4

S T W - 2 8 .4 2 8 3 8 0 .3 3 1 .8 4 7 .5 1 2 5 0 .0 3 4 ,8 0,11 0 .8 5

S T W  -3 8 .0 2 8 3 .2 6 0 .6 7 1 0 .9 5 6 9 3 ,8 7 0 .1 5 5 .7 7 0 .0 6 0 .6 5

S T W  -4 S.O 2 4 1-7 10 0 .3 3 9 .2 6 12 2 3 .6 4 0 .1 8 1 .8 7 0 .0 8 0 .6

S T W  -5 7 .7 - - 13 0 .1 6 2 5 ,2 6 4 .5 2 4 .1 6 0 .1 5 0 .0 3 5 0 .0 3 0 .4 5

S T W  -fi 7 .4 - - 10 0 .1 6 2 1 .0 5 y 8 .1 7 0 .1 2 0 .6 7 0 .0 3 0 .2 5

S T W  -7 8 .4 — - 14 0 .6 7 2 4 .4 2 7 ,5 2 8 .5 7 0 .0 3  , 6 0 .0 3 0 .8 5

S T W  -8 6 .9
- - 10 0 .3 3 2 9 ,4 7 1 0 .5 3 5 ,2 6 0 .0 6  • 1 .4 0 .0 3 0.8

S T W  -9 8 .2 - — 15 0 .3 3 4 5 ,4 7 9 3 8 ,2 1 0 .0 3 0 .3 7 0 .0 3 0 .0 8

S T W  - 1 0 8 .3 - 3 .2 17 0 .1 6 2 6 ,1 6 6 2 ,2 0 .1 5 2 .6 0 .0 6 0 .6 5

S T W -1 1 7 .5 - - 20 0 .1 6 4 3 .7 8 9 3 2 .9 0 ,1 2 2 .8 0 .0 6 0 .9

S T W - 12 7 ,4 3 0 2 ,7 3 6 0 .3 3 2 6 ,9 4 1 3 6 ,5 5 0 ,4 6 0 ,1 5 4 .1 7 0 .1 3 0 .3

S T W  - 1 3 7 .3 - 2 .5 5 4 0 .3 3 3 3 ,6 8 1 3 .5 2 2 ,4 5 0 ,0 3 0 .6 7 0 .0 9 0 .5 5

S T W  - 1 4 8 .3 2 8 2 .4 2 6 0 .3 3 6 2 ,3 1 1 6 .5 1 1 4 ,3 4 0 .0 6 4 . 6 0 .0 8 0.1

S T W  -1 5 8 .3 - 2 .9 2 5 0 .3 3 1 1 .7 9 3 4 .5 3 1 ,8 7 0 ,1 5 2 .3 7 0 .0 6 0 .0 8

S T W  -1 6 8 .4 3 4 .8 1 2 4 0 .3 3 3 9 .5 7 1 9 .5 2 7 ,6 5 0 ,0 3 0 .4 7 0 .0 8 0.01

D T W  17 7 .8 - 5 .8 10 0 .3 3 3 3 ,6 8 1 4 5 ,5 6 1 ,4 9 0 ,0 6 4 ,4 0 .0 8 O .O I

D T W  18 8.0 2 4 1.7 15 0 .3 3 2 4 ,4 2 1 0 .5 1 3 ,4 4 0 .(K )3 2 ,3 3 0 .0 9 0 .0 0 5

19 0 .3 3 3 4 ,5 2 7 ,5 4 9 ,2 6 0 .0 3 5 .9 3 0 .2

20 0 .3 3 3 9 .5 7 1 6 ,5 1 9 ,3 5 0 .1 2 ! .1 3 0 .0 6

21 0 .3 3 2 6 ,9 4 6 2 1 .1 8 0 ,0 3 0 .8 3 0 .0 6

22 0 .6 7 4 2 ,9 4 2 4 3 4 ,3 8 0 ,0 6 6 ,5 7 0 .1 3
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Table-6.2: Water Analysis o f 2"*̂  Phase Data (Wet Season)

Lab

Cod.
pH Ttfiii

°C

D.O. Di-carb Fe Ca Cl Mg SO 4 NO., As-in

Lab.

As-in

Field

1 7.6 25 9 0,33 51.3 817.5 2 2 2 , 8 0.031 2,5 0,07

7.5 ? 0 7 0.33 47.15 33 252,4 0.031 2,67 0 , 1

3 7,4 IS 13 0.5 34.52 81 223.9 0,031 4.6 0,15

4 S..*; 10 18 fl.33 40,5 100,5 23S,3 0,031 4.33 0.06

5 7.5 13 12 0.33 50.52 35 2,34 0,031 2.33 0 ,0 s

(i 7.6 15 6.2 0.17 45,47 84 244,6 0,06 0,17 0.08

7 i .y 12 6.3 0,5 .39,57 49,5 117,3 0.003 2,8 0.16

1 22 12 0,33 69,04 49.5 .345.8 0.(K)3 3,53 (1,17

9 7 21 19 0,17 63.15 34 98,5 0,31 5,39 0.2

10 7.2 15 8 0,5 33.68 34,5 42 0,18 5.7 0.24

11 7,4 21 4 0.33 52.2 43 161,8 0,03 5.4 0.42

12 7.1 22 10,9 0.5 39.57 73,5 221,3 0,15 1.1 0.13

13 6,X .35 4 0,67 82.52 816 326.2 0,18 .5.8 1.33

14 6,8 1.3 10.5 0,33 13.47 42 66,4 0,31 5.53 0.14

\5 6.7 23 15 0,83 5.05 79,5 67,4 0,18 5.63 0.2
Ifi 7,4 22 IK 0.33 35, 108 70.1 0,31 2.67 0.14

17 8,4 10 19 0.33 32,84 51 118.1 0.03 1 0.15

IS 7..1 1 4.9 0.33 40,42 85 111,2 0,03 1.06 0.16

P ”  ; In both the  seasons  , the  va lue  o f  lu b e w e l l ’s is be low  the  W H O  as 

well  as B ang ladesh  pe rm is s ib le  l imit . I t  appea rs  tha t  du r ing  d ry  season ,  the 

b e co m e s  low er  than in the  w e t  season. T h e  h ighes t  pH  va lue  is  8 .4  which  

appea rs  in sam p le  no. 16 (dry  season)  an d  sam p le  no. 17 (w e t  s eason ) .  Both 

sam ples  are ins ide  the polder.
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Sam ple No.

Figure-6.1: Stiowing the Existence of pH in llie Water in Comparasion with 
International Standard and Bangladesh Standard both in Dry and Wet season.
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Figure-6.2 ' Showing the Existence o f Sirarbonate tn the V ^ter in Comparasion with 
International Standard and Bangladesh Standard botli in Dry and Wet season.

Iron (Fe)

Isl Phase {Dry &dS6on)

2 n d P liS M  (VM Sea&oii)

f i d n g la ^ n  SlanQard - - -  -  -  jU s x i S 0mg/1>

lnt«rndt*oi^d( S ld r^d M  ---------------  (0  3mgfl)

0 1 2  3 4  5 6  7 9  <0 I I  12 13 14 15 1« 17 18

• S^pieNQ ►
Figuf©-6 3. Sbo»ir>9 ihe E«iKef«s Iron in ftie m Coniparaaton
with Inleinalional Standaid and 6«nglddesti Slandaitl tratli in Dry and Wei season
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Fgu re-6 .8  : Show ing ihe  Exis lence o f A rsenic in the  W ater in C om parasion w ith 
International S tandard and Bangladesh Standard both In D ry and W et season
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T e m p e r a t u r e :  T h e  reco rds  d o  no t  g ive  any  indica t ion  o f  inc rease  or  

decrease  o f  t em pe ra tu re  o f  g ro u n d w a te r .  O n  o n e  d e ep  tub ew e l l  s h o w s  h igher  

tempera ture .  But  it is no t  c o m m o n  c a se  even  in one  sha l low  tubew el l  well  

there  h igher  tem pera tu re .  T h e  t e m p e ra tu re  r anges  f rom  2 2 “ to 3 0 “C. T h e r e  is
¥

relation o f  solubil i ty  o f  a m o r p h o u s  varie ty  o f  arsen ic  with the  tem pera tu re .  

Arsenic  oxide  exis t  in th ree  fo rm s;  (i) an a m o rp h o u s  glass ,  s .g 3.7 to 3.8 

m.p.  2000  (ii) oc tahedra l  ( the  c o m m o n  form),  s.g. 3 .089, m.p .  2 7 5 0  bp  < 6 5 0  

and (iii) m onoc l in ic  s.g. 3 .85  m.p.  ab o u t  3120.  T h e  so lubi l i ty  (1 part  in

• abou t  25 parts o f  w a te r  at 13", o r  in 12 parts  at 100"C) d e c rea se  on  s tanding. 

O w in g  to convers ion  to oc tahedra l  fo rm  ranges  f ro m  (P ae r ing ton ,  J.R. 

^  1961). A n d  the  solubil i ty  o f  o c tahedra l  f rom  ranges  f rom  g./lOO g. o f  w a ter

(1.21,  1.65, 2.05,  2 .03 ,  4 .45  an d  8.18 at t em pe ra tu re  0", 15 ", 25  ", 39 .8  ^  62 

98.5  " respectively).  U n d e r  the  t em pe ra tu re  condi t ion  if  the  a rsen ic  is 

p reva i l ing  e i ther  in a m o r p h o u s  o r  oc tahedra l  varie ty,  there  is poss ib i l i ty  o f  

d is so lv ing  the  a rsen ious  mate ria l  in the g ro u n d  water.

D isso lved  O x y g e n  (D.O.):  T h e  d is so lved  o x y g en  m e as u re d  s h o w s  the  w a ter  

in the deep  wells  have  less  D .O .  than those  in the  sh a l lo w  wells,  which  

ranges  f rom  1 to 9 (append ix -B ) .  Bu t  c o m p ara t iv e  s tudy  does  no t  s h o w  any 

relation with the increase  o r  d ec rea se  o f  a rsenic  concentra t ion .

B i c a r b o n a t e :  In the  we t  season  w ater  in 3 tubewel ls  r e m a in s  with in

pe rm iss ib le  o f  U S A  s tandard  bu t  in the  d ry  season, in all the  16 w e l ls  the 

b icarbonate  con ten t  h igher  than the  pe rm iss ib le  limit. It appea rs  that  dur ing  

the d ry  season the 8 wel ts  b e ca m e  higher.

I r o n  : In the  w e t  s eason  , w a te r  in 2 ou t  o f  18 lube  tubew el l  swe l l s  rem a ins  

with in  W H O  perm iss ib le  l imit  bu t  a cco rd ing  to B ang ladesh  pe rm is s ib le  l imit
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w ater  in all the tubew el l s  are  w i th in  the  B ang ladesh  pe rm is s ib le  l imit . In the 

dry  season , w a te r  in 4  tu b ew e l l s  has  h ighe r  co n ten t  o f  iron  than  the  W H O  

s tandard  and  w a te r  in all the  tu b ew e l l s  well s  rem a in  w i th in  the  B an g lad e sh  

standard .  It is o b se rv ed  tha t  d u r in g  dry  season  the co n cen t ra t ion  o f  iron 

b ecom es  h igher  than in the  w e t  season.

C a l c i u m :  F rom  the  re.sults. it appea rs  that  in only o n e  tubew el l  w a te r  the 

con ten t  o f  C a  is b e y o n d  W H O  perm iss ib le  l imit  (append ix -B ) .  A n d  bo th  the 

seasons,  w a te r  in all the  tu b ew e l l s  rem a in  with in  the B an g lad e sh  s tandard  

(appendix-B) .  D ur in g  dry  season  the concen tra t ion  o f  C a  b e c o m e s  h igher  

than in the w e t  season.

C h lo r id e :  In the  d ry  season  the  co n ten t  o f  ch lor ide  in all the  tube  wells 

rem ains  with in  the  W H O  an d  in B ang ladesh  pe rm iss ib le  s tandard .  But  in the 

wet season, the con ten t  o f  ch lo r ide  b eco m e s  h igher  in all the  tu b ew e l l s  and  

in 2 tube wel ls  it b e c o m e s  h igh  but  rem ains  with in  the  B ang ladesh  

permiss ib le  limit. In the  d ry  season,  the concentra t ion  o f  ch lo r ide  b eco m e s  

h ighe r  than in the  d ry  season.

M a g n e s i u m :  W H O  pe rm iss ib le  l imit  o f  m a g n es iu m  is 5 0  p p m  w h i le  tha t  o f  

B ang ladesh  is 125 ppm .  It appea rs  f rom  the result  the d u r in g  the  d ry  season 

on ly  o n e  tubewel l  w a te r  is w i th in  the  W H O  pe rm iss ib le  l imit . A nd  

accord ing  to B ang ladesh  pe rm is s ib le  l imit 8 tubewell  w a te r  are  d r inkab le .  In 

the wet season 15 ou t  o f  2 0  tubewel ls  have  M g  co n ten t  w i th in  W H O  

s tandard  and acco rd ing  to B an g lad e sh  s tandard  w ater  in all the  tubewel l  

remain  with in  the B an g lad e sh  S tandard  (appendix-B) .  It is o b s e r v e d  that 

du r ing  d ry  season the  c o n cen t ra t ion  o f  M g  b e co m e s  higher.
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S u l p h a t e  ; Resu l ts  s h o w  that w a te r  in all the  tubewel ls  are  w e l l  b e lo w  the 

permiss ib le  l imit  o f  W H O  a n d  B a n g lad e sh  standard.

N i t r a t e :  O n  bo th  the  seasons ,  co n ten t  o f  nitrate in all the  tubew el l  w a ter  

rem ains  with in  the W H O  as  well  as the  B ang ladesh  pe rm is s ib le  standard .  

H ow ever ,  dur ing  dry  season  in 11 tubewel l  w a ter  the con ten t  o f  nitrate 

becom es  h igher  than in the w'et season.

A rs e n i c :  T h e  pe rm iss ib le  l imit  o f  a rsenic  con ten t  in w a te r  on  W H O

standard  is 0.01 p p m  and  tha t  in B ang ladesh  s tandard  is 0.05 ppm .  F ro m  the 

results  ob ta ined  in the  s tudy, w a te r  in all the tubewel ls  c o n ta in s  high 

contents  o f  the  meta l  and  in the  d ry  season  and  on ly  in 5 tubew el l s  the  w a ter  

is with in  the pe rm iss ib le  l imit , w h ic h  is really  a la rming . In the  d ry  season 

w a te r  in ail the  tubewel ls  e x c e e d s  bo th  the  W H O  as well  as the  B ang ladesh  

permiss ib le  s tandard .  D u r in g  dry  season  the concen t ra t ion  o f  arsenic  

b ecom es  very  high than in the  w e t  season.

6 .2 .1 .  C o m p a r i s o n  w i t h  f ie ld  k i t  t e s t  r e s u l t s  a n d  l a b o r a t o r y  t e s t  r e s u l t s  

o f  a r s e n i c :

G r o u n d w a te r  is the main  sou rce  o f  d r ink ing  w ater  fo r  the  peo p le  of  

B angladesh ,  w i th  o v e r  95  p e rcen t  o f  the  popu la t ion  are  c o n su m in g  

g ro u n d w a te r  f rom  tubewel ls .  B u t  all o f  t im e  tu b ew e l l s ’ w a te r  a re  dr inkable .  

W a te r  is ta in ted by  a rsenic  and  the  arsenic  p rob lem  in B a n g lad e sh  is rapidly  

spreading , the  arsen ic  c o n tam in a te d  tubewel ls  need  to be  iden t i f ied  as soon 

as possib le  so that  peop le  can  be  p reven ted  f rom  taking  a rsen ic  c o n tam in a te d  

water.  T h e  test  for  arsen ic  in w a te r  can be d one  by  very  soph is t ica ted  

labora tory  based  techn iques  ( spec t ropho tom et r ic  t echn ique)  o r  by  a  s imple  

field kit  technique.
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Kit and S D D C  (spectrophotemetric) methods were  used for analysing some 

samples from Ramganj.  Lakshmipur  district. Kit method showed  less than 

Bangladesh guideline value o f  0.05 mg/1 and  W H O  guideline value o f  0.01 mg/1 

o r  more  than 0.05 mg/1 and 0.01 mg/1 o f  arsenic whereas,  S D D C  method  showed 

less than Bangladesh guideline value and  more  than W H O  (International) 

guideline value o f  arsenic. It was  also less than U.S.A. standard value (0.05 mg/1) 

o f  ai'senic. This preliminai'y finding showed that kit could serve as a first 

screening of  the samples  and the laboratoi7  method (spectrophotometric) will 

reveal the exact level o f  arsenic contents o f  the samples.

Eighteen  sam ples  (100  p e r  cent)  o f  d i f feren t  locat ions  o f  R am gan j ,  

L a k s h m ip u r  w e re  ana lyzed  by  S D D C  sp ec t ropho tom etr ic  m e th o d  and  found 

that  on ly  five sam ples  con ta in  less  than 0.05 mg/1 arsenic .  T h e  arsenic  

con ta ins  o f  o th e r  s am ples  were  m o re  than B ang ladesh  and  In ternational 

( W H O )  gu ide l ine  values .  F r o m  the  result  it is seen that  the a ccu racy  and  

prec is ion  o f  Fie ld Kit and  Labora to ry  m e th o d s  are  s ign i f ican t ly  different.  

W e  can say as a cause  tha t  F ie ld  Kit  T e s t  M e th o d  w as  no t  a re liab le  method. 

In this m ethod ,  the  c o lo u r  on the  str ip w as  c o m p ared  to the  c o lo u r  char t  

(a t tached  with the  str ip box )  co r re spond ing  to co n cen t ra t io n  ranges  

p rov ided .  C o lo u r  m a tch in g  is no t  so easy  as w e  are  th ink.  S o  th is  m e th o d  

m a y  p rov ide  w ro n g  result .

O n  the o ther  hand, labora to ry  b ased  analys is  needs  long  p ro c e d u re  to 

p repare  w a te r  s am p les  be fo re  ana lys is  with s p ec t ro p h o to m ete r  and  skil led 

an d  tra ined pe rsonnel  to opera te .  Excep t ing  this p rocedure ,  it m a y  risk o f  

ob ta in ing  fa lse negative  or  pos i t ive  result.  Besides,  sun l igh t  heat ,  sam p le  

sh ak in g  to b r ing  in labora tory ,  long  t im e  to put o f f  in labora to ry  are  a lso  risk 

o f  ge tt ing false nega t ive  o r  pos i t ive  results .
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For  the  a b o v e  causes ,  F ie ld  K i t  T e s t  result  w as  h igh  or  pos i t ive  and  

labora tory  m e th o d  r esu l t  w a s  less  o r  negative.

Table-6 .3 :  S h o w s  the  n u m b e r  and  pe rcen tage  o f  wells  te s ted  b y  bo th  Field- 

kit m e thod  and  labora tory  analysis .

By the Fie ld-k it In the labora tory

<0 .05  mg/1 > 0 .05  mg/1 <0.05 mg/l > 0 .05  mg/l

No. o f  well  

tested

08 43 05 17

Percentage 15.7 84.3 22.7 77.3

During  the pe r iod  o f  f ield s tudy th ree  team s  w ere  w ork ing  for  tes t ing  w ater  

s am ples  f rom  the  sha l low  and  d e ep  tubewel ls  for the  de te rm ina t ion  o f  

arsenic,  tem pera ture ,  d is so lved  oxy g en ,  and  b ica rbona te  a n d  no ted  the 

l i thology o f  the  tubewel ls .  In th is  t ime,  60  tubewel ls  w e re  tested .  N ine  

sam ples  result  w as  d ro p p ed  fo r  its v ague  result.  All these  tests w e re  done  

us ing  Analy t ica l  T e s t  S tr ips  M e th o d  (Field-kit) .  A m o n g  these  tested  

tubewel ls ,  2 2  s am p les  te s ted  in the  labora tory .  Fina l ly  18 s a m p le s  were  

cons ide red  for c o m p ar i so n  o f  labora to ry  results  with Fie ld-k i t  result s .  D u e  to 

var ious  p rob lem  o th e r  4  labora to ry  te s ted  result s  were  no t  co n s id e re d  in this 

issue.

T h e  field-kit  is a very  su itable  one  fo r  a qu ick  assessm en t  o f  the  sam pl ing  

s tra tegy. It he lps  to obta in  an idea  ab o u t  the  pat tern o f  d is t r ibu t ion  with 

c on tam ina ted  and  n o n -co n tam in a ted  zones .  T h e  F ie ld-k i t  is a lso  very
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V

reasonable  to c h e c k o u t  the  c o n tam in a te d  tubewel ls  in rural  a reas  fo r  m ass  

peop le  at low cost.

6.2.2. Relationship o f Arsenic with Different Parameters;

Arsenic  was  re leased  d u e  to the  ox ida t ion  o f  arsenic -r ich  pyr ite  in the 

aqu i fe r  sed im ents  as an ingress ion  o f  a tm ospher ic  o x y g en  in r e sp o n se  to a 

lower ing  o f  the w a te r  table by  large abstrac tion  o v e r  the last decades .  

H ow ever ,  later on,  several  detai l  re sea rch -w o rk s  on the  issue d i s m is se d  the 

pi 'evious theory.  T h e  a lternat ive  theory  p roposes  that A rsen ic  d e r iv e  f rom  

the reductive  d is so lu t ion  o f  Arsen ic- r ich  iron oxyhydrox ides ,  w h ic h  in turn 

are  der ived  from w ea th e r in g  o f  base -m e ta l  su lphides  (N ickson  et .al . ,  1998).  

Th is  theory  s ee m s  m o re  logical  and  consis ten t ,  with w as  b a s e d  o n  the 

fo l lowing  facts:

W ell  waters  co n ta in ing  A rsen ic  a lw ay s  con ta in  low d is so lved  o x y g e n  (<20  

per  cent).

Arsen ic  is a lm o s t  exc lu s ive ly  fo u n d  in the  a b sence  o f  nitrate.

A rsen ic  and  B ica rbona te  sh o w  a p os i t ive  corre la tion.

Cons is tence  o f  low su lpha te  concen t ra t ion ,  w h i ls t  A rsen ic  is h igher .

S t rong  posit ive  corre la t ion  b e tw een  iron  and  arsenic  both in g ro u n d w a te r  

and  aquife r  sediments .

