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New York City’s New York City’s 
W S lW S lWater SupplyWater Supply

Three systems:Three systems:Three systems:Three systems:
Croton Croton –– 1842, supplies 1842, supplies 
ca. 10%, eutrophicca. 10%, eutrophic
Catskill Catskill –– 1926, supplies 1926, supplies 
ca. 40%, mesoca. 40%, meso--trophictrophic
Dela areDela are 1964 largest1964 largestDelaware Delaware –– 1964, largest 1964, largest 
supply (ca 50%) and a supply (ca 50%) and a 
mixture of oligomixture of oligo--, meso, meso--
and eutrophic.and eutrophic.
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Methods employed by NYCDEPMethods employed by NYCDEPp y yp y y

MonitoringMonitoring
Keypoint (entry point) sampling varies from once to Keypoint (entry point) sampling varies from once to 
three times a week for phytoplanktonthree times a week for phytoplankton
R r ir mplin n r t i / m nthR r ir mplin n r t i / m nthReservoir sampling once or twice / monthReservoir sampling once or twice / month
Analytes relevant to algae include dissolved oxygen, Analytes relevant to algae include dissolved oxygen, 
pH, total phosphorus, chlorophyllpH, total phosphorus, chlorophyll aa andandpH, total phosphorus, chlorophyll pH, total phosphorus, chlorophyll aa and and 
phytoplankton counts.phytoplankton counts.

Phytoplankton analysis currently performed using areal Phytoplankton analysis currently performed using areal 
d d i (ASU ld d i (ASU l 11))standard units (ASU mlstandard units (ASU ml--11))

Chlorophyll Chlorophyll aa analysis via HPLCanalysis via HPLC
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Treatment methodsTreatment methodsTreatment methodsTreatment methods

ChemicalChemicalChemicalChemical
Previously treated with CuSOPreviously treated with CuSO44, but currently a restricted use , but currently a restricted use 
pesticide in NYS.pesticide in NYS.
Treated via saturated solution fed into connecting tunnels.Treated via saturated solution fed into connecting tunnels.
Trigger levels of >2000 ASU mlTrigger levels of >2000 ASU ml--11 for total phytoplankton or for total phytoplankton or 

1000 AS l1000 AS l 11 ff> 1000 ASU ml> 1000 ASU ml--11 for one genusfor one genus

OperationsOperations
Di i di i d i blDi i di i d i bl blblDiscontinue diversions during blueDiscontinue diversions during blue--green bloomsgreen blooms
Selective withdrawal depth to minimize bloomsSelective withdrawal depth to minimize blooms
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Cyanobacteria commonly foundCyanobacteria commonly found

AnabaenaAnabaena –– Croton System Cannonsville ReservoirCroton System Cannonsville ReservoirAnabaena Anabaena Croton System, Cannonsville ReservoirCroton System, Cannonsville Reservoir
Aphanizomenon Aphanizomenon –– Croton System, Cannonsville Croton System, Cannonsville 

ReservoirReservoirReservoirReservoir
Microcystis Microcystis –– Croton System, Cannonsville ReservoirCroton System, Cannonsville Reservoir
Lyngbya Lyngbya –– Croton SystemCroton System
OthersOthers –– Oscillatoria, Synechococcus, CoelesphaeriumOscillatoria, Synechococcus, Coelesphaerium, y , p, y , p
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Case studiesCase studies

Events and the actions takenEvents and the actions taken
East Branch ReservoirEast Branch Reservoir LyngbyaLyngbyaEast Branch Reservoir East Branch Reservoir –– LyngbyaLyngbya
Ashokan Reservoir Ashokan Reservoir –– SynechococcusSynechococcus
C ill R iC ill R iCannonsville Reservoir Cannonsville Reservoir ––

Anabaena, MicrocystisAnabaena, Microcystis & & 
CoelesphaeriumCoelesphaeriumCoelesphaeriumCoelesphaerium
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Case studiesCase studies
East Branch Reservoir (Croton System)East Branch Reservoir (Croton System)

LyngbyaLyngbya bloom in July, 2004 bloom in July, 2004 
D t t d i illD t t d i illDetected via surveillanceDetected via surveillance
Samples collected showed: Samples collected showed: 

Dominance of Dominance of LyngbyaLyngbyay g yy g y
Some diatoms & many bacteriaSome diatoms & many bacteria

Selective withdrawal (bottom) Selective withdrawal (bottom) 
and minimal release kept the and minimal release kept the 
bloom localizedbloom localized
E t B h i h d t i d f thE t B h i h d t i d f thEast Branch is a headwater reservoir, removed from the source East Branch is a headwater reservoir, removed from the source 
water for the Croton System.  Allow natural diewater for the Croton System.  Allow natural die--off.off.
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Case studies (East Branch continued)Case studies (East Branch continued)

