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IN T R O D U C T IO N

1.1 General

N a m ed  " th e la rg est m a ss  p o iso n in g  o f  a p o p u la tio n  in h is to r y ” (K h u n d k ar, 
2 0 0 3 ) ,  th e  co n ta m in a tio n  o f  g ro u n d w a ter  by  arsen ic  in B a n g la d e sh  has b een  a p oin t o f  
a tten tion  and b e c o m e  a g lo b a l issu e . In rea lity , not o n ly  B a n g la d e sh  but a lso  m an y  
co u n tr ie s  th ro u g h o u t th e  w o r ld  su ch  as A rgen tin a , C h ile , C h in a , H u n g a ry , India (W e st  
B e n g a l) , M e x ic o , P ak istan , T h a ilan d , U S A , and V ie t  N a m  h a v e  b e e n  fa c in g  th e  sam e  
p rob lem  (A d e e l and A li, 2 0 0 3 :  1) It w a s  estim a ted  that arou n d  41 m illio n  o f  the  
w o r ld ’s p o p u la tio n  are p o te n tia lly  e x p o se d  to  th is fatal c o n ta m in a n t (S m e d le y  and  
K in n ib u rgh , n .d  : 3 0 -3 4 )

T rue to  its n ic k n a m e /t h e  s ilen t k il le r ’ (A d e e l and A li, 2 0 0 3 :  1), arsen ic  h id es  
b eh in d  th e c o n su m a b le  a p p ea ra n ce  o f  g ro u n d w a ter  in co n ta m in a te d  sh a llo w  aq u ifers. 
D u e  to  th e  fact that a rsen ic  d is s o lv e d  in w a ter  has no  c o lo r , sm e ll, and ta ste , it is not 
su rp r is in g  that th e  p o o r  v il la g e r s  in th e  a ffe c te d  areas h a v e  drunk th is  p o iso n  for  
d e c a d e s  w ith o u t a w a r e n e ss  o f  b e in g  at risk o f  d is e a se s  ra n g in g  from  m e la n o s is  to  skin  
c a n c e r  and g a n g r e n e  (H aru n -u r-R a sh id  and A b d u l K arim  M rid h a , 1998 : 1 6 2 -1 6 3 ) .

In ord er  to  d e c r e a se  th e  sev er ity  o f  th is  p rob lem , se v e r a l a rsen ic  rem o v a l 
te c h n o lo g ie s  su c h  as ion  e x c h a n g e , a c tiv a ted  a lu m in a , m em b ra n e , c o a g u la t io n  w ith  
ferric  sa lts , and ir o n -o x id e -c o a te d  sand (Amy et al., 2 0 0 0 : 1 -1 0 )  h a v e  b een  a p p lied  in 
th o se  reg io n s. E a ch  t e c h n o lo g y  has its o w n  a d v a n ta g es and d isa d v a n ta g es ;  h o w ev er ,  
o n e  o f  th e  e c o n o m ic a l t e c h n o lo g ie s  (M e n g , K o rfia tis , C h r is to d o u la to s  et al., 2 0 0 1 :  
2 8 0 5 )  u su a lly  u se d  in A s ia n  co u n tr ie s  is co a g u la tio n  w ith  ferric  c h lo r id e  b e c a u se  it is 
su ita b le  for p o o r  v i l la g e r s ’ situ a tio n  in th is  reg ion .
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In a d d itio n  to  r e m o v in g  a r se n ic  fro m  c o n ta m in a te d  g ro u n d w a ter  to  p ro d u ce  
sa fe  d r in k in g  w a ter , c o a g u la t io n  w ith  ferric  c h lo r id e  ca n  b e  u se d  to  d ea l w ith  liq u id  
res id u a ls  o f  o th er  a r se n ic  r e m o v a l t e c h n o lo g ie s  su c h  a s  a w a s te  b r in e  s o lu t io n  from  an  
io n  e x c h a n g e  p r o c e ss . T h e  c o n c e n tr a tio n  o f  a rsen ic  in  s u c h  so lu t io n  is  g e n e r a lly  to o  
co n c e n tr a te d  to  d isc h a r g e  to  a san itary  s e w e r  w ith o u t v io la t in g  re g u la tio n s . T h ere fo re , 
ferr ic  c h lo r id e  p r e c ip ita tio n  is  req u ired  to  r ed u ce  a rsen ic  c o n c e n tr a tio n  in  th e  brine  
s o lu t io n  prior d isc h a r g in g  to  a san ita ry  s e w e r  (A m y  e t a l„  2 0 0 0 :  199).