The  above  corre la t ion  a m o n g  d i f feren t  pa ram ete rs  have  also b e en  c o m p ared  

var ious  study a rea  by  d i f feren t  researchers .  H ow ever ,  the  ab o v e  re la t ionships  

a long  with o thers  in this s tudy area  are desc r ibed  in the sec t ions  fo l lowing .
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C o n c e n tra t io n  o f  F e  (m g/l) 

F ig u re -6 .1 1 : R elationship  of A rs e n ic  with Iron
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C o n cen ra lio n  o f A s (mg/l) 

F ig u re -6 .12; R e la t io n s h ip  of A rs e n ic  w ith C a lc iu m
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Arsenic and Dissolved Oxygen:

T h e re  are m an y  d i sad v an tag es  in d is t r ibu t ing  w ater  low o r  h igh  (6 -20  per  

cent)  in d is so lved  oxygen .  F r o m  the  f igure  (Fig.  6.9) it is c lea r  that  tubewell  

waters  con ta in ing  arsenic  a bove  5 0  pp b  and  10 p pb  (The  B ang ladesh  

G o v e rn m e n t  d r ink ing  w a te r  s tanda rds  spec if ics  the m a x i m u m  c o n tam in a te d  

level (M C L )  for arsenic  in d r ink ing  w'ater as 50  pp b  and  W H O  gu ide l ine  for 

d r ink ing  w ater  specif ies  ihe M C L  for a rsenic  as 10 ppb),  alw-ays con ta in  less 

than 6-7 per cent  d is so lved  ox y g en .  H ow ever ,  m o s t  o f  the  s am p les  show ed  

D.O. (per cent)  g rea ter  than 10 p e r  cent,  w h ich  m ay  be d u e  to di ff icul t ies  in 

m easu r ing  oxygen .  A c c o rd in g  to the  th eory  o f  N ickson  et al., (1998) ,  

tubewel l  waters  co n ta in ing  arsenic  a lw ays  con ta in  low d is so lv ed  oxygen  

(<20  per  cent) .  In this s tudy area,  this th eory  w as  be ing  no t  appl icable .

Arsenic and B icarbonate;

A rsen ic  and B icarbona te  s h o w  a pos it ive  corre la t ion  (N ickson ,  e t  al., 1998). 

T h e  cross-p lot  o f  arsen ic  aga ins t  B ica rbona te  (Fig.  6 .10)  s h o w s  a s imple  

corre la tion.  In som e  cases,  w e  can  see  w i th  increase  o f  A rsen ic ,  B ica rbona te  

a lso increase.  A s  w e  k n o w  that B ica rbona te  is a b y -p ro d u c t  o f  redox 

re la tions ,  the reduc ing  cond i t ions  shou ld  therefore  be  in c reased  with 

B ica rbona te  inc rem ent .  T h u s ,  a rsenic  re leased  f ro m  i ro n -o x y h y d ro x id es  o r  

o rgan ic  carbon  should  be  assoc ia ted  with substantia l  quan t i t ies  o f  

B ica rbona te  (S hahnew az ,  1999).

Arsenic and Iron;

Iron concen tra t ion  in deep  aqu ife rs  is genera l ly  m u ch  lower,  bu t  in the 

sha l low  aquifers  is grea tly  h ighe r  (K am a l  an d  C h o w d h u ry ,  2002) .  Also ,  the
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cross-p lot  o f  a rsenic  co n cen t ra t io n  agains t  iron concen tra t ion  (Fig.  6 .11)  

sh o w s  a g o o d  corre la t ion .  T h i s  co rre la t ion  con f i rm a t ions  o f  N ickson ;  et al. 

(1 9 9 8 ) ’s th eory  o f  s t rong pos i t ive  corre la t ion  be tw een  iron  and  a rsen ic  both  

in g ro u n d w a te r  and  aqu i fe r  sed im en ts .  T h e  m a jo r  natural  s o u rce  o f  iron in 

g rou n d w a te r  o f  B ang ladesh  is the iron-rich  subsurface  and  sur face  sed im en ts  

(B W D B ,  1978. 1990).  T h e  sc ienti s ts  o f  A A N  (1999)  r epo r ted  the 

concentra t ion  o f  arsen ic  is l ikely  to be increased with inc rease  o f  iron 

concentra t ion .  It has been  fo u n d  in the s tudy area,  ye t  it is no t  well  

condition.

Arsenic and Calcium

T h e  cross-p lo t  o f  arsenic  aga ins t  ca lc ium  (Fig.  6 .12)  s h o w s  a s im ple  

corre la tion that  a rsenic  is m u ch  in 2 0  -  60  ppm/1 range.  A very  few  sam ples  

sh o w  ca lc ium  (ppm/1) g rea te r  than 60  ppm/1. But  less than 7 0  ppm/1. A b o u t  

all s am ples  sh o w  a bove  10 ppm/1 ca lc ium  excep t  three  s am p les .  C a lc iu m  

b ecom es  h ighe r  due  to vertical  m o v e m e n t  o f  w a ter  in the  aquifer.  C a l c iu m  is 

gradual ly  h igh  because  arsenic  is l iquef ied  in calc ium.

A rsenic and Chloride

C hlo r ide  is genera l ly  p resen t  at low concen t ra t ions  in natura l  su r fa ce  w a ter  

(National w a ter  quali ty  da ta  bank ,  1976). But high in g ro u n d w a te r .  The  

c ross-p lo t  o f  arsenic  aga ins t  ch lo r ide  (Fig.  6 .13) sh o w s  pos i t ive  corre la t ion  

that arsen ic  is a lw ays  high in low ch lo r ide  regimes.  O ne  sam p le  is ve ry  high 

in very  low ch lo r ide  regime.
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Arsenic and Sulphate

T he  concen tra t ion  o f  su lpha te  in m os t  f resh  waters  is ve ry  low. T h e  cross  

plot  o f  arsenic  aga ins t  su lpha te  (Fig.  6 .14)  sh o w s  a pos it ive  co rre la t ion  that  

Arsenic  is a lw ay s  fo u n d  in low su lpha te  reg im es  with the excep t io n  o f  two 

sam ples  w here  su lpha te  is h igh  and  a case  o f  arsen ic  is very  high.  T h i s  high 

su lphate  and  arsenic  cou ld  be  the  result  o f  an th ropogen ic  activ it ie s  a round  

the sam ples  tubewel l .  T h e  or ig in  o f  su lpha te  in g ro u n d w a te r  is the ox ida t ion  

o f  arsenic  rich pyr ite  w as  the cau se  for  the  re lease  o f  arsenic  in g ro u n d w a te r ,  

the sam ples  with high arsenic  shou ld  have  large am o u n t  o f  su lphate .  It does  

not support  that  con s i s ten ce  o f  low su lphate  concentra te ,  whi ls t  a rsen ic  is 

higher.

Arsenic and Nitrate

A rsenic  is a lm o s t  exc lus ive ly  fo u n d  in the  absence  o f  nitrate. N i t ra te  is 

d is so lved  in arsenic .  T h e  c ross  p lo t  o f  arsen ic  against  N i t ra te  (Fig.  6.15) 

shows  that a rsenic  concen t ra t ion  is consis ten t ly  h igher  in s am p les  w i th  very 

low o f  Nit ra te  concen tra t ion .  A rsen ic  is main ly  fo u n d  in r educed  

g roundw ate r .  Here  Arsen ic  and  Nit ra te  re la tion  is m odera te ly  signif icant.

Arsenic and Depth

The  cross-p lo t  o f  arsen ic  agains t  the Depth  o f  tubewel l s  (Fig.  6 .16 )  sh o w s  a 

good  coreelation.  N ickson  (1997)  have  sh o w e d  a pos it ive  co rre la t ion  o f  

Arsen ic  with Depth ,  which  e m p h as iz ed  the  inc rem ent  o f  reduc ing  cond i t ions  

with depth .  In th is  s tudy area  the sha l low  (>50m ) tu b ew e l l s  s h o w  high 

concen tra t ion  o f  arsenic  an d  d e ep  tubew el l  (> 9 0 0 m )  sh o w  less variabil i ty  

with lower  arsenic  concen tra t ion .  T h i s  implies  that  o the r  fac to rs  such  as

195

Dhaka University Institutional Repository



local  h y d rogeo logy ,  g eo ch em is t ry ,  etc.  m ig h t  b e  respons ib le  for  the  var ia tion  

o f  concentra t ion .  A rsen ic  is the  m os t  often  occurs  tubew el l s  sc reened  

be tween 2 0 m  and  6 0 m  ( A h m e d ,  e t  al., 2002) .  In this s tudy ,  a rsen ic  

concentra t ion  is h igh  fo rm  2 6 m  to  4 6 m  depth.

6.2.3. Com parison with inside polder and outside polder results of 

arsenic :

Since  arsenic  in g ro u n d w a te r  w as  recogn ized  as a potential  threat  to h um an  

life, much effort  has been  d i rec ted  tow ards  ensur ing  safe  d r in k in g  w a ter  

th rough  mitiga tion te ch n iq u es  o r  th ro u g h  f ind ing  alternat ive w a te r  sources .

Table-6.4: Inside Polder and O utside Polder of Arsenic

Inside  Po lder O uts ide  Po lde r

SI.No. r '  Phase 2''’’ Phase r^‘ Phase 2'"^ Phase

1 0.21 0.07 0.03 0 .08

2 0.11 0 .10 0.03 0 .16

3 0.06 0.15 0.03 0 .17

4 0.08 0 .06 0.03 0 .20

5 0.03 0 .08 0.06 0 .24

6 0.08 0 .14 0 .06 0 .42

7 0.08 0.15 0.13 0 .13

8 0.9 0 .16 0.09 1.38

9 0.20 N o  Data 0.08 0 .14

10 0 .06 N o  D ata 0.06 0 .20
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A

In B angladesh ,  the  m a in  s o u rce  o f  d r in k in g  w a te r  is wel ls.  A l m o s t  all the 

wells are c o n ta m in a n t  o f  a rsen ic  in the  s tudy area;  R am gan j ,  L a k sh m ip u r .

T h e  study area  is d iv ided  in to  tw o  sides.  O ne  side is ins ide  o f  p o ld e r  and  

o the r  s ide is ou ts ide  o f  po lder .  10 s am p les  are se lec ted  in bo th  s ides  an d  both 

phases.

Arsen ic  concen t ra t ion  largely d e p en d s  on  w a ter  leaching , w'here w a te r  

leaching  is high,  arsenic  co n cen t ra t ion  is low and  w here  w a ter  l each ing  low 

arsen ic  c oncentra t ion  is high.

Figure  6.17 s h o w s  tha t  all the  s am p les  (excep t  two)  arsenic  co n cen t ra t ion  

in inside polder,  in first phase  (dry  season)  is h igher  than ou ts ide  polder.  

B ecause  in ou ts ide  po lne r  w a te r  leach ing  is more .  W a te r  l e ach in g  is 

happened  by  high t ide  and  low  tide o r  in w e t  season.

Figure  6.17 also sh o w s  that  in s eco n d  p hase  (we t  season) ,  the  arsen ic  

concentra t ion  o f  ou ts ide  p o ld e r  is h igher  than inside po lde r  ( ex cep t  three 

cases).  O n e  case  is too  m u ch  excess  than o ther  cases.  In d ry  season  w ater  

leaching  is in low. B es id e s  there  m ay  have  s o m e  trap points ,  w h e r e  w a ter  

leaching  is ve ry  s low  o r  not.  T h i s  is w h y  in second  phase  o f  o u ts id e  polder,  

a rsenic  concen t ra t ion  m a y  be  m o r e  than in ins ide  polder.  It is o b s e r v e d  that  

dur ing  wet  season co n ten t  o f  arsenic  b e co m e s  h ighe r  d u e  vertical  m o v e m e n t  

o f  w a ter  in the  aquife r .  In an average ,  a rsenic  is m ore  in ou ts ide  polder .

6.3.  Soil

T h e  presence  o f  h igh concen t ra t ions  o f  arsen ic  is not genera l ly  d e p e n d e n t  on 

the  concen tra t ion  o f  a rsenic  in soils.  T h e  consti tuents  a n d  env i ro n m en ta l  

condi t ions  o f  the  soil have  a g rea ter  inf luence  on arsenic  sp ec ia t ion  and
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mobil i ty  than the  total co n cen t ra t ion  in soils.  A rsen ic  in soils  is re la tive ly  

stable  at neutral  p H  a n d  exh ib i t s  mobi l i ty  both at h ighe r  and  lo w e r  pH  

values.

T a b le -6 .5 :  Soil

>

C o d e Fe C a C l M g S O j A s NO.,

1
p p n i/g n ig /g p p m p p m p p m

i)l 7.3 6 .4 3 1 8 ,7 5 3 .6 0 ,6 7..33 2 .3

02 12.3 2 .2 5 3 9 .0 6 1,2 0 ,3 6 7..33 2 .4

1)3 14.0 1.2 4 2 1 ,8 7 2 .6 4 6 .6 7 1.3

04 1 i .3 1.6 8 6 7 .1 3 2 ,1 6 q .09 4 .3 3 2 .3

05 10,6 !7 ,2 3 0 4 .6 0 4 ,3 2 0 . 6 6 .0 1.1

Oft 13.6 5 .8 6 0 9 ,3 7 1,32 0 .4 5 2 0 .3 3 2 .7

07 11.3 4 .8 4 6 3 ,7 5 2 .7 6 0 - 7 0 7 .67 0 .5

0 8 5 .3 1.8 .328,12 1,32 0 - 4 5 11 .67 1.4

0<J 14.3 3 ,0 2 8 i .2 5 .96 0 .4 5 7 .6 7 l . l

10 8 .3 1.8 5 8 5 .9 4 1.08 12 .67 0 .4

1 14.6 8 ,8 140 .62 6 ,0 tf.55 2 .0 3 .3

12 1.0 4 ,4 2 3 1 ,2 5 2 .1 6 0  - '8 9 .0 1.3

13 19.3 10,6 5 6 2 ,5 0 3 .6 0 .9 5 6 .0 3 .0

14 10,6 1,8 2 5 7 ,8 1 .96 0 . 5 3 .67 1.1

15 15.6 2 .6 4 2 1 .8 8 ,48 0.21 5 .0 1.3
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Arsen ic  is fo u n d  in the  e a r th ’s c rus t  at  an av e rag e  level o f  2  m g /kg .  M o s t  

na tural  soils  con ta in  low  level o f  arsenic ,  bu t  industria l  w as tes  an d  pes t ic ide  

applications  m ay  increase  concen t ra t ion  (W H O ,  2001) .  B a c k g r o u n d  

concen tra t ions  in soil range  f r o m  1 to 4 0  m g/kg .  with a m e an  va lue  o f  5 

mg/kg  (Bow en .  1979). Na tu ra l ly  e leva ted  levels o f  arsenic  in so il s  m a y  be 

associcUed with geo log ica l  subs t ra ta  such  as su lfide  ores.  A n th ro p o g en ica l ly  

con iam ina ted  soils  can  have  concen t ra t ions  o f  arsen ic  up to severa l  percen t  

(N A S,  1977). A rsen ic  concen t ra t ions  o f  up to 2 7 ,0 0 0  m g /k g  w ere  re p o r te d  in 

soils  con tam ina ted  w i th  m ine  or  sm e l te r  wastes .  It w as  repo r ted  arsenic  

levels o f  20 -100-35  5 0 0  m g /k g  in soil a round  the  eff luent d u m p i n g  po in t  o f  

an arsenical  pestic ide  m a nufac tu r ing  plant. Peat may conta in  cons id e rab le  

quanti t ies  o f  ansenic.  M in k k in e n  and  Y l i ruokanen  (1978)  found  m a x im u m  

arsen ic  concen t ra t ions  in var ious  Finnish  peat  bogs  o f  b e tw ee n  16 an d  34 0  

m g /k g  dry peat. H o w ev e r ,  S h o ty k  (1996)  ana lysed  peat  cores  f r o m  the  Jura  

mounta ins  (S wi tze r land)  and  found  mean  total arsen ic  c o n cen t ra t io n s  o f  3.6 

m g /k g  at a dep th  o f  < 3 0  c m  and  0 .16  m g /k g  at be tw een  69  an d  84  cm. 

H ighe r  levels o f  a rsen ic  w e re  f o u n d  in the minera l  sed im en ts  u n d e r ly in g  the 

peal  bogs,  with m ean  concen t ra t ions  o f  6.4 m g /k g  at 170 c m  an d  15.9 m g /k g  

at 6 50  cm. Soil  on  agricultura l  land treated with arsenical  pes t ic ides  m ay  

retain substant ia l  am o u n ts  o f  arsenic .  M e a n  total arsen ic  c o n cen t ra t io n s  o f

50-60  mg/kg  have  been  reco rded  for agr icultura l  soils t rea ted  w i th  arsenical  

pest ic ides  (T ak am a tsu  et  al., 1982; S an o k  et al, 1995). W al th  a n d  K eeney  

(1975)  reported that  a rsen ic - t rea ted  soils  con ta ined  up to 5 5 0  m g  A s/kg .

Arsenic  occurs  in soi ls  at an average  concen t ra t ion  o f  ab o u t  5 to 6  mg/1, but 

m ean  arsen ic  con ten ts  in soils  as h igh  as 20  p p m  in Italy,  14 p p m  in M ex ico ,

11.2 p p m  in C h in a  an d  11 p p m  in J apan  have  been  repor ted  ( A h m e d ,  2003) .
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A no th e r  s tudy,  in J ap a n ,  the  m a x i m u m  a l low ab le  l imit  o f  arsenic  in soil  is 

set at 15 p p m  as d e t e r m in e d  b y  1 N  H C L  extrac t ion  m e th o d  (Y am en e ,  

1979).  Th is  va lue  has  been  c o m p a r e d  the  s tudy area,  R am g an j ,  L ak sh m ip u r .  

In B angladesh ,  the  a l low ab le  l imit  va lue  is 2 0  m g /kg  soil (U l lah ,  S.M..  

1998).

Tab le  No. 6.5 sh o w s  that  all the sam ples  o f  soils  con ta in  arsenic .  F igure  

show s  that  all the  soil s am p les  con ta in  arsenic  with in  Bang ladesh i  s tandard  

value.  The  B ang ladesh  s tanda rd  va lue  o f  arsenic  in soil is 20  m g/kg .  I t ' s  a lso 

seen from the f igure  that  the  con ten ts  o f  arsenic  ex ce e d  the  J a p a n e se  

s tandard  in tw o  sam ples .  T h e  J ap an ese s  s tandard  va lue  is 15 m g/kg .

W ith in  15 sam ples  o n e  s am p le  con ten ted  high arsen ic  but it d id  n o t  exceed  

Bangladesh i  s tandard .  T h i s  sam p le  dep th  w as  30  meters.  In 55 m e te r s  depth  

arsenic  c oncen tra t ion  w as  low. It w a s  less than 5 mg/kg.

T h e  results  o f  o the r  p a ram ete r  has  no t  been show n  in the  g raph .  B ec a u se  no 

s tandard  value w a s  g e l  o f  them.

I r o n  : Results  o f  chem ica l  analys is  it appears  that  a m o n g  the  s am p les ,  the 

h ighest  concen tra t ion  o f  i ron is 19.3 m g /g  soil.  It is found  in 65  m e te r  depth  

(sam ple  no. 13). T h e  low es t  iron  concen t ra t ion  is found in 6 0  m e te r  dep th  

(sam ple  no. 12). It con ta ins  1.0 m g /g  iron.  A cco rd ing  to the dep th ,  there  is 

no  s equence  o f  iron  concen tra t ion .

C a l c i u m  : T a b le  6.5 sh o w s  that  the  h ighes t  ca lc ium  is found  in 25  m e te r  

depth ,  sam p le  no.  5 con ta in s  17.2 pe r  cen t  ca lc ium. A m o n g  the  15 sam ples ,  

the  lowest  ca lc ium  is seen in 15 m e te r  depth .  It is the  s am p le  no.  3 and  

conta ins  1.2 pe r  c en t  ca lc ium. In 4 0  mete r.  5 0  m e te r  and  7 0  m e te r  depth  

ca lc ium  concen tra t ion  are same.
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C h l o r i d e  : It appea rs  f rom  the  tab le  result ,  the  h ighes t  a n d  low es t  c h lo r ide  is 

867 .18  mg/g  and  140.62 m g /g  in 10 m e te r  and  55 m e te r  dep th  respec t ive ly .  

S am p le  no.  4  and  11 sh o w s  the  h ighes t  the  lowest  concen t ra t ion  o f  chloride .

M e g n e s i u m  : It is o b se rv ed  f ro m  the  tab le  that  the h ighes t  co n cen t ra t io n  of  

m agnes ium  is 6 .0  pe r  cent  an d  the  lowest  concen tra t ion  is 0 .48  p e r  cen t  that  

found in 55 m e te r  a n d  75 m e te r  dep th  ( s am ple  No, 11 and  15).

S u l p h a t e  : T h e  table  s h o w s  that  the su lpha te  concentra t ion  is in 65 mete r  

depth  is 0.95 ppm /g .  It is the  h ighes t  range  o f  SO4. A m o n g  the 15 sam ples  

the lowest co n cen t ra t ion  is 0 ,18  p p m /g  in the  sam p le  no. 12 an d  it is in 60  

mete r  depth.

N i t r a t e :  Results  sh o w s  that  the  low es t  nit ra te  o f  soil is o b se rv ed  0 .4  mg/Ig 

soil in 50 m e te r  dep th .  T h e  h ighes t  concen t ra t ion  o f  nitrate  is 3.3 m g / lg  soil 

that  is found in 55  m e te r  depth.

