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SYNOPSI S Soi l  de t o x i f i c a t i o n  ma y  be needed  when  soi l  i s  c on t r i b u t i n g  t o c on t i nued  wa t e r  c on t ami na t i on .  De t o x ­

i f i c a t i on  i nv o l v es  bo t h  phy s i c a l  d i s p l a c e me n t  o f  l oos e l y  hel d c o n t ami nan t s  and des o r p t i o n  o r  r e ac t i on  o f  c hemi c a l l y  

bound  mat e r i a l .  Des o r p t i on  f r om soi l  may  be i nd i r ec t l y  r e l a t ed  t o a ds o r p t i on  and c r i t i c al  v a r i ab l es  a f f ec t i ng  a d s o r p ­

t i on  wi l l  a l s o  i mpac t  de t ox i f i c a t i on .  Con t ami n a n t  t y pe,  soi l  o r gan i c  c on t en t ,  i n i t i a l  wa t e r  c on t en t  and g r ada t i on  

appea r  t o be mos t  i mpor t ant .  I n s i t u and abo v e  g r ade  me t hods  c an  be us ed t o d e t o x i f y  soi l .  De t ox i f i c a t i o n  mec han i s ms  

e v a l ua t ed  bo t h d i s p l a c e me n t  and ac t ua l  c hemi c a l  r eac t i on .  Howev er ,  t he  c hemi c a l  r ea c t i on  me t h o d  i s p r es en t l y  l i mi t ed 

t o s i mp l e  one - s t e p  r eac t i on  s y s t ems .  Soi l  s c r ubb i ng  us i ng  hi gh p r es s u r e  j e t  s pr ay s  and c o u n t e r - c u r r e n t  ex t r ac t i on  was  

e v a l ua t ed  on o r gan i c  and i no r gan i c  soi l  t y pes .  Phenol ,  a r s en i c  and PCB' s  we r e  r emov ed wi t h  dec r e a s i n g  e f f ec t i v enes s .  

Hi ghe r  s o i l . o r gan i c  c on t en t  f u r t he r  r educ ed  r emov al  e f f i c i enc i es .  I n s i t u  f l us h i ng  us i ng  d i l u t e  n e u t r a l i z i ng  agent s  

was  s uc c es s f u l  f o r  s ev er al  i no r gan i c  c ompounds  i n g r an u l a r  soi l .

I NTRODUCTI ON

Eng i nee r s  ar e r e l uc t an t l y ,  but  c o n s t a n t l y  be i ng  f ac ed 

wi t h  c o n t a mi n a t i o n  p r o b l ems  b r ough t  abou t  by  pas t  i n d i s ­

c r i mi n a n t  bur i a l  o f  i ndus t r i a l  and  mun i c i pa l  was t es .

Si t e  r emed i a l  ac t i ons  hav e  c en t e r ed  a r ound  g r ound  wat e r .  

Howev er ,  ev en a f t e r  s i gn i f i c an t  e f f o r t  has  been ex pended  

t o r emov e  and  t r ea t  g r ound  wa t e r ,  t he t ot a l  p r ob l em ma y  

no t  be s o l v ed  due t o c on t i nued  l ea c h i ng  f r om c o n t ami na t ed  

s oi l s .  Chemi c a l  de t ox i f i c a t i o n  o f  t hes e  c o n t ami na t ed  

s o i l s  mus t  t hen  be c ons i de r ed .

Res ear c h  i nt o s o i l / c hemi c a l  i n t e r ac t i ons  has  l a r ge l y  

c en t e r ed  upon t he  a t t en u a t i o n  o f  a l e ac ha t e  wi t h i n  t he 

soi l  s t r uc t u r e .  At t e n u a t i o n  by  a soi l  e n v i r o n me n t  and 

s ubs equen t  de t o x i f i c a t i o n  f r om t he soi l  ar e no t  n e c e s ­

s a r i l y  d i r e c t l y  r e l a t ed .  Hos t  pas t  r es ear c h  has  c en t e r ed  

a r ound  l i mi t ed  o r  s pec i f i c  as pec t s  o f  a s o i l / c hemi c al  

env i r o n me n t  and has  p r oduc ed  s ome s eemi n g l y  c on f l i c t i ng  

dat a,  pos s i b l y  bec aus e  t he i mpac t  o f  t he  soi l  e nv i r onmen t  

as  a wh o l e  has  no t  been c o mp l e t e l y  under s t ood.

The  i n t en t  of  t h i s  pap er  i s t o r ev i ew t he c onc ep t s  of  

soi l  de t ox i f i c a t i o n ,  ev a l u a t e  i mpo r t an t  soi l  e n v i r onmen t  

pa r amet e r s  and  t o p r ov i de  an o v e r v i e w o f  soi l  d e t o x i ­

f i c a t i on  op t i ons .

CONCEPTS OF DETOXI FI CATI ON

De t ox i f i c a t i o n  i s t he  pr oc es s  wh e r e b y  a c on t ami nan t  

wh i c h  has  a f f ec t ed  a s ubs u r f ac e  e n v i r o n me n t  i s  e i t he r  

r emov ed  or  r ende r ed  i mmob i l e  o r  i nnoc uous .  De t o x i f i ­

c a t i on  c an  e i t h e r  be pr ov i ded  by  phy s i c al  d i s p l a c e me n t  

o f  t he c on t a mi n a n t  o r  l eac h i ng  f or  s ubs equen t  t r ea t men t  

o r  by  a c hemi c a l  r eac t i on  wi t h  t he c on t ami nan t .  De t o x ­

i f i c a t i on  c an be pe r f o r med  e i t he r  i n s i t u or  upon so. i l  

wh i c h  has  been r emov ed  f o r  t r ea t me n t  abov e  gr ade.

