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SepEc	
  systems	
  and	
  
other	
  onsite	
  systems:	
  

•  Serve	
  25%	
  of	
  U.S.	
  
popula-on	
  

• One-­‐third	
  of	
  new	
  
development	
  

Yet	
  liKle	
  research	
  on	
  
CECs	
  focuses	
  on	
  	
  
sepEc	
  systems	
  

	
  

SEPTIC	
  
SYSTEMS	
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Cape	
  Cod	
  drinking	
  
water	
  supplies	
  are	
  
vulnerable	
  

SEPTIC	
  
SYSTEMS	
  

• 85%	
  of	
  homes	
  have	
  
sep-c	
  systems	
  

• Sand	
  and	
  gravel	
  
sole	
  source	
  aquifer	
  

• Rapid	
  development	
  

How	
  do	
  pharmaceuEcals	
  and	
  other	
  
CECs	
  get	
  into	
  the	
  environment?	
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Examples	
  of	
  CECs	
  

•  Pharmaceu-cals,	
  personal	
  care	
  products,	
  
hormones,	
  perfluorinated	
  chemicals,	
  
consumer	
  product	
  chemicals	
  

•  Not	
  currently	
  regulated	
  in	
  drinking	
  water,	
  
some	
  are	
  candidates	
  
–  Candidate	
  Contaminant	
  List	
  3	
  
–  Unregulated	
  Contaminant	
  Monitoring	
  Rule	
  3	
  	
  	
  

•  Growing	
  set	
  of	
  occurrence	
  data	
  
•  Our	
  understanding	
  of	
  human,	
  ecological	
  
health	
  effects	
  vary	
  among	
  CECs	
  



Cape	
  Cod	
  water	
  quality	
  
research	
  objecEves	
  
•  Measure	
  endocrine	
  disruptors	
  
and	
  other	
  CECs	
  in	
  drinking	
  water	
  
and	
  groundwater	
  	
  

•  Evaluate	
  sep-c	
  systems	
  as	
  
sources	
  of	
  contaminants	
  and	
  
characterize	
  subsurface	
  transport	
  

•  Inform	
  Cape	
  wastewater	
  
management	
  and	
  drinking	
  water	
  
protec-on	
  decision-­‐making	
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Silent	
  Spring	
  InsEtute	
  
Cape	
  Cod	
  water	
  research	
  	
  

§  First study to identify estrogen-mimicking 
alkylphenols in household wastewater, 
groundwater, and drinking water 

Septic systems 
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Silent	
  Spring	
  InsEtute	
  
Cape	
  Cod	
  water	
  research	
  	
  

Groundwater	
  

§  Some endocrine disruptors and other 
CECs are persistent in groundwater 

§  Persistence of CECs depends on 
dissolved oxygen levels 
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Ponds 

§  Ponds more impacted by residential 
development have more hormones 
and pharmaceuticals 

§  Highest hormone levels approached 
ecological levels of concern 

Silent	
  Spring	
  InsEtute	
  
Cape	
  Cod	
  water	
  research	
  	
  



Higher	
  concentraEons	
  in	
  high	
  
residenEal	
  density	
  ponds	
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Standley et al., ET&C, 2008 

Low	
  residenEal	
  density	
  
ponds	
  (7	
  samples)	
  

High	
  residenEal	
  density	
  
ponds	
  (9	
  samples)	
  

hormones pharmaceuticals hormones pharmaceuticals 

Ibuprofen detected, not shown on graphs 



§  Pharmaceuticals, perfluorinated 
chemicals, and flame retardants 
found in public wells 

§  Nitrate, boron, and unsewered 
development all correlated with 
extent of CECs 

Silent	
  Spring	
  InsEtute	
  
Cape	
  Cod	
  water	
  research	
  	
  

Public wells 
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Wells	
  with	
  more	
  residenEal	
  development	
  and	
  
higher	
  nitrate	
  had	
  more	
  emerging	
  contaminants	
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§  Pharmaceuticals and perfluorinated 
chemicals found in many private 
wells 

§  Artificial sweetener (acesulfame) 
sensitive wastewater marker and 
CEC indicator 

Silent	
  Spring	
  InsEtute	
  
Cape	
  Cod	
  water	
  research	
  	
  

Private wells 
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Sep-c	
  systems	
  are	
  impac-ng	
  Cape	
  
Cod	
  groundwater	
  quality.	
  
