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Cyanobacterial Harmful Algal Blooms
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— Background information
— Previous USGS studies

Real-Time Water-Quality Monitoring
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Cyanobacterial Harmful Algal Blooms

» Health Concerns
— Toxins

% USGS http://ks.water.usgs.gov/Kansas/studies/qw/cyanobacteria

Human and animal illness and death

Included on EPA Drinking Water
Contaminant Candidate List

Drinking water — microcystin-LR
— WHO Guideline - 1 pg/L

— Drinking-water treatment
processes effectively remove

most toxins
Recreational water — microcystin-
LR An algae bloom has made
idali . this area potentially
— WHO Guideline — 20 pg/L; beach unsafe for water contact.
closures at 10-20 pg/L - Avoid direct contact with

visible surface scum.

Known chronic effects

Limited data and guidelines for
toxins other than microcystin




Cyanobacterial Harmful Algal Blooms

 Ecologic Concerns
— Low dissolved oxygen
— Fish kills

— Losses to bird and mammal
populations

— Zooplankton avoidance or death
— Accumulation of toxins by mussels

e Economic Concerns

— Added drinking water treatment costs

 Olfactory sensitivity to taste-and-odors at
low concentrations (5-10 ng/L)

— Loss of recreational revenue

— Death of livestock and domestic
animals

— Medical/veterinary expenses

% USGS http://ks.water.usgs.gov/Kansas/studies/qw/cyanobacteria




USGS Kansas Water Science Center Algal Toxin Team

» Sampling guidance documents

— SIR 2008-5038 E_U__E[ﬁ__
— NFM 7.5
Guidefings lor Desegn and Sempleng lor Cyanobacterial Taxin
e Methods Development &nd Taste-and-Odor Studies in Lakes and Reservolis
— Multi-analyte LC/MS/MS for 12 o
cyanotoxins Ty
— Standardized sample preparation techniques

Occurrence
— Midwest Reconnaissance
— 2007 EPA National Lake Assessment
— Culture collection assessment

Fate and Transport
— Fort Cobb, OK (USGS CERC)

Ecology

— Cheney Reservoir, KS

— Lake Houston, TX

Early Warning and Predictive Models
— Cheney Reservoir, KS

— Lake Houston, TX

http://ks.water.usgs.gov/Kansas/studies/qw/cyanobacteria



Toxins and Taste-and-Odor Compounds
Produced by Cyanobacteria

Dermatoxins Hepatotoxins Neurotoxins  Taste/Odor
CYL MC ANA BMAA GEOS MiIB

Colonial/Filamentous

Aphanizomenon X X X X X
Anabaena X X X X X X ?
Cylindrospermopsis X X X

Microcystis X X X
Oscillatoria/Planktothrix X X X X X X
Unicellular

Synechococcus X X X X
Synechocystis X X

% USGS After Graham and others, 2008




Toxins and Taste-and-Odor Compounds in the Midwest
During August 2006 100% of Blooms Sampled (n=23) Had Detectable Microcystin, 83%
Had Detectable Geosmin, and 30% Had Detectable Anatoxin

Detectable Toxins/T&0O Compounds
B Microcystin - 100% of Lakes (n=23)
[ ] Geosmin - 83%
B MIB - 35%
Anatoxin-a - 30%
[ ] Saxitoxin - 17%
1 Cylindrospermopsin - 9%
[__1 Nodularin - 9%

Physiographic Province
Ozark Highlands

Osage Plains
Dissected Till Plains

Western Lake Section
Sacramento Section

Toxins measured by ELISA and/or LC/MS/MS
Taste-and-Odor by GC/MS

Graham, Loftin, Meyer, and Ziegler, in review




Toxins and Taste-and-Odor Compounds in the Midwest
During August 2006 Toxins and Taste-and-Odor Compounds Co-Occurred in 87% of
BLOOMS Sampled (n=23) and Anatoxin-a Always Co-Occurred with Geosmin

Detectable Toxins/T&0O Compounds

B Microcystin - 100% of Lakes (n=23)
[ ] Geosmin - 83%

MIB - 35%

[ ] Anatoxin-a - 30%

[ ] Saxitoxin - 17%

Disproving statements such as:

“Algae may make for stinky water, but it poses no health risks”

-Concord Monitor, Concord, NH July 7, 2006

Sacramento Section

Toxins measured by ELISA and/or LC/MS/MS
Taste-and-Odor by GC/MS

2 USGS Graham, Loftin, Meyer, and Ziegler, in review




Geosmin and 2-Methylisoborneol (MIB) Commonly Cause
Persistent Tastes-and-Odors in Drinking Water

» Potential Sources of Geosmin and
MIB

- e " 4 » Cyanobacteria
o , Q@ e i.e. Anabaena, Oscillatoria

Cyanobacteria (Anabaena circinalis)
Image Courtesy of PhycoTech

» Actinomycetes bacteria

 Detectable in Drinking Water at
~10 ng/L

Actinomycetes Bacteria
SEM Image Courtesy of Chiba Univ, Japan




Cyanobacterial Tastes-and-Odors Made the News in at Least
13 U.S. States During May-August 2006
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“It’s dirty and rank. And you have that smell too.
Unfortunately, you can’t use bottled water for showers.”

