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©  Two-stage  wastewater  treatment  process. 

©  A  two-stage,  batch  process  for  purifying 
wastewater  containing  organic  and  adsorbable  pollu- 
tants  includes  the  steps  of  introducing  a  predeter- 
mined  quantity  of  the  wastewater  into  an  aeration 
and  settling  zone  (12)  of  a  primary  treatment  zone 
(10)  and  aerating  said  wastewater  therein  in  the 
presence  of  a  powdered  adsorbent,  such  as  ac- 
tivated  carbon,  and  biologically  active  solids,  termi- 
nating  aeration  and  retaining  the  thus-treated 
wastewater  in  the  aeration  and  settling  zone  (12)  a 
sufficient  time  for  a  substantial  portion  of  the  sus- 
pended  solids  to  settle  by  gravity.  A  predetermined 

2f  amount  of  the  partially-treated  wastewater  is  with- 
drawn  (26)  from  the  aeration  and  settling  zone  (12) 

IT!  and  introduced  into  a  contact  zone  (28)  wherein  it  is 
OQagrteted.  preferably  by  aeration,  in  the  presence  of  a 

powdered  adsorbent,  agitation  is  terminated  and  the 
£2  solids  are  allowed  to  settle  by  gravity.  After  comple- 
jyjtion  of  settling,  clarified,  substantially  solids-free  wa- 

ter  is  withdrawn  (40)  from  the  contact  zone  (28). 
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TWO-STAGE  WASTEWATER  TREATMENT  PROCESS 

vessel  biological  treatment  process,  known  as  ex- 
tended  aeration,  in  which  a  single  vessel  fitted  with 
at  least  one  inlet  baffle  continuously  receives  in- 
fluent  and  intermittently  aerates,  settles  and  de- 

5  cants  biologically  treated  effluent. 
U.S.  Patent  No.  3,524,547  discloses  a  sewage 

treatment  plant  which  includes  an  inlet  compart- 
ment  and  two  treatment  compartments.  Sewage 
from  the  inlet  compartment  is  transferred  substan- 

io  tially  continuously  from  the  inlet  compartment  into 
a  first  treatment  compartment,  from  the  first  treat- 
ment  compartment  to  a  second  treatment  compart- 
ment  and  treated  sewage  is  removed  from  the 
second  treatment  compartment.  The  flow  is  then 

75  reversed,  flow  being  from  the  inlet  compartment  to 
the  second  treatment  compartment,  to  the  first 
compartment  and  finally  from  the  system.  Thus, 
the  two  treatment  compartments  alternately  serve 
as  the  first  and  second  treatment  stages. 

20  U.S.  Patent  No.  4,663,044  discloses  a  continu- 
ous  inflow,  activated  sludge  treatment  process  em- 
ploying  three  zones  for  biological  adsorption  and 
biological  degradation.  Activated  sludge  contacts 
wastewater  in  a  separate  first  zone  to  adsorb 

25  biodegradable  dissolved  compounds.  The  sludge 
wastewater  mixture  passes  to  interconnected  sec- 
ond  and  third  zones  where  aeration  and  settling  are 
followed  by  decanting  of  biologically  treated  ef- 
fluent. 

30  These  different  straight  biological  treatment 
methods  often  do  not  produce  a  treated  wastewater 
of  suitable  quality  for  discharge  to  the  environment. 
Likewise,  the  use  of  a  mixture  of  biologically  active 
solids  and  powdered  activated  carbon  in  the  same 

35  system  may  be  incapable  of  producing  adequate 
treatment  to  meet  discharge  requirements  for 
wastewaters  containing  compounds  which  are  dif- 
ficult  to  biodegrade  and  only  weakly  adsorbed  on 
carbon. 

40  Our  European  Patent  Application  No. 
88311170.0  discloses  a  two  stage  wastewater  treat- 
ment  process  in  which  the  first  stage  employs  a 
continuous  biophysical  treatment  and  the  second 
stage  employs  a  batch  adsorbent  contact  treat- 

45  ment. 
An  object  of  the  invention  is  to  provide  a  two- 

stage  batch  process  for  purifying  wastewater  con- 
taining  organic  and  adsorbable  pollutants  which 
employs  aeration  of  the  wastewater  in  the  presence 

so  of  a  powdered  adsorbent  and  biologically  active 
solids  in  the  first  stage  and  additional  treatment 
with  a  powdered  adsorbent  in  a  second  stage  with- 
out  the  need  for  clarifying  equipment  to  separate 
the  adsorbent  from  the  effluent. 

To  this  end,  the  invention  provides  a  process 

This  invention  relates  to  two-stage  batch  pro- 
cesses  for  purifying  wastewater  containing  organic 
and  adsorbable  pollutants  and,  more  particularly,  to 
such  processes  including  a  biophysical  treatment 
first  stage  and  an  adsorbent  contact  treatment  sec- 
ond  stage. 