6.4. D iscussion:

U nder  the research  on  G r o u n d w a te r  A rsen ic  C on tam in a t io n  in Bang ladesh :  

G eo-env i ronm en ta l  A na lyses  in R am g an j  T h a n a  (Upazi la)  in L a k s h m ip u r  

District  was taken  as  a crit ical  a rea  fo r  the  invest igation to d e te r m in e  the 

sources  o f  the  A rsen ic  in the  g ro undw a te r .  T h e re  is l imita tions  o f  p rope r  

equ ipm en t  to de te rm in e  the  actual  arsen ic  minera l  o r  minera ls  w h ic h  under  

w h a t  env i ronm enta l  cond i t ions  goes  o r  go  into solut ion and  c o n tam in a te  the 

g roundw ate r .  T h e  area  se lec ted  fo r  invest iga tion  is one  o f  the  w'orst a f fected  

areas in B ang ladesh  . T he  grav i ty  o f  the A rsen ic  con tam ina t ion  is such  that 

the area  a ttracted  the at tention o f  the W o r ld  C o m m u n i ty  and  the  a t tend ing  

re la ted scientis ts  w h o  vis i ted area,  w h e n  they par t ic ipa ted  in the
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International S e m i n a r  on  A rsen ic  in B ang ladesh  1998. T h e  learned  

partic ipants  o f  the  In te rna t iona l  C o n fe re n ce  on  Arsen ic  C o n ta m in a t io n  o f  

G roundw ate r ,  C au se s ,  Effec ts  an d  R em ed ies ,  he ld  in D h a k a  f ro m  F eb rua ry  

08 to 12. 1998. In the i r  D h a k a  Decla ra t ion  opened .  "The  C a u s e  o f  A rsen ic  

Con tam ina t ion  is G eo log ica l" .  Even  be fo re  that o f  c o n fe ren ce  o n  the 

p roblem, the G o v e r n m e n t  o f  the  Peoples  RepubHc o f  B ang ladesh  w a s  well  

awai'e o f  the p ro b le m  o f  A rsen ic  c o n tam ina t ion  o f  g ro u n d w a te r  par ticula rly  

o f  the w a ter  in the  sha l low  aquifers .  G eo log ica l  Survey  o f  B a n g lad e sh  has 

the exper ience  o f  research  s ince  e ighties ,  appropr ia te  e q u ip m e n t  and 

m anpow er ,  w as  en trus ted  a long  with  o th e r  re la ted o rgan iza t ions  by  the 

G o v e rn m e n t  to car ry  on  resea rch  w o rk  on  the sources  A rsen ic  in the 

g roundwater .  G eo log ica l  S u r v e y  o f  B ang ladesh  has  a C ore  L ib rary  in B ogra  

w here  all rocks  f rom  Precam b r ian  to H o lo cen e  A ge  are  available .  S am p le s  

o f  rocks  and  sed im en ts  e i ther  e x p o s e d  o r  en co u n te red  in geo log ica l  dr i l l ing  

holes were  an a ly zed  for  the de te rm ina t ion  o f  Arsen ic  contents.  T h e  sc ienti s ts  

in B angladesh  have  taken  this p rob lem  very  ser iously  a n d  a t te m p ted  to 

con tr ibu te  in their  re la ted  fields  an d  exper ience .

All the mat ters  w'hich fo rm  the  rocks  e x p o se d  or  unexposed ,  w a te r  and  air 

a re  not  b ey o n d  the  d o m a in  o f  G e o g rap h y .  C au ses  o f  any  p ro b le m  is re la ted  

to the earth mate r ia ls  p rocesses  and  t ime. D o m a in  o f  G e o g r a p h y  depic ts  

w h a t  is go ing  on  in the  p resen t  an d  w h a t  had  happened  in the p a s t  and  wha t  

m ay  be in the future.  A rsen ic  c o n tam in a t io n  o f  g ro u n d w a te r  is a part  o f  

Pa leogeography-  and  a s tudy o f  the  a ffected  a rea  had the  P a leogeograph ic  

Env i ro n m en t  u nde r  which  the A q u i fe r  and  aquitard  mater ia ls  h a d  been  

deposi ted  a long  with o th e r  mate r ia ls  e i ther  toxic  or  not.
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G e n e r a l i z e d  D i s c u s s i o n  o n  P a l e o g e o g r a p h i c  C o n d i t i o n s  r e l a t e d  to  

A r s e n i c  P o l l u t i o n  o f  G r o u n d w a t e r :  T h e  three  grea t  r ive r  sy s te m s  the 

Ganges ,  the  B r a h m a p u t r a  an d  the  M e g n a  rivers  which  c o m p r i s e  2 3 0  no tab le  

rivers  dra in a c a tc h m e n t  areas  o f  1.5 mill ion square  k i lometres .  R o c k s  f rom  

ihe ages  from Precam b r ian  to the  H o locene  are ex p o sed  in the  c a tc h m e n t  

areas. T hese  rocks  con t r ibu te  sed im en ts  into the rivers '  f low. T h e  s ed im en t  

loads is about 2.4 bil l ion tons  annual ly .  A n d  the sed im en ts  are  ca r r ied  by 

the river w a ter  w h ich  depos i t s  the s am e  in the  land area  and  the rest  is be ing  

deposi ted  in the  Benga l  Fan  f ro m  the t ime  im m em or ia l .  It is b e y o n d  the 

scope  o f  d iscuss ion  w h ic h  uni ts  o f  rocks  con tr ibu te  h o w  m u ch  quan t i ty  o f  

arsenic  in the  s ed im en t  loads.  A m o n g s t  the  rocks  f rom  the  ag es  o f  

Precambrian  to P le is tocene ,  the  R a jm ah a l  T rap  R ocks  co n ta in  h ighes t  

con ten t  o f  a rsenic  (8 ppm ) .  T h e  R a jm ah a l  T rap  R o ck s  are  o f  v o lcan ic  origin .  

It is genera lly  k n o w n  tha t  V o lc an o e s  con t r ibu te  sed im en ts  as a sh  o r  dust  

w hich  con ta in  h igh  con ten t  o f  a rsenic  in the fo rm  o f  M isp icke l  

(Ansenopyr ite-  FeAs^S) depos i ted  by the  act ion o f  bo th  h y dro the rm a l  

solu tions  and  vapours .  In the  hydro log ica l  d o m ain ,  s ed im en t s  can  be 

p roduced ,  t ranspor ted  and  depos i ted  with in  the  c a tch m en t  a reas  only .  But 

the ashes  and  dus t  p ro d u c e d  by  vo lcanoes  m ay  be depos i ted  b e y o n d  the 

reg im e  o f  hydro log ica l  e n v i ronm en t .  T h e re  w as  grea t  e p i so d e  in the  earth 

h is to ry  in C re taceo u s  Pe r iod  w h e n  there  w e re  w o r ld w id e  vo lcan ic  acdv i ty  

.In that per iod  the R a jm ah a l  T r a p  R ocks ,  the  D eccan  T r ap s  in In d ia  were  

deposi ted  on  the  surface  o f  ear l ier  rocks ,  which  is well  e x p o s e d  and  

contr ibute  s ed im en t  in d ra inage  systems.  T h i s  rocks  have  been  fo u n d  in the 

subsurface  in N a w a b g a n j  and  N ao g a in  Districts.  D ur ing  this w o r ld  w ide  

volcanic  ep isode ,  vo lcan ic  ashes  and  dus t  had  been d ep o s i t ed  all o v e r  the 

world .  In add i t ion  to that  Arsen ic ,  t ranspor t  f ro m  con t inen ts  to the  oceans
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arises  from natura l  p ro cesses ,  such  as w ea th e r in g  and  vo lcan i sm ,  A b o u t  

45 ,0 0 0  metric  tons  o f  a rsen ic  is w e a th e red  p e r  year ,  73 p e r  cent  o f  w h ic h  is 

d is so lved  form  V o lc a n o e s  con t r ibu te  ab o u t  17,150 tons  o f  a rsen ic  p e r  year  

over  the globe .  It is k n o w n  tha t  there  w as  large sca le  vo lcan ic  ac tiv ity  in 

Toba .  in S u m a t ra  o f  Indones ia  in 7 5 ,0000  B.P. T h e  Ash  beds  h a v e  been  

s tudied  in m an y  parts  o f  India  and  in a few areas  in B an g lad esh .  The  

G e rm a n  Soniiee  M iss ion  in the Bay  o f  Bengal  recorded  1 p p m  2 4  ppm  

arsenic  in the m ar ine  s ed im en t s  in the  Benga l  Fan. In the B en g a l  F an  they 

have  found the ash bed  well  preserved . S am p le s  o f  T o b a  Ash  f ro m  the  Bay 

o f  Bengal serves  as m o d e l  sam p le  fo r  the  s tudy o f  the  r e m a rk a b le  Volcan ic  

activity in an area  ve ry  c lose  to B ang ladesh  in the late P le is tocene  T i m e .  It is 

rem arkab le  that  d u r in g  tha t  t im e  the  sea  level w as  150 metres  b e lo w  the 

present sea  level.  S in ce  tha t  t ime  there  were  m an y  eus ta t ic  c h a n g e s  but 

dur ing  6000  B .P  (N oahas )  t im e  it w as  2 metres  above  the  p re sen t  sea  level,  

w hen the grea tes t  f loods  occu red  in historical  time.

Ple is tocene T e r races  m os t ly  fo rm ed  table lands.  D ur ing  T o b a  vo lcan ic  

activity,  the l a n d m a ss  o f  B an g lad e sh  w as  up  to Lat i tude  N 21° an d  b ey o n d  

south.  During  tha t  t ime  the re  w e re  d e ep  r iver va lleys  in the  p re sen t  pla in  

lands  o f  B ang ladesh .  D r i l l ing  da ta  in the  S an g u  R iver  V a l ley  s h o w s  that  the 

base  o f  a l luv ium  is m o re  than 52  metres.  S ince  T o b a  V o lc an ic  Act iv i ty  

there  was  gradua l  rise o f  sea  level w i th  m in o r  rise and  fall o f  the  s ea  level 

br inging  env i ronm en ta l  c h an g es  i.e., the  c h an g e s  in the  level o f  e ro s io n  and  

deposi t ion o f  the mate r ia ls  o f  aquife r  and  aqu i ta rd  . It is to note  T o b a  Ash  

that  fell on  the  sur face  o f  Benga l  Fan  w as  im m ed ia te ly  p re se rv e d  by 

sedimenta t ion .  Bu t  the  en v i ro n m e n t  in the  p resen t  B angladesh
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Land  M ass  w as  d i f ferent ,  w h e r e  there  w e re  deep  va l leys  an d  e ro d e d  surface .  

T h e  T o b a  Ash  tha t  fa llen  w a s  w ash ed  aw ay  and  w as  depos i ted  w h e r e  there  

deposi t ing  e n v i ro n m e n t .  T h e  seasonal varia tions  a lso w o rk e d  o n  the  re- 

e rosion and re -depos i t ion  o f  sed im ents .  T o b a  Ash  has  a m o r e  o r  less 

conlribii t ion in the  co n ten t  o f  arsenic  in sed im ents .  D ur ing  the  test  dri l l ing  

which  was  a im ed  at to s tudy  the en v i ro n m en t  o f  s ed im en ta t ion  o f  mater ia ls  

o f  aquife r  and  aqu i ta rd  a long  with the arsen ic  there  it w as  o b s e r v e d  the 

changes  in l i thology up  to that th ickness  o f  sed im en t  o f  ab o u t  5 0  metres .

C o m p a r a t i v e  S t u d y :  S ince  the t im e  w h e n  the G o v e rn m e n t  o f  the  Peop les  

Republ ic  o f  B ang ladesh  c a m e  to k n o w  the  p rob lem  has taken  it as  na tional 

p rob lem  w h ich  g eo p a rd i se  the G o v e rn m en t ' s  En thusias t ic  P r o g r a m  of  

supp ly ing  safe d r in k in g  w a te r  to the  peop le  in the  rural  area? in B an g lad esh ,  

w here  near ly  80  per  cen t  o f  the  peop le  are  l iving. N o w  in the  rural  a reas  in 

B angladesh  97 per  cent  o f  the  peop le  are d e p en d en t  on  tubew el l  w a te r  

w hich  is be ing  d raw n  f rom  sh a l lo w  aquifers  rang ing  in dep ths  f ro m  2 0  m to 

4 0  m.

In pursuance  o f  the  G o v e r n m e n t ’s e n d e a v o u r  to de te rm in e  the  sou rces  of  

arsen ic  mate ria ls  in the  g roundw ate r ,  the  G eo log ica l  S u rv ey  o f  B an g lad e sh  

in co l labora t ion  o f  A to m ic  E n e rg y  C o m m is s io n  o f  B ang ladesh ,  B an g lad e sh  

W a te r  d e v e lo p m en t  B oard  a n d  D ep ar tm en t  o f  Public  H eal th  E n g in ee r in g  

carried  out chem ica l  ana lyses  o f  rocks  and  sed im en ts  e i the r  e x p o s e d  or 

encoun te red  du r ing  dril l ings.  It is to note  that  all m os t  all the  rocks  and  

sed im ents  rang ing  in age  f rom  P recam br ian  to the Presen t  con ta in  arsenic.  

R ocks  those o ccu r  in the  c a tc h m e n t  areas  o f  the  r iver sy s tem s  o f  B an g lad e sh  

are found with in  the terri tory  o f  B angladesh .  T h e  main  sources  o f  sed im en ts  

p reva i l ing  in B ang ladesh  are  the  c a tch m en t  areas  o f  the  r iver sys tem s .
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T h e  B r i t i s h  G e o lo g ic a l  S u r v e y  ( B G S )  c a m e  fo rward  to s tudy  the  p ro b le m  

in co l labora t ion  w i th  G eo log ica l  S u rv ey  o f  B ang ladesh  a n d  w i th  o th e r  

depar tments .  H o w ev e r ,  the  B G S  in co l labora t ion  with re la ted  o rgan iza t ions  

part icularly  with  D P H E  car r ied  out research w o rk  and  su b m i t ted  a  repor t  

which may be co n s id e re d  as  the  base  w ork  in the eva lua t ion  o f  the  A rsen ic  

c on tam ina t ion  o f  g r o u n d w a te r  in Bangladesh .  . T h e  sal ien t a c c o m p l i s h m e n t s  

o f  the report  are: 1. A rsen ic  is o f  natural  origin an d  the sou rce  is 

diseininat ted.  2. A rsen ic  concen t ra t ions  are greatest  in f in e r  g ra ined  

sediments .  3. A n d  the p r im ary  associa tion is with Fe  o x y h y d ro x id e s .  T h e  

key process  o f  a rsen ic  mobi l iza t ion  deso rp t ion  and /o r  d isso lu t ion  o f  Fe 

oxides.  4. T h e  co n cen t ra t io n  o f  A s  in aquife r  sed im en ts  (0 .4  - 10 m g /K g .  in 

the ir  study) are cons i s ten t  w i th  norm al  abundances .  But  r e d u c in g  cond i t ions  

and  low hydrau l ic  g ra d ie n t  ( long  w a te r  res idence  t imes)  led  to  the  h igh 

d is so lved  A s  concen t ra t ions .  In con t ras t  to the results  o f  B G S  an d  D P H E ,  

C hakraba r ty  w h o  is co n d u c t in g  s tudies  in W es t  Bengal  in Ind ia  h a s  p ro p o sed  

that  oxidation o f  iron su lf ide  co n ta in ing  arsenic  is the  pr inc ipal m e c h a n i s m  

o f  arsenic  re lease  to the  g roundw ate r .

U n i t e d  S t a t e s  G e o lo g ic a l  S u r v e y  which  has vast  ex p e r ien c e  o f  research  

activity on such  p ro b le m  in co l labora t ion  with the  G e o lo g ica l  S u r v e y  o f  

B ang ladesh  has  ca r r ied  o u t  invest igation in R am ra i l  v il lage  in B r a h m a n b a r i a  

District , B angladesh .  T h e y  have  subm it ted  a report .  T h e  R ese a rch  w orke rs  

tr ied to avo id  m an y  a a ssum pt ions  and car r ied  ou t  bas ic  w o r k  with 

appropr ia te  e q u ip m e n t  (X -ray  A bsorp t ion  F ine  S truc ture  S p e c t ro sco p e  

Stud ies  on A rsen ic  S pec ies  in Soil  and  A qu ife r  Sed im ents ) .  S o  as c i te  the 

o v e r  all si tuations  u n d e r  w h ich  p rob lem  has  been  be in g  c rea ted .  T h e y  in 

the ir  report  have  e m b o d ie d  their  a ch ievem en ts  and  end  the  repo r t  w i th  an
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expec ta t ion  to car ry  o n  m o r e  resea rch  w ork  on the p rob lem .  T h e  d iscuss ion  

conclus ions  they m a d e  a re  as f lows:

The  visual con tras ts  b e tw e e n  H o lo cen e  and  P le is tocene  s ed im en t  is m a in ly  

d u e  to the d i f fe rence  in a b u n d an c e  o f  Fe o x y h y d ro x id e  gra in  coat ings ,  

reduces  sed im en t  a lso  tend  to have  h igher  p ropor t ions  o f  c lay  an d  silt 

relative sand, bu t  minera l  co m p o s i t io n s  o f  both types  o f  s ed im en ts  are 

similar.  T he  c o lo u r  d i f fe rence  be tw een  tw o  hor izons  reflects the  deposit iona!  

history o f  the reg ion;  the  mate ria l  that  now  c o m p o se s  the  lo w e r  aqu i fe r  

hor izon  was  at least  par t ia l ly  ox id ized  dur ing  last glacial  period.  D epos i t ion  

o f  the initially ox id ized  g ray  b lack  sed im en ts  f il led in the  d i s sec ted  de l ta  as 

sea  level rose and  c o n t in u e d  to accum ula te  at present.  X A F S  ana lyses  

reveals  that  A s  (III) p re d o m in a te s  in the u ppe r  H o lo cen e  a q u i fe r  sed im en t  

and  A s  (IV) p re d o m in a te s  in the  lower  P le is tocene  sed im en ts .  O ppos i te  

t rend is observed  in the  soil pit  samples ;  A s (V )  p red o m in a te  in surface  

sed im ents  As( II I )  is d e tec ted  5 m  dep th  . T h e  concen tra t ion  o f  d i s so lv ed  As 

is h igher  in the u p p e r  H o lo cen e  depos i t  than in the  low er  P le is tocene  d epos i t  

sugges t ing  corre la t ion  b e tw ee n  as  oxida t ion  state in s ed im en t  a n d  total 

d is so lved  As concen t ra t ion .  N o  s ignif icant ch an g e  on A s  specu la t ion  occurs  

ov e r  the interval b e tw ee n  2 4  a n d  35 m, but the A s  concen t ra t ion  in th is  range 

rises dramat ica l ly  to  0 .7 6 0  mg/1. Th is  zone  o f  A rsen ic  co n cen t ra t ion  

approx im a te ly  co inc ides  w i th  a z o n e  o f  chang ing  redox  condi t ion .

T h e  BG S /  D P H E  s tudy  d o c u m en ted  the associa tion b e tw ee n  solid  p h a se  and 

Fe -hydroxide.  O u r  s tudy adds  the  add it ional in format ion  tha t  as  on  this 

m o d e  o f  assoc ia t ion  is m a in ly  as (V).  As(III )  is found  on  o th e r  forms 

sugges t ing  the c lays ,  micas  o r  A1 oxyhydox ides .
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6.5.  F in d i n g s :

•  T h e  area  lies in the  coas ta l  pa r t  o f  B ang ladesh  and  a lso  lies in the  low er  

end  o f  the c o m b in e d  in f luence  o f  all the great  r iver sy s tem s-  the  G anges ,  

the B rah m ap u ra  an d  the  M eg h n a .

•  During  dri l l ing u n d e r  the projec t  it is recorded  a no tab le  u n c o n fo rm i ty  at 

depth  o f  abou t  5 0  meters ,  w h ich  co r re sponds  the a p p ro x im a te  sea  level 

dur ing  the Late  Pleis tocene .

•  As because  the a rea  lies in the coasta l  part  o f  the Bay  o f  B enga l ,  it had 

marine  in f luence  w h ic h  has  in f luence  on  the pa ttern  o f  s ed im en ta d o n .  

F ine gra ined  sed im en ts  are  p redom inan t ,  which  genera l ly  co n ta in  m ore  

a rsen ic .Due  to e n v i ro n m en ta l  condi t ion ,  the  th ickness  o f  aqu i fe rs  is thin.

•  Arsenic  is re leased  and  m ob i l ized  by reduct ive  d is so lu t ion  o f  iron- 

o x y d y d ro x id e  in r educ ing  en v i ro n m e n t  o f  the aquife r  in the  s tudy  area.

T h e  depth  o f  the tubew el l  an d  po lder  p lays  a exp ress ive  role o n  arsenic.  

Both  ca tegor ies  o f  tubew el l s  (sha l low and deep)  are bad ly  reach  in 

arsenic.

T h e  s tudy area  con ta in s  var iab le  concentra t ion  o f  arsenic  f r o m  0 .005 

mg/1 up  to 1.33 mg/1. T h i s  var ia tion  is not ra n d o m  o v e r  the  area.  T h e  

lowest  concen t ra t ions  o f  arsenic  con ten ts  d e ep  tubewel l .  T h e  lowest  

concentra t ion  o f  arsenic  in sha l low  tubewel l  in 0.03 mg/1.

Arsenic  concen t ra t ion  is h igh in the ou ts ide  polder.  T h e  s tu d y  a rea  is a 

h igh arsenic  in tensity  zone.  H igh  arsenic  zone  is found  in the  south  

{ l ,33m g/ l )  s ide o f  the s tudy  area.  C om p ara t iv e ly  low a rsen ic  is  found 

nor thwes tern  side  and  po lde r  ins ide  o f  this area.
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A dis tinct  pa t te rn  o f  a r sen ic  concen t ra t ion  is a lso found  vertical ly .

For  low-ly ing  f lood  pla ins ,  a rsenic  is h ighly  deposi ted .

it is found a  c lea r  va r ia t ion  b e tw een  field kit test and  labo ra to ry  m e th o d  

o f  arsenic.  S easona l  var ia tion  w as  a lso the study area.

Different chem ica l  p a r a m e te r ’s varia tion is a lso cause  o f  h igh  arsen ic  

concentra tion.

Soil s am ples  con ta in  ve ry  h igh  arsen ic  level.

Excess ive  use o f  u n d e rg ro u n d  w ater  to increase  rice  p roduc t ion  by 

“Green  R ev o lu t io n ” Project .

Arsen ic  Po iso n in g  is o n e  o f  the lead ing  p rob lem  o f  the  s tudy  area.
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7. SO CIO -ECO NO M IC , H EA LTH  SITUATIO N AND EN V IR O N ­
M ENTAL V A R IA BLE O F T H E  STUDY AREA  

7.L  Introduction :

S o c io -E conom ic ,  D e m o g r a p h ic  heal th  S ituation and  en v i ro n m e n ta l  va r iab le  
and  d iscuss ion  o f  this a spec t  h a v e  been  p resen ted  in this chapte r.