L/ -The Dallas Morning News, Dallas, TX Aug 3, 2006
2 USGS




Taste-and-Odor Events in Cheney Reservoir

» Cheney Reservoir provides about 70%
of the City of Wichita’s water supply.

» 1990 — first year of taste-and-odor
problems.

 City has conducted several watershed
and reservoir studies to protect and
improve water quality

» Upgraded to ozone treatment in 2006 to
control effects of taste-and-odor events

— Atool to predict cyanobacterial blooms
and taste-and-odor events would allow in
optimization of ozone dosage, resulting
in cost savings

Cheney Reservoir, June 2003

Image Courtesy of KDHE
aUSGS




USGS Assessment of Water Quality in the
Cheney Watershed and Reservoir, 1996-present

e Concerns
— Taste-and-odor occurrences related to algal blooms

— Relation between watershed inputs, reservoir processes, and taste-and-odor
causing algal blooms

e Approach
— Describe current and historical loading inflow to Cheney Reservoir using reservoir
and watershed sediment studies and continuous data

— Describe physical, chemical, and biological processes associated with the
proliferation of algae and production of algal by-products using a combination of
discrete samples and real-time water-quality monitors

ZUSGS




USGS Assessment of Water Quality in the
Cheney Watershed and Reservoir, 1996-present

o Watershed Studies(1996-2000)
— Low flow synoptic study
— Historic loading — reservoir sediment cores
— Transport — continuous stream-flow data and autosamplers
— Natural and agricultural sources — graveyard soils

o Watershed and Reservoir Studies (2001-2015)
— Instantaneous loads and yields — continuous water-quality monitor on main inflow
— Real-time estimation of geosmin — continuous water-quality monitor in reservoir

— Regular and event-based samples for physical, chemical, and biological variables
that cannot be measured in real time.

http://ks.water.usgs.gov/Kansas/studies/qw/cheney

% USGS http://www.wichita.gov/CityOffices/WaterAndSewer/ProductionAndPumping/




Cheney Reservoir and Watershed

» Watershed
— Area: 933 mi?
— Crop and rangeland
— Nutrient and Sediment Loads are
of Non-point Origin
» Reservoir
— Constructed 1965
— Area: 7,663 acres
— Maximum Depth: 13 m (43 ft)
— Reservoir does not stratify

— 303(d) listed for eutrophication
and sediment

— Mesotrophic-Eutrophic

ZUSGS




The City of Wichita is a Partner in Implementing Best Management Practices in
the Watershed to Reduce Phosphorus and Sediment Loads to Cheney Reservoir

» Federal and State programs provide
70% to 80% funding for BMP
implementation.

 City of Wichita provides missing
cost share to minimize producer
costs to install practice.

o Accomplishments:
— 14 livestock waste-control systems

— Nutrient management plans on 46,500
acres

— 95 miles of terraces
— 95 acres of grassed waterways
— Conservation tillage

ZUSGS




USGS Cheney Reservoir Watershed Studies

SGS

Propared in cooperation with the
KANSAS WATER OFFICE snd the

KANSAS DEPARTMENT DF HEALTH AND ENVIRONMENT

Sediment Deposition and Trends and Transport of

Phosphorus and Other Chemical Constituents,

Cheney Reservoir Watershed, South-Central Kansas

Water-Resources Investigations Raport (1408

| E T

Preparad in cooperation with the
CITY OF WICHITA, KANSAS

=USGS

Prapared In cooperation with the
CITY OF WICHITA, KANSAS

Significant Findings of Water-Quality Studies and Implications
for Cheney Reservoir Watershed, South-Central Kansas, 1996-2001

—Laray M Pope
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Occurrence of Fecal Coliform Bacteria in the Cheney
Reservoir Watershed, South-Central Kansas, 1996-98

—Devid P Meuznd Larry M. Pope dakingwalsr sapply rJur) an ety of
The sasitary th.)’ |fuﬂe' anditrase  Wichi Kanias, Wak

=08 o e ey
TPatlond STAET. nma'\tmmq
meg razting sad ki, e b
evalasiar on e baslr of feoal codforn
barteris, The preseace of fecal c0 gform
RGeS ifiSien SRSt BY Yecod

e The PorriTe prese ece of pashape s

i revebrm s The rasmies of thie fot

Depainical, ord commus, |fm\ e city
NRE1 bong e dnterest i i ning

quaity of water in iie feservis may be
dinectly linkad io the qualry of simam: in
ity watsnhed Thecilys lnerstin Chersy
Reservak walsried Dciudes (1) defaing
oo i ine

Occurrence of Pesticides in Streams of the Cheney
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Sources and Concentrations of Phosphorus in the Cheney
Reservoir Watershed, South-Central Kansas

—Lary M. Pope and Ghed R Millgen

Significant Findings
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Iniraduction
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Key Findings from Watershed Studies 1996-2001: Phosphorus Transport
from the Watershed Has Been Increasing Over Time

Bottom-sedirment coring site (fig. 2)
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Key Findings from Watershed Studies 1996-2001: Agricultural Activities Account
for 65% of the Phosphorus Transported to Cheney Reservoir

Agricultural

sources
(65 percent)

Figure 2. Percentages of phosphorus transported
to Cheney Reservoir from natual and agricultural
sources, 1965-98.