The  problem  of  water  pollution  is  widely  recog- 
nized  and  has  resulted  in  regulations  in  most  coun- 
tries.  In  response  to  these  regulations,  as  well  as  in 
the  public  interest,  various  treatment  methods  have 
been  developed  to  remove  the  pollutants  found  in 
wastewater. 

The  quantity  of  pollutants  in  wastewater  is 
commonly  determined  by  measuring  the  amount  of 
dissolved  oxygen  required  to  biologically  decom- 
pose  the  waste  organic  matter  in  polluted  water. 
This  measurement,  called  biochemical  oxygen  de- 
mand  (BOD),  provides  an  index  of  the  organic 
pollution  of  water.  Some  organic  contaminants, 
such  as  chlorinated  aromatics,  are  not  amenable  to 
conventional  biological  decomposition  and  tests 
such  as  chemical  oxygen  demand  (COD)  and  total 
organic  carbon  (TOC)  have  been  employed  to 
measure  the  concentration  of  these  compounds. 

A  particularly  useful  process  for  removing  pol- 
lutants  from  wastewater  employs  a  mixture  of  bac- 
teria  and  powdered  activated  carbon  in  a  treatment 
zone.  This  process,  called  the  PACTTM  treatment 
system,  is  disclosed  in  U.S.  Patents  3,904,518  and 
4,069,148.  The  PACTTM  treatment  system  operates 
as  a  continuous  flow  process  with  an  aeration  basin 
followed  by  a  separate  clarifier  to  separate  biologi- 
cally  active  solids  and  carbon  from  the  treated 
wastewater  and  the  settled  sludge  is  returned  to 
the  aeration  basin. 

A  slightly  different  biophysical  treatment  pro- 
cess  is  described  by  McShane  et  al.,  in 
"Biophysical  Treatment  of  Landfill  Leachate  Con- 
taining  Organic  Compounds"  Proceedings  of  Indus- 
trial  Waste  Conference,  1986  (Pub.  1987),  41st, 
1  67-77.  In  this  process  a  biological  batch  reactor  is 
used  with  powdered  activated  carbon  and  the  sys- 
tem  is  operated  in  the  "fill  and  draw"  mode,  also 
known  as  the  sequenced  batch  reactor  (SBR) 
mode.  A  similar  scheme  for  treatment  of  leachate 
is  disclosed  in  U.S.  Patent  No.  4,623,464  in  which 
an  SBR  is  operated  with  both  biologically  active 
solids  and  carbon  present  to  treat  a  PC8  and 
dioxin-containing  leachate. 

Another  single-vessel  method  of  biological 
wastewater  treatment  is  the  Intermittent  Cycle  Ex- 
tended  Aeration  System  (ICEAS)  described  by 
Goronszy  in  Journal  Water  Pollution  Control  Feder- 
ation,  Vol.  51,  No.  2,  February,  1979,  PP  274-287. 

U.S.  Patent  No.  4,468,327  discloses  a  single 
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settle  and  draw  steps  are  then  be  repeated. 
The  process  in  accordance  with  the  invention 

is  capable  of  producing  excellent  removal  of  pollu- 
tants,  and  avoids  the  need  for  clarifying  equipment 

5  to  separate  the  adsorbent  from  the  effluent.  Also, 
the  settling  times  in  the  contact  zone  can  be  varied 
to  maximise  the  separation  of  solids. 

Other  aspects  and  advantages  of  the  invention 
will  become  apparent  from  the  following  description 

w  of  two  preferred  embodiments  with  reference  to  the 
accompanying  drawings,  in  which:- 

Figure  1  is  a  schematic  flow  diagram  of  one 
embodiment  of  the  invention  in  which  wastewater  is 
intermittently  introduced  into  the  primary  treatment 

75  zone;  and, 
Figure  2  is  a  schematic  flow  diagram  of 

another  embodiment  of  the  invention  in  which 
wastewater  flows  continuously  into  the  primary 
treatment  zone. 

20 
Referring  to  Figure  1,  a  wastewater  containing 

organic  and  adsorbable  pollutants  is  introduced  into 
a  primary  treatment  zone  or  tank  10  including  an 
aeration  and  settling  zone  12. 