A d d e d  in to  w a ter  in  th e  fo rm  o f  F e C fi, th e  c o a g u la n t d is s o c ia te s  an d  is  rap id ly  
d isp e r se d  th o u g h t th e  reactor. A s  a resu lt, th e  s o lid  p rec ip ita te  F e (O H )3 (s) and  
c o m p le x e s  are fo rm ed . T h e se  a m o rp h o u s p ro d u cts  p la y  a  c r u c ia l ro le  in  th e  s u c c e s s  o f  
r e m o v in g  b oth  a rsen ite  an d  a rsen a te  from  th e  co n ta m in a te d  w ater . G e n e r a lly , su rfa ce  
c o m p le x a t io n  r e a c tio n s  are b e lie v e d  to  b e  th e  rem o v a l m e c h a n is m s  o f  a r se n ic  b y  th e se  
a m o r p h o u s p ro d u cts  (G o ld b e r g  an d  J o h n sto n . 2 0 0 0 : 2 0 4 ) .

C o n se q u e n tly , a rsen ic  in  w a ter  tran sfers to  a m o r p h o u s  ferric  h y d r o x id e , and  
th ere fo re  th e  b y -p r o d u c t o f  th is  a r se n ic  r e m o v a l p r o c e ss  is  a r se n ic  c o n ta in in g  s lu d g e . 
T h e  a m o u n t o f  a r se n ic  in  th e  s lu d g e  m a y  v a ry  w id e ly , d e p e n d in g  o n  in itia l arsen ic  
c o n c e n tr a tio n , f in is h e d  w a ter  target, an d  b a ck g ro u n d  c o a g u la n t  d em a n d  (F r e y  e t a l.,
n .d .) . O w n in g  to  th e  fa c t that in itia l a r se n ic  c o n c e n tr a tio n s  an d  f in ish e d  w a ter  targets  
in  th e  co n ta m in a te d  areas m a y  v ary  fro m  p la c e  to  p la c e , b a ck g ro u n d  co a g u la n t  
d e m a n d s  to  r e m o v e  a rsen ic  in  e a c h  co n ta m in a te d  s ite  u n d o u b te d ly  v ary  w id e ly  as  
w e ll .  C o n se q u e n tly , so m e  re lev a n t p ro p er tie s  o f  a rsen ic  c o n ta in in g  s lu d g e  from  the  
c o a g u la t io n  p r o c e s s  in  o n e  r e g io n  m a y  b e  g rea tly  d ifferen t fro m  that in a n o th er  reg io n . 
A s  th e  s lu d g e  c a n  b e  e ith er  n o n -h a za rd o u s or  h a za rd o u s w a s te , th e  m o st  p rop er, c o s t-  
e f f e c t iv e  m a n a g e m e n t stra tegy  for  th is  k in d  o f  w a s te  m a y  d iffe r  from  c a se  to  c a se . 
O n e  o f  th e  g lo b a l c o n c e r n s  is  th e  fa c t that h a za rd o u s w a s te  c a n  p resen t a threat to  the  
e n v ir o n m e n t and p u b lic  h ea lth  i f  im p ro p er ly  m a n a g ed . F or e x a m p le , i f  th e  h azard o u s  
s lu d g e  is  m a n a g e d  a s  n o n -h a z a r d o u s  w a s te  su ch  a s  d u m p in g  it to g e th e r  w ith  
m u n ic ip a l so lid  w a s te  in san itary  la n d fills , large  am o u n t o f  a rsen ic  in th e  s lu d g e  m ay  
le a c h  ou t and u lt im a te ly  c o n ta m in a te  th e  g ro u n d w ater . F or th is  reason , c la s s ify in g  
w h eth er  th e  s lu d g e  as a resu lt o f  r e m o v in g  a r se n ic  from  an in itia l a rsen ic
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c o n c e n tr a tio n  to  o n e  fin a l target is  h a za rd o u s or  n o t is  v e r y  im p ortan t. H o w e v e r , 
n o w a d a y s , th e  to o l to  d o  th is  ta sk  is  u n a v a ila b le .

