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9th Biennial Conference on Stormwater
Research and Watershed Management

Occurrence of Occurrence of Cryptosporidium, GiardiaCryptosporidium, Giardia, , 
and Metals in Florida Stormwater Ponds and Metals in Florida Stormwater Ponds 

and Assessment as Alternative Water and Assessment as Alternative Water 
Supplies for IrrigationSupplies for Irrigation

By Natalie Shaber, MSCW, 
Theresa Slifko, Orange County, and 
Marty Wanielista, UCF

ObjectiveObjective

Determine the suitability of stormwater pond Determine the suitability of stormwater pond 
water as an alternative water supply for public water as an alternative water supply for public w v w pp y p bw v w pp y p b
access irrigation.access irrigation.

29 samples from 22 stormwater ponds29 samples from 22 stormwater ponds

Data compared to existing Florida rules, Data compared to existing Florida rules, 
guidelines and reclaimed water quality guidelines and reclaimed water quality 
currently used for public access irrigationcurrently used for public access irrigation
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Sampling SitesSampling Sites

3 ponds used for 3 ponds used for 
irrigationirrigation

1 pumped directly 1 pumped directly 
from pondfrom pond
2 horizontal wells 2 horizontal wells 
Some ponds Some ponds 

l d il d isampled twicesampled twice
9 different land uses9 different land uses

Geographic StateGeographic State wide Distributionwide DistributionGeographic StateGeographic State--wide Distributionwide Distribution
Tallahassee  Tallahassee  
Orlando/Central Florida  Orlando/Central Florida  
MiamiMiami
Fort MeyersFort MeyersFort MeyersFort Meyers
SarasotaSarasota
Vero BeachVero Beach
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Celery FieldsCelery Fields-- SarasotaSarasota-- Mixed Residential RuralMixed Residential Rural

Ft. Meyers Ft. Meyers --Residential Golf CourseResidential Golf Course



5/7/2007

4

TallahasseeTallahassee-- French Town Pond French Town Pond -- Mixed UsesMixed Uses

“Wild”life

Central Florida “Lake Condel”Central Florida “Lake Condel” -- ResidentialResidential
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UCF “Stadium Pond”UCF “Stadium Pond”-- Horizontal WellHorizontal Well

MiamiMiami--MiramarMiramar PondPond-- CommercialCommercial
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Cryptosporidium Cryptosporidium && Giardia Giardia are emerging are emerging 
pathogens  of public health concernpathogens  of public health concern

Cryptosporidosis Reported OutbreaksCryptosporidosis Reported Outbreaks

Milwaukee 1993Milwaukee 1993-- crytposporidosis crytposporidosis 
outbreak that caused 400,000 illnesses and outbreak that caused 400,000 illnesses and 
at least at least 50 deaths.50 deaths.

‘89‘89 ‘94‘94 55 d b k fd b k f‘89‘89--‘94, ‘94, 55 reported outbreaks of reported outbreaks of 
CryptosporidiosisCryptosporidiosis, averaging , averaging 67,70667,706 cases per cases per 
year. year. 

From New England Journal of Medicine Mackenzie, et al., July 1994
And Haas, and Rose, Quantitative Microbial Risk Assessment, 1999

Giardiasis Reported OutbreaksGiardiasis Reported Outbreaks

8989-- ‘94‘94 1111 outbreaks of Giardiasis were recorded outbreaks of Giardiasis were recorded 
with an average ofwith an average of 164164 cases per yearcases per yearwith an average of with an average of 164164 cases per year cases per year 

‘80‘80--’96 ’96 8484 outbreaks with outbreaks with 10,26210,262 cases were cases were 
reported.reported.