25  If  the  wastewater  contains  an  excessive  amount 
of  solids,  it  can  be  clarified  by  settling,  decantation 
or  filtration  to  reduce  the  solids  content  prior  to 
treatment  in  the  primary  treatment  zone  10.  The 
clarified  or  unclarified  wastewater  is  introduced  via 

30  a  conduit  14  into  the  aeration  and  settling  zone  12 
wherein  it  is  aerated  with  a  pressurized  oxygen 
containing  gas,  such  as  air,  in  the  presence  of 
sufficient  amounts  of  a  powdered  adsorbent  and 
biologically  active  solids  to  reduce  the  BOD,  COD, 

35  TOC  and  adsorbable  pollutants  to  desired  levels. 
The  additives  present  in  the  aerating  and  settling 
zone  12  generally  can  be  the  same  as  described  in 
U.S.  Patents  Nos.  3,904,518  and  4,069,148  which 
are  incorporated  herein  by  reference. 

40  The  adsorbent  must  be  finely  divided  and 
readily  dispersible  in  an  aqueous  medium.  Various 
adsorbents  useful  in  purifying  wastewaters  can  be 
used.  Suitable  adsorbents  include  powdered  ac- 
tivated  carbon,  fuller'  s  earth,  diatomaceous  earth, 

45  fly  ash,  coke  breeze,  etc.,  with  powdered  activated 
carbon  being  preferred.  The  adsorbent  can  be  ad- 
ded  to  the  aeration  and  settling  zone  12  in  any 
suitable  manner,  for  example,  as  an  aqueous  slurry 
introduced  through  a  conduit  16  or  added  to  the 

so  incoming  wastewater  in  the  conduit  14. 
The  amount  of  adsorbent  present  in  the  aer- 

ation  and  settling  zone  12  varies,  depending  pri- 
marily  on  the  nature  of  the  wastewater  and  the 
degree  of  treatment  desired,  i.e.,  the  desired  resuit- 

55  ing  levels  of  BOD,  COD  and  TOC.  Generally,  this 
amount  usually  is  about  50  to  about  5,000  milli- 
grams  of  adsorbent  per  liter  of  wastewater.  How- 
ever,  some  more  toxic  wastewaters  require  up  to 

for  purifying  wastewater  containing  organic  and  ad- 
sorbable  pollutants,  in  which  the  wastewater  is  first 
treated  in  a  primary  treatment  zone  including  an 
aeration  and  settling  zone  wherein  the  wastewater 
is  aerated  with  an  oxygen-containing  gas  in  the 
presence  of  a  powdered  adsorbent,  preferably  ac- 
tivated  carbon,  and  biologically  active  solids  to 
remove  a  major  portion  of  the  pollutants,  and  is 
then  treated  in  a  contact  zone  wherein  it  is  agitated 
with  a  powdered  adsorbent  to  further  remove  pollu- 
tants.  After  a  predetermined  quantity  of  the 
wastewater  has  been  introduced  into  the  primary 
treatment  zone,  aeration  and  agitation  are  termi- 
nated  and  the  thus-treated  wastewater  is  retained 
in  the  aeration  and  settling  zone  a  sufficient  time 
for  a  substantial  portion  of  the  mixed  liquor  solids 
therein  to  settle  by  gravity  to  produce  a  first  clari- 
fied  aqueous  phase  and  a  first  solids  phase.  A 
flocculant  aid  for  promoting  settling  of  solids  is 
preferably  added  to  the  aeration  and  settling  zone 
shortly  before  termination  of  aeration. 

A  predetermined  amount  of  the  first  aqueous 
phase  is  withdrawn  from  the  aeration  and  settling 
zone  and  transferred  to  the  contact  zone  wherein  it 
is  agitated,  preferably  by  aeration  with  a  pressur- 
ized  oxygen  containing  gas,  in  the  presence  of  a 
powdered  adsorbent  for  an  agitation  period  suffi- 
cient  to  reduce  the  pollutants  to  a  desired  level. 
After  termination  of  the  agitation  period,  the  solids 
in  the  thus-treated  first  aqueous  phase  are  allowed 
to  settle  by  gravity  for  a  settling  period  sufficient  to 
produce  a  substantially  solids-free,  second  clarified 
aqueous  phase  and  a  second  solids  phase.  A  pre- 
determined  amount  of  the  second  aqueous  phase 
is  thereafter  withdrawn  from  the  contact  zone  and 
these  fill,  agitate,  settle  and  draw  steps  are  then 
repeated  in  the  contact  zone. 

A  flocculant  aid  for  promoting  settling  of  solids 
is  preferably  added  to  the  contact  zone  near  the 
end  of  the  agitation  period.  All  or  a  portion  of  the 
second  solids  phase  may  be  recycled  to  the  pri- 
mary  treatment  zone,  and  a  portion  of  the  mixed 
liquor  solids  may  be  withdrawn  from  the  primary 
treatment  zone  to  maintain  the  amounts  of  adsor- 
bent  and  biologically  active  solids  present  in  the 
primary  treatment  zone  at  predetermined  levels. 