P la c in g  a  s p e c ia l c o n c e r n  o n  sa fe  d isp o sa l an d  lo n g -te r m  sta b ility  o f  h azard o u s  
w a ste , e a c h  co u n try  e s ta b lish e d  th e  r e g u la to ry  lim it  fo r  m a x im u m  a llo w a b le  arsen ic  
c o n c e n tr a tio n  le a c h in g  o u t o f  th e  r e s id u a l. T h e  w o r s t  c a s e  o f  le a c h in g  is  g e n e r a lly  
s im u la te d  b y  a  lab ora tory  e x tr a c tio n  p roced u re  su c h  a s  T o x ic ity  C h aracter istic  
L e a c h in g  P ro ced u re  (T C L P ) u se d  in  th e  U n ite d  S ta te s  an d  th e  le a c h in g  p roced u re  
u n d er th e N o t if ic a t io n  o f  th e  M in istry  o f  In d u stry  N o . 6  u se d  in  T h a ila n d  (L P -N O .6 ) .  
T h e  im p ortan t lin k  b e tw e e n  th e se  r e g u la to ry  lim its  an d  a d r in k in g  w a ter  standard , 
k n o w n  a s m a x im u m  c o n ta m in a n t le v e l  (M C L ), is  that th e  a llo w a b le  co n cen tra tio n  o f  
a r se n ic  in  lea c h a te  o f  th e  resid u a l c la s s if ie d  a s  n o n -h a z a r d o u s  w a s te  m u st n o t e x c e e d  
1 0 0  t im e s  th e  M C L  o f  a r se n ic  in  d r in k in g  w a ter  stan d ard  (A m y  e t  a l., 2 0 0 0 :  1 9 2 ). For  
e x a m p le , lik e  th e  U n ite d  S ta te s ' reg u la to ry  lim it  b e fo r e  O c to b e r  3 1 ,  2 0 0 1 ,  T h a ila n d  ร' 
reg u la to ry  lim it  o f  m a x im u m  a rsen ic  c o n c e n tr a tio n  in  d rin k  w a ter  is  f if ty  p g /L , so  the  
m a x im u m  a llo w a b le  c o n c e n tr a tio n  o f  a r se n ic  in  le a c h a te  is  f iv e  m g /L . O n  th e  o th er  
h an d , th e  p resen t reg u la to ry  lim it  o f  a r se n ic  in  d r in k in g  w a ter  in  th e  U n ite d  S ta te s  is 
ten  p g /L  , so  th e  m a x im u m  a llo w a b le  c o n c e n tr a tio n  o f  a r se n ic  in  le a c h a te  sh o u ld  be  
o n e  m g /L .

T o  b e  in  lin e  w ith  h ea lth  e v id e n c e , th e  W o rld  H e a lth  O r g a n iz a tio n  (W H O )  
g u id e lin e  fo r  a r se n ic  in  d r in k in g  w a ter  w a s  p r o v is io n a lly  r e d u c e d  in  1 9 9 3  fro m  fifty  
p g /L  to  ten  p g /L  (S m ith  e t a l., 2 0 0 2 :  2 1 4 5 ) .  C o n se q u e n tly , s o m e  c o u n tr ie s  su c h  a s  the  
U n ite d  S ta te s , Japan, and  A u stra lia n  h a v e  red u ced  th e ir  M C L  o f  a r se n ic  in  d r in k in g  
w ater; w h ile  m a n y  o th er  co u n tr ie s , e s p e c ia l ly  a ll a f fe c te d  d e v e lo p in g  c o u n tr ie s , s t ill  
o p era te  at th e  p resen t f if ty  p g /L  standard  (Y a m a m u ra , n .d .: 12 ). A c c o r d in g  to  the  
re la tio n sh ip  b e tw e e n  resid u a l m a n a g e m e n t an d  th e  M C L  o f  a r se n ic  in  d r in k in g  w ater  
d e sc r ib e d  in th e  p r e v io u s  paragraph, it is  p o s s ib le  that th o se  c o u n tr ie s  h a v in g  lo w e r e d  
or  p la n n in g  to  lo w e r  th eir  M C L  o f  a r se n ic  in th e  fu ture m a y  fa c e  th e  p ro b lem  o f  
resid u a l m a n a g e m e n t. R e d u c in g  th eir  M C L  c a n  in c r e a se  th e  p o s s ib il i ty  o f  th e  s lu d g e  
to  b e c o m e  h a za rd o u s b y  the reg u la to ry  d e f in it io n  d u e  to  n o t o n ly  le s s e n in g  the  
regu la to ry  lim it but a lso  ra is in g  the a m o u n t o f  a rsen ic  in  s lu d g e .