	
  
25%	
  of	
  Americans	
  have	
  a	
  sep-c	
  
system.	
  
	
  
But	
  what	
  do	
  we	
  know	
  about	
  CEC	
  
discharges	
  from	
  sep-c	
  systems?	
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Emerging	
  
contaminants	
  
in	
  sep-c	
  
systems	
  and	
  
inputs	
  into	
  
Cape	
  Cod	
  
groundwater	
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ObjecEves	
  

•  Synthesize	
  available	
  studies	
  of	
  CEC	
  removal	
  
and	
  discharge	
  from	
  sep-c	
  systems	
  

•  Compare	
  CEC	
  concentra-ons	
  in	
  effluent	
  from	
  
sep-c	
  systems	
  and	
  centralized	
  treatment	
  
plants	
  

• Model	
  CEC	
  inputs	
  into	
  	
  	
  
	
  Cape	
  Cod	
  groundwater	
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leach	
  field	
  
septic	
  
tank	
  

direction	
  of	
  groundwater	
  flow	
  

percolation	
  
water	
  table	
  

Discharge	
  of	
  contaminants	
  of	
  
emerging	
  concern	
  (CECs)	
  from	
  

septic	
  systems	
  into	
  groundwater	
  

precipitation	
   evaporation	
  

CECs	
  

CEC	
  degradation	
  
&	
  sorption	
  

well	
  

pumping	
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direction	
  of	
  groundwater	
  flow	
  

Data	
  compilation	
  

leach	
  field	
  effluent	
  (LFE)	
  

%	
  removal	
  in	
  
leach	
  field	
  septic	
  tank	
  

effluent	
  (STE)	
  

well	
  

pumping	
  

precipitation	
   evaporation	
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Studies	
  in	
  compilaEon	
  

•  16	
  studies	
  measured	
  CECs	
  in	
  sep-c	
  tank	
  
effluent,	
  leach	
  field	
  effluent,	
  or	
  %	
  removal	
  in	
  
leach	
  fields	
  

•  Some	
  systems	
  serve	
  one	
  household	
  or	
  more	
  
households,	
  others	
  serve	
  ins-tu-onal	
  sources	
  

•  Some	
  leach	
  field	
  effluent	
  concentra-ons	
  were	
  
es-mated	
  based	
  on	
  sep-c	
  tank	
  effluent	
  and	
  %	
  
removal	
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IniEal	
  list	
  of	
  chemicals	
  of	
  interest	
  
Hormones	
  
• 	
  17β-­‐estradiol	
  
• 	
  estriol	
  	
  
• 	
  estrone	
  	
  

Personal	
  care	
  
products	
  
• 	
  bisphenol	
  A	
  
• 	
  DEET	
  
• 	
  salicylic	
  acid	
  
• 	
  triclosan	
  

PharmaceuEcals	
  
Prescrip/on	
  
• 	
  carbamazepine	
  
• 	
  diclofenac	
  
• 	
  gemfibrozil	
  
• 	
  naproxen	
  
• 	
  sulfamethoxazole	
  
• 	
  trimethoprim	
  

Non-­‐prescrip/on	
  
• 	
  acetaminophen	
  
• 	
  caffeine	
  
• 	
  co-nine	
  
• 	
  ibuprofen	
  
• 	
  paraxanthine	
  

Flame	
  retardants	
  
• 	
  TBEP	
  
• 	
  TBP	
  
• 	
  TCEP	
  
• 	
  TCPP	
  
• 	
  TDCPP	
  

Alkylphenols	
  
• 	
  nonylphenol	
  (NP)	
  
• 	
  NP	
  ethoxylates	
  
• 	
  NP1EC	
  
• 	
  octylphenol	
  (OP)	
  
• 	
  OP	
  ethoxylates	
  *	
  detected	
  in	
  

Cape	
  Cod	
  
drinking	
  water	
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9	
  chemicals	
  for	
  further	
  study	
  
Hormones	
  
• 	
  17β-­‐estradiol	
  
• 	
  estriol	
  	
  
• 	
  estrone	
  	
  