In  one  embodiment,  the  primary  treatment 
zone  includes  an  inlet  zone  which  is  substantially 
isolated  from  and  in  continuous  fluid  communica- 
tion  with  the  aeration  and  settling  zone.  The 
wastewater  influent  continuously  flows  into  the  inlet 
zone  at  a  first  flow  rate  and  passes  therefrom  into 
the  aeration  and  settling  zone.  After  completion  of 
the  first  settling  step,  the  first  clarified  aqueous 
phase  is  withdrawn  from  the  aeration  and  settling 
zone  at  a  second  flow  rate  grater  than  the  first  flow 
rate  until  a  predetermined  amount  of  the  first  aque- 
ous  phase  has  been  withdrawn.  The  fill  and  agitate, 
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in  the  aeration  and  settling  zone  12  reaching  a 
predetermined  upper  limit. 

After  a  predetermined  reaction  time  of  about  20 
minutes  to  about  24  hours,  aeration  is  terminated  to 

s  permit  a  majority  of  the  suspended  solids  to  settle 
by  gravity  in  the  aeration  and  settling  zone  12  and 
produce  a  partially-treated  wastewater  or  first  clari- 
fied  aqueous  phase  and  a  first  settled  solid  phase. 
Additional  adsorbent  can  be  added  to  the  aeration 

to  and  settling  zone  12  during  the  reaction  period 
after  the  predetermined  amount  of  wastewater  has 
been  introduced  into  the  primary  treatment  zone 
10. 

To  accelerate  the  settling  of  these  solids,  a 
75  flocculation  aid  can  be  added  via  a  conduit  24  to 

the  aeration  and  settling  zone  12.  The  flocculant 
aid  preferably  is  added  shortly  before  aeration  and 
agitation  are  terminated  in  order  to  ensure  homo- 
geneous  mixing  with  the  partially-treated 

20  wastewater  without  causing  premature  settling  of 
the  solids. 

While  various  suitable  flocculant  aids  can  be 
used,  cationic  polymers,  such  as  Percol  787  or 
Percol  788  marketed  by  Allied  Colloids,  Inc.,  Suf- 

25  folk,  Virginia,  are  preferred.  These  materials  are 
high  molecular  weight  cationic  copolymers  of  a 
quaternary  acrylate  salt  and  acrylamide.  The 
amount  of  flocculant  aid  added  is  sufficient  to  pro- 
mote  the  desired  settling  of  the  solids.  Generally, 

30  this  amount  is  about  0.1  to  about  10  mg  of  floc- 
culant  aid  per  liter  of  partially-treated  wastewater. 

The  settling  period  can  be  varied  to  meet  the 
requirements  of  the  wastewater  being  treated.  Gen- 
erally,  the  settling  period  is  for  a  time  sufficient  to 

35  permit  a  majority  of  the  solids  to  settle  and  only  a 
relatively  small  amount  of  solids  (e.g.,  5  to  500 
milligrams  of  total  suspended  solids  per  liter  of  the 
first  clarified  aqueous  phase)  remains  in  the  first 
clarified  aqueous  phase. 

40  After  completion  of  the  settling  period,  a  pre- 
determined  amount  of  the  first  clarified  aqueous 
phase  is  withdrawn  from  the  aeration  and  settling 
zone  12  via  a  conduit  26  and  transferred  to  a 
contact  tank  28  for  further  treatment.  This  can  be 

45  controlled  by  various  suitable  means  such  as  a 
liquid  level  control  which  is  operable  to  terminate 
the  operation  of  a  pump  (not  shown)  in  response  to 
the  liquid  level  in  the  aeration  and  settling  zone  12 
dropping  to  a  predetermined  lower  limit. 

50  The  contact  tank  28  includes  a  mixing  and 
settling  zone  29  which  is  at  least  partially  filled  with 
the  partially-treated  wastewater  withdrawn  from  the 
aeration  and  settling  zone  12.  As  the  mixing  and 
settling  zone  29  is  being  filled,  fresh  powdered 

55  adsorbent,  which  preferably  is  the  same  as  that 
used  in  the  aeration  and  settling  zone  12  (e.g., 
activated  carbon),  is  introduced  via  a  conduit  30 
into  the  mixing  and  settling  zone  29  and  mixed  with 

as  much  as  20,000  milligrams  of  adsorbent  per  liter 
of  wastewater  and  adsorbent  concentrations  as  low 
as  5  milligrams  per  liter  of  wastewater  are  effective 
for  some  less  toxic  wastewaters. 

The  biologically  active  solids  present  in  the 
aeration  and  settling  zone  12  are  suspended  solids 
containing  different  types  of  bacteria  formed  by 
contacting  wastewater,  bacteria  and  oxygen.  They 
can  be  activated  sludge  or  activated  solids  found  in 
oxidation  ponds  and  other  biological  water  treat- 
ment  processes.  Generally,  the  amount  of  biologi- 
cally  active  solids  present  in  the  aeration  zone 
provides  a  total  suspended  solids  concentration 
(both  adsorbent  and  biologically  active  solids)  of 
about  10  to  about  50,000  parts  per  million 
wastewater. 