De t o x i f i c a t i on  p r oc edur es  r equ i r e  an unde r s t a n d i n g  of  

how t he c on t a mi n a n t  ma y  be hel d wi t h i n  t he soi l  e n v i r o n ­

ment .  Two bas i c  mec han i s ms  ar e i nv o l v ed .  One  i s 

c hemi c a l  a ds o r p t i on  o f  t he  c o n t a mi n a n t  t o t he soi l  

pa r t i c l es  and t he s ec ond  i nv o l v es  t he po r t i on  o f  c on t am-

i nan t  wh i c h  i s r e t a i ned  or  en t r a i ned  wi t h i n  t he por e 

s pac e  s u r r ound i ng  t he soi l  par t i c l es .  The r e l a t i v e  

a ppo r t i o n me n t  o f  t he c o n t ami nan t  i n e i t h e r  c ond i t i on  

d epends  on s i t e  s pec i f i c  v ar i ab l es .  Bot h mec han i s ms  

a r e  i mpor t an t  and t ot a l  de t ox i f i c a t i o n  s houl d  i nc l ude  

p r oc edu r es  f or  c hemi c al  r eac t i on  wi t h  t he ads or bed  

c o n t ami nan t s  as  wel l  as  me t hods  f or  f l us h i ng  c o n t a mi n ­

an t s  f r om t he por e  s p ac e  wi t h i n  t he soi l  s t r uc t ur e.

SOI L  ENVI RONMENTS

The  bas i c  c onc ep t s  of  s oi l ,  wa t e r  and a i r  r e l a t i ons h i ps  

wi t h i n  a soi l  env i r o n me n t  mus t  be c ons i de r ed  t o a l l ow a 

mo r e  c omp l e t e  u n d e r s t and i ng  of  de t ox i f i c a t i on .  As 

c o n t ami nan t s  s eep i nt o t he env i r onmen t ,  t hey  c an p o t e n ­

t i a l l y  f i l l  al l  av a i l ab l e  v o i d  s pac e  wi t h i n  a soi l  

s t r uc t u r e.  Onc e  i nt o t he por e  s pac e,  a por t i on  o f  t he  

c on t ami n a n t  c an be ads o r bed  ont o and i nt o t he s oi l .  The 

v o l ume  wh i c h  c an r ead i l y  be f i l l ed  by  f r ee f l owi ng  

c o n t ami nan t  i s a f unc t i on  o f  soi l  gr ada t i on ,  whe r e a s  t he 

a ds o r p t i on  i s mo r e  a f u nc t i on  o f  soi l  s u r f ac e  a r ea  and 

o r gan i c  c on t ent .  Si nc e  soi l  e n v i r onmen t s  v ar y  wi d e l y  i n 

al l  t h r ee  of  t hes e  pa r amet e r s ,  t he degr ee  and t y pe  of  

c on t a mi n a n t  r e t en t i on  wi l l  v a r y  s i gn i f i c an t l y .  The r a t e  

o f  de t ox i f i c a t i o n  wi l l  a l s o  v ar y  s i gn i f i c a n t l y  depend i ng  

upon t hes e  soi l  par amet er s .

Wa t e r  i s hel d wi t h i n  t he soi l  i n s ev er a l  d i f f e r en t  way s .  

Conc ept ual  r e l a t i ons h i ps  be t ween  s oi l ,  wa t e r  and a i r  f or  

f our  soi l  t y pes  s t ud i ed  ar e s hown i n Fi gur e  1.  Ti gh t l y  

bound  wa t e r  i s f l u i d  he l d s t r ong l y  wi t h i n  t he soi l  

i t s el f .  Loos e l y  bound wa t e r  c an be i nv o l v ed  i n d e t o x ­

i f i c a t i on  mec ha n i s ms  and i nc l udes  mob i l e ,  g r av i t y - he l d  

and en t r a i n a b l e  s t at es .  Conc ep t ua l l y ,  c on t ami nan t s  c oul d 

ex i s t  wi t h i n  a s pec i f i c  soi l  s y s t e m i n a ma n n e r  s i mi l a r  

t o an y  o f  t he t hr ee  l oos e l y  bound wa t e r s ,  depend i ng  upon 

t he  i n i t i a l  soi l  mo i s t u r e  c on t en t  and na t u r e  of  t he 

c on t ami nan t .  Con t a mi n a n t  r emmov a l  or  de t ox i f i c a t i on ,  

howev er ,  r equ i r es  s i gn i f i c a n t l y  d i f f e r en t  ene r gy  l ev el s  

and me t h o d s  d epend i ng  upon how t he  c o n t ami nan t  and 

nat ur a l  soi l  wa t e r  ar e bei ng  hel d.