Personal	
  care	
  
products	
  
• 	
  bisphenol	
  A	
  
• 	
  DEET	
  
• 	
  salicylic	
  acid	
  
• 	
  triclosan	
  

PharmaceuEcals	
  
Prescrip/on	
  
• 	
  carbamazepine	
  
• 	
  diclofenac	
  
• 	
  gemfibrozil	
  
• 	
  naproxen	
  
• 	
  sulfamethoxazole	
  
• 	
  trimethoprim	
  

Non-­‐prescrip/on	
  
• 	
  acetaminophen	
  
• 	
  caffeine	
  
• 	
  co-nine	
  
• 	
  ibuprofen	
  
• 	
  paraxanthine	
  

Flame	
  retardants	
  
• 	
  TBEP	
  
• 	
  TBP	
  
• 	
  TCEP	
  
• 	
  TCPP	
  
• 	
  TDCPP	
  

Alkylphenols	
  
• 	
  nonylphenol	
  (NP)	
  
• 	
  NP	
  ethoxylates	
  
• 	
  NP1EC	
  
• 	
  octylphenol	
  (OP)	
  
• 	
  OP	
  ethoxylates	
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TCEP	
  (flame	
  retardant)	
  –	
  poorly	
  removed	
  
Septic tanks Leach fields WWTPs 

Residential status 
     municipal ww 
     non-residential 
     single residence 
     multiple residences 

Data type 
     detection limit 
     single system 

TC
EP

	
  (m
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μg

/L
)	
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Acetaminophen	
  (Tylenol)	
  –	
  well	
  removed	
  
Septic tanks Leach fields WWTPs 

Residential status 
     municipal ww 
     non-residential 
     single residence 
     multiple residences 

Data type 
     detection limit 
     single system 

Ac
et
am

in
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n	
  
(μ
g/
L)
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Median	
  
concentra-on	
  
in	
  sep-c	
  tank	
  
effluent	
  (μg/L)	
  

Median	
  
concentra-on	
  
in	
  leach	
  field	
  
effluent	
  (μg/L)	
  

Median	
  
concentra-on	
  
in	
  WWTP	
  

effluent	
  (μg/L)	
  

Median	
  
percent	
  

removal	
  in	
  
leach	
  fields	
  (%)	
  

Well	
  removed	
  in	
  WWTPs	
  (>80%	
  removal)	
  

acetaminophen	
   40	
   0.1	
   0.1	
   >99%	
  

caffeine	
   40	
   0.1	
   1	
   >99%	
  

nonylphenol	
   30	
  	
   7	
   0.3	
   80%	
  

triclosan	
   1	
   0.1	
   0.2	
   90%	
  

Moderately	
  removed	
  in	
  WWTPs	
  (50-­‐80%	
  removal)	
  

DEET	
   1	
   0.2	
   0.1	
   80%	
  

sulfamethoxazole	
   0.03	
   0.2	
   0.1	
   40%	
  

trimethoprim	
   0.6	
   0.01	
   0.03	
   70%	
  

Poorly	
  removed	
  in	
  WWTPs	
  (<50%	
  removal)	
  

carbamazepine	
   0.9	
   0.08	
   0.5	
   40%	
  

TCEP	
   0.3	
   0.2	
   0.3	
   30%	
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Median	
  
concentra-on	
  
in	
  sep-c	
  tank	
  
effluent	
  (μg/L)	
  

Median	
  
concentra-on	
  
in	
  leach	
  field	
  
effluent	
  (μg/L)	
  

Median	
  
concentra-on	
  
in	
  WWTP	
  

effluent	
  (μg/L)	
  

Median	
  
percent	
  

removal	
  in	
  
leach	
  fields	
  (%)	
  

Well	
  removed	
  in	
  WWTPs	
  (>80%	
  removal)	
  

acetaminophen	
   40	
   0.1	
   0.1	
   >99%	
  

caffeine	
   40	
   0.1	
   1	
   >99%	
  

nonylphenol	
   30	
  	
   7	
   0.3	
   80%	
  

triclosan	
   	
  1	
   0.1	
   0.2	
   90%	
  

Moderately	
  removed	
  in	
  WWTPs	
  (50-­‐80%	
  removal)	
  

DEET	
   1	
   0.2	
   0.1	
   80%	
  

sulfamethoxazole	
   0.03	
   0.2	
   0.1	
   40%	
  

trimethoprim	
   0.6	
   0.01	
   0.03	
   70%	
  

Poorly	
  removed	
  in	
  WWTPs	
  (<50%	
  removal)	
  

carbamazepine	
   0.9	
   0.08	
   0.5	
   40%	
  

TCEP	
   0.3	
   0.2	
   0.3	
   30%	
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  leach	
  field	
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Median	
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  WWTP	
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removal	
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carbamazepine	
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ConvenEonal	
  sepEc	
  system	
  vs.	
  
