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Poten?al	
  for	
  Nitrate	
  in	
  Groundwater	
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Perchlorate	
  (ClO4
-­‐)	
  Sources	
  

•  Naturally	
  occurring	
  –	
  Chilean	
  caliche	
  
•  Manufactured	
  –	
  oxidizing	
  agent	
  



Perchlorate	
  UCMR	
  Detec?ons	
  

Brandhuber and Clark, 2005, Perchlorate Occurrence Mapping, AWWA 
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West	
  Valley	
  Water	
  District	
  (WVWD)	
  Site;	
  Rialto,	
  CA	
  

Analyte Range Units 

Perchlorate 150±11 µg/L 

Nitrate 8.9±0.4 mg-N/L 

Sulfate 21±0.9  mg/L 

Alkalinity 150±11 mg CaCO3/L 

Hardness 200±8 mg CaCO3/L 

TDS 260±15 mg/L 
TCE 54±7 µg/L 
pH 7.5±0.1 s.u. 

Well	
  No.	
  22:	
  Converted	
  agricultural	
  well	
  

Source:	
  Press	
  Enterprise,	
  8/26/11	
  

5	
  



Membrane	
  Film	
  Reactor	
  (MBfR)	
  
Technology	
  Descrip?on	
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MBfR	
  Technology	
  Descrip?on	
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Technical	
  Objec?ves	
  

•  Demonstrate	
  the	
  cost	
  and	
  performance	
  the	
  
MBfR.	
  

•  Conduct	
  in-­‐depth	
  laboratory	
  studies	
  and	
  
mathema?cal	
  modeling	
  to	
  beDer	
  understand	
  
technology	
  limita?ons	
  and	
  iden?fy	
  prac?cal	
  
solu?ons.	
  

•  Conduct	
  a	
  na?onwide	
  survey	
  on	
  biological	
  
drinking	
  water	
  treatment	
  to	
  increase	
  
technology	
  acceptance	
  and	
  implementa?on.	
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Test	
  Design	
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Test	
  Design	
  –	
  Process	
  Flow	
  Diagram	
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Test	
  Design	
  –	
  System	
  Photos	
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Test	
  Design	
  –	
  Experimental	
  Sequence	
  
• Constructed	
  	
  system	
  and	
  ini?ated	
  opera?ons	
  
• Colonized	
  reactors	
  with	
  indigenous	
  bacteria	
  
• MBfR	
  effluent	
  goal	
  of	
  6	
  µg/L	
  perchlorate	
  and	
  	
  0.5	
  
mg-­‐N/L	
  nitrate	
  

• Tracer	
  Tes?ng	
  

Start-­‐Up	
  

• Varied	
  feed	
  flow	
  rates	
  
• Varied	
  recycle	
  ra?os	
  
• Batch	
  Tes?ng	
  

Op?miza?on	
  

• Operated	
  at	
  op?mal	
  condi?ons	
  for	
  one	
  month	
  
• Full	
  characteriza?on	
  of	
  system	
  performance	
  Steady	
  State	
  

• Perturb	
  MBfR	
  system	
  through	
  series	
  of	
  upsets:	
  
• Loss	
  of	
  electron	
  donor	
  -­‐	
  shut	
  off	
  hydrogen	
  
• Power	
  failure	
  -­‐	
  shut	
  off	
  system	
  

Challenge	
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Performance	
  Assessment	
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Nitrate	
  Removal	
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Time	
  (Days)	
  
Influent	
   Lead	
  Reactor	
  
Lag	
  Reactor	
   RL	
  
Nitrate+Nitrite	
  MCL	
   24	
  per.	
  Mov.	
  Avg.	
  (Flow	
  Rate)	
  

System	
  Temporary	
  	
  
Shut	
  Down	
  

Performance Objective ≤ 0.5 mg-N/L  
Actual Performance 0.12 ± 0.07 mg-N/L 

(98.3% removal) 14	
  



Perchlorate	
  Removal	
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Lag	
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24	
  per.	
  Mov.	
  Avg.	
  (Flow	
  Rate)	
  

System	
  Temporary	
  	
  
Shut	
  Down	
  

Performance Objective ≤ 6 µg/L 
Actual Performance 9.2 ± 2.3 µg/L 

(94.4% removal) 15	
  



Pathogens	
  &	
  Heterotrophs	
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Time	
  (Days)	
  
Total	
  Coliforms	
   Coliforms	
  and	
  E.	
  coli	
  RL	
   E.	
  coli	
  

HPC	
  CA	
  Regulatory	
  Limit	
   HPC	
  

Analyte	
   E.	
  coli	
  (MPN/100	
  mL)	
   Total	
  Coliforms	
  (MPN/
100	
  mL)	
  