Typical formation of Typical formation of 
mats by mats by LyngbyaLyngbya
Decomposition and foul Decomposition and foul 
odor associated with odor associated with 
sulfur bacteria (e.g. sulfur bacteria (e.g. 
ChromatiumChromatium))
Potential toxin producer Potential toxin producer 

Neurotoxins and Neurotoxins and 
dermatotoxinsdermatotoxinsdermatotoxinsdermatotoxins
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Case studies (continued)Case studies (continued)

Ashokan Reservoir (Catskill System)Ashokan Reservoir (Catskill System)
Bloom ofBloom of SynechococcusSynechococcusBloom of Bloom of SynechococcusSynechococcus

Small blueSmall blue--greens that typically go unnoticed greens that typically go unnoticed 
(picoplankton), chromatoplasm barely visible(picoplankton), chromatoplasm barely visible

Occurred at the depth of the metalimnion in Occurred at the depth of the metalimnion in 
September (2002).September (2002).
D d b h f HPLCD d b h f HPLCDetected by the use of HPLCDetected by the use of HPLC

Auxiliary pigments identified and tracked over time.Auxiliary pigments identified and tracked over time.
Evidence of presence starting in early summerEvidence of presence starting in early summerEvidence of presence starting in early summerEvidence of presence starting in early summer

Confirmation by detailed microscopyConfirmation by detailed microscopy
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Case studies (Ashokan continued)Case studies (Ashokan continued)
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Case studies (Ashokan continued)Case studies (Ashokan continued)

SynechococcusSynechococcus produces geosmin (T&O)produces geosmin (T&O)yy p g ( )p g ( )
suspected toxin producersuspected toxin producer

Selective withdrawal used to avoid bloomSelective withdrawal used to avoid bloom
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Case Studies (Continued…)Case Studies (Continued…)

Cannonsville ReservoirCannonsville Reservoir
Previous problems with cyanobacterial bloomsPrevious problems with cyanobacterial blooms
Have used tunnel treatment with CuSOHave used tunnel treatment with CuSO44 in the pastin the past
Typically use avoidance Typically use avoidance 
Watershed managementWatershed managementWatershed managementWatershed management

Decreased TP  Decreased TP  Reduced cyanobacterial bloomsReduced cyanobacterial blooms
Restoration Success StoryRestoration Success Story

Early work (Wood 1979) indicated eutrophic conditions Early work (Wood 1979) indicated eutrophic conditions 
In 1992, Watershed Protection Programs were implementedIn 1992, Watershed Protection Programs were implemented

•• By 2002 no longer considered phosphorus restrictedBy 2002 no longer considered phosphorus restricted
•• In 2004 taken off State impaired waters 303 (d) list In 2004 taken off State impaired waters 303 (d) list 
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Cannonsville Reservoir WQ Cannonsville Reservoir WQ 
characteristicscharacteristicscharacteristicscharacteristics

EutrophicEutrophic--mesotrophicmesotrophic
PhosphorusPhosphoruspp

Mean=19.1 µg LMean=19.1 µg L--11

PP--limited but can be Nlimited but can be N--limited for short periods (N:P ratio)limited for short periods (N:P ratio)

Chl h llChl h llChlorophyllChlorophyll
Mean=10.1 µg LMean=10.1 µg L--11

Diatoms in spring and fallDiatoms in spring and fall
BlBl iiBlueBlue--greens in summer greens in summer 

Dimictic stratification patternDimictic stratification pattern
Anoxic hypolimnion in late summer but minimal PAnoxic hypolimnion in late summer but minimal P--releasereleaseAnoxic hypolimnion in late summer but minimal PAnoxic hypolimnion in late summer but minimal P releaserelease
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StamfordLand Use
Forested Areas

Cannonsville Basin Characteristics
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Cannonsville Basin Watershed Cannonsville Basin Watershed 
Partnership ProgramsPartnership ProgramsPartnership ProgramsPartnership Programs

Program As of Dec 31, 2008

Whole farm plan participants 
(95% participation)

204

• Ag BMP’s implemented 2674

WWTP upgrades 5

Remediated septic failures 535

Stream management projects 6

Storm water retrofits 10

Sand/Salt storage 10

Acquired land + easements 24,305 acres

Net effect : Nutrient and sediment reductions 

• verified by paired watershed experiment
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Wastewater treatment upgrade exampleWastewater treatment upgrade example
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Case studies ( Cannonsville trends)Case studies ( Cannonsville trends)

Cannonsville ReservoirWest Branch Delaware River
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D f 3% ll• Decrease of  8.5% per yr. overall  (2.1 µg L-1) 