3 3 5



6 / 8

% OF VOLUME

20 40 SO 80

CONTAMINANT ADSORPTION in Mg/Kg (IDG)

!- - - - - - I- - - - - - 1- - - - - - I- - - - - - 1- - - - - - 1

KEY —

C = )  INORGANIC SOIL 

EZ2 ORGANIC SOIL

Fi g.  1 Conc ep t ua l  Wat e r ,  Soi l  & Ai r  Re l a t i ons h i ps Fi g.  2 Con t ami n a n t  Ads o r p t i o n  on Two  Soi l s

Soi l  Ads or p t i on

The  ads o r bed  c o n t ami nan t s  ar e t y p i c a l l y  t he  mos t  d i f ­

f i c u l t  t o r emov e  or  de t ox i f y .  The amoun t  and s t r eng t h  

of  t he a ds o r p t i on  i s a f unc t i on  of  ma n y  i n t e r r e l a t ed  

v a r i ab l es  i nc l udi ng :  1)  c on t ami n a n t  t y pe;  2)  soi l  

o r gan i c  c on t en t ;  3)  soi l  g r ada t i on ;  4)  c l ay  c on t en t  and 

t y pe;  5)  soi l  wa t e r  c on t en t ;  6)  i n - p l ac e  dens i t y ;

7)  soi l  pH;  and 8)  c on t ac t  t i me.  Of  t hes e  pa r amet e r s ,  

t he c on t a mi n a n t  t y pe ,  soi l  o r gan i c  c ont ent ,  and soi l  

g r ada t i ons  app e a r  t o be t he  mos t  i mpor t an t .

Co n t ami nan t  Ty p e  -  The  na t u r e  o f  t he c on t a mi n a n t  and i t s  

mi s c i b i l i t y  o r  s o l ub i l i t y  i n wa t e r  i s c r i t i c a l .  Muc h 

r es ear c h  has  i nd i c a t ed  t hat  i nor gan i c ,  h i gh l y  s o l ubl e ,  

smal l  mo l e c u l e  c on t ami nan t s ,  s uc h as  c h l o r i de ,  c an be 

h i gh l y  mob i l e  wi t h i n  a s o i l / wa t e r  env i r onment .  Co n ­

v e r s e l y ,  l a r ge  mo l e c u l a r  we i g h t  and i ns o l ub l e  o r gan i c  

c on t ami nan t s ,  s uc h as  PCB' s ,  wi l l  on l y  t r av el  s hor t  

d i s t anc es  wi t h i n  a soi l  s t r uc t u r e .  Co n t ami nan t s  wh i c h  

ar e  no t  s o l ub l e  or  mi s c i b l e  i n wa t e r  wi l l  t end  t o f o r m a 

s ec ond  l a y e r  upon c on t a c t i n g  t he g r ound  wa t er .  Thi s  

l ay er  c an  be f ound at  t he s u r f ac e  o f  t he wa t e r  s y s t em or  

at  a l owe r  dep t h  wi t h i n  t he wa t e r  s y s t em,  depen d i n g  upon 

t he s pe c i f i c  g r av i t y  of  t he c ont ami nan t .  The f i r s t  s t ep 

i n ev a l u a t i n g  pos s i b l e  de t ox i f i c a t i o n  s y s t ems  i s t o 

de t e r mi ne  t he c on t ami n a n t ' s  s pec i f i c  g r av i t y  and  s o l u ­

b i l i t y  and t hen es t i ma t e  i t s  po t en t i a l  l o c a t i on  and 

f l ow pat h  wi t h i n  t he  s ubs u r f ac e  env i r onmen t .

Or gan i c  Con t en t  -  The  i mpac t  of  soi l  o r gan i c  c on t en t  on 

ads or p t i on  c apa c i t y  i s i mpo r t an t ,  as  demons t r a t e d  by  

r es u l t s  o f  on - go i ng  s o i l / c hemi c a l  c o n t ami na t i on  r es ear c h  

by  t he aut ho r s .  Th r e e  c on t ami nan t s ,  pheno l ,  a r s en i c  and 

PCB' s  wer e  added  t o t wo d i f f e r en t  s oi l s ,  one  o r gan i c  and 

one s andy .  The i no r gan i c  soi l  was  a na t u r a l l y  o c c u r r i ng  

s andy  mat er i a l  wh i c h  c on t a i ned  77% s and,  17% s i l t ,  and 

5% c l ay .  The  o r gan i c  soi l  was  a ma n u f a c t u r e d  pe a t y  

t opsoi l  wi t h  an o r gan i c  c on t en t  o f  18%,  a gene r a l l y  

s i l t y  s and t ex t u r e,  and c on t a i ned  31  c l ay .  The c o n t a m­

i nant s  wer e  added  as  an 87% phenol  s o l u t i on ,  a 0. 96% 

a r s en i c  s o l u t i on  and a 7. 5% PCB s ol u t i on.  Fi gu r e  2 

i nd i c a t es  t he r es ul t s .  I n eac h c as e  t he o r gan i c  soi l  

abs or bed  mor e  c on t a mi n a n t  t han  t he  i no r gan i c  s oi l .  Al s o ,  

s i g n i f i c a n t l y  mo r e  o f  t he h i gh l y  s o l ub l e  phenol  was  

abs or bed  t han t he mo d e r a t e l y  s o l ub l e  a r s en i c  t han t he 

nea r l y  i ns o l ub l e  PCB' s .

