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Project GoalsProject Goals

Determine if detectable levels of selected pharmaceuticalDetermine if detectable levels of selected pharmaceutical
analytes are present in the NYC Watershedanalytes are present in the NYC Watershed

Why?Why?
To address concerns in recent scientific and popularTo address concerns in recent scientific and popular
literature regarding the potential for contamination ofliterature regarding the potential for contamination of
surface waters by hormones and human-usesurface waters by hormones and human-use
pharmaceuticalspharmaceuticals



Media HeadlinesMedia Headlines
Rx-Drug HRx-Drug H22WOEWOE    New York Post, 8/23/04New York Post, 8/23/04

Stay calm everyone, there’s Prozac in the drinking waterStay calm everyone, there’s Prozac in the drinking water  
London Observer, 8/8/04London Observer, 8/8/04

Household supplies appear in water:  Drugs, disinfectants worryHousehold supplies appear in water:  Drugs, disinfectants worry
state panelstate panel    The Arizona Republic, 7/23/04The Arizona Republic, 7/23/04

Eat, drink and be wary:  Chemicals often linger in water afterEat, drink and be wary:  Chemicals often linger in water after
treatmenttreatment      Poughkeepsie Journal (NY), 1/18/04Poughkeepsie Journal (NY), 1/18/04

Fish off Arctic city get drug cocktail from sewersFish off Arctic city get drug cocktail from sewers                
Reuters, 11/24/03Reuters, 11/24/03

Frogs, fish, and pharmaceuticals a troubling brew…Frogs, fish, and pharmaceuticals a troubling brew…  
CNN, 11/14/03CNN, 11/14/03

Drugs in your drinking water? Take a valiumDrugs in your drinking water? Take a valium                                          
The Globe andThe Globe and  Mail (Canada), 2/12/03Mail (Canada), 2/12/03



Project Goals Project Goals (continued)(continued)

characterize input to watershed from effluent of fourcharacterize input to watershed from effluent of four
WWTPs WWTPs (day-of-week, seasonality, variability within and between plants)(day-of-week, seasonality, variability within and between plants)

monitor major inputs and output of key reservoirsmonitor major inputs and output of key reservoirs

monitor terminal reservoir to determine if any analytes aremonitor terminal reservoir to determine if any analytes are
detectable prior to distributiondetectable prior to distribution



Project Goals Project Goals (continued)(continued)

What did we look for (and why)?What did we look for (and why)?
Basic compoundsBasic compounds Acid/neutral compoundsAcid/neutral compounds
amoxicillin (antibiotic)amoxicillin (antibiotic)  1717αα-ethinylestradiol (steroid)-ethinylestradiol (steroid)
atenolol (beta-blocker) atenolol (beta-blocker) 1717ββ-estradiol (steroid)-estradiol (steroid)
caffeine (stimulant) caffeine (stimulant) estrone (steroid)estrone (steroid)
cephalexincephalexin** (antibiotic)  (antibiotic) ibuprofen (analgesic)ibuprofen (analgesic)
sulfamethoxazole (antibiotic) sulfamethoxazole (antibiotic) valproic acidvalproic acid** (antiepileptic) (antiepileptic)
trimethoprim (antibiotic) trimethoprim (antibiotic) carbamazepinecarbamazepine (pilot) (pilot)
*to our knowledge, these compounds have not been previously*to our knowledge, these compounds have not been previously
investigatedinvestigated





MethodologyMethodology  

  Four-liter grab samples   Four-liter grab samples (pharmaceuticals)(pharmaceuticals)

--silanizedsilanized amber glass bottles amber glass bottles

  Field measurements for conductivity, dissolved O  Field measurements for conductivity, dissolved O22, pH,, pH,    
redoxredox potential, salinity, and temperature potential, salinity, and temperature



MethodologyMethodology

  Samples are extracted within 48 hours of collection on  Samples are extracted within 48 hours of collection on
Empore SDB-XC extraction disksEmpore SDB-XC extraction disks

 Analysis via  Analysis via Agilent Agilent 1100 HPLC and1100 HPLC and ThermoQuest ThermoQuest
    LCQ Ion Trap LC/MS with ESI     LCQ Ion Trap LC/MS with ESI (electrospray ionization)(electrospray ionization)

- SIM for all analytes, except amoxicillin and cephalexin (MS/MS)- SIM for all analytes, except amoxicillin and cephalexin (MS/MS)

Methodology developed by Dr. Patrick O’Keefe, NYSDOH WCLR;Methodology developed by Dr. Patrick O’Keefe, NYSDOH WCLR;
Method Detection Limit (MDL) study approved by US EPAMethod Detection Limit (MDL) study approved by US EPA



MethodologyMethodology

Detection limits Detection limits (from MDL study)(from MDL study)
Basic Basic cmpds cmpds     ng/Lng/L EnvEnv. Conc. Conc..       Acid/neutral Acid/neutral cmpdscmpds        ng/Lng/L    EnvEnv. Conc. Conc..
amoxicillinamoxicillin   367   367 n/an/a       17α17α-ethinylestradiol  39     -ethinylestradiol  39         4242

atenololatenolol   9   9 3-2413-241    17   17ββ-estradiol-estradiol       40             40       6464

  caffeinecaffeine   80   80 9-140009-14000    estrone   estrone       30             30       2-702-70

cephalexincephalexin* *     502   502 n/an/a    ibuprofen   ibuprofen       20             20       8-818-81

sulfamethoxazole 111 sulfamethoxazole 111 400400    valproic acid   valproic acid**        199           199     n/an/a

trimethoprimtrimethoprim    4   4  2-2402-240

  
*to our knowledge, these compounds have not been previously investigated*to our knowledge, these compounds have not been previously investigated