• Elevated 2002 TP related to Walton WWTP 
(final upgrades implemented by 2003)

• Decrease of  3% per yr. overall  
(0.6 µg L-1)

• Down trend influenced by:

• Decrease post 2002 from cumulative 
effects of  Watershed Protection Program

•Mar 05 snowmelt & Jun 06 flood
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Case studies ( Cannonsville trends)Case studies ( Cannonsville trends)( )( )

Cannonsville Reservoir Overall downward trend 
of 7% per yr (0.5 µg L-1)
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Case studies (Cannonsville 7/90)Case studies (Cannonsville 7/90)

11AnabaenaAnabaena 5150 ASU mL5150 ASU mL--11

CoelesphaeriumCoelesphaerium 1450 ASU mL1450 ASU mL--11

Chlorophyll Chlorophyll aa 32.2 µg L32.2 µg L--11
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Case studies (Cannonsville 8/90)Case studies (Cannonsville 8/90)

MicrocystisMicrocystis 13,000 ASU mL13,000 ASU mL--11

C l ph iC l ph i 9250 ASU L9250 ASU L 11CoelesphaeriumCoelesphaerium 9250 ASU mL9250 ASU mL--11

Chlorophyll Chlorophyll aa 71.9 µg L71.9 µg L--11
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Case studies (Cannonsville 2008)Case studies (Cannonsville 2008)

Summer maximumSummer maximum AphanizomenonAphanizomenon of 740 ASU mLof 740 ASU mL--11Summer maximum Summer maximum AphanizomenonAphanizomenon of 740 ASU mLof 740 ASU mL
Summer maximum Summer maximum MicrocystisMicrocystis of 260 ASU mLof 260 ASU mL--11

Summer maximum chlorophyllSummer maximum chlorophyll aa of 12 4 µg Lof 12 4 µg L--11 duringduringSummer maximum chlorophyll Summer maximum chlorophyll aa of 12.4 µg Lof 12.4 µg L 11 during during 
AphanizomenonAphanizomenon “bloom”“bloom”
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Future workFuture work

Flow cytometerFlow cytometer
DEP is investigating flow cytometers for algal enumeration DEP is investigating flow cytometers for algal enumeration 
Miscroscopic validation will be necessaryMiscroscopic validation will be necessary

HPLC HPLC 
DEP already performs chl a analysis w/HPLCDEP already performs chl a analysis w/HPLCdy p s c ys s w/dy p s c ys s w/
Can use pigments, established ratios or CHEMTAX to determine Can use pigments, established ratios or CHEMTAX to determine 
occurrence of cyanobacterial blooms and for early warningoccurrence of cyanobacterial blooms and for early warning

InIn--situ monitoring (presently at early investigation stage)situ monitoring (presently at early investigation stage)InIn situ monitoring (presently at early investigation stage)situ monitoring (presently at early investigation stage)
Reservoir based monitoring buoys with cytometer and fluorescence Reservoir based monitoring buoys with cytometer and fluorescence 
capability (e.g. Cytobuoy)capability (e.g. Cytobuoy)
UVUV--Vis spectrometers ( e.g. S::CAN)Vis spectrometers ( e.g. S::CAN)p ( g N)p ( g N)
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Future work (continued)Future work (continued)
Early warning in distribution systemEarly warning in distribution system

S::CAN presently used at multiple locationsS::CAN presently used at multiple locationsp y pp y p
Working with mfg on detection of cyanobcteria & other T&O algaeWorking with mfg on detection of cyanobcteria & other T&O algae

Fish Fish –– flow through systems to detect toxins and other flow through systems to detect toxins and other 
adverse conditionsadverse conditionsadverse conditionsadverse conditions
311 calls 311 calls –– monitor customer complaintsmonitor customer complaints

Modeling Modeling 
PROTECH PROTECH -- Phytoplankton assemblage response to climate Phytoplankton assemblage response to climate 
changechange
OASISOASIS implementation of operational model for theimplementation of operational model for theOASIS OASIS –– implementation of operational model for the implementation of operational model for the 
systemsystem
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SummarySummary

NYCDEP has had notable experience with NYCDEP has had notable experience with 
cyanobacteria bloomscyanobacteria bloomsyy

Able to minimize effects via:Able to minimize effects via:
Watershed protectionWatershed protectionpp
Surveillance & detectionSurveillance & detection
Selective withdrawalSelective withdrawal

Present and future monitoring Present and future monitoring 
Requires utilization of multiple techniques to detect Requires utilization of multiple techniques to detect q p qq p q
and avoid cyanobacterial bloomsand avoid cyanobacterial blooms
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Questions ?Questions ?
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