4

F rom  a  m a n a g e m e n t p e r sp e c t iv e , i f  th e  s lu d g e  turns to  b e  h a za rd o u s w a s te , it 
m a y  p resen t th e  r e sp o n s ib le  p a rties  w ith  e c o n o m ic  d if f ic u lty  d u e  to  th e  fa c t that th e  
c o s t  o f  h a za rd o u s w a s te  d isp o sa l is  r e la t iv e ly  h igh . M o r e o v e r , in c in e r a tio n  o f  a rsen ic  
c o n ta in in g  w a s te  is  l im ite d  b e c a u se  o f  th e  v o la t il iz a t io n  o f  a r se n ic  c o n ta in in g  
c o m p o u n d s  (L e is t ,  C a se y , an d  C arid i, 2 0 0 0 :  1 2 6 ). F or  th is  r e a so n , to  rea ch  a 
c o m p r o m ise  b e tw e e n  r e a so n a b le  o p era tio n  c o s ts  o f  w a s te  m a n a g e m e n t an d  s u ff ic ie n t  
lo n g -te r m  s ta b ility  o f  th e  w a s te , th is  stu d y  fo c u s e s  o n  th e  s o l id if ic a t io n /  s ta b iliz a tio n  
( ร /ร )  te c h n iq u e  b e c a u s e  n o t  o n ly  is  th e  so l id if ie d  w a s te  fo r m  c o n s id e r e d  s ta b le  and  
sa fe  fo r  p u b lic  an d  e n v ir o n m e n ta l h ea lth  but a lso  its  p h y s ic a l p rop erty  is  su ita b le  for  
s o m e  a p p lic a tio n s  in  th e  f ie ld  o f  c iv i l  e n g in e e r in g . A s  an  a d d ed  v a lu e , th e  re u tiliz a tio n  
o f  s o l id if ie d -w a s te  p r o d u c ts  m a y  h e lp  to  r e lie v e  th e  e c o n o m ic  im p a ct o f  s lu d g e  
d isp o sa l.

From  a  r esea rch  an d  d e v e lo p m e n t sta n d p o in t, a lth o u g h  se v e r a l k in d s  o f  
a r se n ic  c o n ta in in g  w a s te s ,  r a n g in g  from  s im p le  a rsen ic  sa lt (B o th e  and  B r o w n , 1 9 9 9 a ,  
1 9 9 9 b ; L e ist  an d  C a r id i, 2 0 0 3 ;  M o lla h , Lu, and  C o c k e , 1 9 9 8 )  to  a r se n ic  w a s te  that 
o r ig in a te s  from  a  m e ta llu r g ic a l p r o c e ss  (D u tré  and V a n d e c a s te e le ,  1 9 9 5 a , 1 9 9 5 b , 
1 9 9 6 , 1998 ; V a n d e c a s te e le  e t  a h , 2 0 0 2 ) ,  h a v e  b e e n  su b je c te d  to  ร /ร  to  s tu d y  its  
p er fo rm a n ce , l im ite d  r esea rch  h a s b e e n  c o n d u c te d  o n  th e  ร /ร  trea tm en t o f  iron  
h y d r o x id e  s lu d g e  c o n ta in in g  a r se n ic , w h ic h  ca n  b e  fo u n d  in  d r in k in g  w a te r  treatm en t  
res id u a l and  m in e  ta il in g s  (J in g , K o rfia tis , an d  M e n g , 2 0 0 3 ) .  M o r e o v e r , n o  research  
c o n c e r n in g  th e  u t iliz a t io n  p o te n tia l o f  th e  s o l id if ic a t io n /s ta b iliz a t io n  m a tr ic e s  o f  
a rsen ic  s lu d g e  h a s  b e e n  c o n d u c te d  yet.

