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What	  are	  You	  Going	  to	  Learn	  From	  
This	  Talk?	  
�  If	  You	  Don’t	  Sample	  Carefully,	  you	  will	  have	  a	  hard	  
time	  defending	  your	  conclusions	  

� Hormone	  and	  Pharmaceuticals	  vary	  daily,	  and	  some	  
can	  vary	  weekly,	  seasonally,	  and	  on	  a	  decadal	  time	  
series	  

� Data	  that	  can	  address	  long-‐term	  and	  seasonal	  
variability	  at	  WWTP	  are	  lacking	  



What	  Factors	  Affect	  
Pharmaceu;cal	  Concentra;ons?	  
� Changes	  in	  PMF	  Formulation	  
� Changes	  in	  Plant	  Technology	  
� Diurnal	  Variability	  
� Extreme	  Events	  CSO	  Discharges	  
�  Seasonal	  Occupancy/Depopulation	  	  of	  Areas	  	  (College	  
Students)	  



Causes	  of	  Variability	  in	  Concentra;ons	  
of	  Emerging	  Contaminants	  in	  
Wastewater	  

�  Sampling	  at	  Select	  WWTP	  between	  2003-‐2013	  allows	  
for	  long-‐term	  trend	  assessment	  of	  pharmaceuticals	  

� Additional	  Sampling	  allows	  for	  assessment	  of	  
concentration	  variability	  on	  differing	  time	  scales	  

� Use	  these	  data	  to	  assess	  factors	  affecting	  
pharmaceutical	  (and	  other	  EC)	  variability	  



Analy;cal	  Methods 	  	  
�  For	  Trends	  work,	  used	  USGS	  NWQL	  Wastewater	  
Method	  

� Wastewater	  Method	  Supplemented	  by	  added	  
Pharmaceuticals	  (Phillips	  and	  others,	  2010;	  Zaugg	  and	  
others,	  2014).	  	  	  

� QA	  –	  Some	  low-‐level	  blank	  detects,	  replicate	  
differences	  around	  

�  In	  last	  few	  years,	  began	  use	  of	  NWQL	  Hormone	  and	  
new	  Pharmaceutical	  Methods	  



Use	  of	  New	  Methods	   	  	  
�  New	  Hormone	  Method	  Used	  in	  Phillips	  and	  others,	  2012	  
(CSO	  Study)	  

�  New	  Pharmaceutical	  Method	  (SH2440)	  and	  Wastewater	  
Addon	  (LC8144)	  used	  in	  variety	  of	  Studies:	  

	  	  	  	  	  	  	  	  	  -‐	  PMF	  Study	  (described	  today)	  
	  	  	  	  	  	  	  	  	  -‐Septic	  System	  Studies	  in	  New	  England/New	  York	  
	  	  	  	  	  	  	  	  	  -‐Different	  Small	  Studies	  of	  Effluent/Influent	  that	  are	  	  
	  	  	  	  	  	  	  	  	  	  	  	  designed	  to	  characterize	  various	  time	  scales	  over	  
	  	  	  	  	  	  	  	  	  	  	  	  which	  Pharmaceutical	  concentrations	  vary	  
	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
	  
	  
	  



Study	  Design	  –	  Analy;cal	  Methods	  	  
	  
�  LC9017	  (New	  Pharmaceutical	  Method)	  
�  Sh1433/LC8144	  (Wastewater	  Indicators/Custom	  
Pharmaceutical	  Method)	  

�  LC	  2433	  (Filtered	  Hormones)	  



Approach:	  	  All	  Pharmaceu;cals	  Included	  
Will	  be	  Discussed,	  Using	  Small	  Print	  and	  No	  

Graphics,	  and	  you	  will	  hate	  me	  for	  it	  



2010	  PMF	  Study	  –	  Highest	  Pharmaceu;cals	  
at	  P03	  (NY2),	  P04	  (NY3)	  

� Key	  Difference	  –	  National	  Study	  is	  One-‐Time	  
Sampling	  



Few	  Examples	  of	  Seasonal	  
Differences	  in	  Concentra;ons	  
�  P03	  Samples	  had	  highest	  
concentra;ons	  for	  some	  
Pharmaceu;cals	  in	  Jan-‐
Mar;	  Due	  to	  Formula;on?	  