Soi l  Gr ada t i on  -  The  ads o r p t i v e  c apa c i t y  i s a l s o  h i gh l y  

dependen t  upon t he soi l  g r ad a t i on .  Ads o r p t i o n  i s g e n ­

e r a l l y  a f u nc t i on  o f  soi l  pa r t i c l e  s u r f ac e  ar ea wh i c h  

i nc r eas es  by  t he  i nv e r s e  o f  at  l eas t  t he s quar e  o f  t he 

av e r age  pa r t i c l e  d i ame t er .  Gr i f f i n  ( 1978)  has  s t ud i ed  

t he a ds o r p t i v e  c apa c i t y  o f  c l ay  pa r t i c l es ,  and t he 

pot en t i a l  a t t enua t i on  o f  l andf i l l  l eac ha t e  c o n t ami na t i on  

has  been d i r e c t l y  c o r r e l a t e d  t o t he i on ex c hange  of  t he 

p a r t i c u l a r  c l ay  and i t s  mi ner al  c omponen t s .

A s i gn i f i c an t  amoun t  o f  a c on t a mi n a n t  c an be ads or bed  

not  on l y  ont o  t he pa r t i c l e ' s  ou t s i de  s ur f ac e ,  s uc h as  

f or  c l ay s ,  bu t  a l s o i nt o t he pa r t i c l e ' s  i nt er nal  s u r ­

f ac e,  av a i l a b l e  i n l a r ge r  s i z e  s i l t ,  s and and gr av el .

I n a s er i es  of  t es t s ,  t he t wo s oi l s  p r ev i o u s l y  no t ed  

we r e  d i v i ded  i nt o d i s t i nc t  f r ac t i ons  by  gr a i n  s i z e,  and 

eac h  of  t he s e  f r ac t i ons  was  dos ed  wi t h  t he  c on t ami nan t  

s o l u t i ons .  The  amoun t  ads o r bed  i nt o eac h  s i z e  f r a c t i on  

was  c ompa r ed  on a un i t  we i g h t  bas i s .  I n gene r al ,  a 

l a r ge  amoun t  of  ads o r p t i o n  oc c u r r e d  on t he c l ay  p a r ­

t i c l es ,  t hen t he r e  was  a dec r e a s e  o f  a ds o r p t i on  on t o  

t he  s i l t  pa r t i c l es ,  bu t  t hen an i nc r eas e  on t he c oar s e  

s i l t  and s and f r ac t i ons .  The  ads o r p t i o n  on t he c oa r s e r  

pa r t i c l es  appe a r e d  t o be due  t o a ds o r p t i on  i nt o t he 

i n i t i a l l y  d r y  i n t e r i o r  por e s pac e  o f  t he l a r ge r  s i z ed  

pa r t i c l es .

The  a ds o r p t i on  t o i nt er nal  soi l  por es  i s s i gn i f i c an t  

whe n  c ons i d e r i n g  de t ox i f i c a t i o n  met hods .  Wh i l e  a d s o r p ­

t i on i nt o t he  pa r t i c l es  i s r e l a t ed  t o a s u r f ac e  t ens i on  

phen omena ,  wh i c h  d r a ws  t he c on t a mi n a n t  wi t h i n  t he por e 

s pac e,  t he r e  i s  gene r a l l y  no a v a i l ab l e  d e t ox i f y i ng  

mec han i s m,  wh i c h  t ends  t o d r a w t he  c on t ami n a n t  ou t war d  

f r om t he  i ns i de o f  t he  par t i c l e .  Thi s  i nd i c a t es  t ha t  

t ot a l  de t o x i f i c a t i o n  o f  a soi l  wh i c h  r e t a i ns  c o n t ami nan t  

i n t e r na l l y  may  be di f f i c u l t .

I n i t i al  Wa t e r  Con t en t  -  The  i n i t i al  wa t e r  c on t en t  o f  

t he soi l  s y s t e m wh i c h  has  been c on t a mi n a t e d  i s a l s o 

i mpor t an t  t o t he  amoun t  o f  a ds o r p t i on  wh i c h  c an oc c ur .  

I n i t i al  wa t e r  r educ es  t he amoun t  o f  por e s pac e  f or  

l i qu i d c o n t ami nan t s  t o.  be r e t a i ned  by  t he soi l  s y s t em.

The  t es t  r es u l t s  c on f i r med  t h i s  f ac t .  The  phenol  and 

a r s en i c  t es t s  o f  f r ac t i ona t ed  s oi l s  we r e  pe r f o r med  upon 

i n i t i a l l y  d r y  s ampl es .  Add i t i ona l  t es t s  pe r f o r med  upon 

i n i t i a l l y  mo i s t  or  s a t u r a t ed  soi l  s amp l es  s howed  a d s o r p ­

t i on  c onc en t r a t i o n s  wh i c h  we r e  muc h  l ower .

DETOXI FI CATI ON BY CONTAMI NANT TRANSFER

One me t h o d  o f  de t ox i f i c a t i o n  i s t o p h y s i c a l l y  r emov e  t he 

c on t ami n a n t  f r om t he soi l  env i r onment .  Th i s  c an be 

p e r f o r med  on ex c av a t ed  s oi l s  by  a was h i n g  or  s c r ubb i ng  

p r oc es s ,  or  by  i n s i t u f l us h i ng  of  t he c on t ami nan t .