Table-7 : Socio-dem ographic characteristics o f the respondents, N=105  

Table-7.1: Age

Age M ale Female
(Yearly) No, Per cent No. Per cent
1 0 - 2 0 9 15.8 8 16.7
2 1 - 3 0 24 42.1 20 41.7
31 - 4 0 17 29.8 10 20.8
41 - 5 0 5 8.7 5 12.5
5 1 - 6 0 2 3.5 4 8.3
Total 57 48

Table-7.2; Education

Level of Education No. Per cent
Degree & above 7 6.7
H.S.C. 12 11.4
Secondary 22 21.0
Primary 42 40.0
Illiterate 22 21.0
Total 105 100

Table-7.3: Occupation

M a l e F e m a l e
N o . P e r  c e n t N o . P e r  c e n t

F a rm er 10 17 .5 0 0
B u s in e s s 11 19 .3 0 0
E m p lo y e r G o v t 3 5 .3 2 4 .1

P r iv a te 7 12.3 0 0
H o u s e w i f e 0 0 3 9 8 1 .3
D a y  L a b o u r er 16 2 8 0 0
S tu d e n ts 3 5 .3 5 9
O th e rs 7 12 .3 2 4 . 2

T o ta l 5 7 4 8
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Table-7.4: M onthly E xpenditure (Taka)

Taka No. No. P e r  cent Pe r  cent

> -  1000 11 5 10.5 4.8

1001 - 2 0 0 0 30 36 28.6 34.3

2 0 0 1 - 3 0 0 0 36 15 34.3 14.3

3001 - 4 0 0 0 20 32 19.6 30.5

4001 & Above 3 17 7.6 16.2

Total 105 105 100 100

TabIe-7.5: M onthly Incom e (Taka)

T a k a N o . P e r  c e n t

>  - 1 0 0 0 5 4 .8

i 0 0 1  - 2 0 0 0 3 6 3 4 .3

2 0 0 1  - 3 0 0 0 15 14 .3

3 0 0 1  - 4 0 0 0 3 2 3 0 .5

4 0 0  i &  A b o v e 17 1 6 .2

T o ta l 105 100

Table-7.6: D w elling T im e (Family) :

Years No. P e r  cent
7 - 5 5 4.8
6 - 2 0 10 9.2
2 1 - 3 5 12 11.3
36  and  s ince  Birth 28 74.3
Total 105 100

Table-7.7: Fam ily M em ber

F a m i ly  S i z e N o . P e r  c e n t

1 - 5 19 18,1

6 - 1 0 7 7 7 3 .3

A b o v e  10 9 2 .6

T o ta l 105 100
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Table-7.8: Social Status

Level No. P e r  cent

High 18 17.1
Medium 45 42.9
Low 42 40

Total 105 100

Table-7.9: M arital Status

Variable No. P e r  cent
Married 59 56.0
Unmarried 36 34.3

Widow 7 11.9
Widower 3 5.0
Total 105 100
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F ig u re  -7 .4 : S o c io -D e m o g ra p h ic  C h a ra cte rls tid s  of 

R e sp ond e n ts (D w e llin g  T im e )
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7.2. Socio-Econom ic and D em ographic situation and Arsenicosis 
Diseases Problem  in the Study Area :

O n e  hun d red  five  (57  m a le  an d  4 8  fem ale)  a rsen icos is  pa t ien ts  w e re  
identi fied  f rom  this s tu d y  area.  T h e i r  age  r anged  f rom  10 years  to  6 0  years.

S o c io -d em o g rap h ic  charac te r is t ic s  o f  the  re spondents  are  s h o w n  in table-7.  

It is seen tha t  o u t  o f  105 cases  57  (54.3 pe r  cent)  w e re  m a les  an d  4 8  (45.7 

pe r  cent)  w e re  females .  O f  the  total  responden ts  o f  m a les  15.8 p e r  c en t  were  

with in  10-20 years  o f  age  g ro u p  and 16.7 pe r  cent  fem a les  w e re  s a m e  age  

g roup ,  43.1 pe r  c en t  m a le  an d  41 .7  pe r  cent  fem ale  w e re  in 2 1 -3 0  year s  age  

g roup. 29 .8  p e r  cen t  a rsen icos is  male  patients  and  20 .8  p e r  c e n t  fem a le  

arsenicos is  pa t ien ts  w e re  in 3 1 -4 0  years  o f  age  g roup.  A b o u t  9  p e r  c en t  (8.7 

p e r  cent)  male  an d  12.5 p e r  c en t  f em a le  w e re  in age  g ro u p  o f  4 1 - 5 0  years.
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51-60  years  age  g roup .  T h e  a g e  l imit  o f  m a x im u m  n u m b e r  o f  pa t ien ts  was  

with in  2 1 -3 0  years  (Table-7 .1 ) .

A m o n g  the  re sponden ts  21 per  c en t  w e re  illiterate,  4 0  p e r  c en t  go t  p r im ary  

education ,  21 per  c en t  g o t  s econda ry  educa tion  and  11.4 p e r  c en t  g o t  H .S .C  

education.  T h e  level o f  ed u ca t io n  o f  the responden ts  o f  d e g re e  an d  above  

was  only 6.7 pe r  cent  (Table-7 ,2 ) .

Regard ing  o ccupa t ion  (Tab le -7 .3 )  it was  seen that 17.5 p e r  cent  r e sponden ts  

were  fa rmer,  19.3 p e r  cen t  re sponden t  were  b u s inessm an ,  2 8  p e r  cent  

responden ts  were  d a y  labourer ,  ou t  o f  57 male  respondents .  M o r e  than 81 

per cent  responden ts  w e re  h o u sew iv e s  out o f  48  fem ale  r e sponden ts .  A bou t  

2  percen t  r e sponden ts  w e re  e m p lo y e r  (govt.  4 .8  pe r  c e n t  a n d  7  p e r  cent  

priva te),  7 .6  p e rcen t  r e sp o n d en ts  were  s tudents  and  8.6 p e rcen t  r e sponden ts  

were  others  o ccu p ie d  (agr i- labourer ,  se l f  em p loyed ,  r i c k sh aw  p u l le r  etc.).

D h a r  et al in a s tudy  in L ak sh m ip u r ,  B ang ladesh  a p p re h en d e d  that  better  

e co n o m ic  cond i t ions  lead ing  to main ta in  better nutr i t ional status  of  

popu la t ion  m ay  h a v e  a ro le  to p reven t  arsenicosis,  at least  part ly.  M on th ly  

incom e  o f  the r e sponden ts  in this area  is com para t ive ly  be t te r  than o ther 

a rsenic  a ffected  area,  it w as  o bse rved  in T ab le  7 .6  tha t  4 .8  p e r  cent  

responden ts  earn  ha rd ly  1000  T k .  pe r  m on th ,  34.3  p e r  cen t  r e s p o n d en t s  earn 

1001-2000 T k  per  m onth .  It w a s  the  h ighly  percen t  o f  r e sponden ts .  14.3 per 

cent  responden ts  earn  2 0 0 1 - 3 0 0 0  Tk .  p e r  month ,  32  (30 .5  pe r  cent)  

responden ts  earn  3 0 0 1 -4 0 0 0  Tk .  pe r  month  and  on ly  16.2 p e r  cen t  o f  the 

total responden ts  earn  a bove  4 0 0 0  Tk, per month .  T h e  m os t  o f  the  females  

and  some males  do  no t  earn  s ing le  money.

M o s t  o f  the  r e sponden ts  said that  their  incom e  and  exp en d i tu re  is equal.  34.3
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per  cent  r e sponden ts  e x p e n s e  2 0 0 1 -3 0 0 0  Tk. pe r  m o n th  an d  it w a s  the  h igh 

re sponder  o f  the  ex p en d i tu re  characte ri s t ics.  O n ly  7 .6  pe r  c e n t  r e sponden ts  

e x p en se  above  4 0 0 0  T k .  pe r  m onth .

Here  females ,  ch i ld ren  and  s tu d en t s ’ expense  and  incom e  w as  c o n s id e re d  as 

their  custodian  and  c u s to d y  income.

hi te rms o f  length  o f  dw e l l ing ,  the  percentage  o f  s ince  birth  r e s p o n d en t s  was 

near  74  (74.3 pe r  cent) .  11.3 percen t  l ived for 21-35  years,  9 .2  p e rcen t  l ived 

fo r  5-20  years  and  4 .8  pe rcen t  re spondents  l ived for 5 y ear s  o r  less 

respective ly  (T ab le -7 .6).

M o s t  o f  the famil ies  w e re  large  sized.  A b o u t  73 percen t  r e sp o n d en ts  were  

hav ing  m ore  than 6  m e m b e r s  in the i r  family  (Table-7 .7) ,  s o m e  f a m i l y ’s 

m e m b e r  w as  m o r e  than  10, the  pe rcen tage  o f  this r e sponden ts  w a s  8.6, 18.1 

pe r  cent  re sponden ts  w e re  l ive  in 1 -5 family  size.

M o re  than 1 arsen icos is  pa tients  w e re  l iving in every  houses  o f  th is  s tudy 

area.  1-4 a rsen icos is  pa t ien ts  w e re  in 66.7  percent and  ab o v e  4  a rsen icos is  

pa tients  were  in 33.3 pe rcen t  r e sponden te rs  family.

Tab le-7 .8  a lso s h o w s  that  17.1 p e r  cent  responden ts  w e re  h igh  status,  abou t  

43  p e r  cent  m e d iu m  s ta tus  and  4 0  pe r  c en t  low  status respec t ive ly .  O u t  o f  

105 cases  98  (93.3  p e r  cent)  r e sponden ts  w e re  M u s l im  an d  7 (6 .7  p e r  cent)  

responden ts  w e re  H indu.

Regard ing  the mari ta l  status it has  been  o bse rved  tha t  5 6  p e r  cent  

r e sponden ts  were  m arr ied  and  34.3 pe r  c en t  responden ts  w e re  unm arr ied .  

O u t  o f  59  m arr ied  cases  abou t  12 per cent  (11.9 pe r  cent)  an d  5 p e r  cent  

responden ts  were  w id o w  and  w id o w e r  respec t ive ly  (Table-7 .9) .
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Table-8.1: Social Inform ation

Types o f  problem Yes. No. Not

applicable

No 9c No Per cent No Per cent

Marriage 10 9.5 70 66.7 25 23.8

Divorce 5 S.5 60 87.1 40 38.09

Separation 0 0 66 62.9 39 37.1

Maladjustment (cooking, eating 

etc)

0 0 94 89.52 11 10.5

Physical Assault 0 0 46 43.8 59 56.2

Being forced to go back to 

parents house

2 3.4 26 24.8 77 73.3

Being ignored in school 0 0 15 14.3 90 85.7

Unfair treatment in school 0 0 15 14.3 90 85.7

Differencial treatment in 

service

0 0 16 15.2 89 84.8

Non-acceptance by Neighbour 22 19.5 50 47.6 33 31.4

□ Socially Boycott 0 0 0 0 0 0

□ Economically Refuse 19 86.4 0 0 0 0

□ Agricultural Refuse 3 2.9 0 0 0 0

Facing Fatua by Religious 

Leaders

0 0 99 94.2 6 5.7

Bad Behaviour by Doctor 0 0 87 82.9 18 17.4

Disastrous help by Neighbour 90 85.7 0 0 15 14.3

Boycott from social function 0 0 65 61.9 40 28.1
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Different  types  o f  socia l  p ro b le m  are  arising f rom  arsenic  p o i s o n in g  e.g. 

c o m m u n i ty  refusal ,  d isc r im ina t ion ,  unhap p y  cond i t ion  in con ju g a l  life, 

p rob lem s  in ch i ld  d e v e lo p m e n t  etc.  Tabie-8 .1  reveals  tha t  m a n y  specif ic  

p rob lem s  have been  o b se rv ed  a m o n g  the arsen icosis  pa tients.  R esp o n d e n ts  

were  ques t ioned  abou t  m arr iage  p rob lem  on w he ther  yes or  not. A m o n g  the 

re sponden ts  9.5 pe r  c en t  to ld  that  marr iage  w as  a p ro b le m  an d  66 .7  p e r  cent  

replied in the  negative .  It w a s  not appl icable  for 23 .8  p e r  cen t  re spondents .  

But w h o  were  yet  then u n m ar r ied  they faced grea t  p rob lem  ge t t ing  marr ied .  

O u t  o f  59  m arr ied  cases ,  8.5 pe rcen t  responden ts  told sp o u se  (1 m a le  an d  4  

females )  d ivo rced  them .  N o  inc idences  o f  separa tion,  m a la d ju s tm e n t  and 

physica l  assault  w e re  fo u n d  in case  o f  e ither m a les  o r  fem a les .  W h e n ,  not 

applicable  3 .09  per  cen t;  separa t ion  37.1 pe r  cent ,  m a la d ju s tm en t  10.5 pe r  

cent  and  physica l  assault  56 .2  p e r  c en t  respectively.

O u t  o f  59  m ar r iage  cases ,  3 .4  pe rcen t  responden ts  w e re  be ing  fo rced  to g o  to 

parents  house.  N o  inc idences  o f  be in g  ignored  in school,  unfa i r  t r e a tm en t  in 

school,  dif ferent ia l  t r ea tm en t  in service ,  facing “ Fa tua” b y  re l ig ious  leaders ,  

bad beh av io u r  by  doc to r  and  b o y c o t t  f rom  socia l  func t ion  w e re  o b s e r v e d  in 

the  s tudy  area. N o n - a c c e p ta n c e  by  n e ig h b o u r  w as  19.05 p e r  cent  

(E conom ica l ly  re fuse  86 .4  percen t ,  agr icultura l  re fuse  2 .9  p e r  cent) .  A b o u t  

86  per  cent  (85.7 p e r  cent)  r e sponden ts  told that  they go t  an y  d isas t rous  help 

by the  ne ighbour ,  it w a s  not app l icab le  for 14.3 per cent  r e sponden ts .

7.3. Social Information of the Respondents:
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Table-9.1: Physical Incidental Informations Manifestation of Arsenicosis

Years No. Per cent

> -  1 10 9.5

1 - 2 11 10.5

3 - 5 50 57.1

5 and  above 24 22.9

Total 105 100

TabIe-9.2'Treatm ent for A rsenicosis Patients:

Rural T rea tm en t No. Per cent

Yes 77 73.3

N o 23 21.9

Not  applicable 5 4.8

Spinach 21 27.3

Exorc is ing  and  Incanta t ion 26 33.8

A m u le t  and  T a l i sm an 30 39.0

Total 105 100

S o u r c e  : F ie ld  S u r v e y ,  2 0 0 2
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7.4. Physical Incidental Inform ation:

T h e  sy m p to m s  o f  arsenic  tox ic i ty  m ay  take 8-10  years  to be  m a n i f e s t ed  in a 

pe rsons  body  after the  pa t ien t  starts  d r ink ing  arsenic  c o n tam in a te d  water.  

Th is  per iod  d if fers  f ro m  pa t ien t  to pa tient ,  d ep en d in g  on the  quan t i ty /v o lu m e  

o f  arsen ic  ingested,  nutr i i ional s ta tus  o f  the  person i r respec t ive  o f  gender ,  

im m uni ty  level o f  the  ind iv idua l  and  the total t im e  per iod  o f  arsen ic  

ingest ion (D C H  1997 an d  B h u iy an ,  2001) .  A b o u t  10 p e r  c en t  (9.5 pe r  cent)  

re spondents  told that  they w e re  suffering in a rsen icos is  f r o m  <  1 year 

(Table-9 .1) .  M o re  than 10 per  c en t  (10.5 p e r  cent)  f rom  1-2 years ,  57.1 per 

cent  f rom  3-5 years  and  22 .9  pe r  cen t  ab o v e  5 years,  r e sp o n d en ts  were  

suffering in a rsen icos is  respec t ive ly .  M o s t  o f  the r e sponden ts  (57.1 p e r  cent)  

realized that  the  s y m p to m s  o f  a rsen ic  manifes ted  f rom  3-5 years  ago.

R esponden ts  were  a sked  ab o u t  the  rural t rea tment o f  a rsen icos is .  73 .3  per 

cents  pa tients  told that  they had  taken  rural t rea tm en t  and  ab o u t  22  p e r  cent 

(21 .9  pe r  cent)  rep l ied  in the  nega t ive  and  4 .8  pe r  cent  r e sp o n d en ts  to ld  that 

they had not need  this rural  t r e a tm en t  o r  they d i d n ’t be l ieve  the  rural 

treatment .  O u t  o f  105 cases,  77  responden ts  (23.3 pe r  cent)  w e re  taken  rural 

t rea tment.  A m o n g  77 cases ,  21 pa tients  (27.3 pe r  cent)  to o k  sp inach  

trea tment,  33 .8  p e r  c en t  to o k  exorc is ing  and  incantation t r ea tm en t  an d  39  per 

cent  took amule t ic  and  t a l i sm an ic  t rea tm en t  (Table-9 .2) .
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Table-10.1: Clinical features o f the Respondents

Symptoms & Signs No. o f  cases Per cent o f  cases

Melanosis 105 100

Karatosis 68 64.8

Lecu Melanosis 84 80.0

Weakness 100 95.2

Burning of  eyes 88 83.8

Diarrhoea 24 22.9

Parenthesia 70 66.7

Pagmantation 36 34.3

Araemia 40 38.4

Capillary/tlush 38 36.2

Contact Dermalitis 40 38.1

Hair delayed loss 46 43.8

Nail loss 16 15.2

Convulsion 10 9.5

Tremor 16 15.3

Coma 4 3.8

Headache 66 62.8

Dysphasia 46 43.8

Vomiting 11 10.5

Weight Loss 46 43.8

Jaundice 18 17.1

Oliguria 44 41.3

Pericarditis 56 53.3

Cangrene 28 26.7

Cough 50 47.6

S o u r c e  : F ie ld  S u r v e y .  2 0 0 2
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There  is s ign if ican t  re la t ionsh ip  b e tw ee n  the  arsenic  in w a te r  a n d - h u m a n  

health.  Table -10 .1  revea ls  tha t  a m o n g  o n e  hundred  and five  cases  m e lan o s i s  

was  pre cent  in all the  r e sponden ts .  Major i ty  o f  the  r e sp o n d en ts  had 

weakness  (95 .2  pe r  cent)  and  bu rn in g  o f  eyes  (83.8  p e r  cent) .  A m o n g  the 

respondents .  80  per  cent  e x p re s sed  that  arsenic  causes  le cum elanos i s  and

64.8 per cent  to ld  that  kara tosis  is c au se d  by arsenic  in body.  T h i s  table  also 

reveals  that  D ia r rhoea  w as  p resen ted  in 22 .9  pe r  cent  pa tient .  M o r e  than 66  

per  cent  pa tients  w e re  su f fe r ing  in Paresthesia .  P igm en ta t ion  w a s  the  caused  

by arsenic,  it w a s  exp ressed  by  34.3  pe r  c en t  patients. A n a e m ia  is a lso cause  

o f  arsenic  and  38.1 pe r  cen t  r e sponden ts  expressed  it. A b o u t  3 6  per  cent  

(36.2 pe r  cent)  responden ts  to ld  that  capil la ry  flush is the  cau se  o f  arsenic.  

C on tac t  D ermat i t i s  w a s  an a gon is ing  fo r  38.1 pe r  cent  r e sponden ts .  This  

table a lso reveals  that  ha i r  d e lay ed  loss  was  p resen ted  in 43 .8  pe r  cent  

respondents .  M o re  than 15 p e r  c en t  r e sponden ts  expressed  tha t  nai l  loss  was  

cause  o f  arsenic.  A m o n g  the  re sponden ts  9.5 pe r  cent  told that  c o n v u l s io n  is 

caused  by arsenic.  T r e m o r  w as  p resen ted  in 15.2 pe r  cent  re sponden ts .  

A bou t  4  pe r  cen t  (3.8 pe r  cent)  to ld  tha t  arsenic  causes  c o m a .  H e a d a c h e  is 

one  o f  the  lead ing  c lin ical  p ro b le m s  o f  the  re spondents .  A g a in s t  this 

ques t ion  62.8  p e r  cen t  r e sponden ts  rep l ied  in the  pos it ive .  A b o u t  4 4  p e r  cent  

(43.8  pe r  cent)  r e sponden ts  e x p re s s ed  for  dysphas ia .  Tab le -10 .1  is a lso 

reveals  vomit ing ,  w e ig h t  loss and  j a u n d ic e  were  p resen ted  in 10.5 pe r  cent,

43 .8  per cent  and  17.1 pe r  c en t  respective ly .  A bou t  4 2  p e r  c e n t  (41 .9  per  

cent)  responden ts  exp ressed  that  o l igur ia  was  a m a jo r  p ro b le m  fo r  them. 

M o re  than 53  per cent  r e sponden ts  told that  pericardit is  w a s  a ser ious  

clinical  p rob lem  for the a rsen icos is  pa tients.  A m o n g  the  re sponden ts ,  26.7

7.5. Clinical Features o f the Respondents:
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per cent  exp ressed  tha t  g a n g re n e  w as  the  caused  by arsenic  an d  it w a s  the  

w ors t  p resen ted  in h an d s  a n d  foots  in the re spondents .  C o u g h  wi th  or  

w i thou t  expec to ra t ion  w e re  p re sen ted  in 47 .7  pe r  cent  re sponden ts .

So. acute  toxic ity  invo lves  m an y  organ  sys tem s  in h u m a n  b o d y  e.g. 

respira to ry  sys tem,  hepatic ,  renal card iovascu lar  hem atopo i t ic ,  de rm a t log ic .  

neuro logic  gastro in tes tina l  and  ophtha lm ic .  The  basic les ions  are  edothel ia l  

cel lu lar  toxicity  capil lary  d a m a g e  and  axona! dam ages .  S y m p t o m s  and 

n u m b e r  are sh o w n  in tab le -13 ,  a cco rd ing  to, G o rb y  1994. T h e re  is n o  k n ow n  

dose  re sponse  re la t ionsh ip  to d e v e lo p m en t  o f  s y m p to m s  fo r  chronic  

arsen icosis  has.  R esea rch e rs  th ink  in a defin ite  re la t ionsh ip  in d e v e lo p m e n t  

o f  sy m p to m s  and  d o s e  o f  arsen ic .  S o  for  a low dose  l imit  is  g iv en  by  W H O  

as a gu ide l ine  for  d r ink ing  w a te r  (0.01 mg/1). A f te r  t h :  a p p e a ra n c e  o f  

inorgan ic  arsenic  in g ro u n d w a te r  and  its w ide  range.  T h e  re sp o n d e n t s  told 

that  arsen icosis  is a th rea t  to publ ic  health.
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T a b le -11: Psychological Inform ation  

TabIe-11.1: Loneliness

Variable No. Per cent

Yes 63 60.0

N o 22 21.0

N o  R esponse 20 19.5

Total 105 100

Table-11.2: D istressed/Depression

Variable No. Per cent

A lw ays 42 4 0

S o m e t im es 47 44.8

N o  dist ress 16 15.2

Total 105 100

Table-11. 3: Being out o f hearts by whom

Variable No. Per cent

Spouse 22 21

So n s  &  daughters 0 0.0

N e ighbour 4 0 30

N o  R esponse 43 41

Total 105 100

2 3 0
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Table-11.4: Being O ut o f sight o f all

Variable No. Per cent

Yes 6 5.7

No 26 24.8

N o  R esponse 73 69.5

Total 105 100

Table-11.5: Privacy o f this problem

Variable No. Per cent

Everybody know early 83 79.0

You have known everybody 22 21

Others 0 0.0

Total 105 100

Table-11.6: Behaviour o f Others

Variable No. Per cent

Sati sfactory 56 53.3

Acceptab le 34 32.4

Unsa t is fac tory 3 28.6

N o  Response 12 11.4

Total 105 100
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Table-11.7: Spontaneous M ood

Variable No. Per cent

V ery  good 3 2.9

Good 18 17.1

Bad 73 70.0

Very  bad I 1 10.5

Tolal 105 100

Table-11.8: Curse o f Nature/G od/A llah

Variable No. Per cent

Yes 52 49.5

No 30 28.6

N o  R esponse 23 22.0

Total 105 100

Table-11.9: Arsenicosis is a Contagious Disease

Variable No. Per cent

Yes 80 76.2

No 15 14.3

N o  Response 10 9.5

Total 105 100
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Dhaka University Institutional Repository



7.6. Psychological Inform ation:

P sycholog ica l  o r  m en ta l  p ro b le m  is one  o f  the te rri fy ing s i tua t ions  o f  the 

s tudy area. A rsen ic  p ro b le m  gene ra ted  p ro b le m  in o u r  pub l ic  hea l th  s i tua tion 

as well  as social  an d  pe rsona l  life. R esp o n d e n ts  were  asked  ab o u t  lone liness  

in h is /her life. T h e  pe rcen tage  o f  loneliness  pai ients  w as  6 0  in c a se  o f  both 

sex.  T w e n ty  o n e  per  cent  replied  in the negative  and  19.5 p e r  cent 

respondents  avo id  this ques t ion  (Table-11 .1) .  Four ty p e r  c en t  r e sponden ts  

repor ted  that  the  a rsen ic  pa t ien ts  had been  suffering f rom  a m en ta l  agony  

because  o f  iheir  p ro b le m  in a lways .  A b o u t  45 per cent  (44 .8  p e r  cent)  

respondents  s o m e t im e  fell m enta l  anx ie ty  and  depress ion.  O n ly  15.2 p e r  cent  

pa tients  answ ered  tha t  they  d id  no t  fell d is tress  or  depress ion.