Ref: Haas, and Rose, Quantitative Microbial Risk Assessment, 1999Ref: Haas, and Rose, Quantitative Microbial Risk Assessment, 1999
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Pathogen BackgroundPathogen Background
Waterborne protozoan pathogensWaterborne protozoan pathogens
Oocyst & cyst infectious formsOocyst & cyst infectious formsy yy y
SizeSize-- large enough for filtrationlarge enough for filtration--

Cryptosporidium Cryptosporidium oocystoocyst-- 44--6 µ6 µmm
Giardia Giardia cyst cyst –– 88--15 µ15 µmm

Ubiquitous in the environmentUbiquitous in the environmentb q vb q v
More than forty mammals including humans are  More than forty mammals including humans are  
hostshosts
Cross species barriers, in particular Cross species barriers, in particular C. ParvumC. Parvum

EPA Method 1623EPA Method 1623
Only EPA accepted method for simultaneous detection of Only EPA accepted method for simultaneous detection of 
CryptosporidiumCryptosporidium oocysts and oocysts and GiardiaGiardia cysts.cysts.

Identifies and enumerates “potentially” viable (oo)cysts.Identifies and enumerates “potentially” viable (oo)cysts.Identifies and enumerates potentially  viable (oo)cysts.Identifies and enumerates potentially  viable (oo)cysts.

FDEP recommended Minimum Detection Limit (MDL) FDEP recommended Minimum Detection Limit (MDL) 
of 1 per 100L of 1 per 100L --requires 100L or more of samplerequires 100L or more of sample

FDEP recommends: not less than 10 per 100LFDEP recommends: not less than 10 per 100L

28% samples in this study exceeded the MDL accepted by28% samples in this study exceeded the MDL accepted by28% samples in this study exceeded the MDL accepted by 28% samples in this study exceeded the MDL accepted by 
the FDEPthe FDEP

Analyses were conducted by Orange County Utilities Analyses were conducted by Orange County Utilities 
Central Laboratory, one of four certified labs in the U.S. Central Laboratory, one of four certified labs in the U.S. 
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Florida’s Pathogen GuidelinesFlorida’s Pathogen Guidelines

Focus on residential irrigationFocus on residential irrigation
“maximum” “maximum” ––single inadvertent consumption of 100 single inadvertent consumption of 100 g pg p
mL mL 
Used human dose response to estimate an annual risk Used human dose response to estimate an annual risk 
of infection =10of infection =10--44

All cysts “viable”All cysts “viable”
Viability of oocysts and cysts was not ascertained in thisViability of oocysts and cysts was not ascertained in thisViability of oocysts and cysts was not ascertained in this Viability of oocysts and cysts was not ascertained in this 
study of stormwater ponds and is not required by study of stormwater ponds and is not required by 
Florida standardsFlorida standards
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Cryptosporidium and Giardia Cryptosporidium and Giardia ResultsResults

ParameterParameter nn % Positive% Positive
AverageAverage
(#/100L)(#/100L)

SDSD
(#/100L)(#/100L)

MaxMax
(#/100L)(#/100L)( / )( / ) ( / )( / ) ( / )( / )

CryptosporidiumCryptosporidium 2929 3.53.5 6.756.75 3.823.82 12.912.9

GiardiaGiardia 2828 10.710.7 13.5 13.5 22.122.1 8080

CryptosporidiumCryptosporidium –– One (1) measurement of 12.9 oocysts/100 L in One (1) measurement of 12.9 oocysts/100 L in 
29 samples all other samples were below MDL29 samples all other samples were below MDL
GiardiaGiardia –– Three (3) measurements 70,76.9, & 80 cysts/ 100L in Three (3) measurements 70,76.9, & 80 cysts/ 100L in 
28 samples28 samples
Averages calculated using ½ MDL where results were below Averages calculated using ½ MDL where results were below 
MDL.MDL.

Notes: 1. No Crypto or Giardia found in the horizontal well samples.
2. MDL changed because of filter clogging.