Soi l  Sc r ubb i ng

One  r es ear c h  p r o j ec t  c onduc t ed  by  t he aut hor s '  o r g a n i ­

z a t i ons  i nc l uded  e v a l ua t i on  o f  a mob i l e  s y s t em t o e x c a v ­

a t e c on t ami n a t e d  s oi l s  and  p hy s i c a l l y  was h  t he c o n t a m­

i nant  f r om t he soi l  s ur f ac e.  Wat e r  or  wa t e r  wi t h  

a dd i t i v es  we r e  c ons i de r ed  as  was h i n g  s o l u t i ons .  Or gan i c  

s o l v en t s ,  s uc h as  hex ane,  ac e t one  or  f r eon  we r e  i n i t i a l l y  

i nv es t i ga t ed ,  bu t  r u l ed ou t  due  t o t he i r  pot ent i a l  

e x p l os i v enes s ,  a i r  qua l i t y  c ons i de r a t i ons ,  and hi gh 

c os t .  The  wa t e r  was h i n g  s y s t ems  e v a l ua t ed  i nc l uded:

1)  wa t e r  s ubmer genc e ;  2)  h i gh p r es s ur e  j e t  s pr ay ;

3)  f r ot h f l o t a t i on  mi x i ng  s y s t em;  and 4)  h y d r oc y c l one  

s epar at i on .
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The  des i gn  s ugges t ed  f or  t he  mob i l e  s y s t e m i nc l uded 

c o mb i na t i ons  o f  t he  abov e  f ou r  wa s h i n g  s y s t ems ,  as  eac h 

had i t s  a dv an t ages  and d i s adv an t ages .  Fo r  ex ampl e ,  t he 

j e t  s p r ay  r ap i d l y  br ok e  down  t he s l i gh t l y  c ohes i v e  soi l  

pa r t i c l es  and s t r i pped  c o n t ami nan t s  f r om t he s ur f ac e.  

Howev e r ,  i t  was  not  e f f ec t i v e  on c l ay  l umps ,  wh i c h  

r equ i r ed  a muc h  l onge r  s p r ay i ng  t i me and c o n s e q u e n t l y  a 

muc h  h i ghe r  v o l u me  o f  was h i n g  f l u i d.  When a wa t e r  bat h 

s ubmer genc e  s t ep  was  i nc l uded  a f t e r  t he  j e t  s pr ay ,  t he 

c l ay  l umps  s o f t ened  and c ou l d  t hen be b r ok en  up by  a 

s ec ond  j e t  s p r ay  oper a t i on .

The  e f f ec t i v e n e s s  o f  t he  s ubmer g e n c e  and wa t e r  k n i f e  

r i ns e  pr oc es s  f o r  t r ea t men t  o f  pheno l ,  a r s en i c  and PCB' s  

wh i c h  had been abs o r bed  on t o  t he t ot al  soi l  s amp l e  i s 

i l l us t r a t ed  i n Tab l e  1.

TABt E I

Wa t e r ' Kn i f e  Tes t  and  Submer ged  Was h i ng  Res u l t s

Soi l Pr oc es s Pheno l * Ar s e n i c *  PCB*

I nor gani c

I n i t i al  

( 1 mi nu t e  

r i ns e)

15 mi nu t e  

s ubmer ged  

was h  and r i ns e

60  mi nu t e  

s ubmer ged  

was h  and  r i ns e

3558 . 0

74. 8

42. 8

Or gan i c

I ni t i al

15 mi n u t e  

s ubmer ged  

was h  and r i ns e

60  mi n u t e  

s ubmer ged  

was h  and r i ns e

402 , 800

158, 400

337 . 7

237 . 2

193. 1

6794

3552

14. 0

11.0

11.0

56 , 560  3097

♦ Va l ues  i n mg / k g  on soi l  s ampl es

The  f r o t h  f l o t a t i on  un i t  was  u t i l i z ed  as  a mi x i ng  

c on t ac t  c h a mb e r  f o r  soi l  pa r t i c l es  l es s  t han  2 . 0  mm.  

Howev er ,  a l one  i t  was  no t  c apab l e  o f  mi x i n g  l a r ge r  soi l  

o r  b r eak i ng  down  c ohe s i v e  o r  s e mi - c ohes i v e  l umps .

A c oun t e r - c u r r e n t  ex t r a c t i o n  s y s t em was  t es t ed  t o 

es t ab l i s h  t he f eas i b i l i t y  f o r  r emov i ng  c on t a mi n a n t  f r om 

f i ne  s oi l s .  The  f our  s t age  c o u n t e r - c u r r e n t  o pe r a t i on  

u t i l i z ed  a l as t  s t age  c l e an  wa t e r  r i ns e  and a l l owed  

s o l v en t  r eus e  i n a t y pi c al  c o u n t e r - c u r r e n t  mode.  The 

s o i l / wa t e r  s epa r a t i on  was  a c c o mp l i s h e d  by  hy d r oc y c l ones .  

Th i s  e qu i pmen t  was  mo s t  s u i t ab l e  f o r  t r a i l e r  moun t i ng  

and h i gh  t h r ou g h p u t  a l t ho u g h  a s i gn i f i c a n t  f r ac t i on  of  

t he v e r y  f i ne  soi l  d i d  r ema i n  en t r a i n e d  i n t he ov er f l ow.

Labo r a t o r y  t es t i ng  o f  t he  c o u n t e r - c u r r e n t  ex t r ac t i on  

app r oac h  us i ng  phenol  c on t ami n a t e d  soi l  i l l u s t r a t ed  t he 

e f f ec t i v enes s  o f  t he  t r ea t ment .  Remov a l s  o f  phenol  f r om 

t he soi l  i n t o  t he c l eanes t  wa t e r  we r e  qu i t e  h i gh  and 

r es u l t an t  phenol  c o n c en t r a t i ons ,  e s p e c i a l l y  f or  t he 

i no r gan i c  s oi l ,  we r e  l ow.  Les s  e f f e c t i v e  t r ea t men t  was  

ob t a i ned  f or  t he  o r gan i c  soi l  bec aus e  o f  t he a f f i n i t y  

be t ween  o r gan i c  c ompounds .