A ccord ing  to the  re spondents ,  m ar r ied  couples  w h o  are  su f fe r ing  from 

arsen ic  po ison ing  m ig h t  face  u n h a p p y  conjugal or  family  life. 21 p e r  cent  

respondents  m e n t io n e d  abou t  such  p rob lem  by their  spouse .  38  p e r  cent  

responden ts  told tha t  they were  be in g  ou t  o f  hear ts  by ne ighbour .  41 p e r  cent 

pa tients avo ided  this question .  Bu t  no  re sponden ts  were  be in g  ou t  o f  hear ts  

by their  sons  and  daughters .

T a b l e - 1 1.4 s h o w s  that  5.7 pe r  cen t  r e sponden ts  were  be in g  ou t  o f  s igh t  o f  

all. T hose  arsenic  a f fec ted  pa t ien ts  fell shy o r  hesi ta te  to  pa r t ic ipa te  in their  

ne ig h b o u rs ’ socia l  even ts ,  24 .8  pe r  cent  responden ts  rep l ied  tha t  th e y  were  

not be ing ou t  o f  s ight o f  all and  about 70  per cent  (69 .5  p e r  cent)  

respondents  w e re  si lent  to say  anyth ing .

R egard ing  pr ivacy  o f  the  a rsenicos is ,  79  per cent  pa t ien ts  sa id  that 

e ve rybody  h a d  k n o w n  their  p ro b le m  eas ily  and  24  per  c en t  r e s p o n d e n t  had 

k n o w n  e ve rybody  f rom  h im se l f  o r  herself .
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A bout  53 per cent  (5.3 pe r  cent)  respondents  were  satisfied and  28 .6  p e r  cent 

respondents  were  unsat is fied  fo r  behavior  o f  others. M o re  than 32  per  cent  

(32.4 per cent) respondents  re sponse  that the behavior o f  others  w as  acceptable.  

A bout  11 per cent  (11.4 per cent)  replied no response (T ab le -1 1.6).

Rejection by the  fe llows,  fr iends  or  rela tives  to sit o r  to share  m a k e  the 

affected  person  ihhik  that they are ha ted  and  unaccep tab le  in the i r  ow n  

society.  Th is  si tuation u n d o u b ted ly  creates  unbearab le  m enta l  a g o n y  for the 

affected  patients.  F o r  this reason  majo r ity  pe r  cent  (70  per  cent)  responden ts  

repor ted  that their  s p o n tan e o u s  m o o d  w as  bad and  ten and  ha l f  p e rcen t  said 

very  bad. O n ly  2.9 p e r  c en t  r e sponden ts  told that  their  s p o n tan e o u s  m ood  

w as  good an d  17.1 pe r  cen t  s a id  very  g o o d  ( T a b le - 11.7).

M an y  peop le  have  m is co n cep t io n  regard ing  the s y m p to m s  o f  arsenic  

poisoning.  T h e y  co n s id e r  these  sy m p to m s  as the  s y m p to m s  o f  leprosy.  A 

large n u m b e r  o f  r e sponden ts  (bou t  50  p e r  cent)  cons ide red  a rsen ic  po ison ing  

as “G azab  o f  A l lah ” o r  “G o d  m a d e  c u r s e ” o r  “ curse  o f  na tu re” o r  " ca u s e  o f  

evil spiri ts” o r  the “ resu l tan t  o f  s in ” and  lack o f  educa t ion  w a s  m e n t io n e d  as 

the main  reason  for  such  th ink ing  by  the people .  28 .6  pe r  c e n t  r e sponden ts  

replied  that  a rsenicos is  w as  no t  “ curse  o f  na tu re” a n d  2 2  p e r  cent  

responden ts  d i d n ’t r e sponse  aga ins t  ab o v e  them e  o f  a rsen icos is  ( T a b l e - 1 1.8).

Finding show that 76 .2  p e r  cent  respondents  considered that  arsen ic  p roblem 

was  contagious  or  infectious o r  infectious disease.  A cco rd ing  to the 

respondents ,  it is contagious  o r  infectious because  this type  o f  spots  or 

problem is appeared at first in s o m e o n e ’s body  in a family  o r  a  c o m m u n i ty  and 

then it starts to appear  in o ther  family  m e m b e rs ’ body  o r  in the  body  of  

ne ighbouring area people.  14.3 pe r  cent  respondents  replied that  arsenicosis 

was not contagious  and  9.5 pe r  cent  respondents  replied no  response  (Table - 

11.9).
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Table-12: G eo-environm ental Inform ation: 

Table-12.1: W ater Use

Variable No. Per cent

Tubew e l ls 105 100

Shal low 80 76.2

Deep
1

25 23.8

1 Total 105 100

Table-12.2: Cause o f Arsenicosis:

Variable No. Per cent

Drink ing  o f  D eep  

Tubew e l ls  W ate r
2 9

Drink ing  o f  Sha l low  

Tu b ew e l l s  w a ter
103 97.1

Others 0 0.0

Total 105 100

Table-12.3: Reason why do not stop shallow Tubewells water

Variab le No. Per  cent

N o  alternat ive way 30 35.3

Lack  o f  know ledge 33 38.8

Dis tance  o f  the safe 

lubewel l  water
22 25.9

Total 105 100
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T a b l e - 12.1 sh o w s  that  m o s t  o f  the  r e sponden ts  collect  d r in k in g  w a te r  f rom  

sha l low  lubewell s.  It w as  ab o u t  7 6  p e r  cen t  (72 .2  pe r  cent)  and  a b o u t  2 4  per  

cent  (23.8 pe r  cent)  r e sponden ts  col lec t  d r ink ing  w a ter  f rom  d e ep  tubewel ls .  

It is c lear that  hun d red  p e r  cent  r e sponden ts  collect  d r in k in g  w a te r  f rom  

tubewell s.  Ponds ,  canals ,  r ivers  and  o ther  m ed ia  were  cut ou t  fo r  the 

aw areness  o f  re spondents .  H u n d re d  per  cent  r e sponden ts  told that  they did 

not dr ink boil ing water .  A b o u t  hun d red  (98.1 pe r  cent)  pe r  cent  r e sponden ts  

though t  that the  cau se  o f  a rsen icos is  w as  d r ink ing  o f  sha l low  tu b e w e l l s ’ 

w a ter  and  on ly  abou t  2 p e r  c en t  (1.9 pe r  cent)  responden ts  said tha t  the  cause  

o f  arsen icosis  w as  d r ink ing  o f  d e e p  tubewel ls  water.

R egard ing  stop sha l low  tu b e w e l l s ’ w a te r  it w as  o bse rved  tha t  o n ly  19 per 

cent  pa tients  s topped  d r ink ing  o f  sha l low  tubewel ls  water.  O u t  o f  105 cases  

85 percent r e sponden ts  (81 per  cen t )  d id  no t  s top  sha l low  tu b e w e l l ’s water .

R esponden ts  w e re  a sked  reasons  w h y  do  no t  s top sha l low  tubew el l  water.  

O u t  o f  85 cases,  35.3 p e r  c en t  e x p re s sed  tha t  they h a d  n o  a l te rnat ive  w a y  o f  

a rsenic  free water ,  38 .8  p e r  cen t  r e sponden ts  had lack o f  k n o w le d g e  about 

arsenicos is  and  arsenic  c o n tam in a te d  water .  D is tance  o f  the  safe  w a te r  from 

h o m e  w as  a lso a r e ck o n ab le  (25 .9  p e r  cent)  case.  N o  r e sp o n d en ts  were  

m en t ioned  fil trat ion o f  w a ter  as an  a lte rnat ive  safe  w a ter  source  fo r  d r ink ing  

purpose.

7.7. Geo-environmental Information:
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Table-13.1: Usable W ater Quality Information

V a r ia b le

V e r y  G o o d G o o d B a d V e r y  B a d N o

R e s p o n s e

N o % N o % N o % N o % N o %

D r in k in g 0 0 .0 2 0 1 9 .0 41 3 9 . 0 3 0 2 8 . 0 14 13 .3

C o o k i n g 0 0 .0 2 7 2 5 .7 2 2 21 31 2 9 .5 2 5 2 3 .8

B a t h in g 5 4 .8 4 2 4 0 4 3 .8 0 0 .0 5 4 5 1 .4

W a s h in g 1 0 .9 5 35 3 3 .3 0 0 .0 0 0 .0 6 9 6 5 .7

O v e r a l l  q u a l i ty 0 0 . 0 7 6 .7 2 7 2 5 .7 15 1 4 .3 5 6 5 3 .3

S o u r c e  : F ie ld  S u r v e y ,  2 0 0 2

F ig u re -7 .9 : U sab le  W a e r  Q u a lity  In fo rm a tio n

c  
. o
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CL o
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NoRespcrse

U sab le  W a te r  Q u a lity

□  Drinking 
■  C ooking
□  B d N n g
□  W csNng
□ O/efdl cpdlty
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G ro u n d w a te r  is an e c o n o m ic  re so u rce  apar t  f ro m  drinking ,  co o k in g ,  bathing, 

w ash ing  purpose; il is u sed  in agr icu lture ,  indus tr ies  and  m unic ipa l i t ies ,  

w a te r  ob ta ined  f ro m  u n d e rg ro u n d  sources  shou ld  be c h em ica l ly  pure  and  

reasonably  free  f ro m  m ic ro -o rg an ism s .  C ons ide ra t ions  in se lec t ing  a 

part icula r source  fo r  w a te r  su p p ly  d e p en d  on quali ty  o f  w'ater. B road ly  

speak ing ,  the des i red  qua l i ty  o f  a g ro u n d w a te r  supply  d e p en d s  on  the 

purpose  o f  its use,  i.e., in d r ink ing ,  industry  o r  irr igation (T odd ,  1954).

R esponden ts  w e re  a sked  a b o u t  the  qua l i ty  o f  w a ter  a cco rd ing  to  var ious  

var iab le  o f  the s tudy area.  It w a s  fo u n d  that  nobo d y  co u ld  aff i rm w a te r  was  

very  good  fo r  d r ink ing  purpose .  N ine teen  p e r  cent  said g o o d  39  p e r  cent  said 

bad.  M ore  than 28  p e r  cen t  (28 .6  p e r  sent)  said very  bad  and  13.3 p e r  cent  

w as  salient for  the ir  r em arks  respective ly .

in cooking , a m o n g  the re sponden ts  n o b o d y  said that  c o n tam in a te d  w a te r  was  

ve ry  good  but 25 .7  pe r  c en t  to ld  tha t  it w as  g o o d  fo r  cook ing .  B a d  a n d  very 

bad w as  21 p e r  c en t  an d  29 .9  pe r  cen t  respec t ive ly .  A b o u t  24  p e r  c en t  (23.8 

p e r  cent)  avo ided  the  ques t ion .  F o r  ba th ing  purpose  4 .8  p e r  c en t  to ld  very  

g o o d  4 0  per cent  to ld  good. O n ly  3.8 p e r  c en t  r e sponden ts  told bad ,  nob o d y  

to ld  ve ry  bad, 51 .4  p e r  cen t  r e sp o n d en t  d id  no t  response .

In wash ing ,  ou t  o f  105 cases,  1 pa tient (0.95 pe r  cent)  to ld  it w a s  ve ry  good,

33.3 per  cent  told good ,  no  o n e  said bad  and  very  bad ,  65 .7  p e r  cent  

re spondents  d id  not express  the ir  opin ion .  R esponden ts  w e re  ques t ion  abou t  

ov e r  all quali ty  o f  water ,  it w as  o b se rv ed  that nobo d y  said w a te r  w a s  very 

good ,  only  7 patients  (6.7 pe r  cent)  ou t  o f  105 cases,  said w a te r  w a s  good,  

25 .7  pe r  cent  told w a ter  qua l i ty  w as  bad ,  ab o u t  14 pe r  c e n t  (14.3 pe r  cent)  

to ld  very  bad and  53.3  pe r  cen t  r e sponden ts  w e re  si lent (Table-13 .1) .

7.8. Usable W ater Quality Information:
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Table-14: W ater Pollution: 

Table-14.1: W ater Q uality (O dour)

Variable No. Per cent

High Intense 0 0.0

Usual 0 0.0

Not known 105 100

Table-14.2: W ater Q uality (Taste)

Variable No. Per cent

Natural 66 62.9

Unnatural 0 0.0

Not known 39 37.1

T a b le - 1 4 .3 :  W a t e r  Q u a ity (Colour)
Variable No. Per cent

C lea r 72 68.6

Turb id 9 8.6

D o  no t  know 24 22.9

Total 105 100

Source ; Field Survey, 2002
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7.9. W ater Pollution:

A m o n g  the re sponden ts ,  100 per  c en t  to ld  there  w as  no  o d o u r  ir i term o f  

w a ter  quali ty.  62 .9  p e r  cen t  r e sp o n d en ts  told that  the qua l i ty  o f  w a te r  in 

percent o f  taste w as  natural .  U nna tu ra l ,  told nob o d y  and  37.1 p e r  cent  told 

that  they did  no t  k n o w  the tas te  o f  w a ter  was  natural  or  unnatura l .

Regard ing  the w a ter  qua l i ty  o f  co lour,  68 .6  per  cent  r e sponden ts  to ld  the 

w a te r  was  c lear,  8.6 pe r  cent  to ld  turb id  and  abou t  23  p e r  c en t  (22.9  pe r  cent)  

said that  they did  not k n o w  w h a t  w as  co lou r  o f  the ir  t u b e w e l l s ’ water  

( T a b le - 14).

7 .10 . D iscussion

T h e  c onsequence  o f  arsenic  con tam ina t ion  o f  g ro u n d w a te r  is now  

conside red  as a grea t  th rea t  to the  fu ture  genera t ion  o f  the  country .  T h e  

s tudy was  carried  ou t  a m o n g  the peop le  d w e l l ing  in a rural  c o m m u n i ty  o f  

R am gan j  U paz i la  o f  L a k s h m ip u r  dis tr ic t  to f ind out the  re la tion  o f  arsen ic  

with o ther  pa ram etres  in w a te r  and  soil both  cases  and  the  socia l  and 

psycholog ica l  scenar io  o f  a rsen icos is  pa tients  in us ing  arsenic  c o n tam in a te d  

water.

S am p le s  survey  result  sugges ts  tha t  all the  tubewel ls  ( ex cep t  tw o  deep  

tubewel ls)  in the  s tudy  a rea  is con tam ina ted  with arsenic  a b o v e  the 

B angladesh  dr ink ing  qua l i ty  s tandard  o f  0.05 /xg/1. M o s t  o f  the  p e o p le  in all 

s ta tues  and  c lasses  are c o n tam in a te d  in arsenicosis .  T h e  in c o m e  ra te  is 

com para t ive ly  h ighe r  than o th e r  a rsen ic  pol lu ted  area  o f  B an g lad esh .  F r o m  

this s tudy it observes  that  m a r r iag e  p rob lem ,  d ivorce  case ,  fo rced  to g o  back  

to parents  house  (in app l icab le  field),  non-accep tance  o f  n e ig h b o u r  have
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been  found  in c o m p ara t iv e ly  less.  T h e r e  are s o m e  sec re t -scanda l  m o n g e r in g  

w h ich  heard  tha t  the  pa t ien ts  o f  a rsen icos is  are  to forceO m a n y  p rob lem s:  the 

ne ighbours  avo ids  the  adult s ,  ch i ld ren  are  re fused  to p lay  w i th  o thers ,  and 

the ado lescen t  girls  are  of ten  no t  m ar r ied  due  to social  d isc r im ina t ion  but 

they are not faced  to the fie ld  worker ,  T h e  pa tients  are  su f fe r ing  in 

a rsenicos is  fo r  a long  t im e  an d  they have  taken rural  trea tment .  Sp inach ,  

e x o rc i s in s  and incantation,  a n d  am ule t ic  and  ta l ismanic  t rea tm en ts  are 

menlionable .

M elanos is  is m os t  c o m m o n  w ith in  the arsenicos is  diseases .  M o r e  o r  less  95 

per  cent  pa tients  are su f fe r ing  f ro m  m elanosis  o r  l eu co -m elan o s i s  or  

w eakness ,  bu rn ing  o f  eyes ,  pares thes ia ,  p igm enta t ion ,  a raem ia ,  cap il lary  

flush,  nail loss, ha i r -de layed  loss,  con tac t  dermati t i s ,  kara tosis ,  w e ig h t  loss, 

oligur ia,  pericordit is ,  cough ,  g a n g re n e  etc are  a lso c o m m o n  p ro b lem /d isease  

with in  arsenicos is  pa tients.  M o s t  o f  responden ts  lo th ink that  a rsen ic  re la ted 

d isease  in hereditary  o r  c o n tag io u s  o r  curse  from Allah.

P.sychological  p ro b le m  such  as: loneliness ,  depress ion ,  be in g  ou t  o f  hearts,  

be ing  out  o f  s ight  f rom  all an d  b a d  beh av io u r  are  m os t  a la rm in g  s i tua tions  o f  

the  s tudy area.

M o s t  o f  the  peop le  d e p e n d  o n  g ro u n d w a te r  or  sh a l lo w  tub ew e l l  for 

collection o f  d r ink ing  water .  S h a l lo w  tubewel ls  w a te r  is m a in  c a u s e  o f  

arsenicos is.  A b o u t  98 p e r  cen t  r e sponden ts  suppor t  this op in ion .  The  

presence  o f  arsenic  in d e ep  tubew el l  is com para t ive ly  lo w  b u t  it is very 

m uch  cost ly  to set up.  T h a t ’s w h y  peop le  are us ing  sh a l lo w  tubew e l l  w a ter  

for  d r ink ing  and  c o o k in g  purpose .  It b e co m e s  very  d i ff icul t  fo r  th e m  to  boil 

p o n d  or  canal water .  N o  person  use  fi l teration for  po tab le  o r  pu re  o r  arsenic  

free water.
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O v e r  all w a ter  qua l i ty  is  b a d  b u t  it is g o o d  fo r  ba th ing  and  wash ing .  W a te r

quali ty  o f  o d o u r  is no th ing ,  ta s te  is natural  and co lou r  is c lear  bu t  som e

except iona l  case ,  tu rb id  va r iab le  is visible.

7.11 .  F in d i n g s :

•  M ale  pat ients  are  m o re  su f fe re r  than fem ale  patients in arsenicosis .

•  Social  p ro b lem s  ( separa t ion ,  malad jus t )  are noi m en t ionab le  bu t  d ivorce  

case  has been  found and m ar r iag e  p ro b lem s  has a lso been present.

•  M ost  o f  the  a rsen icos is  pa t ien ts  h a v e  faith in rural t r ea tm en t  (sp inach , 

exorc is ing  and  ta li sman) .

•  T h e  m a jo r  social  and  psycho log ica l  p rob lem s  like marr iage ,  d ivorce ,  

separa tion,  lone liness  etc.  c a se  o f  arsenicos is  vic tims will  be  acce lera ted  

wiih increase  o f  p reva lence  ra te  o f  a rsenicos is  pat ients.

•  M ost  o f  the  pa t ien ts  th ing  tha t  a rsen icos is  is curse  f rom  A l lah  o r  it is a 

con tag ious  disease.

M ain  source  o f  d r ink ing  w a te r  is tubewell .

T h e  s tudy area  is h igh ly  a f fec ted  w i th  arsenic  c o n tam in a t io n  in 

g roundwater .

A b o u t  99  p e r  c en t  peop le  are  tak ing  arsenic  c o n tam in a te d  w a te r  e v e ry d ay  

and  are at risk o f  a rsen icos is  d isease.
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7.12. Recom m endation and Conclusion

T h e  arsenic  p ro b le m  in the  s tudy  a rea  is w orsen in g  day by  day. T h e  m o s t  o f  

the peop le  are su f fe r ing  f rom  arsenicos is .  People  d o  not ge t  a rsen ic -f ree  

drinkab le  water .  So,  they are b o u n d e d  to use arsenic  c o n tam in a te d  water .  

T h e i r  suffe r ings  k n o w  no bo u n d .  T h e  pa ren ts  b eco m e  unab le  to g ive  their  

daughters  in w e d d in g  b ecause  such  patients  are not  des i rab le  to any  suitor.  

T h e  rate o f  iUness and  morta l i ty  increase  in society.  T h e  a f fec ted  persons  

lose their  dexter i ty  as they g radua l ly  b e c o m e  weak .  P revious ly ,  it w a s  told 

that another  n a m e  o f  w a te r  is “ l ife"  o r  “w ater  is the  el ix ir  o f  l ife.” Bu t  now- 

a -days  it adds  if  the  w a te r  is free  f rom  g e rm s  and  arsenic.  So,  it sho u ld  take 

the  fo l lowing  steps:

•  T o  ident ify  arsenic  con tam ina t ion - f ree  tubewel ls  it is necessa ry  to  test  all 

the tubewel ls  in a f fected  areas,  w h ich  can be do n e  by  u s in g  the  arsen ic  

field test kit.