convenEonal	
  WWTP	
  

septic tank 

primary 
treatment 

secondary 
treatment 
(activated 
sludge) 

physical 
separation 

biological 
treatment 

influent 

influent 

leach field 

effluent 

effluent 

SEPTIC	
  SYSTEM	
  

WWTP	
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Next	
  steps	
  for	
  data	
  compilaEon	
  

•  Incorporate	
  new	
  studies	
  
•  Include	
  advanced	
  onsite	
  systems	
  
•  Addi-onal	
  sta-s-cal	
  approaches	
  for	
  datasets	
  
with	
  many	
  non-­‐detects	
  (Helsel)	
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EsEmaEng	
  CEC	
  inputs	
  to	
  groundwater	
  

• Which	
  areas	
  of	
  Cape	
  Cod	
  receive	
  most	
  
concentrated	
  CEC	
  inputs?	
  

•  Areas	
  of	
  interest	
  	
  
–  Public	
  wells	
  recharge	
  areas	
  
– Areas	
  served	
  by	
  private	
  wells	
  
–  Coastal	
  and	
  freshwater	
  watersheds	
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Combine	
  wastewater	
  flow	
  
and	
  median	
  CEC	
  

concentraEons	
  to	
  esEmate	
  
inputs	
  into	
  recharge	
  areas	
  

and	
  watersheds	
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4-­‐NONYLPHENOL	
   TCEP	
   SULFAMETHOXAZOLE	
  

grams	
  
per	
  year	
  

grams	
  
per	
  sq.	
  
mile	
  per	
  
year	
  

grams	
  
per	
  year	
  

grams	
  
per	
  sq.	
  
mile	
  per	
  
year	
  

grams	
  
per	
  year	
  

grams	
  per	
  
sq.	
  mile	
  per	
  

year	
  

Whole	
  Cape	
   	
  200,000	
  	
   	
  500	
  	
   	
  8,000	
  	
   	
  20	
  	
   	
  7,000	
  	
   	
  20	
  	
  

Public	
  wells	
  
BFD2	
  (BF2)	
   ZOC	
   	
  50	
  	
   	
  300	
  	
   	
  2	
  	
   	
  9	
  	
   	
  2	
  	
   	
  9	
  	
  

	
  	
  (Barnstable)	
   Zone	
  2	
   	
  700	
  	
   	
  100	
  	
   	
  30	
  	
   	
  4	
  	
   	
  20	
  	
   	
  4	
  	
  

Arena	
  3&4	
  	
  	
   ZOC	
   	
  200	
  	
   	
  1,000	
  	
   	
  6	
  	
   	
  50	
  	
   	
  6	
  	
   	
  50	
  	
  

	
  	
  (C-­‐O-­‐MM)	
   Zone	
  2	
   	
  3,000	
  	
   	
  800	
  	
   	
  80	
  	
   	
  30	
  	
   	
  90	
  	
   	
  30	
  	
  

Electric	
  Sta-on	
  1	
  	
   ZOC	
   	
  100	
  	
   	
  700	
  	
   	
  4	
  	
   	
  20	
  	
   	
  4	
  	
   	
  20	
  	
  

	
  	
  (Cotuit)	
   Zone	
  2	
   	
  300	
  	
   	
  600	
  	
   	
  10	
  	
   	
  20	
  	
   	
  10	
  	
   	
  20	
  	
  

Lumbert	
  Mill	
  9	
  	
   ZOC	
   	
  300	
  	
   	
  900	
  	
   	
  9	
  	
   	
  30	
  	
   	
  9	
  	
   	
  30	
  	
  

	
  	
  (C-­‐O-­‐MM)	
   Zone	
  2	
   	
  2,000	
  	
   	
  1,000	
  	
   	
  70	
  	
   	
  30	
  	
   	
  70	
  	
   	
  40	
  	
  

Hyannisport	
   ZOC	
   	
  900	
  	
   	
  1,000	
  	
   	
  30	
  	
   	
  60	
  	
   	
  30	
  	
   	
  50	
  	
  