--Environmental concentrations are those found in surface waters or WWTP effluents inEnvironmental concentrations are those found in surface waters or WWTP effluents in
the literaturethe literature



Project DescriptionProject Description

Pilot Study (June 2003)Pilot Study (June 2003)
3 consecutive days3 consecutive days

Full Study-4 seasonal sampling events (8/03-05/04)Full Study-4 seasonal sampling events (8/03-05/04)
7 consecutive days7 consecutive days

EOH (2EOH (2 WWTPs WWTPs + 6 surface water locations) + 6 surface water locations)
WOH (2WOH (2 WWTPs WWTPs + 4 surface water locations) + 4 surface water locations)



Characteristics of the WWTPsCharacteristics of the WWTPs

                                                 Carmel SD #2 Carmel SD #2          Yorktown          Margaretville     Yorktown          Margaretville         Walton   Walton
                      Heights                      Heights

Year BuiltYear Built 1965     1965                          1961  1961      1998                     1978     1998                     1978
Year UpdatedYear Updated 19991999              1973    1973                              -          -                   2002                  2002
Design Flow (MGD)Design Flow (MGD)  0.35 0.35                1.5   1.5       0.4      0.4                                      1.17 1.17
Population (Population (approxapprox.).) 3,0003,000            10,000 10,000           800  800                                  3,500   3,500
Population Type           suburban     Population Type           suburban             suburban    suburban      rural      rural             rural  rural
Waste Sources Waste Sources              pharm           pharm. lab        none known . lab        none known   hospitalhospital                      nursing home, nursing home,

dairydairy





WWTP Pilot Study ResultsWWTP Pilot Study Results



WOH Surface Water Pilot Study ResultsWOH Surface Water Pilot Study Results



Concentration for Select Analytes by WWTP



Mean Concentration (Mean Concentration (ngng/L) for/L) for
Selected Selected AnalytesAnalytes

Caffeine           Atenolol Caffeine           Atenolol               Trimethoprim   Trimethoprim             Carbamazepine    Carbamazepine

Yorktown Yorktown 21899 21899 (34/34) (34/34)    1681 1681(34/34)(34/34)        126        126 (34/34)        (34/34)                            110110  (32/32)(32/32)

CarmelCarmel 132 132 (7/30)        (7/30)                2337 2337 (28/30)(28/30)       3502       3502 (21/30)(21/30)                     167 167 (28/30)(28/30)

WaltonWalton 165 165 (9/32)      (9/32)                    228 228 (25/32)                (25/32)                231 231 (23/32)             (23/32)                       152 152 (32/32)(32/32)

MargaretvilleMargaretville 225 225 (13/32)(13/32)           1894  1894 (32/32)(32/32)        121        121 (31/32) (31/32)                                   239 239 (32/32)(32/32)



TrimethoprimTrimethoprim concentrations (ng/L) concentrations (ng/L)
Location   MeasureLocation   Measure Overall    Summer    Fall     Overall    Summer    Fall           Winter     Winter        Spring Spring

Yorktown Samples/detects        34/34Yorktown Samples/detects        34/34 11/1111/11  8/8 8/8  8/8 8/8     7/7    7/7
     Minimum                    42     Minimum                    42 7777  85 85 106106     42    42
     Median     Median                       115                      115 115115 146146 127127     48    48
     Mean     Mean                       126                      126 112112 174174 146146     72    72
     Maximum                     Maximum                   424 424 147147 424424 246246    154   154

Carmel  Samples/detectsCarmel  Samples/detects   30/21  30/21   7/7  7/7 8/08/0  8/7 8/7         7/7  7/7
   Minimum   Minimum        9       9 260260 -- 131131               9  9
   Median   Median                      332                     332 300300 -- 6490 6490              566 566
   Mean   Mean                    3502                   3502 302302 -- 4267              59374267              5937
   Maximum                37000   Maximum                37000 361361 -- 8090             370008090             37000



Caffeine by SeasonCaffeine by Season



AtenelolAtenelol by Season by Season



TrimethoprimTrimethoprim by Season by Season



Caffeine by Day of the WeekCaffeine by Day of the Week



Trimethoprim by Day of the WeekTrimethoprim by Day of the Week



Atenolol Atenolol by Day of the Weekby Day of the Week



ConclusionsConclusions

WWTPs are dischargingWWTPs are discharging PPCPs PPCPs into Surface Waters into Surface Waters

Inter-WWTP and Intra-WWTP variability can beInter-WWTP and Intra-WWTP variability can be
significant for specific contaminants (caffeine,significant for specific contaminants (caffeine,
trimethoprim )trimethoprim )

Inter-WWTP and Intra-WWTP variability is remarkablyInter-WWTP and Intra-WWTP variability is remarkably
small for somesmall for some PPCPs PPCPs (carbamazepine) (carbamazepine)



ConclusionsConclusions

Very few detections in reservoir samples (and many not inVery few detections in reservoir samples (and many not in
duplicates), did see more frequent detections in EOH (lessduplicates), did see more frequent detections in EOH (less
dilution?)dilution?)

Consistent with literature especially when consideringConsistent with literature especially when considering
detection limits.  However this may be due to methoddetection limits.  However this may be due to method
detection limitsdetection limits

WWTP effluent concentrations (WWTP effluent concentrations (ngng/L) are orders of/L) are orders of
magnitude lower than therapeutic doses (mg/day)magnitude lower than therapeutic doses (mg/day)



Next StepsNext Steps

Sampling with tighter spatial resolutionSampling with tighter spatial resolution

Sediment samplingSediment sampling

Laboratory work to evaluate degradationLaboratory work to evaluate degradation
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