For  some  wastewaters,  particularly  some  in- 
dustrial  wastewaters,  it  may  be  necessary  to  add 
biologically  active  solids  to  the  aeration  and  settling 
zone  12  during  start  up  to  obtain  the  desired  con- 
centration  thereof.  The  process  produces  its  own 
biologically  active  solids  which  can  be  recycled  to 
the  aeration  and  settling  zone  12  from  the  contact 
zone,  as  described  below,  to  ensure  the  proper 
level  of  bacteria  in  the  aeration  zone.  Once  a 
suitable  concentration  of  biologically  active  solids 
has  been  reached  in  the  aeration  and  settling  zone 
12,  that  level  usually  can  be  maintained  without  the 
external  addition  of  the  biologically  active  solids. 
The  above  concentration  of  adsorbent  present  in 
the  aeration  and  settling  zone  12  includes  fresh 
adsorbent  added  to  the  aeration  and  settling  zone 
via  the  conduit  14  or  the  conduit  16,  as  well  as 
adsorbent  recycled  to  the  aeration  and  settling 
zone  along  with  biologically  active  solids. 

The  adsorbent  and  biologically  active  solids 
(mixed  liquor  solids)  are  mixed  with  the  wastewater 
by  a  pressurized  oxygen-containing  gas,  such  as 
air,  introduced  into  the  aeration  and  settling  zone 
12  by  an  aeration  system  18  including  a  sparger  20 
to  which  the  pressurized  oxygen-containing  gas  is 
supplied  via  a  conduit  22.  Other  suitable  aeration 
distribution  means  which  causes  dissolution  of  oxy- 
gen  in  the  mixture  and  produces  agitation  can  be 
used.  Also,  this  aeration  may  be  supplemented  by 
mechanical  stirring  means. 

In  the  embodiment  illustrated  in  Fig.  1,  as  a 
predetermined  quantity  of  wastewater  is  being  in- 
troduced  into  the  primary  treatment  zone  10,  it  is 
mixed  by  aeration  in  the  aeration  and  settling  zone 
12  with  biologically  active  solids  and  powdered 
adsorbent  added  via  the  conduit  16  or  to  the  in- 
coming  wastewater  flowing  through  the  conduit  14. 
The  amount  of  wastewater  introduced  can  be  con- 
trolled  by  various  suitable  means  such  as  a  liquid 
level  control  which  is  operable  to  close  a  flow 
control  valve  (not  shown)  or  terminate  operation  of 
a  pump  (not  shown)  in  response  to  the  liquid  level 
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of  the  first  clarified  aqueous  phase  withdrawn  from 
the  aeration  and  settling  zone  1  2.  The  contact  tank 
28  can  include  control  means  (not  shown)  for  termi- 
nating  agitation  a  predetermined  time  after  the  liq- 

5  uid  level  in  the  mixing  and  settling  zone  29  has 
reached  a  predetermined  upper  limit,  commencing 
introduction  of  the  flocculant  aid  a  predetermined 
time  after  the  liquid  level  reaches  the  upper  limit 
and  before  termination  of  agitation,  and  terminating 

10  withdrawal  of  the  second  clarified  aqueous  phase 
when  the  liquid  level  drops  to  a  predetermined 
lower  limit. 

All  or  a  portion  of  the  settled  second  solids 
phase  (adsorbent  and  biologically  active  solids)  can 

75  be  withdrawn  from  the  contact  tank  28  via  a  con- 
duit  42  and  pump  44  and  recycled  via  a  conduit  46 
to  the  primary  treatment  zone  10,  either  by  com- 
bining  with  the  incoming  wastewater  (as  illustrated) 
or  added  directly  to  the  primary  treatment  zone  10, 

20  to  maintain  the  desired  concentration  of  total  sus- 
pended  solids  in  the  aeration  and  settling  zone  as 
mentioned  above.  If  desired,  all  or  a  portion  of  the 
solids  withdrawn  from  the  contact  tank  28  can  be 
discharged  via  a  conduit  48  to  waste  after  de- 

25  watering  or  other  further  treatment.  Withdrawal  of 
these  solids  can  be  controlled  by  suitable  control 
means  which,  after  completion  of  the  draw  cycle, 
operates  the  pump  44  when  the  solids  level  in  the 
contact  tank  28  reaches  a  predetermined  level. 