In c o n c lu s io n , th is  s tu d y  is  n o t o n ly  th e  first a ttem p t to  b u ild  th e  to o l for  
s lu d g e  c la s s if ic a t io n  but a lso  th e  first a ttem p t to  e v a lu a te  u til iz a t io n  p o ten tia l o f  th e  
s o ild if ie d /s ta b il iz e d  p ro d u ct o f  a r se n ic -ir o n  h y d r o x id e  s lu d g e . T h e  e x p e r im e n ta l  
p rogram  w a s  d iv id e d  in to  s ix  su b -p arts to  o b ta in  a  great d e a l o f  in fo r m a tio n  for  b etter  
u n d ersta n d in g  for  b o th  m a n a g e m e n t and d e v e lo p m e n t sta n d p o in t.
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1.2 Objectives
5

T h e  m a in  o b je c t iv e s  o f  th is  s tu d y  are to  in v e s t ig a te  th e  p h y s ic a l ,  c h e m ic a l ,  and  
le a c h in g  c h a r a c te r is t ic s  o f  a r se n ic - ir o n  h y d r o x id e  s lu d g e  an d  to  e x a m in e  p ro p erties  
an d  u tiliz a tio n  p o te n tia l o f  th e  so l id if ie d  an d  s ta b iliz e d  m a tr ic e s  a s  a  re su lt  o f  the  
s o lid if ic a t io n  an d  s ta b iliz a t io n  p r o c e s s  o f  th e  a rsen ic  c o n ta in in g  s lu d g e  w ith  P ortland  
C e m e n t and  lim e . T h e  s p e c if ic  o b je c t iv e s  are a s  fo llo w s :

1. T o  d e te r m in e  th e  p h y s ic a l and c h e m ic a l c h a r a c te r is t ic s  o f  
d e w a te r e d  an d  d ried  a r se n ic -ir o n  h y d r o x id e  s lu d g e  b e fo r e  and  
after  th e  le a c h in g  te sts .

2 . T o  in v e s t ig a te  th e  le a c h in g  m e c h a n ism  o f  a r se n ic  fro m  th e  the  
d e w a te r e d  and  th e  d r ied  a rsen ic -iro n  h y d r o x id e  s lu d g e  su b je c te d  to  
th e  tw o  le a c h in g  tests .

3 . T o  e x a m in e  an d  c o m p a r e  th e  arsen ic  le a c h a b ility  o f  th e  d ew a te r e d  
an d  th e  d r ied  s lu d g e  su b je c te d  to  th e  T C L P  an d  L P -N o .6 .

4 . T o  e s ta b lish  th e  re la t io n sh ip  a m o n g  th e  le a c h a b ility  o f  a r se n ic  from  
th e  d e w a te r e d  and  th e  d r ied  a r se n ic - ir o n  h y d r o x id e  s lu d g e , an  
in itia l a r se n ic  c o n c e n tr a tio n  o f  th e  c o n ta m in a te d  w a ter , a  f in ish e d  
w a ter  target.

5 . T o  d e te r m in e  th e  c o m p r e s s iv e  stren g th  o f  th e  so l id if ie d /s ta b il iz e d  
m a tr ic e s  w ith  v a r y in g  a m o u n t o f  s lu d g e  ad d ed .

6 . T o  in v e s t ig a te  th e  p h y s ic a l and  c h e m ic a l in te r fe r e n c e s  in  th e  
stren g th  o f  th e  s o l id if ie d /s ta b iliz e d  m a tr ic e s  d u e  to  th e  a d d itio n  o f  
th e  s lu d g e .



7 . T o  e x a m in e  a n d  c o m p a r e  le a c h a b ility  o f  th e  s o l id if ie d  and  
s ta b iliz e d  a r se n ic -ir o n  h y d r o x id e  s lu d g e  u n d er  T C L P  and  
L P -N o .6 .

8. T o  e x a m in e  th e  u t iliz a t io n  p o ten tia l o f  th e  so lid if ie d /s ta b il iz e d  
s lu d g e  fo rm  a s  a  c o n str u c tio n  m ateria l.

