
Source	
  specific	
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  risk	
  in	
  water	
  quality	
  monitoring	
  

Fecal	
  Bacteria	
  in	
  Waterways	
  
Pathogens,	
   which	
   can	
   be	
   any	
   biological	
   agents	
   that	
  
cause	
   disease	
   or	
   illness,	
   are	
   one	
   of	
   the	
  most	
   frequent	
  
water	
   quality	
   impairments	
   in	
   the	
   U.S.,	
   accounting	
   for	
  
over	
   10,000	
   of	
   USEPA	
   impaired	
   waterways	
   on	
   the	
  
303(d)	
   list.	
   Elevated	
   counts	
   of	
   fecal	
   indicator	
   bacteria	
  
(FIB),	
   including	
   fecal	
   coliforms,	
   are	
   routinely	
   used	
   to	
  
warn	
  of	
  possible	
  pathogens	
  in	
  recreational	
  waters.	
  This	
  
general	
   category	
   of	
   bacteria	
   includes	
   coliforms	
   from	
  
human	
   and	
   non-­‐human	
   sources.	
   In	
   some	
   cases,	
   fecal	
  
coliforms	
   can	
   also	
   be	
   derived	
   from	
   environmental	
  
sources.	
   In	
   waterways	
   where	
   sanitation	
   is	
   limited	
   or	
  
compromised,	
   human	
   fecal	
   pollution	
   and	
   agricultural	
  
animal	
   waste	
   have	
   a	
   documented	
   association	
   with	
  
illness	
  following	
  exposure,	
  while	
  other	
  fecal	
  sources	
  do	
  
not.	
  Despite	
  this	
  specific	
  linkage,	
  the	
  source	
  of	
  FIB	
  is	
  not	
  
considered	
   when	
   advisories,	
   beach	
   closures	
   and	
  
remediation	
   efforts	
   are	
   implemented.	
   While	
   this	
  
conservative	
   approach	
   ensures	
   minimal	
   human	
  
exposure	
   to	
   harmful	
   pathogens,	
   it	
   may	
   also	
   lead	
   to	
  
unnecessary	
  restrictions	
  or	
  repair	
  efforts.	
  

Pinpointing	
  the	
  Source	
  -­‐	
  Why	
  is	
  this	
  important?	
  
Fecal	
   indicator	
   bacteria	
   generally	
   do	
   not	
  
cause	
  disease,	
  but	
  they	
  are	
  an	
  easy	
  and	
  cost-­‐
effective	
   way	
   to	
   evaluate	
   water	
   quality	
  
compared	
   to	
   directly	
   testing	
   for	
   specific	
  
pathogens.	
   Hot	
   spots	
   for	
   FIB	
   pollution,	
  
however,	
   are	
   not	
   always	
   hot	
   spots	
   for	
  
human	
   sewage	
   (Figure	
   1).	
   Sole	
   reliance	
   on	
  
FIB	
   in	
  management	
   decisions	
  may	
  misdirect	
  
cleanup	
   efforts	
   by	
   focusing	
   on	
   sources	
   that	
  
are	
   not	
   associated	
   with	
   pathogens,	
   thereby	
  
deemphasizing	
   sources	
   that	
   are	
   responsible	
  
for	
  the	
  highest	
  human	
  health	
  risk.	
  

Until	
   there	
   are	
   effective	
   and	
   affordable	
   methods	
   for	
  
analyzing	
   waterways	
   directly	
   for	
   pathogens,	
   indicators	
  
that	
   are	
   specifically	
   carried	
   in	
   humans	
   or	
   certain	
  
animals	
  can	
  be	
  used	
  to	
  give	
  better	
  estimates	
  of	
  the	
  risk	
  
of	
  accompanying	
  pathogens.	
  Genetic	
  markers	
  in	
  human	
  
Bacteroides	
   and	
   human	
   Lachnospiraceae,	
   two	
   fecal	
  
bacteria	
   highly	
   associated	
   with	
   human	
   fecal	
  
contamination,	
   can	
   be	
   detected	
   in	
   sensitive	
  molecular	
  
assays.	
   Use	
   of	
   these	
   robust	
   markers	
   identifies	
   and	
  
prioritizes	
  pollution	
  sites	
  that	
  have	
  a	
  higher	
  likelihood	
  of	
  
accompanying	
  pathogens.	
  Tracking	
  microbial	
  sources	
   is	
  
more	
  complicated	
  than	
  FIB	
  monitoring,	
  but	
  can	
  be	
  used	
  
as	
   an	
   investigative	
   tool	
  when	
   sewage	
   contamination	
   is	
  
suspected.	
  	