30  The  retention  time  of  solids  in  the  primary 
treatment  zone  10  can  be.  controlled  by  withdraw- 
ing  a  portion  of  the  mixed  liquor  solids  with  a  pump 
50  or  the  like  and  discharging  via  a  conduit  52  to 
waste,  after  dewatering  or  other  further  treatment. 

35  While  the  primary  treatment  zone  10  and  the 
contact  tank  28  are  illustrated  as  separate  units, 
they  can  share  common  walls.  For  example,  the 
contact  tank  28  can  be  a  walled  off  portion  of  a 
large  aeration  basin  and  include  the  appropriate 

40  controls  for  liquid  and  solids  flow  to  provide  the 
desired  flow  scheme. 

In  the  embodiment  illustrated  in  Fig.  2,  the 
contact  tank  28  is  arranged  and  operates  in  the 
same  manner  as  described  above.  Accordingly, 

45  components  common  with  those  illustrated  in  Fig.  1 
are  designated  with  the  same  reference  numerals. 

In  this  embodiment  wastewater  flows  continu- 
ously  into  the  primary  treatment  zone  53;  however, 
the  aeration  and  settling  zone  12  is  operated  in  a 

so  batchwise  manner.  The  operating  conditions  for  the 
aeration  and  settling  zone  12  can  be  substantially 
the  same  as  those  described  above.  Components 
of  the  primary  treatment  zone  53  common  with 
those  illustrated  in  Fig.  1  are  designated  with  the 

55  same  reference  numerals. 
The  primary  treatment  zone  53  includes  a 

downwardly  extending  baffle  54  defining  a  turbulent 
inlet  zone  56  which  is  substantially  isolated  from 

the  incoming  partially-treated  wastewater  by  a  suit- 
able  agitation  means.  Alternatively,  fresh  powdered 
adsorbent  can  be  added  to  the  incoming  partially- 
treated  wastewater  as  it  flows  through  the  conduit 
26. 

While  the  agitation  means  can  be  a  mechanical 
stirring  means,  in  the  specific  embodiment  illus- 
trated,  it  is  an  aeration  system  32,  similar  to  the 
one  used  in  the  aeration  and  settling  zone  12  and 
includes  a  sparger  34  to  which  a  pressurized 
oxygen-containing  gas  is  supplied  through  a  con- 
duit  36.  Agitation  by  aeration  is  preferred  because 
oxygen  is  provided  to  the  bacteria  present  in  the 
biologically  active  solids  carried  over  in  the 
partially-treated  wastewater  from  the  primary  treat- 
ment  zone  1  0  and  enhances  metabolization  of  pol- 
lutants  present  in  the  mixing  and  settling  zone  29. 

The  amount  of  adsorbent  added  to  the 
partially-treated  wastewater  in  the  mixing  and  set- 
tling  zone  29  varies,  depending  primarily  on  the 
degree  of  treatment  desired,  i.e.,  desired  maximum 
levels  of  BOD,  COD  and  TOC  in  the  effluent.  Gen- 
erally,  this  amount  may  be  as  low  as  about  10  and 
as  much  as  about  10,000  milligrams  of  adsorbent 
per  liter  of  the  incoming  partially-treated 
wastewater.  After  a  predetermined  reaction  time, 
which  can  be  as  short  as  about  20  minutes  and  up 
to  as  much  as  about  24  hours,  agitation  is  termi- 
nated  to  permit  the  suspended  solids  to  settle  by 
gravity  and  produce  a  substantially  solids-free  sec- 
ond  clarified  aqueous  phase  and  a  second  solids 
phase  containing  adsorbent  and  biologically  active 
solids. 

To  accelerate  settling  of  these  solids,  a  floc- 
culation  aid  like  that  used  in  the  aeration  and 
settling  zone  12  can  be  added  via  a  conduit  38  to 
the  mixing  and  settling  zone  29.  The  flocculant  aid 
preferably  is  added  shortly  before  agitation  is  ter- 
minated  in  order  to  ensure  homogeneous  mixing 
with  the  partially-treated  wastewater  without  caus- 
ing  premature  settling  of  the  solids.  The  amount  of 
flocculant  aid  added  is  sufficient  to  promote  the 
desired  settling  of  the  solids,  primarily  the  adsor- 
bent.  Generally,  this  amount  is  about  0.1  to  about 
10  milligrams  of  flocculant  aid  per  liter  of  partially- 
treated  wastewater. 

The  settling  period  can  be  varied  to  meet  the 
requirements  of  the  wastewater  being  treated.  For 
instance,  if  the  suspended  solids  are  difficult  to 
settle,  the  settling  time  can  be  increased  as  re- 
quired.  After  completion  of  the  settling  period,  a 
predetermined  amount  of  the  second  clarified 
aqueous  phase  is  withdrawn  from  the  contact  tank 
28  via  a  conduit  40  for  disposal  or  reuse.  These  fill, 

'  agitation,  settling  and  draw  steps  are  then  repeat- 
ed. 