•  Fo r  supp ly  o f  safe w a te r  as an  im m ed ia te  measure ,  d e ep  an d  shal low 

tubewel ls  with p rope r  sea l ing  o f  the  dr i l l ing gap  m ay  ins ta l led  in safer  

aquifers.

•  People  sh o u ld  be  e n c o u r a g e d  to use  the  tubewel ls  tha t  are  not 

con tam in a ted  w i th  arsenic.

•  I f  an arsenic  con tam ina t ion - f ree  tubewel l  is not available ,  ra in  w a ter  

collect ion and  preserva t ion  for  year  round use. To  re tard  pe rco la t ion  o f  

water ,  po ly thene  shee ts  m ay  be  used  for the purpose.
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T h e  arsenic  free  w a te r  has  to be  supp l ied  free o f  co s t  to the 

o v e rw h e lm in g ly  p o o r  v i l lagers  w h o  m a y  no t  b e  able  to p a y  f o r  the  cos t  o f  

the process.

The  peop le  are  to be a c c u s to m ed  to use arsenic  rem ova l  m e th o d s  at least 

for d r ink ing  and  c o o k in g  purposes .

G o v e rn m e n t  needs  to cons tan t ly  m o n i to r  w a ter  quali ty  f rom  tubewell s.  

T h e  e m e r g in g  cr is is  co u ld  have  been  aver ted  had g o v e r n m e n t  o r  aid 

agencies  taken  the ex t ra  e ffort  to co n d u c t  per iod ic  chem ica l  ana lyses  o f  

tubew el l -w a te r  samples .  A f te r  f luor ide  and  arsenic  con tam in a t io n ,  w h o  

know s  w h ich  c h e m i c a l ’s turn  in next.

T h e  fundam en ta l  chem ica l  p rocesses  sh o u ld  to be  u sed  fo r  r em o v in g  

arsenic f rom  water.

Persona l ly /A id  agencies ,  on  their  part ,  can no t  lo nger  a f fo rd  to  rush into 

tubewell  ins ta lla t ion sets  up /p ro g ram s  a n y w h ere  in the  s tudy  a rea  w i thou t  

conduc t ing  geo log ica l  su rveys  and  e n v i ro n m en ta l - im p ac t  a ssessm en ts .

T u b ew e l l s  have  been  p ro v e n  to  be  con tam ina ted  by  arsenic ,  peop le  

shou ld  use  coagu la t ions  o r  3 to  4  p i tcher  fi l ters o r  s an d s  filter 

com pulso r i ly  in d r ink ing  w a te r  f rom  such  wel ls  o r  b an k  o f  the  r iver,  pond  

and  lake.

T h e  w ater  quali ty  has  to be cons tan t ly  m on i to red  and  the  appropr ia te  

dosage  fo r  the  use o f  chem ica ls  and  opera t ing  p a ram ete rs  c h an g ed ,  if 

necessary .  T h i s  requires  well  t ra ined  chemist .

T h e  "’Z d k a i"  that  is co l lec ted  can be  u sed  for  arsenic  rem ov ing .
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T h e  ph i la th rop ic  peo p le  can  c o m e  fo rw a rd  to he lp  the  p o o r  vil lage  

people  and  there  co u ld  be  s o m e  fi l ters p rov ided  fo r  the  c o m m u n i ty  use.

G o v e rn m e n t  needs  to e n c o u r ag e  the  peo p le  o f  s tudy area  to c u t  d o w n  on 

their  d e p en d e n c e  on rice.  P a d d y  cult iva tion c o n su m e rs  e n o rm o u s  

am oun ts  o f  water .  T h e y  shou ld  be g iven  incent ives  fo r  g ro w in g  other  

c rops  like w heat  which  c o n s u m e  less water.

R em ova l  o f  a rsenic  poss ib le  by u s ing  fern and  soil. T h e  sc ien ti s ts  are o f  

the opin ion  that  a k ind o f  p lan t  by  n a m e  o f  Brake  Fern (Scienti f ic  name 

S t a r e s  V i t a t a )  ( looks  like D hek i  S h a k )  is capab le  o f  r e m o v in g  arsenic  

from soil and  w a te r  (Dr.  L e n a  Ma,  the  F lor ida  Univers ity  re sea rcher )  (Dr.  

R ah im  M .A.  T h e  Independen t ,  15.03.2002).

M an y  resea rcher  r e c o m m e n d e d  fo r  bo i l ing  w ater  bu t  I do  no t  r e c o m m e n d  

it because  boi l ing  2 0 /3 0  litres o f  w a te r  everyday  invo lves  la rge  fuel  cost  

and  may d a m a g e  the  v il lage  en v i ro n m e n t  if  w o o d  and  o th e r  co m b u s t ib le s  

are daily  u sed  by the  v il lagers  for  la rge a m o u n t  o f  surface  water .

T h e  “ I m a m ” can  p lay  an im por tan t  role in this effort .  Every  F r id ay  he can 

addressed  the  peo p le  (the  M usa l l i )  ab o u t  arsenic,  a rsenicos is ,  rem ova l  of  

arsen ic  etc.

F o r  more  a w aren ess  o f  the  peo p le  w e  can  use press  an d  e lec t ron ic  media .  

Bill Board,  Bel l  Sign. Projec tion,  F lash  card,  Pos te rs ,  Leaf le ts  and  

Stickers  fo r  personal ly ,  na tiona lly  an d  in ternally.

N ew sp ap e r s ,  radio  and te lev is ion  can  play a grea t  ro le  in th is  effor t .  Just  

l ike  dur ing  cyc lones  o r  f loods specia l  m essages  are  p ro p a g a te d  in 

new spapers ,  radio ,  and T V  these  m e d ia  can b roadcas t  for  the  p u b l ic  that
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w h erev e r  yo u  su sp ec t  g ro u n d w a te r  con tam ina t ion  by  arsenic ,  p lease  use  

fi l ter and i f  you  dr ink  su r face  w a te r  p lease  boil  it and  yo u  wil l  b e  free 

f ro m  arsenic  scourge.

•  T h e  p rob lem  o f  c o tn am in a t io n  o f  g r o u n d  w ater  in the  area  is a  p roduc t  

G e o -en v i ro n m e n t  and  to c h an g e  this is b ey o n d  the capab i l i ty  o f  hu m an  

being. N o w  we are to fo l low  the  say ing  o f  Francis  Becon, “ N a tu re  is to 

c o m m a n d  and m u s t  be  o b ey ed ."

Fur the r  studies are  requ ired  fo r  mit iga te  the arsenic  an d  arsen icos is  

propblem.

C onclusion

This  s tudy is do n e  to assess  the  k n o w le d g e  o f  c o m m u n i ty  peo p le  regard ing  

arsen ic  c o n tam in a te d  w a te r  in se lec ted  rural  a rea  o f  B an g lad esh .  S id e  by 

side,  chem ica l  analys is  and  c o m p ar a t iv e  analysis  with o th e r  chem ica l  

paramete rs ,  g e o -env i ronm en ta l  analys is ,  soil analysis,  the  re la t ionsh ip  o f  

so c io -dem ograph ic ,  so c io -ec o n o m ic  characte ri s t ics,  social ,  p h y s ica l  and 

psychologica l /c l in ica l  p rob lem ,  d r in k in g  w a te r  habits  and  var iab les  l ike  age,  

occupat ion ,  in co m e  and  expend i tu re ,  socia l  and  educa t iona l  status,  sou rce  o f  

d r ink ing  w a te r  etc.  is a lso  o bse rved .  It is very  dif ficult  to c o m e  to  a  decis ion  

from this smal l  scale  s tudy,  b eca u se  the sam p le  size is smal l .  H o w ev e r ,  

fo l lowing  conc lus ion  can be  made.

B ang ladesh  is a r iver ir r igated  coun t ry  through w h ich  th ree  m a jo r  

international r ivers  f low. T h e  w a te r  resources  condi t ion  o f  B an g la d e sh  is 

m a in ly  d e p en d en t  upon the  G a n g e s - B ra h m a p u t ra - M e g h n a  r iv e r  sy s tem  

or ig inated  f rom  India.  It w o rk s  as a re ten tion  basin  o f  excess  w a te r  carried
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by  the  river sy s tem  fo r  f inal  d i s ch a rg e  in the  Bay  o f  Bengal .  T h e  G a n g a-  

P a d m a  and B r a h m a p u t r a - J a m u n a  r iv e r  sy s tem s  dra in a hu g e  area  o f  land  and  

s ince  1975 the  h uge  a m o u n t  o f  u p s t ream  w ithdrawal  at F a r a k k a  o f  India  

f rom  the G an g es  c rea te  a  n u m b e r  o f  p ro b le m s  in the  d o w n s t r e a m  a rea  o f  the 

G anges  de lta  region. A rsen ic  p rob lem  is one  o f  them.

In the lower reach  o f  the r ive r  in B ang ladesh ,  water  s u b m er g es  o n e  th ird  lo 

half  o f  the coun t ry  each  y e a r  d e p e n d in g  on the in tens ity  o f  f loods .  In the 

low-ly ing  f lood  plains ,  the w a te r  b e c o m e s  nearly s tagnan t  an d  the  fine­

gra ined  silt and  c lays ,  r ich in a rsen ic  are  deposi ted .

Arsen ic  c o n tam in a t io n  is now  c ons ide red  as a grea t  th reat  to the  future 

generation  o f  the  s tudy  a rea  as well  as the  w ho le  country .  T h e  arsen ic  

con tam ina t ion  in g ro u n d w a te r  is d u e  to som e  g eochem ica l  ch an g es .  “Green  

Revo lu t ion” has been  p ro m o ted  to increase  rice  p roduc t ion  w i th d ra w in g  

large quanti t ies  o f  u n d e rg ro u n d  water ,  (according  to Dr. C hakrabo r t i  it 

beg ins  since  late 1970s).  A s  a result ,  w a te r  levels in tubew el l  d rop ,  a l low ing  

oxygen  to en te r  the g r o u n d  and  touch ing  o f f  a reaction  that  leaches  out 

arsenic  from pyr ite  in the  soil.  T h e  actual  m echan ism ,  h o w e v e r ,  is ye t  to be 

identif ied w i th  certainly .  In the  area,  both ca tegor ies  o f  tu b ew e l l s  (sha l low 

and  deep)  are  bad ly  reach  in arsenic .  C o m p ara t iv e ly  d e e p  tu b e w e l l s  show 

low arsenic  than sha l low  tubew el l s  and  ou ts ide  p o ld e r ’s a r sen ic  is h igher  

than inside polders,

T h e  area  o f  s tudy  is a  part  o f  the  G a n g e s -B r a h m a p u t r a - M e g h n a  f lood  plain 

as well  a part  o f  gravi ty  lo w  a rea  co n sequen t ly  the coasta l  part  o f  B ay  of  

Bengal  which  is an d  w as  an area  o f  active  deposi t ion .  H y d ro c h em ica l  

re la tionships  o b se rv ed  with the  s tudy  area  suppor t  the “ r e d u c t io n ”  theo ry  for
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the  release  o f  a rsen ic  in g r o u n d w a t e r  in B ang ladesh ,  w h ich  states that  

arsen ic  is re leased  an d  m o b i l i z ed  by  the  reductive  d is so lu t ion  o f  iron- 

oxyhydrox ides  in r ed u c in g  e n v i r o n m e n t  o f  the aquifer.  Pos i t ive  corre la tion  

o f  arsenic  with iron an d  b ica rbona te  h igh l igh ts  on  that fact. It e m p h a s iz e s  the 

fact and o v e rsh ad o w s  the  p re l im ina ry  hypo thes i s  o f  “pyr ite  o x id a t io n ” . The  

depth  o f  ihe tubewel l  and  po lde r  p lays  a s igni ficant  role on  arsenic .  In one 

sam ple  value o f  arsenic  is very  low (0 .005-  mg/1) and  ano the r  is ve ry  high 

(1.33 mg/1). Here  dep th  an d  p o ld e r  (outs ide)  plays  a vital ro le  in the 

concentra t ion  o f  arsenic.  T h e  sam p le  o f  low aquife r  reg ions  is mostly  

affected  with a rsenic  co n tam in a t io n .  D eep  tubewel l  w a te r  is also 

con tam inated  w i th  arsenic  d u e  to g e o ch e m ic a l  and  geophysica l  c o n d i t io n  of  

ihe soil layer.

Fie ld Kit test  and  Lab o ra to ry  m e th o d s  are  used  for ana lyz ing  sam ples .  Kit 

m e th o d  sh o w s  zero  or  h igh level o f  a rsenic  whereas ,  labora to ry  m ethod  

sh o w s  to le rable  level o f  arsenic.  T h i s  p re l im ina ry  findings  s h o w e d  that  kit 

can  serve as a first sc reen ing  o f  the  sam ples  and  the labora to ry  m e th o d  will 

reveal  the  exac t  level o f  arsenic  co n ten t  o f  the  samples .

The  m ethod  sh o w s  a  r ea so n ab le  accuracy  in identi fy ing safe  and  unsafe  

wel ls.  T h e  var ia tion  o f  arsen ic  m a y  b e  d u e  to the  in te rfe rence  o f  iron present 

in water.  H ow ever ,  the  m e th o d  seem s  very  good  in qu ick  a s se s sm e n t  o f  the 

risk o f  the haza rd  and  he lps  in p lann ing  sam pl ing  s tra tegy. T h e  “ f ie ld -k i t” is 

a lso suitable fo r  de tec t ing  safe  wel ls  at low cost  in the rural  areas.

T h e  absence  o f  o rgan ic  m a t te r  and  presence  o f  co a r se -g ra in ed  aquife r  

mate ria ls ,  and  again,  the  p re sence  o f  coa r se  gra ined  sands  w i th  g rav e l s  and 

absence  o f  o rgan ic  mat te rs  m a y  be  the  cause  o f  arsen ic .  B e c a u s e  the
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su rround ing  f loodp la in  depos i t s  a re  charac ie r is t ica l ly  o f  f ine  g ra in e d  sands  

and high organ ic  matters .  S e d im e n ta t io n  and  deposi t ional  pa t te rn  p lay  an 

impor tant ro le  on  the  variabil i ty  o f  arsenic  concentra tion .

Soil sam ples  con ta in  a rsenic  w i th in  Bang ladesh i  s tandard  value.  B u t  som e 

sam ples  exceed  J a p a n e se  s tanda rd  value.  In this s tudy area  soil c o n ta in s  very 

high level arsenic.

Range  o f  t em pera tu res  p reva i l ing  in the  sur face  m ay  be congen ia l  to d is so lve  

the arsen ic  to extent .  T h e re  is a  seasonal  varia tion  in vertical  m o v e m e n t  o f  

g ro u n d w a te r  w h ich  e n h an c e  o r  re ta rds  the  contents  o f  a rsen ic  in the 

groundwate r .

T h e  R am gan j  upaz i la  is h igh ly  a f fec ted  with arse.i ic c o n ta m in a t io n  in 

g roundw ate r .  T h e  c o n su m e rs  o f  99  per  c en t  o f  the tubew el l s  are  taking 

arsen ic  con tam ina ted  w ater  ev e ry  day  a n d  are at risk o f  dev e lo p in g  

arsen icosis  inc lud ing  cancer.  D ur in g  the  s tudy per iod  m os t  o f  the  users  of  

arsen ic  c o n tam in a te d  w a te r  are  su f fe r ing  f rom  arsenicos is  and  m o s t  o f  them  

were  in first a n d  s eco n d  stage.  A rsen ic  can be accum ula ted  in a lm o s t  all vital 

o rgans  o f  the  b o d y  n am ely  l iver,  k idney ,  heart,  lungs,  bra in ,  kera tosis ,  

melanosis ,  w eakness ,  nail  loss,  ha i r -de layed  loss, p ig m en ta t io n ,  cap il lary  

flush,  headache ,  pe ricardit is  are  a lso  present.  T h e  a rsen icos is  pa t ien ts  have  

a lso been  suffe r ing  f ro m  a m enta l  ag o n y  for  loss o f  natura l  a p p ea ran ce ,  fear 

o f  ge tt ing gangrene ,  no  r e m e d y  is k n o w n  to anyone  and menta l  anxie ty .

Arsen ic  p ro b le m  genera ted  p ro b le m  in public  heal th  s i tua tion as well  as 

social  and persona l  life. M en  o r  girls  ge t  d is in te rred  in m ar ry in g  the  gi rl s  or  

boys  w'ho have  s igns  o f  a rsen icos is  d u e  to various  reasons  e .g .  such  a
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girl /boy w ould  c a u s e  u n h a p p y  fam i ly  condi t ion ,  such g ir l s /boys  w o u ld  be  

sexually  m al func t ioned .

Arsenicos is  has  a f fec ted  ad v e r se ly  the  overa ll  incom e  g en era t ion  activit ies.  

M o s t  o f  the patients  take  rural  trea tment .

A t  the end  it is to say  there  is no  reason  to be  panic  regard ing  the  p roblem. 

Due  to env i ro n m en ta l  cond i t ions  it had  been,  is and  will  be  in t ime 

immemoria l .  N o w  the  p ro b le m  is k n o w n  to us and  vve are to d e c id e  h o w  we 

can have safe  w a te r  f o r  d r ink ing  a n d  c o o k in g  purpose.
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CONCLUSION

This study is done to assess the knowledge o f  community  people 

regarding arsenic contaminated water in selected rural area of 

Bangladesh.  Side by side, chemical analysis, comparative analysis with 

other chemical parameters, geo-environmental  analysis, soil analysis, the 

relationship of  socio-demographic,  socio-economic characteristics,  social, 

physical and psychological/clinical  problem, drinking water habits and 

variables like age, occupation, income and expenditure, social and 

educational status, source o f  drinking water etc. is also observed. It is 

very difficult to come to a decision from this small scale study, because 

the sample size is small.  However,  following conclusion can be made.

Bangladesh is a river i ir igated country through which three major 

international rivers flow. The water resources condition of  Bangladesh is 

mainly dependent upon the Ganges  Brahmaputra Meghna river system 

originated from India. It works  as a retention basin o f  excess water 

can'ied by the river system for final discharge in the Bay o f  Bengal.  The 

Ganga-Padma and Brahmaputra-Jamuna river systems drain a huge area 

o f  land and since 1975 the huge amount of  upstream withdrawal at 

Farakka o f  India from the Ganges create a number o f  problems in the 

downstream area o f  the Ganges  della region. Arsenic problem is one o f  

them.

In the lower reach o f  the river in Bangladesh,  water submerges one third 

to half o f  the country each year  depending on the intensity of  floods. In 

the low-lying flood plains, the water becomes nearly stagnant and the 

fine-grained silt and clays, rich in arsenic are deposited.
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Arsenic contamination is now considered as a great threat to the future 

generation o f  the study area as well  as the whole country. The arsenic 

contamination in groundwater is due to some geochemical changes.  

“Green Revolution” has been promoted to increase rice production 

withdrawing large quantit ies o f  underground water, (According to Dr. 

Chakraborti it begins since late 1970s), As a result, water levels in 

lubcwell drop, al lowing oxygen to enter the ground and touching off  a 

reaction that leaches out arscnic from pyrite in the soil. The  actual 

mechanism, however,  is yet to be identified with certainly. In the area, 

both categories o f  tubewells (shallow and deep) are badly reached in'  

arsenic. Comparatively deep tubewells show low arsenic than shallow 

tubewells and outside polder’s arsenic is higher than inside polders.

The area o f  study is a part o f  the Ganges-Brahmaputra-Meghna flood 

plain as well a part o f  gravity low area consequently the coastal part o f  

Bay of  Bengal which is and was an area o f  active deposit ion.  

Hydrochemical relationships observed with the study area support  the 

“ reduction” theory for the release o f  arsenic in groundwate r in 

Bangladesh, which states that arsenic is released and mobilized by the 

reductive dissolution o f  iron-oxyhydroxides in reducing environment of  

the aquifer. Positive correlation of  arsenic with iron and bicarbonate 

highlights on that fact. It emphasizes  the fact and overshadows the 

preliminary hypothesis o f  “pyrite oxidation” . The depth o f  the tubewell 

and polder plays a significant role on arsenic. In one sample  value of 

arsenic is very low (0.005- mg/1) and another is very high (1.33 mg/1). 

Here depth and polder (outside) plays a vital role in the concentration of 

arsenic. The  sample o f  low aquifer regions is mostly affected with arsenic 

contamination. Deep tubewell water is also contaminated with arsenic 

due to geochemical and geophysical  condition o f  the soil layer.
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Field Kit test and Laboratory methods are used for analyzing samples.  Kit 

method shows zero or  high level o f  arsenic whereas,  laboratory method 

shows tolerable level o f  arsenic. This preliminary findings showed that 

kit can serve as a first screening o f  the samples and the laboratory method 

will reveal the exact level o f  arsenic content o f  the samples.

The method shows a reasonable accuracy in identifying safe and unsafe 

wells. The variation of  arsenic may be due to the interference of  iron 

present in water. However,  the method seems very good in quick 

assessment of  the risk o f  the hazard and helps in planning sampling 

strategy. The “ field-kit” is also suitable for detecting safe wells at low 

cost in the rural areas.

The absence o f  organic matter and presence o f  coarse-grained aquifer 

materials, and again,  the presence of  coarse grained sands with gravels 

and absence of  organic matters may be the cause o f  arsenic, Because  the 

surrounding floodplain deposits are characteristically of  fine grained 

sands and high organic matters. Sedimentation and deposit ional pattern 

play an important role on the variability o f  arsenic concentration.

Soil samples contain arsenic within Bangladeshi standard value. But 

some samples exceed Japanese  standard value. In this study area soil 

contains very high level arsenic.

Range of  temperatures prevail ing in the surface may be congenial  to 

dissolve the arsenic to extent. There is seasonal variation in vertical 

movement of  groundwater  which enhance or retards the contents of  

arsenic in the groundwater.

The  Ramganj upazila is highly affected with arsenic contamination in 

groundwater. The consumers  o f  99 per cent o f  the tubewells are taking
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arsenic contaminated water  every day and are at risk o f  developing 

arsenicosis including cancer. During the study period most o f  the users of 

arsenic contaminated water  are suffering from arsenicosis and  most o f  

them were in first and second stage. Arsenic can be accumulated in 

almost all vital organs o f  the body namely liver, kidney, heart, lungs, 

brain, keratosis, melanosis,  weakness,  nail loss, hair-delayed loss, 

pigmentation, capillary Hush, headache,  pericarditis are also present.  The 

arsenicosis patients has also been suffering from a mental agony for loss 

o f  natural appearance,  fear o f  getting gangrene,  no remedy is known to 

anyone and mental anxiety and anyone.

Arsenic problem generated problem in public health situation as well as 

social and personal life. Men or  girls get disinterred in marrying the girls 

or boys who have signs who have signs of  arsenicosis due to various 

reasons e.g. such a girl /boy would cause unhappy family condition, such 

girls/boys would be sexually malfunctioned.