I n Si t u Fl u s h i ng

Soi l  s y s t ems  c an s omet i mes  be de t ox i f i ed  by  nat ur al  

g r ound  wa t e r  f l ow,  p r ec i p i t a t i on ,  or  c an be c l eans ed  by  

a f o r c ed  f l u i d  i n j ec t i on .  Un l es s  t he f l u i ds  ar e r e ­

mov ed ,  t h i s  me t hod  of  d e t ox i f i c a t i on  i s j us t  mas s  d i l u ­

t i on,  wh i c h  r ender s  t he c on t ami nan t s  i nnoc uous ,  due  t o 

t he i r  new l ower  c onc en t r a t i on .  When f l u i ds  a r e r emov ed,  

i t  i s  us ua l l y  t h r ough  t he us e o f  wel l  poi n t s  o r  pur ge 

wel l  s y s t ems .  Al l  g r ound f l u i ds  s hou l d  be r emov ed  and 

t r ea t ed  t o p r ov i de  t ot al  s y s t em de t ox i f i c a t i on .

Res ea r c h  r e l a t i ng  t o t he  ev a l ua t i on  o f  t he pot ent i a l  

l ong t e r m e f f ec t s  of  nat ur al  p r ec i p i t a t i on  l eac h i ng  

t h r ough  h i gh l y  c o n t ami na t ed  s andy  s oi l s  i s c u r r en t l y  

unde r way .  The  s oi l s  hav e r ec e i v ed  v a r i ous  amoun t s  of  

d i b r omoc h l o r opheno l  ( DBCP) ,  Endr i n,  Ar s en i c  and c h l o r ­

i des .  The  s t u dy  i nc l udes  t he pe r f o r manc e  of  i s o t he r m 

t es t s  on f i v e r ep r es e n t a t i v e  soi l  t y pes  i n o r d e r  t o 

e s t ab l i s h  t he ma x i mu m a d s o r p t i on  a t t a i n a b l e  at  v a r i ous  

c o n c en t r a t i on  l ev el s .  Al s o,  c ol umn t es t s  a r e  be i ng  

pe r f o r med  t o s i mu l a t e  oc c as i ona l  p r e c i p i t a t i on  and soi l  

d r y i ng  as  wel l  as  c on t i nuous  s l ow g r ound  wa t e r  f l ow.

The  t es t s  ar e i n p r og r es s  and a s u f f i c i en t  dat a bas e has  

not  y e t  been c o l l ec t ed  i n o r de r  t o f o r mu l a t e  c onc l us i ons  

r egar d i ng  t he l eac ha t e  pot ent i a l  o r  pos s i b l e  r emedi al  

ac t i on  s t eps .

Ot h e r  p r o j ec t s  hav e  i nd i c a t ed  t he oc c u r r e n c e  o f  a 

" p i s t on"  e f f ec t  when  add i ng  f l us h i ng  wa t e r  i nt o a soi l  

s y s t em.  For  s i l t y  and mos t  f i ne s and s oi l s ,  t he i n t r o ­

duc t i on  o f  a hy d r au l i c  head gene r a l l y  t ends  t o r es u l t  i n 

t h i s  p i s t on  o r  p l ug f l ow,  and c o n t a mi n a n t / wa t e r  mi x i ng  

gene r a l l y  oc c u r s  on l y  at  t he i n t e r f ac e  o f  t he t wo 

f l u i ds .  The  f l ow i s es s en t i a l l y  l ami nar .  I n c oa r s e  

s and and gr av el  s oi l s ,  t he f l ow may  be mor e  t u r bu l en t  

and be t t e r  mi x i n g  ma y  oc c ur .  I n c l ay  and f i ne s i l t  

s oi l s ,  t he  f l ow i s so s l ow t hat  f l u i d  mi x i n g  wi l l  not  

oc c u r ;  howev er ,  c hemi c a l  d i f f us i on  ma y  oc c ur .

DETOXI FI CATI ON BY CHEMI CAL  REACTI ON

Some c on t ami nan t s  wi t h i n  a soi l  e n v i r onmen t  ma y  be 

d e t ox i f i ed  by  c hemi c al  r eac t i on .  The r eac t i ons  may  

i nv o l v e  f o r ma t i on  o f  i nnoc uous  by - p r oduc t s  s uc h as 

wa t e r  and an i ons  or  may  i mmob i l i z e  t he c on t ami nan t  by  

p r e c i p i t a t i on  or  po l y mer i z a t i on .  Howev er ,  i n o r de r  f or  

i n s i t u de t ox i f i c a t i o n  t o be e f f ec t i v e ,  t he r eac t i on  

mu s t  be s t r a i gh t  f o r war d ,  one  s t ep,  and oc c u r  under  

amb i en t  o r  eas i l y  c on t r o l l e d  c o nd i t i ons .  I f  t h i s  i s not  

pos s i b l e,  abov e  gr ade  d e t o x i f i c a t i on  i nv o l v i ng  mor e  

c omp l ex  r eac t i ons  s hou l d  be c ons i der ed .