Comparison of SW Ponds and Reclaimed WaterComparison of SW Ponds and Reclaimed Water
Ref: *Slifko, T.R. 2007, Tertiary Treatment and Beyond for Pathogen Risk ReductionRef: *Slifko, T.R. 2007, Tertiary Treatment and Beyond for Pathogen Risk Reduction

**  Walker Coleman, And Slifko, Removal of **  Walker Coleman, And Slifko, Removal of Crypto and Giardia, FDEP, 2003Crypto and Giardia, FDEP, 2003

Cryptosporidium (FDEP  MAX= 22/100L)Cryptosporidium (FDEP  MAX= 22/100L)

MeanMean MaxMax
SourceSource nn (#/100L)(#/100L) (#/100L)(#/100L)

SW PondsSW Ponds 2929 6.756.75 12.912.9
Reclaimed*Reclaimed* 5656 3838 435435
Reclaimed** Reclaimed** 156156 1.2 (75%)1.2 (75%) 352.3352.3

Giardia (FDEP MAX= 5/100L)Giardia (FDEP MAX= 5/100L)Giardia (FDEP MAX= 5/100L)Giardia (FDEP MAX= 5/100L)

SW PondsSW Ponds 2828 13.513.5 8080
Reclaimed*Reclaimed* 5656 10601060 71887188
Reclaimed**Reclaimed** 156156 86 (75%)86 (75%) 40354035

Note the 2003 data (**) reported using an old & less sensitive method
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% Detectable Pathogen Levels% Detectable Pathogen Levels
SW Ponds vs.  Reclamation FacilitiesSW Ponds vs.  Reclamation Facilities

Study cited by the DEP, 2003Study cited by the DEP, 2003
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Comparison of Mean Cryptosporidium Levels in Florida SW Comparison of Mean Cryptosporidium Levels in Florida SW 
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Reuse Rules Reuse Rules 

F.A.C. Chapter 62F.A.C. Chapter 62--610610
P bli A A ( l i d )P bli A A ( l i d )Public Access Areas (reclaimed water)Public Access Areas (reclaimed water)

TSS < 5mg/LTSS < 5mg/L
BOD <20mg/LBOD <20mg/L

EPA’s Reuse Guidelines:EPA’s Reuse Guidelines:
Agricultural Reuse (spray irrigation): EdibleAgricultural Reuse (spray irrigation): EdibleAgricultural Reuse (spray irrigation): Edible Agricultural Reuse (spray irrigation): Edible 

cropscrops
BOD< 10 mg/LBOD< 10 mg/L
Turbidity < 2NTUTurbidity < 2NTU
TSS in lieu of Turbidity < 5 mg/LTSS in lieu of Turbidity < 5 mg/L

Stormwater (SW) Ponds TSS, Turbidity & BOD Compared to Stormwater (SW) Ponds TSS, Turbidity & BOD Compared to 
Reclaimed Water & Florida’s Reuse RulesReclaimed Water & Florida’s Reuse Rules

M nM n SDSD MM
ParameterParameter

MeanMean SDSD MaxMax

SWSW ReclaimedReclaimed SWSW ReclaimedReclaimed SWSW ReclaimedReclaimed

Florida’s Florida’s 
Reuse Reuse 
RulesRules

Turbidity Turbidity 
NTUNTU 10.510.5 1.331.33 10.910.9 0.90.9 3737 3.83.8 22

TSS mg/LTSS mg/L 13.513.5 1.681.68 15.615.6 1.431.43 7676 1.681.68 55

BOD mg/LBOD mg/L 3.63.6 1.051.05 3.93.9 1.721.72 21.921.9 77 1010
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Results of Stormwater Pond TSS, Turbidity & BOD Results of Stormwater Pond TSS, Turbidity & BOD 
Compared to Reclaimed Water & Florida’s Standards for Compared to Reclaimed Water & Florida’s Standards for 

Public Access AreasPublic Access Areas

80

20

30

40

50

60

70
S

W
M

ea
n

R
ec

la
im

ed

S
W

M
ax

R
ec

la
im

ed

R
eg

ul
at

io
n

Turbidity NTU

TSS mg/L
BOD mg/L

0

10

Heavy Metals and Potential Reasons Heavy Metals and Potential Reasons 
for Concernfor Concern

Heavy metals may bioaccumulate in soils and are toxic Heavy metals may bioaccumulate in soils and are toxic 
to plants and animalsto plants and animalsto plants and animals to plants and animals 
May limit suitability of the use of waters high in metals May limit suitability of the use of waters high in metals 
for irrigationfor irrigation

Reclaimed water with relatively low levels of metals present Reclaimed water with relatively low levels of metals present 
has been deemed in two long term studies (1 & 3yrs) inhas been deemed in two long term studies (1 & 3yrs) inhas been deemed in two long term studies, (1 & 3yrs) in has been deemed in two long term studies, (1 & 3yrs) in 
California & Australia, to be safe for irrigation of crops.California & Australia, to be safe for irrigation of crops.