9 . T o  e x a m in e  th e  im m o b iliz a t io n  p o ten tia l an d  th e  in tera ctio n  
b e tw e e n  a rsen ic  a n d  e a c h  k in d  o f  h y d ra tio n  b y -p r o d u c t in  th e  
c e m e n t it io u s  e n v ir o n m e n t.

10 . T o  d e te r m in e  th e  c o m p r e s s iv e  stren g th  o f  th e  s o l id if ie d /s ta b il iz e d  
w ith  m a tr ic e s  w ith  v a r y in g  w a te r -to -b in d e r  r a tio s  an d  l im e -to -  
b in d er  ra tio s at th e  cu r in g  a g e s  o f  3 , 7 , 14 , an d  2 8  d a y s.

1 1 . T o  c h a ra c ter ize  th e  p h y s ic a l and c h e m ic a l in te r fe r e n c e s  in  stren g th  
o f  th e  so l id if ie d /s ta b il iz e d  m a tr ices  d u e  to  a d d it io n  o f  s lu d g e .

1 2 . T o  e x a m in e  th e  in f lu e n c e  o f  w a te r -to -b in d e r  r a tio s  and  lim e -to -  
b in d er  ra tio s  o n  le a c h a b ility  o f  a r se n ic  fro m  th e  
so lid if ie d /s ta b il iz e d  s lu d g e .

1 3 . T o  e v a lu a te  th e  th ree  m a n a g e m e n t s tr a te g ie s  o f  a r se n ic - ir o n  
h y d r o x id e  s lu d g e , w h ic h  are d isp o sa l o f  th e  d e w a te r e d  s lu d g e , 
d isp o sa l o f  th e  dried  s lu d g e , and  u t il iz a t io n  o f  th e  
s o lid if ie d  and  s ta b iliz e d  w a ste  form  a s a c o n s tr u c t io n  m ater ia l.

6
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1.3 Scopes of the Study

T h e  r esea rch  w a s  c o n d u c te d  to  e x a m in e  th e  p h y s ic a l a n d  c h e m ic a l p ro p erties  
o f  a r se n ic -ir o n  h y d r o x id e  s lu d g e  in  th e  tw o  c o n d it io n s , d e w a te r e d  an d  d r ied  b y  h eat, 
b o th  b e fo r e  an d  a fter  th e  le a c h in g  te s ts  a s  w e ll  a s  th e ir  lea c h a te  c h a ra c ter is tics  
to g e th e r  w ith  th e ir  su ita b le  m a n a g e m e n t reg a rd in g  p o te n tia l e n v ir o n m e n ta l im p a ct  
and  e c o n o m ic  c o n s id e r a t io n . M o r e o v e r , th is  research  w a s  c o n d u c te d  to  e v a lu a te  th e  
u tiliz a tio n  p o te n tia l o f  th e  s o l id if ie d /  s ta b iliz e d  a rsen ic  c o n ta in in g  s lu d g e  c o n c e r n in g  
th e  su ita b ility  in  a p p lic a tio n , p o te n tia l en v ir o n m e n ta l im p a ct, and  e c o n o m ic  
fe a s ib ility . T h e  a r se n ic - ir o n  h y d r o x id e  s lu d g e  u se d  in  th is  s tu d y  w a s  sy n th e s iz e d  b y  
s im u la tin g  c h e m ic a l rea c tio n  b e tw e e n  a rsen ite  ( A s JT) and  ferr ic  c h lo r id e  h ex a h y d ra te  
(F eC ft'ô l-U O ). T h e  fo l lo w in g  s c o p e s  o f  th e  research  w e r e  s tu d ie d  in  e a c h  part.

Part I
1. T h e  f iv e  r e c ip e s  o f  th e  a rsen ic -iro n  h y d r o x id e  s lu d g e , b oth  

d e w a te r e d  an d  d ried  b y  h ea t, o f  w h ic h  a r se n ic -to -ir o n  ra tio s  w e r e  
0 .0 6 9 ,  0 .1 0 1 ,0 .1 0 5 ,0 .1 3 2 .  and 0 .1 5 3 .  r e s p e c t iv e ly , w e r e  s tu d ie d  for  
th e ir  c h e m ic a l c o m p o s it io n , p artic le  s iz e  d istr ib u tio n , su rfa ce  
p h e n o m e n a , an d  m icro stru c tu res  b o th  b e fo r e  and  a fter  th e  le a c h in g  
te sts .