� Other	  sites	  showed	  
highest	  DEET	  
concentra;ons	  in	  
Summer	  



Phase	  out	  of	  PMF	  at	  NY2	  	  
� PMF	  phase-‐out	  announced	  January	  2008	  
� Production	  ceased	  January	  2012	  
� Did	  pharmaceuticals	  in	  effluent	  change?	  



N02/P14:	  	  Decreases	  
Corresponding	  to	  PMF	  Shutdown	  

Similar	  	  
Decreases	  for	  	  
Oxycodone,	  
Diazepam	  	  
	  	  



N01	  Treatment	  Upgrade	  	  
� Occurred	  in	  August-‐September	  2007	  

� Trickling	  filter	  media	  was	  changed	  
� Rotating	  Biological	  Contactors	  added	  
� Microfiltration	  added	  
� Storm	  flow	  equalization	  tank	  added	  

	  



N01	  –	  Decrease	  in	  Caffeine,	  no	  Change	  in	  
Pharmaceu;cal	  Concentra;ons	  in	  Response	  to	  

Upgrade	  



Effects	  of	  Upgrade	  at	  N01	  are	  
No;ceable	  in	  Downstream	  Reservoir	  



P03–	  Decrease	  in	  Oxycodone	  since	  
2010,	  no	  Change	  in	  Methadone	  



December	  2012	  Diurnal	  
Experiment	  	  

� Diurnal	  Variability	  Assessed	  at	  NO3,	  
December	  2012	  

� Grab,	  24	  hour	  composite,	  and	  6x4	  
Hour	  Composites	  Both	  Influent	  and	  
Effluent	  

� New	  Pharmaceu;cal	  Method,	  
Hormone	  Method	  used	  

� Useful	  for	  Assessing	  New	  Methods	  
(Removal,	  Diurnal	  Variability)	  



High	  Diurnal	  Variability	  for	  Some	  
Pharmaceu;cals	  



Effluent	  Diurnal	  Concentra;ons	  
Compound	  Dependent	  



Effects	  of	  Extreme	  Events	  -‐	  
Elevated	  Flows	  over	  a	  days/
year	  account	  for	  >90%	  of	  
Hormone	  Loads	  



Observa;ons	  about	  Sex	  and	  Drugs	  
Picked	  up	  over	  the	  Last	  Few	  Years	  



EE2	  is	  not	  Commonly	  present	  in	  
Eflfuent	  



New	  Method	  Shows	  Addi;onal	  
Pharmaceu;cals	  at	  Site	  Analyzed	  in	  
2010	  PMF	  Study	  



Sep;c	  Sytems	  Are	  A	  source	  of	  Hormones	  to	  
Groundwater	  on	  Long	  Island	  (and	  New	  England	  
besides	  the	  Cape)	  



Summary	  
� Variability	  occurs	  on	  time	  spans	  over	  24	  hours	  to	  
multi-‐year	  

� Phaseout	  of	  PMF	  formulation,	  WWTP	  Technology	  
changes	  cause	  variability	  over	  decade	  period	  

�  Shorter	  term	  (24	  hour)	  variability	  ranges	  in	  influent	  
and	  effluent	  	  and	  extreme	  events	  (CSOs)	  can	  cause	  
high	  variability	  

� Will	  get	  data	  back	  soon	  on	  effects	  of	  population	  
changes	  

� Need	  greater	  focus	  on	  both	  longer	  term	  (decadal)	  
changes	  and	  short	  term	  (extreme	  events)	  



Assessment	  of	  trends	  

�  It’s	  difficult	  &	  uncommon.	  

� Requires	  	  
�  A	  consistent	  laboratory	  and	  analytical	  methods	  
� Methods	  that	  are	  sensitive	  enough	  
�  A	  long	  and	  well	  maintained	  data	  set	  

�  fixed	  frequency	  sampling	  over	  all	  seasons	  

�  Sophisticated	  data	  analysis	  techniques,	  including	  	  a	  
censoring	  strategy.	  

	  



Contact	  Informa;on	  

Patrick	  Phillips	  
USGS	  –	  New	  York	  Water	  Science	  Center	  
425	  Jordan	  Road	  	  
Troy,	  NY	  12180	  
	  

pjphilli@usgs.gov	  
	  