  

Strategic	
  Solutions	
  
The	
   ultimate	
   rationale	
   behind	
   fecal	
   pollution	
   testing	
   is	
  
to	
   protect	
   public	
   health.	
   Attempts	
   to	
   reduce	
   disease	
  
outcomes	
   by	
   closing	
   beaches	
   and	
   regulating	
   bacteria	
  
through	
   total	
   maximum	
   daily	
   loads	
   (TMDLs)	
   are	
  
responses	
   to	
   elevated	
   FIB	
   in	
   waterways.	
   Under	
   the	
  
Clean	
   Water	
   Act,	
   states	
   are	
   required	
   to	
   implement	
  
TMDL	
   bacterial	
   load	
   allocations	
   for	
   303(d)	
   listed	
  
impaired	
   waters,	
   resulting	
   in	
   costly	
   management	
  
strategies	
   for	
   municipalities	
   and	
   non-­‐governmental	
  
stakeholders,	
   even	
   when	
   a	
   minimal	
   pathogen	
   risk	
   is	
  
involved.	
  Thus,	
  it	
  is	
  critical	
  to	
  distinguish	
  human	
  sewage	
  
pollution	
  from	
  less	
  hazardous	
  sources	
  of	
  fecal	
  pollution	
  
to	
   more	
   accurately	
   evaluate	
   water	
   quality.	
   Identifying	
  
sewage-­‐impacted	
   waterways	
   and	
   sources	
   will	
   allow	
  
managers	
   to	
   confidently	
   determine	
   appropriate	
   TMDL	
  
control	
  strategies.	
  By	
  utilizing	
  human	
  specific	
  indicators	
  
of	
  fecal	
  pollution	
  in	
  monitoring	
  efforts,	
  managers	
  will	
  be	
  
much	
  more	
   effective	
   in	
   protecting	
   public	
   health,	
   well-­‐

being	
   and	
   natural	
  
resources.	
  

	
  

Key	
   Message:	
   Elevated	
   levels	
   of	
   fecal	
   indicator	
  
bacteria	
  are	
  used	
  as	
  a	
  warning	
  of	
  possible	
  pathogens	
  
in	
   recreational	
   waters.	
   This	
   general	
   metric	
   fails	
   to	
  
discern	
   the	
  presence	
  of	
   human	
   fecal	
   pollution,	
  which	
  
poses	
  the	
  greatest	
  risk	
  to	
  public	
  health.	
  Consequently,	
  
waterways	
  may	
  have	
  elevated	
  levels	
  of	
  fecal	
  indicators	
  
but	
   the	
   areas	
   with	
   the	
   greatest	
   health	
   risk	
   are	
   not	
  
identified.	
   Managers	
   should	
   implement	
   methods	
  
specifically	
   designed	
   to	
   detect	
   human	
   fecal	
   pollution	
  
to	
  prioritize	
  remediation	
  efforts.	
  

Policy	
  Recommendation:	
  Prioritize	
  reducing	
  human	
  sources	
  for	
  the	
  maximum	
  human	
  health	
  benefit.	
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Figure	
  1.	
  River	
  samples	
  that	
  
did	
  not	
  meet	
  water	
  quality	
  
standards	
  were	
  not	
  always	
  
impacted	
  by	
  sewage	
  pollution.	
  
Risk	
  from	
  human	
  pathogens	
  
would	
  be	
  comparatively	
  lower	
  
in	
  those	
  samples.	
  Samples	
  
were	
  collected	
  at	
  sites	
  in	
  
Milwaukee,	
  WI	
  from	
  2009-­‐
2013.	
  Abbreviations:	
  
HIB=Human	
  Indicator	
  Bacteria	
  
FC=Fecal	
  Coliforms	
  

	
  



What	
  is	
  the	
  Science	
  Gap?	
  
	
  
Here	
  are	
  three	
  areas	
  where	
  further	
  research	
  would	
  improve	
  bacterial	
  TMDL	
  remediation	
  strategies:	
  
	
  

• Rapid	
  detection	
  methods	
  or	
  sensor	
  technology	
  for	
  human	
  sewage	
  

• Ecology	
  and	
  viability	
  of	
  human	
  fecal	
  indicators	
  in	
  fresh	
  and	
  salt	
  receiving	
  waters	
  

• Effective	
  barriers	
  to	
  exfiltration	
  of	
  sewage	
  from	
  pipes	
  and	
  infiltration	
  into	
  stormwater	
  systems	
  

	
  
	
  
Additional	
  Reading
	
  
Boehm,	
  A.B.,	
  Ashbolt,	
  N.J.,	
  Colford,	
  J.M.,	
  Dunbar,	
  L.E.,	
  Fleming,	
  L.E.,	
  Gold,	
  M.A.,	
  Hansel,	
  J.A.,	
  Hunter,	
  P.R.,	
  Ichida,	
  A.M.,	
  

McGee,	
  C.D.,	
  Soller,	
  J.A.,	
  Weisberg,	
  S.B.,	
  2009.	
  A	
  sea	
  change	
  ahead	
  for	
  recreational	
  water	
  quality	
  criteria.	
  J.	
  Water	
  
Health	
  7,	
  9–20.	
  doi:10.2166/wh.2009.122	
  

Fisher,	
  J.C.,	
  Eren,	
  	
  A.M.,	
  Green,	
  H.C.,	
  Shanks,	
  O.C.,	
  Morrison,	
  H.G.,	
  Vineis,	
  J.H.,	
  Sogin,	
  M.L.,	
  McLellan,	
  S.L.,	
  2015.	
  