2 . T h e  tw o  standard  reg u la to ry  m e th o d s  to  d e te r m in e  le a c h in g  m e ta ls  
for  T h a ila n d  and  th e  U n ite d  S ta te s , an e x tr a c tio n  te st a c c o r d in g  to  
th e  N o t if ic a t io n  o f  th e  M in istry  o f  In d u stria l N o .6  (L P -N o .6 )  and  
th e  T o x ic ity  C h a ra c ter is tic  L e a c h in g  P ro ced u re  (T C L P ) te s t , w e r e  
c h o s e n  to  p red ic t en v iro n m en ta l im p a c ts  from  le a c h a te  o f  the  
d e w a te r e d  and d ried  s lu d g e  w ith o u t so lid if ic a t io n /s ta b iliz a t io n .
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3. T h e  b a tch  e x p e r im e n ts  to  s im u la te  a r se n ic  r e m o v a l p r o c e s s  b y  
c o a g u la t io n  w ith  ferr ic  ch lo r id e  w e r e  c o n d u c te d  w ith  f iv e  in itia l 
a r se n ite  co n cen tra tio n : 1 4 0 , 4 8 0 ,  1 ,4 6 5 , 4 ,3 7 0 ,  an d  1 2 ,7 9 0  fig/1 and  
s e v e n  ferr ic  c h lo r id e -to -a r se n ite  ratios: 0 , 5 , 1 0 , 2 0 , 4 0 ,  8 0 , and
1 6 0 , r e sp e c t iv e ly .

4 . T h e  d a ta  fro m  th e  p r e v io u s  step  w e r e  a n a ly z e d  an d  p r o c e s se d  b y  
S P S S , a  s ta tis tica l p rogram , to  b u ild  tw o  e m p ir ica l m o d e ls  
p r e d ic t in g  th e  le a c h in g  o f  th e  c h a ra c ter is tics  o f  th e  d e w a te r e d  and  
d ried  s lu d g e  p ro d u ced  fro m  d ifferen t a r se n ic  r e m o v a l c o n d it io n s .

Part III

5 . T h e  s o l id if ic a t io n /s ta b iliz a t io n  r e c ip e s  d if fe r in g  in  am o u n t  
and  c o m b in a tio n  o f  th e  b in d in g  m a ter ia ls  -  b e tw e e n  P ortlan d  
C e m e n t a n d  l im e  - s e t  b y  v aria tion  o f  w a ter  to  b in d e r s  ratio  o f  
0 .4  an d  0 .9  and  lim e -to -b in d e r  ra tio s o f  0  an d  0 .4  w e r e  u se d  in  
th is  part w ith  th e  sa tu rated  su r fa ce  d r ied  s lu d g e -to -b in d e r  r a tio s  o f  
0 .1 5 ,  0 .2 5 ,  0 .5 ,  an d  1, r e sp e c t iv e ly . T h e  d ried  s lu d g e  u se d  in  th is  
part h ad  a r se n ite -to - iro n  ratio  o f  0 .1 5 3  m g /m g . T h e  w e ig h t  o f  
c e m e n t to  san d  ratio  o f  1 .0 0 :2 .7 5  a c c o r d in g  to  A S T M  C l 0 9 -9 5  for  
2 x 2 x 2 - in c h  m ortar w a s  u sed  in  th is  part.

๖. T h e  p h y s ic a l an d  c h e m ic a l p ro p erties  o f  th e  s o l id if ie d /  s ta b iliz e d  
a r se n ic - ir o n  h y d r o x id e  su c h  as c o m p r e s s iv e  stren g th , c h e m ic a l and  
m in e r a lo g ic a l c o m p o s it io n s , and m icro stru c tu res  w e r e  s tu d ied .
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7 . T h e  tw o  stan d ard  reg u la to ry  m e th o d s  to  d e te r m in e  le a c h in g  m e ta ls  
fo r  T h a ila n d  an d  th e  U n ite d  S ta te s , an  e x tr a c tio n  te s t  a c c o r d in g  to  
th e  N o t if ic a t io n  o f  th e  M in istry  o f  In d u str ia l N o .6  (L P -N o .6 )  and  
th e  T o x ic ity  C h a ra c ter is tic  L e a c h in g  P ro ced u re  (T C L P ) te s t , w e r e  
c h o s e n  to  p red ic t en v iro n m en ta l im p a c ts  fro m  le a c h a te  o f  th e  
s o lid if ie d  a n d  s ta b iliz e d  a rsen ic -iro n  h y d r o x id e  s lu d g e .