Heterotrophic	
  Plate	
  
Counts	
  (CFU/mL)	
  

Performance	
  
Objec?ve	
  

<	
  2	
  (ND)	
   <	
  2	
  (ND)	
   <	
  500	
  

Actual	
  
Performance	
  

<	
  2	
  (ND)	
   <	
  2	
  (ND)	
   43	
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Disinfec?on	
  By-­‐Product	
  (DBP)	
  Forma?on	
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Analyte	
   Average	
   Max	
   MCL/Performance	
  
ObjecRve	
  

HAA5	
  (µg/L)	
   <	
  6	
   <	
  6	
   60	
  

TTHM	
  (µg/L)	
   4.8	
   12	
   80	
  

THM-­‐FP	
  (µg/L)	
   15	
   47	
   NA	
  

Nitrosamines	
  (µg/L)	
   <	
  0.0019	
   <	
  0.0019	
   NA	
  

HAA5	
  –	
  5	
  Haloace?c	
  acids	
  (monochloro-­‐,	
  dichloro-­‐,	
  trichloro,	
  monobromo-­‐,	
  and	
  dibromo-­‐ace?c	
  acid)	
  
TTHM	
  –	
  Total	
  trihalomethanes	
  (chloroform,	
  bromoform,	
  bromodichloromethane,	
  dibromochloromethane)	
  
THM-­‐FP	
  –	
  THM	
  forma?on	
  poten?al	
  
Nitrosamines	
  –	
  NDMA,	
  NDEA,	
  NDPA	
  



Threshold	
  Odor	
  Number	
  (TON)	
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Performance Objective < 3 
Actual Performance = 2.2 



ASU	
  Studies	
  
	
  

Biofilm	
  Microbial	
  Ecology	
  
Biofilm	
  Physical/Chemical	
  Characteris?cs	
  

Biofilm	
  Process	
  Modeling	
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Confocal	
  Laser	
  Microscopy	
  Indicated	
  a	
  Health	
  Biofilm	
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Live	
  

Dead	
  



Controlling	
  Oxygen	
  and	
  Nitrate	
  Flux	
  Limits	
  
Sulfate	
  Reduc?on	
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Practical solution to attainment of lower perchlorate in effluent 



Key	
  Conclusions	
  

22	
  

•  The	
  MBfR	
  is	
  effec?ve	
  and	
  
for	
  treatment	
  of	
  nitrate	
  
and	
  produc?on	
  of	
  drinking	
  
water.	
  

•  Most	
  perchlorate	
  was	
  
removed	
  and	
  effec?ve	
  
strategies	
  were	
  iden?fied	
  
for	
  process	
  improvement.	
  

•  The	
  MBfR	
  technology	
  has	
  
been	
  granted	
  condi?on	
  
acceptance	
  by	
  the	
  
California	
  Department	
  of	
  
Public	
  Health.	
  

http://serdp-estcp.org/Program-Areas/Environmental-Restoration/Contaminated-
Groundwater/Emerging-Issues/ER-200541/ER-200541 



Joint	
  ESTCP	
  –	
  Water	
  Research	
  Founda?on	
  Na?onal	
  
Survey	
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Technical	
  Objec?ves	
  
•  Conduct	
  a	
  na?onwide	
  survey	
  on	
  

biological	
  drinking	
  water	
  treatment	
  	
  
–  Iden?fy	
  barriers	
  to	
  acceptance	
  
–  Iden?fy	
  approaches	
  to	
  increasing	
  

acceptance	
  and	
  use	
  

•  Responses	
  received	
  from	
  49	
  states	
  
–  DoD	
  
–  Regulators	
  
–  Water	
  u?li?es	
  
–  Consultants	
  
–  Academicians	
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Survey	
  Findings	
  and	
  Report	
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•  Biological	
  treatment	
  is	
  more	
  readily	
  
accepted	
  by	
  consultants	
  and	
  
academicians	
  than	
  by	
  u?li?es	
  and	
  
regulators.	
  

•  Actual	
  performance	
  of	
  biological	
  
filters	
  is	
  greater	
  than	
  perceived	
  

•  Actual	
  opera?onal	
  concerns	
  are	
  less	
  
than	
  perceived	
  

•  Increased	
  acceptance	
  can	
  be	
  achieved	
  
by:	
  
–  BeDer	
  educa?on	
  
–  More	
  full-­‐scale	
  case	
  studies	
  
–  BeDer	
  monitoring	
  and	
  control	
  tools	
  

www.waterrf.org/PublicReportLibrary/4129.pdf 
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