The  length  of  fill  time  for  the  contact  tank  28 
usually  is  governed  by  the  predetermined  amount 
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ing  gas  is  used  for  agitation.  The  contact  or  agita- 
tion  period  and  the  settling  period  in  the  contact 
zone  can  be  conveniently  adjusted  to  meet  the 
requirements  for  the  particular  wastewater  being 

5  treated.  While  wastewater  can  be  continuously  in- 
troduced  into  the  primary  treatment  zone  the  over- 
all  process  can  be  operated  as  a  two-stage  batch 
process. 

and  is  in  continuous  fluid  communication  with  the 
aeration  and  settling  zone  1  2.  The  wastewater  flow- 
ing  from  the  inlet  zone  56  into  the  aeration  and 
settling  zone  12  is  mixed  therein  by  aeration  with 
biologically  active  solids  and  powdered  adsorbent 
which  can  be  added  to  the  aeration  and  settling 
zone  12,  to  the  turbent  inlet  zone  56  via  the  conduit 
16  or  to  the  incoming  wastewater  flowing  through 
the  conduit  14.  Aeration  is  terminated  when  the 
liquid  level  in  the  aeration  and  settling  zone  12 
reaches  a  first  predetermined  upper  limit.  The  in- 
flow  of  wastewater  is  controlled  so  there  is  suffi- 
cient  time  for  the  desired  reaction  to  occur  by  the 
time  the  liquid  level  reaches  the  first  predetermined 
upper  limit.  A  flocculant  aid  can  be  added  to  the 
aeration  and  settling  zone  12  via  the  conduit  24 
prior  to  termination  of  aeration  and  agitation  as 
described  above. 

The  settling  period  continues  until  the  liquid 
level  in  the  aeration  and  settling  zone  1  2  reaches  a 
predetermined  second  upper  limit,  at  which  time  a 
predetermined  amount  of  the  partially-treated 
wastewater  is  withdrawn  from  the  aeration  and  set- 
tling  zone  12  and  transferred  to  the  contact  tank 
28.  A  level  control  means  (not  shown)  or  other 
suitable  means  can  be  used  for  terminating  with- 
drawal  of  the  partially-treated  wastewater  from  the 
aeration  and  settling  zone  1  2  when  the  liquid  level 
therein  drops  to  a  predetermined  lower  limit.  After 
withdrawal  of  the  partially-treated  wastewater  has 
been  completed,  the  fill  and  aeration,  settling  and 
draw  steps  for  the  primary  treatment  zone  53  are 
repeated.  During  the  settling  and  draw  periods,  the 
baffle  54  minimizes  disturbance  of  the  solids  set- 
tling  in  the  aeration  and  settling  zone  12  by  the 
wastewater  continuously  flowing  into  the  inlet  zone 
56. 

The  process  of  the  invention  provides  a  num- 
ber  of  advantages.  Operating  the  primary  treatment 
zone  to  control  the  concentration  of  solids  in  the 
first  aqueous  phase  or  partially-treated  wastewater 
flowing  therefrom  eliminates  the  need  for  down- 
stream  clarifier  equipment.  By  so  limiting  the 
amount  of  solids  entering  the  contact  zone,  it  can 
operate  with  free  settling,  rather  than  hindered  set- 
tling  as  is  the  case  when  large  concentrations  of 
suspended  solids  are  present.  Contacting  the 
partially-treated  wastewater  containing  a  reduced 
concentration  of  suspended  solids  with  a  fresh  ad- 
sorbent  in  the  contact  zone  improves  removal  of 
pollutants.  Pollutants  which  are  poorly  adsorbed  in 
the  aeration  and  settling  zone  and  carried  over  into 
the  contact  zone  are  contacted  with  fresh  and  more 
active  adsorbent,  thereby  providing  improved  re- 
moval  of  these  pollutants.  The  biologically  active 
solids  present  in  the  partially-treated  wastewater 
further  metabolize  pollutants  in  the  contact  zone, 
particularly  when  aeration  with  an  oxygen-contain- 

10 
Claims 

1.  A  process  for  purifying  wastewater  contain- 
ing  organic  and  adsorbable  pollutants  comprising 

75  the  steps  of: 
(a)  introducing  a  predetermined  quantity  of 

the  wastewater  into  a  primary  treatment  zone  in- 
cluding  an  aeration  and  settling  zone; 

(b)  aerating  the  wastewater  in  said  aeration 
20  and  settling  zone  with  an  oxygen-containing  gas  in 

the  presence  of  sufficient  amounts  of  a  powdered 
adsorbent  and  biologically  active  solids  to  reduce 
the  BOD,  COD  and  TOC  to  desired  levels; 