Part IV

8. T h e  so lid if ic a t io n /s ta b iliz a t io n  r e c ip e s  d if fe r in g  in  a m o u n t and  
c o m b in a tio n  o f  th e  b in d in g  m ater ia ls  -  b e tw e e n  P ortlan d  C e m e n t  
an d  l im e -  s e t  b y  v a r ia tio n  o f  w ater  to  b in d e r s  ratio  o f  0 .4 ,  0 .6  , an d  
0 .9 ,  and  lim e -to -b in d e r  ra tio s  o f  0 , 0 .2 ,  an d  0 .4  w e r e  u se d  in  th is  
part w ith  th e  satu rated  su rfa ce  dried  s lu d g e -to -b in d e r  ra tio s  o f  
0 .2 5  an d  w ith o u t a d d itio n  o f  sand. T h e  d r ied  s lu d g e  u se d  in  th is  
part had  a r se n ite -to - iro n  ratio  o f  0 .1 5 3  m g /m g  .

9 . T h e  m icro stru c tu res  an d  in teraction  b e tw e e n  a rsen ic  fro m  th e  
s lu d g e  a n d  h y d ra tio n  b y -p ro d u cts  o f  c e m e n t  an d  lim e  w e r e  รณ d ied .

Part V

10. T h e  sa m e  s o lid if ic a t io n /s ta b iliz a t io n  r e c ip e s  in  Part IV  but w ith  
a d d itio n  o f  sa n d  a c c o r d in g  to  A S T M  C l  0 9 -9 5  w e r e  u se d
in  th is  part to  e x a m in e  th e  in flu e n c e  o f  w a te r -to -b in d e r  an d  l im e -  

to -b in d e r  ra tio s  o n  u c s  an d  le a c h a b ility  o f  a rsen ic .

11. T h e  p h y s ic a l an d  c h e m ic a l p rop erties o f  th e  s o l id if ie d /  s ta b iliz e d  
s lu d g e  su c h  a s  c o m p r e s s iv e  strength  a s  w e l l  a s  c h e m ic a l and  
m in e r a lo g ic a l c o m p o s it io n s  w ere  a lso  s tu d ied .
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1 2 . T h e  tw o  standard  reg u la to ry  m e th o d s  to  d e te r m in e  le a c h in g  o f  
m e ta ls  fo r  T h a ila n d  and  th e U n ite d  S ta te s , an  e x tr a c tio n  te st  
a c c o r d in g  to  th e  N o t if ic a t io n  o f  th e  M in is tr y  o f  In d u stria l N o .6  
(L P -N o .6 )  and  th e  T o x ic ity  C h a ra c ter is tic  L e a c h in g  P ro ced u re  
(T C L P ) te s t , w e r e  c h o s e n  to  p red ic t e n v ir o n m e n ta l im p a c ts  from  
le a c h a te  o f  th e se  s o l id if ie d  and  s ta b iliz e d  a r se n ic -ir o n  h y d r o x id e  
re c ip e s .

Part V I

13 . T h e  sp r e a d sh e e t  to  e v a lu a te  th ree  m a n a g e m e n t s tr a te g ie s  o f  
a r se n ic - ir o n  h y d r o x id e  s lu d g e , w h ic h  are d isp o sa l o f  th e  d e w a te r e d  
s lu d g e , d isp o sa l o f  th e  d ried  s lu d g e , and  u t il iz a t io n  o f  th e  so l id if ie d  
an d  s ta b iliz e d  w a s te  form  a s a  c o n s tr u c tio n  m a ter ia l, in  term  o f  the  
e c o n o m ic  c o n s id e r a t io n  and  e n v ir o n m e n ta l im p a c ts  fro m  le a c h a te  
w a s  crea ted .
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