Source: USEPASource: USEPA
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Results Metal Analyses Results Metal Analyses (n = 29)(n = 29)

MetalMetal Cu (Cu (µµg/L)g/L) Pb (Pb (µµg/L)g/L) Zn (Zn (µµg/L)g/L) Cr Cr 
((µµg/L)g/L)

Cd Cd 
((µµg/L)g/L)

Hg Hg 
((µµg/L)g/L)

MeanMean 5.15.1 2.12.1 37.937.9 6.26.2 1.11.1 0.10.1
StandardStandardStandard Standard 
DeviationDeviation 1.81.8 1.81.8 32.332.3 3.13.1 0.40.4 0.10.1

MaximumMaximum 8.08.0 7.07.0 113.0113.0 15.015.0 3.03.0 0.40.4
USEPA USEPA 
Primary Primary 
Drinking Drinking 

Water Water 
St d dSt d d

13001300 1515 N/AN/A 100100 55 22

StandardStandard
USEPA USEPA 

Secondary Secondary 
Drinking Drinking 

Water Water 
StandardStandard

N/AN/A N/AN/A 50005000 N/AN/A N/AN/A N/AN/A

Summary Summary -- 29 samples29 samples

Cryptosporidium Cryptosporidium was detected as above minimum was detected as above minimum 
detection limits for 3.5 % of the samplesdetection limits for 3.5 % of the samples
Giardia Giardia was detected as above minimum detection limits was detected as above minimum detection limits 
for 10.7% of the samplesfor 10.7% of the samples
Cryptosporidium: Cryptosporidium: average = 6.75 oocysts/100L            average = 6.75 oocysts/100L            

max =12.9 oocysts /100Lmax =12.9 oocysts /100L
Giardia:  Giardia:  average = 13.5 cysts/100Laverage = 13.5 cysts/100L

max = 80 cysts/100Lmax = 80 cysts/100L
MetalsMetals values in all cases were less than primary andvalues in all cases were less than primary andMetalsMetals values in all cases were less than primary and values in all cases were less than primary and 
secondary drinking water standardssecondary drinking water standards
BODBOD average was 3.6 mg/Laverage was 3.6 mg/L
TSSTSS average was 13.5 mg/L and average was 13.5 mg/L and turbidityturbidity average was average was 
10.6 NTU.10.6 NTU.
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ConclusionsConclusions

Cryptosporidium Cryptosporidium &&Giardia Giardia were higher in 3.5% & 10.7% of were higher in 3.5% & 10.7% of 
the samples relative to Florida’s reclaimed water guidelinesthe samples relative to Florida’s reclaimed water guidelines
Storm water quality compares favorably in terms of Crypto & Storm water quality compares favorably in terms of Crypto & q y p y ypq y p y yp
Giardia to reclaimed water. Giardia to reclaimed water. 
TSS and turbidity were both higher than Florida’s reclaimed TSS and turbidity were both higher than Florida’s reclaimed 
water regulationswater regulations
Metals were below the primary and secondary drinking water Metals were below the primary and secondary drinking water 
regulated valuesregulated values
BOD levels were below Florida’s reuse regulations for BOD levels were below Florida’s reuse regulations for gg
reclaimed water. reclaimed water. 
The horizontal well values did not exceed any of the The horizontal well values did not exceed any of the 
guidelines and regulationsguidelines and regulations

Future Work Future Work --FiltrationFiltration

Passage through soils has proven effective at       Passage through soils has proven effective at       
ii C idiC idi dd Gi diGi diremoving removing CryptosporidiumCryptosporidium oocysts and oocysts and GiardiaGiardia

cysts.cysts.
Filters in St. Petersburg removed~ 99% Filters in St. Petersburg removed~ 99% 
Results may be similar for soil filtrationResults may be similar for soil filtration
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Questions and Comments 
THANKS