I n Si t u De t ox i f i c a t i on

The  au t ho r ' s  f i r ms  hav e  r es ea r c hed  i n s i t u  soi l  d e t o x ­

i f i c a t i on  me t hods  wh i c h  u l t i ma t e l y  r es u l t ed  i n t he 

des i gn  and c o n s t r uc t i on  o f  a mob i l e  soi l  d e t o x i f i c a t i on  

t r ea t men t  t r a i l e r .  The t r a i l er ,  c u r r e n t l y  i n t he 

U. S.  EPA s pi l l  r es pons e  a r s ena l ,  was  d ev e l oped  f o r  t he 

i s o l at i on  o f  t he c o n t ami nan t  by  t he f o r ma t i on  of  a gr out  

env e l ope ,  and s ubs equen t  d e t o x i f i c a t i on  by  i n j ec t i on  of  

c hemi c a l s  i n t o t he c o n t ami na t ed  s oi l .  The  des i gn  was  

bas ed  upon r es ear c h  c onduc t ed  on f ou r  s oi l s  and f our  

c hemi c a l  r eac t i ons .  The  s oi l s  i nc l uded r e l a t i v e l y  i ner t  

gr av el  ( t r ap r oc k ) ,  s i l i c a  s and,  s i l i c a  s i l t  and k aol i n 

c l ay .  The r eac t i ons  i nc l uded  ev a l ua t i on  o f  ox i da t i on /  

r edu c t i on ,  neu t r a l i z a t i on ,  p r ec i p i t a t i on  and p o l y me r ­

i z at i on.  The l a bo r a t o r y  r es ear c h  i nv o l v ed  t he add i t i on  

o f  a c on t ami n a n t  on t o  a soi l  s ur f ac e ,  and t he s ubs equen t  

add i t i on  o f  a d e t ox i f y i ng  r eac t an t .  The po l y mer i z a t i on  

r eac t i ons  we r e  i ne f f ec t i v e  ma i n l y  due t o t he i nab i l i t y  

t o c on t r o l  t he i n s i t u r ea c t i on  and t he po t en t i a l l y  

t ox i c  by - pr o duc t s .  Ho wev er ,  t he de t ox i f i c a t i o n  r es ul t s  

us i ng  t he o t h e r  r eac t i ons  we r e  mo r e  s uc c es s f ul .

Si  2 2  -  0 1 7 1 1 1  

■' \
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Eac h i n s i t u c hemi c a l  r eac t i on  f o l l owed  a s i mi l a r  

pa t t e r n when  f l u i ds  f l owed  r ap i d l y  t h r ough  t he s oi l s .

For  t he  s i l t  and c oa r s e r  s oi l s ,  when  t he r eac t an t  was  

added  t o t he soi l  s ur f ac e,  i t  f o r c ed  s ome  o f  t he e n ­

t r a i ned c o n t ami nan t  ou t war d.  A c hemi c a l  r eac t i on ,  i n 

s ome c as es  qu i t e  v i o l en t ,  r es u l t ed  at  t he i n t e r f ac e  

be t ween t he r eac t an t  and c ont ami nan t .  The r eac t ant ,  as  

i t  c on t i nued  t o f l o w t h r ough  t he soi l  s y s t em,  c on t i nued  

t o r e ac t  wi t h  t he ads or bed  c on t a mi n a n t  unt i l  nea r l y  al l  

o f  t he c on t ami nan t  had e i t he r  been  f l us hed  f r om t he 

s y s t em or  had c hemi c a l l y  r eac t ed.  Thus ,  f or  t hes e  " f l ow 

t h r ough "  t es t s ,  t her e  was  a t wo s t age  de t ox i f i c a t i o n  

o c c ur r i ng ,  t ha t  o f  f l us h i ng  or  d i s p l ac emen t  and t hat  of  

a c hemi c al  r eac t i on.  The  ne t  r es u l t  i n eac h  c as e was  

qu i t e  good ;  up t o 99% e f f i c i enc y .  Tab l e  2 s ummar i z es  

t he r es u l t s  f o r  t hes e  f l ow t h r ough  t es t s .

TABLE 2

Soi l  De t o x i f i c a t i on  by  

Fl ow- Th r ough  Chemi c a l  Rea c t i on

Av e r a g e *  Av e r a g e *  Av e r age*  

Reac t i on  Cont am.  Cont ai n.  Tot al  

Soi l  Ty pe  En t r a i ned  Reac t ed De t ox i f i c a t i on

Gr av el Redox . 21. 6 20 . 0 100

Gr av el Neut . 20. 5 4 . 8 100

Gr av el Ppt . 30. 4 20 . 0 99. 7

Sand Redox . 98. 0 37. 3 100

Sand Neut . 88. 8 22. 3 100

Sand Ppt . 97. 9 41. 8 99. 9

Si l t Redox . 99. 9 57. 3 100

Si l t Neut . 100 . 0 57. 7 100

Si l t Ppt . 99. 7 72. 1 99. 1

* Va l ues  i n % of I n i t i al Co n c en t r a t i on

Tes t s  on c l ay  s oi l s  a l s o  s howed good  l ev e l s  o f  soi l  

d e t ox i f i c a t i on .  The  c on t ami n a n t  was  a l l owed  t o s t and 

on a c l ay  s u r f ac e  f o r  48  hour s ,  r es u l t i ng  i n p e ne t r a t i on  

o f  s ev er al  c en t i me t e r s .  The r eac t an t  was  add ed  t o t he 

s u r f ac e  and a l l owed  t o s t and f or  up t o 48 hour s .  