Arsenicosis has affected adversely the overall income generation 

activities. Most o f  the patients take rural treatment.

At the end. it is to say there is no reason to be panic regarding the 

problem. Due to environmental  conditions it had been, is and will be in 

t ime immemorial . Now the problem is known to all and  it is to decide 

how it can have safe water for drinking and cooking purpose.
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Acronyms

B A N S D O C  -  B a n g la d esh  N ationa l S c ie n t i f ic  T ech n ica l  D ocu m en ta t ion  centre.  

B A P A  -  B a n g la d esh  Poribesh  A n d o lon

B C S IR  -  B an g lad esh  C ou n ci l  o f  S c ien t if ic  and Industrial Research  

D T W  -  D ee p  T u b e w e ll

F A S C  -  T h e Fluoride and A rsen ic  S o c ie ty  o f  China.

FEJB -  Forum o f  E n \ ironm ental Journalists o f  Baniiladesh.

G S B  -  G e o lo g ic a l  su rvey  o f  B anglad esh

IC D D R , B -  International centre for Diarrhoea Di.sca.se R esearch, Banglade.sh. 

lE D C R  -  Institute o f  E p id e m io lo g y  Disea.se Control and Research.

N IP S O M  -  N ational Institute o f  P reven tive  and S ocia l  M ed ic in e  

N R C  -  National R esearch  co u n c il .  W ash ington  D C.

Protection A g e n c y

S A A R C  -  South  A sian  A sso c ia t io n  o f  R eg ion a l  co-operation .

S A IC  -  S A A R C  Agricultural Inform ation Centre.

S R D I -  So il  R eso u rc es  D e v e lo p m e n t  Institute

S T W  -  S h a l lo w  T u b e w e ll

U N D P  -  U nited  N ation s  D e v e lo p m e n t  Program.

U S A  -  U nited  States  o f  A m erica .

U S E P A  -  U nited  States  E nvironm ental  

U S G S  -  United S ta tes  G e o lo g ic a l  Survey  

W H O  -  W orld  H ealth  O rganization  

A S  -  A rsenic

M C L  -  M a x im u m  con tam in an t level  

Mg/I -  M icrogram s per Litre 

PPb -  Parts per bill ion

S A R S  -  S evere  A cquired  Respiratory Synd rom e.

S D D C  -  S i lv er  d iethyld ith iocabam ate  

T A S - T o t a l  A rsenic
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Chill ag II 
ng

I'cnt I> iii Sadat 16 147 31265 30824 14787 16037 52.n27W08 67188 44S:.16 :n,S9'l2 ;4 ;:4 4 3115 llAMW .Kl’ 121 184

Chillago
"U

I'cni Si>naga/i i( 130 16687 I6r>81 6349 10332 61 938732W) 16697 276.145 KWJIII I I llanula

Chiliagii
ng

I jkshm ipur I^ l.\liriijpL ir Sadar IR 3J2 35336 35333 11068 24268 68.68366<.S3 35434 .192'fl| IW ilW :o5 |].in iJ j

( 'h ittj^o
ng

1 jk«hinipur Raipur II 51 11867 I07 I2 1454 9258 86.42M3764 48797 270'XI3 I327(l-) I3SI94 616 llA M W S I' 278 338

rhit(a^i>
ng

I jkvhm ipur Raiii^anj 1.1 145 19356 I8(W4 4011 14083 77.8.324.'<l)64 4S234 249519 123224 I262''5 787 IIAMW.SI’ 260 527

Chiitign
ii{

[jikshcnipur Raiii^ati i : 117 11293 11293 8030 3263 28.89400514 11310 225425 'NI754 23 Dan Ilia

C'hillago
np

N o jkh jii Ile^iim^iinJ 2( 479 53553 51551 5!59 4S394 'X1.36<.55376 53836 907413 36IKiS9 .191 rianiila

( 'h il l ig ii
ng

N oa lln li r i ia lL liil u 110 17226 I677( 4R70 II906 70.97043395 43862 246'WU 115199 P I  705 HI34 llAMW.SP 371 663

('hillagci
ng

NouVhjIi Ounpani^anj 12 53 11623 I I 124 7972 3152 28.33513125 40164 2.16.145 1080X6 12X2.^9 231 HAMWSP 97 1.14

C'hillugci
ng

Nnukliali Scnhagli 1 111 l ‘W26 19334 5058 14276 73.83883314 5I60R 311647 148463 1611X4 1023 HAMWSP 31f 707
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NojLtiali NojLhali Sailar 21 366 26887 14291 12.5% 46.8479I<)1)7 26932 M Ul.Vl 24.10.14 W l):tni(la

fin^fa DliuiiJI lU 211 30207 29*) 17 27.122 2595 8.67.1‘W8(I61 625«1 320536 I4.S436 1751110 (.14 liAMW .Si’ 69 65

RajshjM Bii^ra 0;ihtali It) 217 3423') .V>692 31276 2416 7.170S41743 68324 296332 1.14357 I(.l')75 142 ilAMW .SI’ 62 80

Kajsltahi Bii^ra Sariakandi 12 424 54918 54848 51066 3782 6.89542007 54918 1) (1 0 1) WorldVi';irifi 0 0

Raj&hubi Ilogia .Shihpaiij 12 412 40142 39459 37268 2191 5.5525989 81926 .132223 15.5421 1768(12 62 IIAMW.'IP 29 33

Kujshuhi Otnajpur Rirganj II 180 32194 32120 32058 62 0.19.3026152 62443 3170.52 I42I54 I74S9X 6 HAMW.SP 5 1

KjjsTiahi CiaihaiicJha Gtihtndaganj 18 399 43274 42902 39509 3393 7.‘)087222IH 10.1518 454311 2(15344 248967 97 BAMW.SP 56 41

Kajsluhi GdihanUlia F'jrashhari 9 160 21014 20655 19331 1324 6.410070201 54196 240112 110599 129513 .<.1 BAMW.SI’ 13 20

Knjsliali) Gaibuiidtu •Sailullapur 11 !W S l.W 31021 29036 1985 6..198891fl74 73051 .138.137 l.5')442 178895 45 BAMVVSP 20 25

Kajshalii Gaibandha SunJarjianj 15 183 40638 40233 37623 2610 6.J«7211')9 107569 4S7231 22M6(i 2N1765 63 BAMWSP 30

Rnj^hnhi Kun^raTii Napcsliwari 15 407 41923 41630 41434 196 0.470814317 82.161 .169441 I7.S2.19 194202 35 HAMWSI' 15 20

K^jihalii Kuti grain Kajarliai 7 142 230T.0 22745 1X198 4547 19.9'>12(Xi86 34948 18(W1 S626I '(46X0 161 UAMWSP 86 75

Kajshuhi Kun^:raTii Rauinarr 5 ISI 16312 16235 1.5617 618 3.80(.5‘)0(i99 37483 198503 91rt)3 irKi9r«i 7X llAMW.SP 43 35

Kajshalu Kufigratn (Htpur 1.1 175 3.V)80 34924 25138 9786 28.02084526 6X954 .147752 l6SfiK5 17'HKi7 213 BAMWSP 137 76

Ruj^hahi Naoga<>n Manila l-l 252 18593 17792 17463 329 1.84914.5683 75884 2880(1') 1.>5SXI 152428 4(1 UAMWSP 17 23

Kajshahi Nvi^a(vn 6 229 3246 2811 2795 16 0.569192458 24.177 127814 62411(1 65411 (1 HAMWSI’ 0 0

KajshiiM Nalnrc Ita^jlipara 6 1.19 11288 10831 9<)86 845 7.801680.362 26298 124970 MI722 W24S 9X UAMWSP 51 47

KaJ^haJIi Natixc 1 jlpuc 10 196 19461 18852 17007 1845 9.786760025 4(047 23207(1 1141X2 I178XX 2WI MAMWSr 117 163

Rajshahi {'hapai
Nawah]ianj

lllH ilalul 84 4151 .3961 379<) 162 4.0898762')4 21372 94565 4741*1 (1 W l’ i’

Kajshalii {'hapai
Nauahjianj

(*M>nustjpur 8 298 7929 755S 6681 877 11.60359884 75121 288418 144514 15 WPP

Raj^halii Oiapai
Nawahfan)

Nachcilc 4 214 3196 2765 2684 79 2.S57I42857 26576 1292frf> W540 0 WPP

Kajtlu lii ('hapai
Nawahganj

rh jp a i Nau'jhgjn j 15 4(U .30948 388.S2 26‘WS 11842 30.47976938 100075 5.15571 26')M6 1 142 WPP

Riijshdlii Njwahganj Nawah^anj Sadar 14 132 19545 19(H6 13572 5474 28.740‘M298 63027 •U6263 1684'J4 1777W1 4')') ItAM W SI' 240 259

RujsltaJii Chapai
Nawah^anj

Shih(:anj 16 382 40591 39859 .12281 7581 19.01954.189 99621 5.13162 26(U83 M.5 WPi’

Kajshafii l*jbna Hero S 166 14533 14282 6779 7503 52.53465901 38482 27<)055 Uiiicer

R jijs fijlii r jiin s [shwanti 10 91 1609R I52I2 1.1603 1609 10..5771759I 23694 196613 . 84450 112163 88 UAMWSP 44 44

Rnjshahi l*jbna SanT?iia 1! 196 18II2 17951 161.18 1813 10.0‘W 1589 60722 278.VW 128.173 14'»')')6 98 UAMWSP 36 62

Rajshalu I'al’ fia Sujaiiajiar 10 172 20359 19872 16107 3765 18.946256(M 40374 281.10') 12731U 1540115 271 UAMWSP 142 129
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KajNhahi llagha 7 M3 I6 5 II 16203 14S46 1350 S.33I7'«UIW .36219 IWC63 :«3 Wl-I-

{ujsluhi Kajshahl Hat^htmrj IS m 27145 :43 ‘)8 22378 2016 8,:62972375 85357 34I4(«I I6.S3I2 ID WPP

^Ujslialii Rajshahl Rcialia 1 5 447 41 1 358 53 12.89537713 2636 I<W)I 5.'(I5 (1 \Vi'l>

^ijvlialu Raj<<hahi C lia rfh jI << 7.' 1252(1 12202 11124 1168 9.502II5 I97 33610 2II1S58 'IIX.27 i : 0 2 ' l 1.38 HAMWS1’ 69 69

<jjshahi Kajsltahi Chaigtial ft 157 I6!?ft 15651 14661 942 6.018784742 47911 2(1.35811 I0 II2O 119 W l’ l ’

Kajshuhi Kajshahl Durj^apur 7 126 1I495 1084') lOf/XI 249 2.2')514240'; 43652 I6')82ll 83505 44 W l’ l '

lin jvlijM Rajshafil CHHla^Mn ') 48S IIWR 11503 11432 159 I.3715I72')5 71031 314117 1.55799 10 W l'l'

Mjjshahi Kajsliahi M iihjtipur 6 IS? 6803 5452 4033 544 0.923385626 .<7047 150874 74971 4 Wl>l>

Kdjvlialii Kajvhah) I’jha y 311 I83S4 15') 18 14516 I3‘W 8.788702562 58261 258'X.O 130339 36 W I’P

Kujsh^lii Rajshabi Piilhia 6 186 17748 17351 16752 5')') 3.452250501 45918 195914 95429 14 W I‘ i “

Ka|^!iali) Rajshalll Tan tire 7 207 5442 4505 4593 ,3 0.065288357 43151 I7‘» 82 9039J 1 W l’ l ’

Hajsliahi R jii^pur i'lrgiK'hha y I8S 35018 34624 31145 3470 I0.n47>)4362 74802 4(W375 183365 :2WIM) 296 UAMW.'5r 149 147

Kajshulii SIrajganj Dclkuclii ri 110 2W8V 26195 24633 1562 5-962970032 55112 2884.V> 130.347 I58(I.S0 95 HAMW.S!’ 52 43

Kajshalii Siraj^allj Kaiiuikhanda ■1 92 102III 1013') 9303 836 8.245389092 24024 124737 .57289 6744K 40 HAMW.SP 16 24

Kaj^halli Sirajganj Ka7ipur 12 171 32728 32294 31229 I0<.5 3.297826222 5‘W48 307346 140727 IW /il') 84 HAMW SI’ 43 41

Raj^hahi Sirajganj Raj]:anj V 252 26843 26274 20541 5733 21.82005024 58076 314026 147019 167(107 226 HAMW.SP 06 1.30

Kaj^halii Sirajganj Shahjailpiir IJ 22V 28785 28467 2«M7 2420 8.5UI07I416 ')213f> 429516 l')S485 231(131 34 nAM W SI’ U 23

Raj\hahi .Sirajganj Strajganj II) 234 W 5I4 30117 28334 1783 5.02024438 66574 320269 I47')5I I723IS 59 HAMW.SP 27 32

Kajs^alii Siiajganj Tarash 12 774 345')0 345<10 34334 166 0.48115‘)42 345‘Xl 0 I) (1 0 W(}rlcIVIsu>n 0 0

Kliultia Ilageriial Ragdfial 10 179 13302 12440 4188 8252 66.334411514 55018 289165 I2')02l K.OI44 89 RAMWSP 29 60

Khulna Magerlial Chilattfurl 7 i(M 6506 5775 1044 4731 81.02207792 .32580 I5205S 73127 78911 72 IIAM W SI’ 26 46

Kl'uEna Magcrtial I'aklihai I! 82 12850 12218 4098 812(1 66.45932231 32754 156731 7|4 ')0 85232 244 I1AMW.S1' 114 130

KfiiiTna hagrihol Kachua 7 94 4833 4518 2425 2093 46.32580788 24894 1(19068 52(119 57IU9 3 IIAM'A'SP 2 I

Khulna Hagcrtiat Miiltahai 7 97 6870 67ft2 1426 5336 78.9115M63 2'«i81 146810 69182 77628 103 BAMVVSI’ 50 53

Khiiliia Ua^'cHiat Mon^la I I 178 0 9 0 [) 0 20 182 74 108 (1 W orlilV i^lxn 0 0

KImlna BajcHial M iirrc lfa iij 16 182 6165 5408 3990 1418 26.22(H142 781.33 350472 lf>6<'iSI 183791 511 HAMWSP 17 33

Khulna na^cfhat Kampal 10 130 3038 2790 1776 1014 36.34408602 40180 165867 80(126 S5K41 16 ilAM W SP 4 12

KImhia Ilagcihal Sarankhnb i 44 1243 952 R30 122 12.8 .■;.'2fi05 28632 123524 59627 ti3R97 12 IIAMW SP 5 7

Klmhi.n {'hiiodatiga ATaiiklnn^a 1-1 241 .ISSS') 34133 19434 I4f.99 43.06.380711 89824 398727 189517 :(I‘)2II1 4(X) IlAM W SP - 201 199

KImhia C'huadanya C'litiailan^a 7 128 23703 23312 18573 i m 20.32858614 48<X)5 2I4.3<)4 10I7I3 1126X1 IM HAMW.SP 75 89

KInihia C'luiailatiga Daiiiurlutda K 147 3W29 37045 280XR 0545 25.15482936 2S9(H 95598 R2'I41 0 lln ic c f
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Kfitilna Chuatlan^a Jihann jp r 5 i i : IS.1I)3 17973 15605 2368 13.17531853 .U523 I66(..U 75674 9(1‘JMI 41 HAMW.SP 13 28

KFiuliia Jrss<itc A h lijy iu jia r 128 IS894 18356 1550(1 ’ 856 15.5589453 58107 28I'KI5 I2'l(i99 1522l>fi |J ‘< HAMW SI’ 64 85

Khulna Jc^v>^c Ita^hi'rparj <) 180 20765 21KH7 I7 IW 2943 I4.680500S2 46126 2.32351 11)6169 i:(il.S2 71 liAM W SI* 39 32

Khulna Jcss»>rc riiox^^’achha 11 167 24‘)3I 242IU 18948 5256 21.71541894 52207 2.W 57 II457 I I3XXS6 275 liA M W S I’ 156 119

KFiLilna Jcs'torc JhiVar^ai'hhj in 176 23753 ’ 1748 I023O 1 1518 52.% I19I83 23753 54303 232 Ih ik 'c f

Kliiilna JC'iWlfC KfNhahpur 9 143 10351 18730 8336 10394 55.49386012 61772 ’ 67689 I254M 142225 270 HAMW SI' 165 105

Khutnj Jcssiitc Jo-iMirc .Sjilar 
IKi^Iwall)

I'J .388 7RI02 7W)I4 5S234 11763 I6.80(H2553 67614 525819 21<«493 <0'l32<i Unlocf

Khulna Jcsstirc Matilrjnipur n 248 3533(1 34799 W JI? 17888 51.40377597 34307 241317 170156 0 Uiiiccf

Kliulna JcsMifC SharNha 11 177 33344 254 7 8 78M. 23.59rV15l06 J K 'A *  AAN

Khuli>u Jlicnaidah IKirlnukiimb s 130 I8f!m 18270 17023 1247 6.825396825 41656 203676 91946 1 II7.WI 11 HAMWSI’ 12 21

Kliulna jriffnaiilah Jhi'iiakluh S^dar 17 270 3r>639 29'H9 27071 287S 9.60'»66'J772 69076 3.W 23 I5I.^'IS 179125 66 liAM W SP 30 36

KliuTnj Jhcnaidah Kati^anj i : 229 30241 29574 26716 28W 9.67(K>5665S 29244 17(^85 SI.U2 95.V1.' I Ink'cf

KIkulna Jlicnaiilah KorcKaiulpur 5 77 10872 10724 94W 1260 ll.749.U726 25810 112224 5KU5 61179 42 HAMW.SI’ 10 32

Khutnji JlicnalJah Mahcshpur 12 190 30892 30399 27IW3 3356 11.03983684 M402 310597 1447X1 165X16 117 NAMW.SP 52 65

Khutna J lv n jjJ jh Shaitkupa 14 247 23180 22383 21262 1121 5.008265201 63728 316520 I47.‘i9 : I6S92X 56 IIAMWSP 32 34

Khulna Khulna [1atlu^h;sla 7 ISI 3177 3138 2957 181 5.768005(1-W 32462 150251 7 :o (a 7SIK7 1 IIAMWSP 1 0

K liu ln j Khulna Dacopc ') 150 3982 39M 3420 544 13.72,35116 3982 32616 13748 I8S6K T W iirldVisiiin 0 2

Khulna Khulna DitTiHicia 14 223 9593 <>1166 6188 2878 31.74498125 6IM4I 2885.56 138019 150517 \ riAMWSP 3 0

Khulna Kliulna Dii'halia K 4S 7737 7181 49';7 2184 .30.41.159142 29358 151557 71.184 KOI73 261 HAMW.SP 151 113

Khulna Khulna Palk^achha II 214 13070 I2I48 4465 7683 63.2449786 54008 273160 I28MS 144512 411 IIAMW.SP 18

Khuina Khulna ntiiillal.i 4 36 8379 8174 W93 1681 20.56520675 26836 I3I1>'W 62219 6XKS0 30 HAMWSP 13 17

Kliulna Khulna Rupslu 5 70 11035 I06 I0 3751 6859 M.6J655985 39497 I9 II6 6 92177 9X9S<) 94 IIAMWSP 24 70

Kliuinu Khulna TrrokhaJa 6 95 5235 4731 1744 2987 63.1.167575<) 2.3475 125154 5'^I89 65165 ’ 0 IIAMW.SP 18 !2

K?iulna Kusltlla niicrantura 9 78 14347 142(» U1392 3817 26.86325568 28116 181414 80395 K II0 I9 tX9 HAMW.SP U 8 71

Khulnu Ku^hlia Haulatpiir 14 203 38229 370fil 34554 2507 6.7M523353 103825 4W 5M • 216774 2J77XI) 510 I1AMW.SP 228 282

Khulna Kuslilia Kuntarkli:itj 10 194 22179 21326 20263 1063 4.984525931 72490 3619'X) I67(Xil 194929 125 IIAMWSP 69 56

Klnilcia Kushlia Kus)i[b M 151 3524fl 34656 32171 2J85 7.I7(M7553I 89591 398931 [83108 215X23 X4 IIAMWSP 25 39

Khulna Kuslilia Mirpur 13 178 28651 2?J32 25507 2425 8.681798654 74848 337.5(U 1.54546 IK29.S8 99 HAMWSI’ 36 63

Khulna Mu|;ura Ma^uru )(> 296 24471 23727 21332 2395 IO.O<>.V)S575 68873 345894 I6129I 184(^13 171 liAM W SP 91 80

Khulna Magura M<ihaninuJpur K 185 II987 11612 94'XI 2122 18.2741991 44328 227518 liy..'4(. 12117: IIAMWSP 113 109

Khiihia Madura Salikha 7 131 13395 12507 I1U29 2078 16.61469577 34748 168418 79246 X9I72 172 HAMWSP 75 97
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K fu iliij Vlclicrpiic ;ianytii 1(1 122 2817') 27731 24339 3392 12.23179835 69'«K> 338993 I52IR3 IK6KI0 357 HAMWS1' 181 176

Kluilna '»lchcryiiit ^U'licrpiir 5 8<J 21645 21494 17972 3522 I6.38596SI8 JM U 203569 ■>7()>»6 IO(vl73 281 H A M w s r 161 120

K liu lia vjfhcrpur V1(>Jihna .̂ir ■1 W 8314 8264 7210 1054 12.75411423 I9>)75 S9291 42.Vvl 46727 21 1 IIAMVVSI’ 149 62

KKiiInu N jra ll Kalia 1.1 200 12(134 I I I I 6 2969 8147 73.290752117 11659 5(M37 3J797 (1 1 Iniccf

Khu[n;i Sarai! l.ohaiwra i : 218 IR844 183(17 9S‘X1 8417 45.976‘»4871 57')32 266534 1269 IK 139616 85 IIAM W SI’ 31 54

Kliiiln;) Saratl Natali n 2.11 15626 15039 ll')0 5 31.VI 20.83915154 49137 242895 Il4?.‘i2 I2X.143 I2J IIAMW.SP 54 70

Ktitilnu .Sall.)iini As^vuiii 11 23A 12010 11136 3820 7316 65.69683')08 626f>9 288227 136893 151334 286 IIAMWSP 132 154

Kluilna Satkhira Dclilijia 5 102 9067 8541 2(X)2 6539 76.56012177 25791 132X7S 63795 6'X).'<3 7.S liAMW SP 41 37

Khiiltia Satkhira Kalania i : 136 17824 I7(K13 889 16114 94.77151091 44109 212815 UU.S32 I079S.1 Mi9 ItAM W SI’ 312 357

Kliulita Salkhira Kaliyanj 12 253 12459 11913 8454 3459 29.03550743 62520 292is72 I37KWi I5.SIMK1 26 UAMW.Sr* 8 18

