
CHAPTER I

INTRO DUCTIO N

1 .1  I n t r o d u c t i o n

T h e  c o n tam in a tio n  o f  g ro u n d w ate r b y  o rgan ic  so lv en ts  and  o th e r p e tro leu m  
p ro d u c ts  has b eco m e  a  m a jo r env iro n m en ta l concern . T h e  w id esp read  u se  o f  p e tro leu m  
h y d ro ca rb o n  and  ch lo rin a ted  so lv en ts  has re su lted  in  th e  c o n tam in a tio n  o f  valuab le  
g ro u n d w ate r an d  soil. T h ese  co m pounds freq u en tly  en te r th e  su b su rface  as a  separate  
o rg an ic -p h ase  o r n o n -aq u eo u s  p h ase  liq u id  (N A P L ). T h e  N A P L  is  tran sp o rted  dow nw ard  
due  to  g rav ita tio n a l an d  cap illa ry  fo rces w h ich  o ccu r b ecau se  o f  th e  in te rfac ia l ten sio n  
(IF T ) b e tw een  th e  o il an d  w a te r  phases, cau sin g  o il d ro p le ts  to  b e  trap p ed  in  po ro u s 
m ed ia  (P en n e ll e t ah , 1996).

In  g en era l, th e re  is  o ften  m o re  th an  one  ty p e  o f  N A P L  o il co n tam in a tin g  the  
subsu rface . T h e  so u rces  o f  co n tam in a tio n  co m e fro m  a v a rie ty  o f  in d u stria l ac tiv ities 
such  as ch em ica l m an u fac tu rin g , m eta l s trip p in g  an d  p e stic id e  p ro d u c tio n ; an d  acc iden ta l 
re leases in to  th e  su b su rface  su ch  as fro m  u n d e rg ro u n d  o r ab o v e -g ro u n d  sto rage  tanks, 
refineries , an d  tran sp o rta tio n . B ecau se  th e  trad itio n a l p u m p  an d  tre a t rem ed ia tio n  (w ater- 
b ased  flu sh in g ) is co n sid e red  in e ffic ien t fo r th ese  trap p ed  o il p h ases , in n o v a tiv e  m eth o d s 
have  b een  d ev e lo p ed  to  s ig n ifican tly  enhance  th e  ex trac tio n  o f  re s id u a l o il sa tura tion . 
T h is c an  b e  d o n e  in  th e  fo llo w in g  w ays: (a) b y  in c rea s in g  co n tam in an t m o b ility  and  
so lu b ility  to  im p ro v e  p u m p  and  trea t p e rfo rm an ce , (b ) b y  d ec rea s in g  th e  m o b ility  o f  
co n tam in an ts  to  p re v e n t its  v e rtica l m ig ra tio n , an d  (c) b y  sp eed in g  up  th e  ra te  o f  the  
b io d eg rad a tio n  o f  th e  co n tam in an t in  soil (P ennell e t al., 1994 an d  1996).

T y p ica lly , su rfac tan t en h an ced  aq u ife r rem ed ia tio n  (S E A R ) is an  e ffec tiv e  m eth o d  
fo r th e  en h an ced  ex trac tio n  o f  res id u a ls  o f  lig h t n o n -aq u eo u s p h ase  liq u id s  (L N A PL s). 
H o w ev er, it m a y  n o t b e  su itab le  fo r d en se  n o n -aq u eo u s p h ase  liq u id s  (D N A P L s) due  to 
th e  p ro b le m  o f  v e rtic a l m ig ra tio n . S abatin i et al. (2000) h av e  in tro d u ced  a n ew  approach , 
so ca lled  g rad ien t ap p ro ach , to  m ax im ize  so lu b ility  en h an cem en t w h ile  m in im iz in g  the 
v e rtica l m ig ra tio n  p o ten tia l, and  fo u n d  it h ad  a h ig h e r e ff ic ien cy  to  rem o v e  D N A P L  
co m p ared  to  th e  co n v en tio n a l S E A R  m ethod . P ab u te  (2005) s tu d ied  th is  fu rth e r b y  u sing
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th e  tem p era tu re  g rad ien t ap p ro ach  o f  a su rfac tan t so lu tio n  fo r th e  rem o v al o f  d ifferen t 
types o f  o il; e .g ., d ecan e  an d  h ex ad ecan e  sta in ed  on  fabric  in  a b a tch  study . T he resu lt 
sh o w ed  th a t th e  tem p e ra tu re  g rad ien t ap p roach  h ad  rem o v ed  b o th  o ils  s lig h tly  b e tte r  than  
th e  fix ed  tem p e ra tu re  fo r th e  w h o le  w ash in g  experim en t.

T h e  co n cep t o f  th e  g rad ien t ap p ro ach  is b a sed  o n  flu sh in g  d iffe ren t su rfac tan t 
m ix tu res at d iffe ren t sa lin itie s  w h ich  p ro v id es  d iffe ren t in te rfac ia l ten sio n s  b e tw een  oil 
and  th e  su rfac tan t so lu tion . F ro m  th e  change  o f  th e  IFT , o il w ill b eco m e  d e tach ed  from  
the  su b su rface  an d  su b seq u en tly , b eco m e  trap p ed  in  m ice lle s  (C h ild s  e t a l., 2004). T his 
ap p ro ach  can  th en  b e  e ff ic ien tly  u sed  fo r D N A P L  since  it m o b ilizes  th e  o il and  traps the 
o il in to  m ice lle s  to  e lim in a te  v e rtica l m ig ra tion . B ased  on  th ese  c rite ria  o f  th e  g rad ien t 
ap p ro ach  p ro v id in g  d iffe ren t IFT , it is in tro d u ced  to  ap p ly  fo r co n tam in a ted  subsu rfaces 
w ith  d iffe ren t lig h t n o n -aq u eo u s p h ase  liq u id s (L N A P L s). It is ex p ec ted  th a t f lu sh in g  the 
su rfac tan t so lu tio n  a t a  co n stan t co n cen tra tio n  w o u ld  p ro v id e  a c e rta in  IF T  w h ich  m ay  be  
e ffic ien t fo r o n e  ty p e  o f  o il. A s a consequence , in  o rd e r to  rem o v a l m o re  th an  one 
co n tam in a ted  o ils , th e  su rfac tan t g rad ien t flu sh in g  w h ich  p ro v id es  d iffe ren t IF T  during  
th e  f lu sh in g  m ay  en h an ce  severa l types o f  o il rem o v al at th e  sam e tim e.