	
  	
  (Hyannis)	
   Zone	
  2	
   	
  2,000	
  	
   	
  2,000	
  	
   	
  300	
  	
   	
  200	
  	
   	
  100	
  	
   	
  70	
  	
  

Private	
  well	
  areas	
  
Eastham	
  	
   	
  1,000	
  	
   	
  2,000	
  	
   	
  40	
  	
   	
  70	
  	
   	
  40	
  	
   	
  80	
  	
  

Watersheds	
  
Lewis	
  Bay	
  system	
   	
  10,000	
  	
   	
  900	
  	
   	
  900	
  	
   	
  70	
  	
   	
  500	
  	
   	
  40	
  	
  

West	
  Falmouth	
  Harbor	
   	
  1,000	
  	
   	
  500	
  	
   	
  200	
  	
   	
  60	
  	
   	
  60	
  	
   	
  20	
  	
  

Lewis	
  Pond	
   	
  20	
  	
   	
  200	
  	
   	
  0.6	
  	
   	
  7	
  	
   	
  0.6	
  	
   	
  7	
  	
  

Oyster	
  Pond	
   	
  200	
  	
   	
  400	
  	
   	
  8	
  	
   	
  10	
  	
   	
  8	
  	
   	
  10	
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Challenges	
  and	
  limitaEons	
  

•  Few	
  studies	
  available	
  
•  Some	
  chemicals	
  not	
  studied	
  at	
  all	
  

–  e.g.,	
  perfluorinated	
  chemicals	
  

• Many	
  non-­‐detects	
  	
  
•  Leach	
  field	
  “effluent”	
  difficult	
  to	
  assess	
  
•  Cape	
  Cod	
  wastewater	
  may	
  be	
  different	
  	
  
•  Only	
  modeling	
  inputs,	
  not	
  fate	
  and	
  transport	
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Sewers	
  vs.	
  sepEc	
  systems	
  

• WWTPs	
  may	
  not	
  do	
  a	
  beAer	
  job	
  of	
  removing	
  
CECs	
  than	
  sep-c	
  systems	
  

•  Addi-onal	
  considera-ons:	
  
– Advanced	
  onsite	
  and	
  centralized	
  treatment	
  will	
  
remove	
  more	
  ↑	
  

–  Failing	
  or	
  old	
  sep-c	
  systems	
  and	
  leaky	
  sewers	
  will	
  
remove	
  less	
  ↓	
  

– WWTPs	
  can	
  add	
  disinfec-on	
  by-­‐products	
  ↑	
  

• What	
  about	
  alterna-ves	
  ...	
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Eco-­‐toilets	
  

•  Compos-ng	
  or	
  urine	
  diver-ng	
  

•  Town	
  of	
  Falmouth,	
  MA:	
  
	
  pilot	
  project	
  to	
  measure	
  nitrogen	
  in	
  sep-c	
  
systems	
  ater	
  eco-­‐toilet	
  installa-on	
  

• What	
  happens	
  to	
  CECs?	
  



Toilets	
  are	
  major	
  source	
  of	
  nutrients	
  

83% of N 
79% of P 

 



Eco-­‐toilets	
  divert	
  nutrients	
  

Divert	
  
nutrients	
  
from	
  
ground	
  
water,	
  
allow	
  for	
  
beneficial	
  
reuse	
  



Can	
  eco-­‐toilets	
  reduce	
  CEC	
  polluEon?	
  

PharmaceuEcals,	
  
hormones	
  



Can	
  eco-­‐toilets	
  reduce	
  CEC	
  polluEon?	
  

Consumer	
  
product	
  
chemicals	
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ImplicaEons	
  and	
  future	
  work	
  

•  Presence	
  of	
  CECs	
  in	
  Cape	
  Cod	
  groundwater	
  
raises	
  health	
  concerns	
  

•  Strategies	
  for	
  managing	
  nutrients	
  may	
  alter	
  
loca-on	
  and	
  amount	
  of	
  CECs	
  entering	
  Cape	
  
groundwater	
  

•  Eco-­‐toilets	
  study	
  will	
  provide	
  informa-on	
  
about	
  CEC	
  contribu-ons	
  from	
  blackwater	
  

•  Further	
  study	
  needed	
  of	
  sources	
  and	
  fate	
  of	
  
perfluorinated	
  chemicals	
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