K Im liij .SalkliiQ Satkhira Siulaf n SW) 56210 56172 30506 25666 45.69180375 56210 (1 0 0 II WiirldVisiiwi 0 0

Khulna Sadhira ShyaiiiiKi^ar i : 203 2020 IM>(i I5(X> 161) 9.W)3841537 61.562 .126186 I.WI42 I6MMJ 1 liAMW.SI’ 1) 1

KhiiTna Sallihiia Tata i : 225 23150 22511 8 IW 14312 63.57780641 71.566 .128491 151025 1 774(rfi 192 IIAMW.SI’ 82 n o

l l j i is j l iUrisal A ^a iljlian i Sft 52VI 4382 833 3549 80.'WfH1534 32W7 I623JK 7X«W «>740 M llAM W .Sr 31 33

lU rnal Karl sal Itahu^Anj ft 80 5809 4783 1114 3693 77.2IO«)5547 5322 17729 17.102 1 lln icc f

U jri\a l Itarisal nakcr|!onj 14 248 4516 4516 3560 956 21.16917626 45.10 147782 6.5444 24 [)ani<Ia

Uiinsal Ran sal llanaripaia K 77 3718 3251 1252 I9W 61.4887726*) 30897 167467 79262 SX205 115 IIA M W S r 55 60

Uarjsal Hansal ('xium^ujj 7 102 48'» 4406 1635 2771 62.89151158 29256 166642 794M> .S7l7<i 63 llA N W S r 25 38

Itaiisul Dan>al Ilanval SaJar ID 170 5218 5218 2516 2702 51.78229207 52.V) I492W 65133 42 Djtliila

llarisal Mariul S fchcnilipnj U I6S 5656 5412 2147 3265 60.12889874 74214 397897 IS4020 21.1X77 48 IIAMW.SI* 22 26

llansdl [la r iu l Miiladi 8 109 6955 6547 1254 5293 80.84618909 45M3 24R66I 114(177 1,14584 152 UAMW.SI’ 48 104

Ibtisal Marisjil l ljirpu r 9 It5 7281 62% 1603 4693 74.53939009 40754 264755 M 6I23 I4S632 116 IIAMWSP 69 47

lUrisal llhola llhola i : KM 3937 3824 3657 167 4..367I548I2 68477 402159 IK9II72 21K1S7 11 llA M W S r 6 5

lUrUal nhnia [jliiK ihan 10 81 2079 2W7 2(103 44 2. I4'm 87054 58023 329986 1.10.S4I 179445 I ilAM W SP 0 1

lla r i\ j| Jahalakhail JIu liika li Sailar y 174 5188 4473 2545 1928 43.10.106282 29294 153999 75179 7X.S20 75 ItAMW.SP 30 45

Ib r i t j l JalulaUiali NaM iiiy 11 141 4728 4589 3749 840 I8..304WI53 47851 265841 H7S44 I47W7 4K h a m w s p 19 29

llarlcal l'ln>jpur Ulianiljrla 1 34 5212 4408 2819 1589 36.W809437 28403 I54(H6 75019 I'xm 15 HAMVVSI’ 8 7

hai i5al I’ inijput Malliharia 11 91 2218 1876 1627 249 13.27292111 55020 27SI8S 131173 M70I5 26 liAM W SP 12 14

lUrisal I’ lmjpur N a/itp iif 8 142 5490 5251 3584 1667 31.74633403 4 I5 I I 234025 107847 I26I7S 14 HAMW.SP 7 7

IbrKnC !'in>jpur I’ inijpiir Sailar 10 166 6375 6375 4727 IM 8 25.85098039 6375 137216 576R7 Daiiicia

Ilurisul Pinijpur Ncsarahail 10 128 3751 3679 3493 186 5.05572K)63 52849 276.101 I27WIS I4KX93 s HAMWSP 0 5
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Sylhci l la h ig jn j Ajtnin^'uiij 5 S6 2')6R 2916 2618 298 10.’ I947874 21173 I3 I556 (vl.'JO 67316 5 H A M W S I ’ 0 5

Syihcl l ljh ip in j lt;iniuLhjii|: 15 28V ')I7 I 9011 7426 1585 17.5896127 56585 329796 I629SS IM.SDX 21 M A M W S P 12 9

Syliicl M a u lv ib u7 a r K aiiL il^anF in 215 K7tKl R586 S054 532 6.19613324 538S6 27W57 1.18599 I37K5S (1 HAMWSP 0 0

S;tliiri M u iilv lh u /a r Kuhiurj 17 491 2:')JI 22234 1SXS9 3345 I5.(M452W .56221 3553W I7.'4 17 I8f<53 43 IIA M W .sr 17 26

Syllicl M aulvihj/ar M julviha/af 12 381 11436 IW 7 R 9767 1211 II.II3 II5322 51680 .30'H63 |47.Vi2 I6IS III 37 IIAMW SP 18 9

Sylhcl NtauIviha7Jr Kujnajjar g 23H 8 5 » 8365 78m 561 6.706515242 39117 228441 114035 1 14416 8 IIAM W SI’ 0 8

Sytlicl S unam iia tij llis lis ^ iii iih a rp u r 3 186 13J0 1245 1230 15 1.204819277 13456 74S06 3.'42l .39385 10 I IA M W S I ’ 4 6

Syllicl SunaiTi^anj C'hlijtak M 559 !Ii:67 9628 8440 II8S I2..3.V)0II22 56746 340637 U i.U II 177326 61 HAMWSI’ 24 37

Syllicl Sunamtianj [Xtji 10 25t1 3135 2964 2862 102 3.44129.5.547 39(108 188197 8'KI37 99170 6S h a m w s p 27 41

•Syllicl Sunaniftanj nham u pasha !0 321 3016 3763 1526 1237 44.77(117734 36792 I937IW 9IW 4 l03(Ki5 .'9 IIAM W SI’ 20 19

Syllwl Sunjin^'jiij Ih 'u a ra  l la /a r 7 318 5m : 5335 4432 903 l6.9:59fK)M 35071 1S0234 Kfi')39 93295 294 HAMWSP 150 144

Sylhci SunatTi^an} Jatnal^anj 5 172 I5J9 | 4 i ; 1274 138 9.77.3.371105 23W ) I.W J 8 61271 69177 44 IIAM W SI' 21 23

Syllicl SunairganJ Siilla 4 120 1197 1059 1034 25 2.3607176.58 18017 95108 457X3 49125 2\ I IA M W S P I I 12

Syllicl Sunin^^anj Stmain^'anj 17 m 5778 5496 4634 862 15.68413.392 57056 32.'7.<(l l.'4SI3 n io i? XK I IA M W S P 38 50

Syllicl Sylhel Ualajianj M 4S0 y:70 8659 6431 2228 25.7.3IU.53S6 47772 287242 1373.36 I.WXVi 113 I IA M W S P 45 67

Syllicl SylKci Rcaniha/ar I I 183 17836 17290 16852 438 2.5.3.3256217 .35127 2(M';(U 103019 102885 II) I IA M W S P 5 5

Sylltcl .Syllicl ItishM ana tli S 3IW 9585 9242 8815 427 4,620312075 34454 201891 94191 I07.'0I) 36 I IA M W S P 21 15

Sylltci Syllicl ro inpan ipn j 3 106 3K33 3583 3135 448 12.50.34887 17724 105562 48582 56980 30 I IA M W S P 13 17

Syllicl Sylhci C'Kilah^an} II 243 16625 I643I 14684 1747 10.632.34131 37283 .344105 15184(1 192365 13 liA M W S r 6 7

Sylhci Sylhci (iowin^hal 8 277 4869 4408 38(W 6(H 13.702359.35 35468 I94.<;37 92(>67 IIH87I1 16 HAMWSP 10 6

Sylhci Sylhci Kanalphal ') 257 4050 3426 2485 941 27.46643316 38178 22.3037 107322 115715 44 IIAMWSP 19 25

Sylhci Sylhci y.iikl|!anj 10 273 4940 4441 3633 808 18.194100-13 387.37 3222«l 1(I. ÎVI2 1I725K 107 HAMWSP 45 62

S o u rc e :  B A W S P .  2(XW
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A P P E N D I X -B
S a m p le  N o . ______

Q U E S T I O N N A I R E
D E P A R T M E N T  O F  G E O G R A P H Y  A N D  E N V I R O N M E N T ,  U N I V E R S I T Y  O F

D H A K A ,  B A N G L A D E S H  
G R O U N D W A T E R  A R S E N I C  C O N T R A M I N A T I O N  ; A  G E O - E N V I R O N M E N T A L

A N A L Y S I S  
S T U D Y  A R E A  -  R A M G A N J ,  L A K S H M IP U R  

(T his  questionnaire survey  w ill  be u sed  on ly  for M. Phil f e l lo w  research.)

N anie  o f  the R e s p o n d e n t : ___________________________________________________
A d d r e s s : ____________________________________________________________________
A. R espondent and liis fam ily  Information:

1. A g e : ..........................................................  Y e a r s ......................................................  M onths

2. S ex  :
□  Male
□ Fem ale

3. Education :
Q D eg r e e  and ab ove  
Q H igher Secondary
□ Secondary
□ Primary
□ Illiterate

4. Occupation  :
Q Agriculture
□ B u sin ess
□ E m p lo y er  (Govt/Private)
□ H o u sew ife
□  D ay  Labourer
□  Students
□ Others

5. M on th ly  Incom e: T k __________

6. M onthly  Expenditure : Tk ..

7. L iv ing  Duration : _________ y e a r s ________ M onths

8. N u m b er  o f  F am ily  M e m b e rs  : __________

9 . N u m b er  o f  A rse n ico s is  P a t ie n ts :__________
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10. S ocia l  Status:
□ H igh  status
□  M e d iu m  status
□  L o w  status

1 1- R elig ion  :
□ Islam
□ Hindu
□ Christian
□ Buddhist
□ Others

!2. Mariia! Status :
□ Married
□ Unm arried
□ W id o w
□  W id o w e r  
a  Otiiers

B. S o c ia l /P h y s ic a l /M en ta l  Inform ation o f  R esp ond en ts

B. l ,  S ocia l  Information;
T y p es  o f  Problem s Y e s N o N A *
I . Marriage
2. D ivorce
3. Separation
4. M aladjust ( c o o k in a .  ea t in a  etc)
5. Physical A ssau lt
6. B e in a  forced  to g o  back  to parents house
7. B e in a  ianored  in sc h o o l
8. If  yes ,  w h o  d oes

□ Teach ers
□ Students

9. Unfair treatment in S ch o o l
10. D ifferentia l treatm ent in S erv ice  (G ovt./Private)
If yes

□ Term inate
□ R ed u c e  Salary
□  Others

1 1. N o n  accep tance  by  N eig h b o u r
I f  yes

□ S o c ia l ly  B oyco tt
□ E c o n o m ic a l ly  R efu se
□  Aaricultural Retire

12. Facing "Fatua" b v  R e l ia io u s  Leader
13. Bad B e h a v io u r  b y  D octor
14. D isasterous help  b y  N eig h b o u r
15. B oyco tt  from  S o c ia l  function
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B. l ,  P h ys ica l  Incidenta l Information:  

1. M anifesta t ion  o f  A r se n ic o s is  _______ Years M on th s , _days

2. Rural treatment for A rsen icos is :
□  Y e s
□  N o
□ NA=*

3. Treatm ent C ategory:
□  Spinacii
□ E x orc is in g  and Incantation
□ A m u le t  and T alism an

4. W h ich  f o l lo w in g  s y m p to m s  and s ig n s  arc present;
a M e la n o s is □ H air-delayed  lo ss
□ Karatosis □ Nail lo ss
□ L ecu  M e la n o s is □ H ypcrpyraxia
□ W ea k n ess □ C onvu ls ion
□ B urning  o f  e y e s □ Trem or
□ Diarrhoea □ C om a
a C o u g h □ headachc
□ C outh  w ith  expectoration □ D ysp h ag ia
□ Paresthesia □ V om itin g
□ P igm entat ion □ W eight  loss
□ A raem ia □ Jaundice
□ H ep atom ega ll □ Oliguria
□ S p le n o m el l a Pericarditis
□ Capillary fiush Q G angrene
a  C ontact  D erm atit is  

B .3 .  P sy c h o lo g ic a l  Information;

1. L on e l in ess
□  Y e s
□ N o
□  N R *

2. Fell D is tressed /D ep ress ion
□ A lw a y s
□  S o m e tim e s
□  N o  distress

3. B e in g  out o f  hearts by w h o m
□  S pou se
Q S o n s  &  Daughters
□  N eig h b o u r
□  N R *
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4 .  B e in g  out o f  s igh t  o f  all
□  Y e s
□ N o
□  N R *

5. Privacy o f  this  p rob lem
□  E v eryb od y  k n e w  ea s i ly
□  Y o u  h ave  k n o w  ev e r y b o d y
□ Others

6. B ehav iou r  o f  others
□ Satis factory
□  A ccep tab le
□  U nsatisfactory
□  NR*

7. S pon tan eou s  M o o d
□ V er y  g o o d
□  G ood
□  Bad
Q V ery  bad

8. Curse o f  N ature /G od /A llah
□ Y e s
□  N o
□  N R *

9. A rse n ico s is  is a C o n ta g io u s  D ise a se
□ Y e s
□ N o
□  N R *

C. G eo-env iron m enta l Information

1. W ater Use:
(a) T u b e w e l l s

( i)  S h a llo w
(ii)  D ee p

(b) Pond
(c)  Canal
(d) River
(e)  Others
A n s w e r  N o .  2  i f  not a

2. B o i l in a  water
□ Y e s
□ N o
□ N A
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3. C a u se  o f  A rsen icos is :
(a) D r in k in g  o f  D e e p  T u b e w e l l s  w aier
(b) D rin k ing  o f  S h a l lo w  T u b e w e l i s  water
(c)  Others
I f  A n s w e r  N o .  b

4. D o  you  stop  S h a l lo w  T u b e w e l l s  water
□ Y e s
□ N o

5. R eason s w h y  do  not stop S h a l lo w  T u b e w e l l s  W ater
□  N o  A lternative  W ay
□  Lack o f  k n o w le d g e
□  D is tan ce  o f  the safe  t iibew eil water

6. Filteration o f  water
□ Y es
□  N o
□  N A

7. U sab le  W ater Q u ality  Information
Variables V ery  G ood G ood Bad V ery  Bad N R *
Drinking '

C o o k in g
Bathing
W ash ing
O verall qualitv

8. W ater Pollution  Inform ation :

8.1.  W ater Q u ality  (Odour)
□ High  Intense
□  Usual
□  N ot  odour

8.2. W ater Q u ality  (Taste)
□  Natural
□  Unnatural
□  N ot  k n ow

8.3 .  W ater Q u ality  (colour)
□ Clear
□  Turbid
□  D o n 't  k n o w
N A *  =  N o t  A p p licab le  
N R ’*' =  N o  R esp on se

T h ank s for you r kind co-op eration  and assistance.
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A P P E N D IX -  C

W A T E R  Q U A LIT Y  S T A N D A R D  FO R H O U S E H O L D  USES

S u b s t a n c e s I n t e r n a t i o n a l / U . S . A .  
S t a n d a r d  in p .p .m .

B a n g l a d e s h  S t a n d a r d  in 
p .p ,m .

1. T o ta l  S o l i d s 5nO/15(K) 1 5 0 0

2.  C o l o u r 15 u n i ts 3 0  u n i t s

3. T a s te U n o b j e c t i o n a b l e U n o b j e c t i o n a b l e

4 .  O r d o u r U n o b j e c t i o n a b l e U n o b j e c t i o n a b l e

5 .  I ro n  (F e ) 0 .3 /1 . 0 Ma.x  5 , 0

6 .  M a i ig u n e s e  ( M n ) 0 .1 /0 .5 0 .5

7 .  C o p p e r  (C u ) 0 . 0 5 / 1 . 0 1,0

8. Z i n c ( Z n ) 5 .0 /5 . 0 15.0

9 .  C a l c i u m  (c a ) 7 5 / 2 0 0 2 0 0 - 5 0 0

10. M a g n a s i u i n  ( M g ) 5 0 / 1 2 5 125

11. N i t r a te 4 5 / 2 0 4 5  t o  5 0

12. S u l p h a t e  ( S e 4 ) 2 0 0 / 2 5 0 4 0 0

13. F lo r id e  ( F I ) 2 . 0 / 1 . 5 0 1,0 t o  2 . 0

14. C l o r id e  (C l ) 2 5 0 / 2 5 0 M a x i m u m  1 0 0 0

15. H a r d n e s s  a s  C a C o j 2 5 0 2 5 0

16. p H  ra n g e 7 . 0  t o  8 .5 6 . 5  to  9 .2

17. P h e n o l i c  s u b s t a n c e s 0 .0 0 1 /0 .0 0 1 0 , 0 0 2

18. A n t i m o n y / 0 .0 5

19. A r s e n ic 0 .0 1 /0 , 0 5 0 .0 5

2 0 ,  B u r iu m / l . O

2 1 .  B i c a r b o n a t e / 5 ,0

22 .  B o r o n / 2 0

2 3 .  C a d m i u m 10 p p b /0 ,1 0 , 0 0 5

2 4 .  C y a n id e / 0 ,2

2 5 .  L e a d 0 , i / 0 . 1

2 6 .  S e l e n i u m /O.Ol

2 7 .  S i l v e r /0 ,0 5

2 8 .  S o d i u m / 2 0 0

29-  S y n t h e t i c  d e t e r g e n t s /0 .5

3 0 .  C h r o m i u m /0 .0 5 0 .0 5

Sourvc: Baiifjladexb Goxenvncni
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Appendix-D 

LIST O F T H E  RESULTS O F  TEST IN G  W A T E R  SA M PL ES IN 

RA M G A N J AREA, LA K S H M IP U R  DISTRICT.

N a m e  o f  V i l l a g e S e r i a l  N o . W e l l s

C a t e g o r y '

D e p t h

( f t )

A s

( p p m )

D O pH B C T e r n .

01 S T W 2 6 0 .3 4 2.8 8.2 19 3 0

( i : S T W 2 6 0 .H 5 3 ,0 0 8 .4 3 2 2 8

0 3 S T W 31) 0 .6 5 3 .2 8.00 3 5 2 8

Au^onkhail 0 4 D T W 8 3 0 0.01 5 .8 7 .8 2 9 3 5

0 5 D T W 7 8 0 0 . 0 0 5 1 .7 8.0 2 3 2 4

0 6 S T W 20 0 .2 5 1 .7 5 8 .3 18 2 5

0 7 S T W 3 6 0 .0 4 2 .3 8.! 21 2 8

0 8 D T W 8 0 0 0.01 0.8 8.1 17 3 6

Nundanpur 0 9 S T W 5 0 0 ,0 5 1.8 7 .7 4 9 3 5

10 S T W 4 5 0 . 0 8 1.6 8 .3 3 2 3 3

1 ] D T W 8 0 0 0.01 1 .9 9 . 0 1 8 3 4

12 S T W 8 2 0 0.02 6,8 8 .7 1 6 31

A v i r a m p u r 13 S T W 3 6 0.6 2,1 8.2 1 9 2 9

14 S T W 3 6 0 .5 1 ,7 7 .9 16 2 7

15 S T W 3 6 0.6 1 ,5 7 . 0 20 3 0

1 6 D T W 7 5 0 0.01 1.0 8 ,4 24 3 0

17 S T W 4 0 0.1 2 .9 7 .8 5 0 2 8

1 8 S T W 4 0 0.12 7 . 0 7 .3 4 4 3 4

19 S T W 4 0 0 .1 5 2.0 8.0 4 1 3 0

Ruclrarampur 20 S T W 4 0 0,1 2 .5 7 .9 1 9 2 9

21 D T W 8 5 0 0.01 5 . 0 7 . 5 20 3 1

22 S T W 42 0,08 3,2 7.8 21 28

23 S T W 0 ,4 5 2 ,9 7 .7 18 3 2

24 S T W 6 0 0,2 2,8 7 .5 20 2 9

2 5 S T W 4 6 0,1 2 ,4 8.3 2 6 2 8

A n g a r p a r a  W a r d  N o .  8 2 6 S T W 4 6 0 , 0 8 2 .9 8 ,3 2 5 3 4

2 7 S T W 46 0,8 6 .5 8 ,5 3 9 2 8

2 8 S T W - 0.3 3 .5 8,4 3 2 2 7

T am ia 2 9 S T W 5 0 0 ,5 5 2 .7 7 .1 5 4 30

3 0 D T W 9 0 0 0,01 4.8 7 .4 1 9 28

W e s t  K a s h i m n a c a r 3 1 S T W 36 0 ,6 5 3 .0 8.2 17 31

3 2 S T W - 0 , 9 4.0 7 ,5 1 6 2 9

292

Dhaka University Institutional Repository



3 3 S T W 4 6 0 .4 2 , 9 7 , 9 3 0 3 0

3 4 D T W - O .O l 3 ,2 7 , 4 1 8 3 5

R a s u l p u r

3 5 S T W 4 5 0 ,0 8 4 .1 7 ,3 1 9 3 2

3 6 S T W 3 6 0.8 3 .3 7 , 7 21 3 0

3 7 S T W - 0.8 2.8 8 .3 2 3 2 8

P a n p a r a 3 8 S T W - 0 .8 5 5 .3 7 .8 17 2 9

3 9 S T W 2fi 0 . 2 5 2.8 7 .5 1 9 3 2

F a i c t i p u r 4 0 S T W 7 7 0.2 3 ,2 7 ,8 1 6 3 3

4 1 S T W 6 0 0 .1 5 2 ,9 7 , 6 i S 3 0

C h a i u l p u r 4 2 S T W 3 5 0 .1 5 7 ,7 1 6 2 9

4 3 S T W 6 5 0 .3 5 4 , 7 7 ,4 12 2 8

G r e e n  C o c o n i i l  w a t e r 4 4  ( A u g a n k h i l ) - - 0.001 3 .0 0 7 ,7 0 0
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Appendix- E: Photograph

P h o to ^ p h - I ;  Keratotis and Melanosis

Photograph-?: Keratotis with Gangrene
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Photograph-3; M elanosis and Lecu melanosis

Photograph-4; Karatotis
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Photograph-5; Keratotis

Photograph-6: Keratotis and Melanosis
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Photograph-7; Melanosis

Photograph-8: Keratotis, M elanosis and Lecu Melanosis
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Photograph-9; Keratotis mid M elanosis

Photograph-10; Karatotis
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Photograph-11: Deep Drilling Point

Photograph-12: Deep Drilling W orking

Photograph-13; Field Kit Test o f  Aresenic,
Mr. M. K. Alam, Zakir, Shawzib (From Right to  left)
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