D iese l is one  o f  th e  m o st im p o rtan t tran sp o rta tio n  fue ls in  th e  g row ing  
tran sp o rta tio n  in d u s try  a ro u n d  the  w orld . T h e  n u m b er o f  v eh ic le s  in  u se  has been  
in c reas in g  ra p id ly  re su ltin g  in  an  in c reas in g  am o u n t o f  fue ls u sage . D iese l co n su m p tio n  is 
m u ch  h ig h e r  th an  g a so lin e  con su m p tio n . T his m ay  b e  b ecau se  d ie se l p ro v id es  m ore 
en e rg y  p e r  u n it v o lu m e  th an  gaso line  does. It is an tic ip a ted  th a t d iese l d em an d  and  
u tiliza tio n  w ill s till r ise  su b stan tia lly  in  th e  n ex t few  d ecad es (S o n g  e t al., 2000). 
T herefo re , d iese l u se  h as  a  h ig h  p o ss ib ility  o f  co n tam in a tin g  so il and  g ro u n d w ate r b y  
leakage  fro m  g aso lin e  s ta tions o r  u n d erg ro u n d  sto rage  tanks. A s id e  fro m  d iese l, m o to r 
oil, w h ich  is a  lu b rican t, is o ften  found  co n tam in a ted  in  th e  su b su rface  cau sed  b y  the  
leakage  fro m  v eh ic le s  w h ich  u se  d iese l eng in es su ch  as tru ck s , tra in s, and  buses 
e sp ec ia lly  at g a so lin e  s ta tio n s as w ell as garages. T h ere fo re , th e  m a in  o b jec tiv e  o f  th is 
s tu d y  is to  ap p ly  th e  g rad ien t ap p ro ach  fo r d iese l an d  m o to r o il rem o v a l in  a co lu m n  w ith  
a se lec ted  su rfac tan t sy s tem  b y  an  in creasin g  e lec tro ly te  g rad ien t.
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1 .2  O b je c t iv e s

T h e  m a in  ob jec tiv e  o f  th is  s tudy  w as to  rem o v e  tw o  ty p es o f  o il, d iesel an d  m o to r 
oil, fro m  su b stra te  u s in g  th e  su rfac tan t g rad ien t app roach . T h e  sp ec ific  o b jec tiv es  w ere:

1. T o  in v estig a te  the  p h ase  b eh av io r o f  sy stem s en ab led  to  fo rm  m ic ro em u lsio n  
w ith  d iese l an d  m o to r o il and  to  se lec t th e  b e s t su rfac tan t sy stem s fo r fu rther 
u se  in  a co lu m n  study.

2. T o app ly  the  grad ien t approach from  the selected  system  for diesel and m otor oil 
rem oval in  a  co lu m n  รณdy  u s in g  an  e lec tro ly te  g rad ien t.

1 .3  H y p o th e s e s

1. B y  u s in g  m ic ro em u ls io n  fo rm ation , o ily  so il c an  b e  rem o v e d  fro m  the 
su b stra te  d u e  to  th e  red u c tio n  o f  in te rfac ia l ten s io n  b e tw een  o il and  w a te r in  
th e  subsu rface .

2. U s in g  th e  g rad ien t ap p ro ach  a long  w ith  v a ry in g  an  e lec tro ly te  o f  the  se lec ted  
su rfac tan t sy s tem  in  co n tinuous flu sh in g  can  en h an ce  d iese l an d  m o to r oil 
so lu b iliz a tio n  an d  th e  rem o v al o f  b o th  ty p es o f  o il in  a  co lu m n  รณd y  at the  
sam e tim e.

1 .4  S c o p e  o f  t h e  s t u d y

T h is รณd y  w as d iv id ed  in to  tw o  parts: th e  p h ase  b eh av io r s tu d y  and  th e  co lum n  
รณdy. T h e  p h ase  b e h a v io r  รณd y  w as a im ed  to  se lec t th e  b e s t su rfac tan t sy s tem  fo r fu rther 
รณdy  in  a  co lu m n  ex p erim en t. T h e  p h ase  b eh av io r o f  th e  sy stem  w as ex p la in ed  in  te rm s 
o f  m ic ro em u ls io n  fo rm atio n  as w e ll as th e  in te rfac ia l te n s io n  (IF T ) b e tw e e n  equ ilib ra ted  
p h ases o f  each  system . T hen , the  se lec ted  sy stem  fro m  th e  p h ase  b eh av io r รณdy  w as 
se lec ted  fo r ex p erim en ts  b a sed  o n  th e  g rad ien t ap p ro ach  fo r d iese l and  m o to r oil rem oval 
in  a co lu m n  รณd y  u s in g  an  e lec tro ly te  g rad ien t. O ttaw a  san d  a t th e  m esh  size 20 -30  w as 
u sed  as th e  m e d ia  in  th e  co lu m n  รณdy.
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