Su r p r i s i ng l y ,  t he de t ox i f i c a t i o n  e f f i c i enc i es  r anged  

f r o m 60 t o  90  pe r c en t  f or  t hes e  t es t s .  Appa r en t l y ,  t he 

r e ac t an t  f o l l owed  t he s ame pa t h t h r ough  t he  c l ay  s t r u c ­

t u r e  as  t he c on t ami n a n t  wi t h  t he r es u l t i ng  hi gh d e t o x ­

i f i c a t i on  ef f i c i enc i es .

Abov e - Gr a d e  Chemi c a l  Reac t i ons

Ano t he r  me t h o d  o f  soi l  de t ox i f i c a t i o n  i s t o r emov e  t he 

c o n t ami na t ed  soi l  t o abov e  gr ade  mi x i ng  t ank s  or  c o n ­

t a i ner s  and t hen  t o add de t ox i f y i n g  c hemi c a l s .  Abov e  

gr ade  c hemi c a l  r eac t i on  o r  t r ea t men t  i s a c ommon me t hod  

f o r  d e t ox i f y i ng  c o n t ami na t ed  g r ound wa t e r s  and has  been 

us ed i n s ome  c as es  f or  soi l  de t ox i f i c a t i on .  Howev e r ,  

t hi s  t ec hn i que  r equ i r es  ex t e n s i v e  d ewa t e r i ng  of  s oi l s  

a f t e r  r ea c t i on  and r i ns i ng  wh i c h  c an be a d i f f i c u l t  

pr oc es s .  Si mi l a r l y ,  l a r ge  v o l umes  o f  mi x i n g  wa t e r  and 

c hemi c a l s  may  be needed.  Ther e f o r e ,  t he  p r oc edu r e  may  

no t  be c os t  e f f ec t i v e  f or  l ar ge v o l umes  of  c on t ami na t ed  

s o i l .

CONCLUSI ONS

1.  Ce r t a i n  me t hods  and p r oc edur es  a r e av a i l a b l e  t o 

de t o x i f y  c on t ami n a t e d  s oi l s .  Bo t h  i n s i t u  and 

abov e  g r ade  de t o x i f i c a t i o n  me t hods  c an be  c o n ­

s i der ed.

2.  De t ox i f i c a t i on  r e l i es  upon bot h r emov al  o f  c o n t a m­

i nant s  en t r a i ned  wi t h i n  t he soi l  por e s pa c e  as  wel l  

as  c hemi c a l  r eac t i on  o f  c on t ami nan t s  hel d  on t o  t he 

soi l  s ur f ac e.  De t ox i f i c a t i o n  s hou l d  no t  be c o n ­

s i de r ed  s i mp l y  a r ev er s a l  o f  ads o r p t i on .

3.  The r e t en t i on  of  a c o n t ami nan t  wi t h i n  t he soi l  i s 

r e l a t ed  t o t he pa r ame t e r s  and c ond i t i ons  o f  t he 

soi l  env i r onment .  The  mos t  i mpo r t an t  par amet e r s  

wh i c h  a f f ec t  r e t en t i on  i nc l ude  t he t y pe  and na t u r e  

o f  t he c on t ami nan t ,  t he soi l  o r gan i c  c on t en t ,  soi l  

g r ada t i on  and i n i t i al  mo i s t u r e  c ont ent .  The i n s i t u 

dens i t y  and c on t ami n a n t  c on t ac t  t i me a r e  i mpor t an t  

f o r  gene r a l l y  g r an u l a r  s y s t ems ,  whe r eas  t he c l ay  

mi n e r a l o g y  i s i mpor t an t  f or  c ohes i v e  s oi l s .

4.  Res ea r c h  has  r es u l t ed  i n dev e l o p me n t  of  s ome  me t h ­

ods  and equ i p me n t  s u i t ab l e  f or  soi l  de t ox i f i c a t i on .  

A soi l  wa s h i n g  s y s t e m has  been f o und  t o be e f f e c ­

t i v e  f or  d e t o x i f y i n g  c e r t a i n  c on t ami nan t s  f r om 

ex c a v a t e d  s oi l s .  Th e  wa s h i n g  s y s t e m i nc l uded  a 

hi gh  p r es s u r e  j e t  s p r ay ,  s ubmer genc e ,  a c oun t e r -  

c u r r en t  e x t r ac t i on  and hy d r oc y c l o n e  s epar a t or s .

I n s i t u de t ox i f i c a t i o n  by  c hemi c a l  add i t i o n  has  

been  s hown t o  be e f f e c t i v e  f o r  ox i da t i o n / r e d u c t i o n ,  

p r e c i p i t a t i on  and neu t r a l i z a t i o n  r eac t i ons  on f our  

d i f f e r e n t  s oi l s .

5.  Wi t h  t he ex i s t i ng  s t a t e - o f - t he - a r t ,  f ew a l t e r ­

na t i v es  t o soi l  de t ox i f i c a t i o n  o r  hand l i ng  me t hods  

ar e  av a i l ab l e .  Cu r r en t  de t ox i f i c a t i o n  me t hods  and 

p r oc edur es  a r e  r e l a t i v e l y  s l ow and wou l d  be qu i t e  

ex pe n s i v e  f o r  ac t ual  l ar ge  s c a l e  use.  Mor e  

r es ear c h  and f i e l d  pe r f o r ma n c e  t es t i ng  needs  t o be 

pe r f o r med  t o dev e l o p  c os t  e f f ec t i v e  soi l  d e t o x i ­

f i c a t i on  s y s t ems .
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