Comparison	
  of	
  sewage	
  and	
  animal	
  fecal	
  microbiomes	
  using	
  oligotyping	
  reveals	
  potential	
  human	
  fecal	
  indicators	
  in	
  
multiple	
  taxonomic	
  groups.	
  Appl.	
  Environ.	
  Microbiol.	
  81,	
  AEM.01524–15.	
  doi:10.1128/AEM.01524-­‐15	
  

Pond,	
  K.,	
  2005.	
  Water	
  recreation	
  and	
  disease:	
  plausibility	
  of	
  associated	
  infections:	
  acute	
  effects,	
  sequelae,	
  and	
  mortality.	
  
World	
  Health	
  Organization.	
  

Sauer,	
  E.P.,	
  VandeWalle,	
  J.L.,	
  Bootsma,	
  M.J.,	
  McLellan,	
  S.L.,	
  2011.	
  Detection	
  of	
  the	
  human	
  specific	
  Bacteroides	
  genetic	
  
marker	
  provides	
  evidence	
  of	
  widespread	
  sewage	
  contamination	
  of	
  stormwater	
  in	
  the	
  urban	
  environment.	
  Water	
  
Res.	
  45,	
  4081–4091.	
  doi:10.1016/j.watres.2011.04.049	
  

Sercu,	
  B.,	
  Van	
  De	
  Werfhorst,	
  L.C.,	
  Murray,	
  J.L.S.,	
  Holden,	
  P.A.,	
  2011.	
  Sewage	
  exfiltration	
  as	
  a	
  source	
  of	
  storm	
  drain	
  
contamination	
  during	
  dry	
  weather	
  in	
  urban	
  watersheds.	
  Environ.	
  Sci.	
  Technol.	
  45,	
  7151–7157.	
  

Soller,	
  J.A.,	
  Bartrand,	
  T.,	
  Ashbolt,	
  N.J.,	
  Ravenscroft,	
  J.,	
  Wade,	
  T.J.,	
  2010.	
  Estimating	
  the	
  primary	
  etiologic	
  agents	
  in	
  
recreational	
  freshwaters	
  impacted	
  by	
  human	
  sources	
  of	
  faecal	
  contamination.	
  Water	
  Res.	
  44,	
  4736–47.	
  
doi:10.1016/j.watres.2010.07.064	
  

Tetra	
  Tech	
  Inc., Herrera	
  Environmental	
  Consultants,	
  2011.	
  Using	
  Microbial	
  Source	
  Tracking	
  to	
  Support	
  TMDL	
  
Development	
  and	
  Implementation.	
  Report	
  for	
  U.S.	
  Environ.	
  Prot.	
  Agency	
  

U.S.	
  Environ.	
  Prot.	
  Agency,	
  2010.	
  Report	
  on	
  2009	
  National	
  Epidemiologic	
  and	
  Environmental	
  Assessment	
  of	
  Recreational	
  
Water	
  Epidemiology	
  Studies.	
  Report	
  Number:	
  EPA/600/R-­‐10/168.	
  

U.S.	
  Environ.	
  Prot.	
  Agency,	
  2014.	
  National	
  Summary	
  of	
  Impaired	
  Waters	
  and	
  TMDL	
  Information.	
  [WWW	
  Document]	
  
http://iaspub.epa.gov/waters10/attains_nation_cy.control?p_report_type=T#causes_303d	
  

	
  
	
  
	
  
	
  
	
  
	
  

	
  

This	
  policy	
  brief	
  was	
  authored	
  by	
  Deb	
  Dila	
  and	
  Sandra	
  McLellan	
  with	
  contributions	
  from	
  
Aaron	
  Thiel.	
  Development	
  of	
  this	
  brief	
  was	
  supported	
  in	
  part	
  by	
  grants	
  from	
  Wisconsin	
  
Department	
  of	
  Natural	
  Resources	
  AOC	
  project	
  and	
  University	
  of	
  Michigan	
  Water	
  
Center.	
  
Other	
  publications	
  in	
  this	
  series	
  can	
  be	
  found	
  online	
  at:	
  	
  
http://home.freshwater.uwm.edu/mclellanlab/policy-­‐briefs/	
  