(c)  terminating  aeration  and  retaining  said 
25  thus-treated  wastewater  in  said  aerating  and  set- 

tling  zone  a  sufficient  time  for  solids  therein  to 
settle  by  gravity  and  produce  a  first  solids  phase 
and  a  first  aqueous  phase  containing  a  maximum 
predetermined  amount  of  said  solids; 

30  (d)  withdrawing  a  predetermined  amount  of 
said  first  aqueous  phase  from  said  aeration  and 
settling  zone  and  transferring  same  into  a  contact 
zone; 

(e)  agitating  said  first  aqueous  phase  in  said 
35  contact  zone  in  the  presence  of  a  powdered  adsor- 

bent  for  an  agitation  period  sufficient  to  reduce  the 
BOD,  COD  and  TOC  to  desired  levels; 

(f)  terminating  agitation  and  allowing  solids  in 
said  thus-treated  first  aqueous  phase  to  settle  by 

40  gravity  for  a  settling  period  sufficient  to  produce  a 
clarified,  substantially  solids-free,  second  aqueous 
phase  and  a  second  solids  phase;  and 

(g)  thereafter  withdrawing  a  predetermined 
amount  of  said  second  aqueous  phase  from  said 

45  contact  zone. 

2.  A  process  according  to  Claim  1  wherein  the 
total  amount  of  adsorbent  and  biologically  active 
solids  present  in  said  aeration  and  settling  zone  is 

so  from  10  to  50,000  parts  per  million  parts  of  the 
wastewater. 

3.  A  process  according  to  Claim  2  wherein  the 
amount  of  said  adsorbent  present  in  the  aeration 
and  settling  zone  is  from  5  to  20,000  parts  per 

55  million  of  the  wastewater. 
4.  A  process  according  to  Claim  1  wherein  said 

adsorbent  in  at  least  said  aeration  and  settling  zone 
is  activated  carbon. 
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5.  A  process  according  to  Claim  1  including  the 
step  of  adding  to  said  aeration  and  settling  zone  a 
flocculant  aid  for  promoting  settling  of  solids  there- 
in  prior  to  terminating  aeration. 

6.  A  process  according  to  Claim  5  wherein  said  5 
floccuiant  aid  is  a  cationic  polymer. 

7.  A  process  according  to  Claim  1  wherein  said 
primary  treatment  zone  includes  an  inlet  zone 
which  is  substantially  isolated  from  and  is  in  con- 
tinuous  fluid  communication  with  said  aeration  and  w 
settling  zone,  said  wastewater  flows  continuously 
into  said  iniet  zone  at  a  first  flow  rate  and  passes 
therefrom  into  said  agitation  and  settling  zone,  and 
said  first  aqueous  phase  is  withdrawn  from  said 
aeration  and  settling  zone  in  step  (d)  at  a  second  is 
flow  rate  greater  than  said  first  flow  rate  until  said 
predetermined  amount  of  said  first  aqueous  phase 
has  been  withdrawn. 

8.  A  process  according  to  Claim  7  wherein  step 
(c)  is  commenced  when  the  liquid  level  in  said  20 
aeration  and  settling  zone  reaches  a  predetermined 
upper  limit. 

9.  A  process  according  to  Claim  8  wherein  step 
(d)  is  continued  until  the  liquid  level  of  said  first 
aqueous  phase  drops  to  a  predetermined  lower  25 
limit. 

10.  A  process  according  to  Claim  1  wherein 
said  agitation  in  said  contact  zone  is  carried  out  by 
introducing  a  pressurized  oxygen-containing  gas 
thereinto.  _  

so 
11.  A  process  according  to  Claim  1  wherein 

said  agitation  in  said  contact  zone  is  carried  out  by 
mechanical  agitation  means. 

12.  A  process  according  to  Claim  1  including 
the  step  of  adding  a  flocculation  aid  for  promoting  35 
settling  of  said  adsorbent  to  said  first  aqueous 
phase  in  said  contact  zone  near  the  end  of  said 
agitation  period. 

13.  A  process  according  to  Claim  12  wherein 
said  flocculation  aid  is  a  cationic  polymer.  40 

14.  A  process  according  to  Claim  1  including 
the  step  of  recycling  at  least  a  portion  of  said 
second  solids  phase  from  said  contact  zone  to  said 
primary  treatment  zone. 

15.  A  process  according  to  Claim  14  including  45 
the  step  of  withdrawing  a  portion  of  the  mixed 
liquor  solids  phase  from  said  primary  treatment 
zone  so  as  to  maintain  the  amounts  of  said  adsor- 
bent  and  biologically  active  solids  present  in  said 
aeration  and  settling  zone  at  a  predetermined  level.  50 

55 
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