% USGS From Pope and others, 2002




Key Findings from Watershed Studies 1996-2001:Mean Concentrations of
Total Phosphorus Exceeded Water-Quality Goals

Long-term water-qua lity
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Surface-water-quality sampling site (fig. 1)

Cheney Reservoir

Figure 2. Comparison of mean phosphorus concentrations in water samples from five inflow site

surface-water-quality sampling sites in Cheney Reservoir watershed to mean
concentrations estimated on the basis of an agricultural-enrichment factor of 2.9. The
long-term water-quality goal for phosphorus in streams was established by the Cheney
Reservoir Watershed Task Force Committee.

From Pope, 2002




Key Findings from Watershed Studies 1996-2001: 4% of the Original Water
Storage Capacity of the Reservoir Has Filled

~Water
column

Percentage change in
water-storage capacity

+Bottom
¢ sediment

Webster Cheney Tuttle Hillsdale

Reservoir Reservoir Creek Lake

(1956-98) (1965-98) Lake (1981-96)
(1962-99)

Figure 3. Sediment deposition has caused almost a 27-percent
decrease in water-storage capacity in Tuttle Creek Lake, whereas
decreases in water-storage capacities in Wehster Reservoir, Cheney
Reservoir, and Hillsdale Lake were 5 percent or less.

From Mau and Christensen, 2000




Cheney Reservoir Study Objectives
2001-present

* Relate real-time water-quality variables to algal community dynamics and
taste-and-odor episodes

»  Assess annual and seasonal water-quality conditions in the reservoir and
Inflow sites as related to cyanobacterial taste-and-odor compounds and
other algal-related by-products

» Describe water-quality dynamics in the photic zone to provide an
understanding of algal growth and production of taste-and-odor
compounds associated with cyanobacteria

o Determine relations between algal community dynamics and the
proguc%lon of taste-and-odor compounds and other algal-related by-
products

* Provide a long-term data base with which to verify and refine observed
relations between water-quality variables, algal community dynamics, and
algal by-products

ZUSGS




Continuous Real-Time Water-Quality Monitoring

» North Fork Ninnescah (Cheney Inflow) - October 1998

— Specific conductance, pH, water temperature, turbidity,
dissolved oxygen

» Cheney Reservoir (near water supply intake) - March 2001

— Specific conductance, pH, water temperature, turbidity,
dissolved oxygen

— In situ fluorescence (chlorophyll)
— May 2005 - light penetration

— March 2006 — second monitor near bottom, cyanobacteria,
nitrate

— Spring 2007 — wind speed and direction

science for a changing world




Real-time water-quality data

» Recorded hourly, transmitted every four hours
» Data can be used to develop relations to estimate concentrations of variables
that can not be measured in real time

* Site specific models are available on the USGS RTQW web site
(http://ks.water.usgs.gov/Kansas/rtqw/index.shtml); a new national RTQW

web site will be public this spring (http://nrtwg.usgs.gov)

2 Real-time water quality - Microsoft Internet Explorer @@] X
Ir

imeters, daily data may be better to view
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Continuous Estimates of Key Variables Can Be Compared to Water-Quality Goals

. =
Cheney Reservoir Inflow Site -———— Base-flow goal
e Long-term goal

e - Runoft goal
Estinuated

f'l'.'\'?-i concentration
Measured

TS5 concentration
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Estimated total suspended solids (TSS)
concentration, in milligram s per liter
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Estimated - - Bund T goal
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Measured
tatal phosphorus
concentration

in milligrams pear liter

Estimated total phosphorus concentration,

After Christensen and others, 2006




Continuous Estimates Can Be Used to Evaluate Temporal Changes in
Concentrations and Loads

North Fork of the Ninnescah River
(Cheney Reservoir Inflow Site)

Mean Total Phosphorus (mg/L)

2002 2003 2004 2005 2006

Mean Discharge (cfs)

2002 2003 2004 2005 2006
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Real-Time Estimation of Geosmin Concentration
Data Collection 2001-2003

e March 2001 — July 2003

 Discrete Samples

— Monthly May-September During
2001-2002

— Monthly January-July During 2003

» Samples Analyzed for 38
Environmental Variables
— Phytoplankton
— Geosmin/MIB
— Nutrients
— Chlorophyli
— Sediment

ZUSGS




During 2001-2003 Geosmin was Detected in 92% (n=25) of Samples
and Concentrations Ranged from <3 to 113 ng/L

Variable n Median Range
Geosmin (ng/L) 25 6 < 3-113
MIB (ng/L) 25 <5 < 5-11
Total Phosphorus (mg/L) 33 <0.03 <0.03-0.15
Total Kjeldahl Nitrogen (mg/L) 19 0.63 0.46-1.40

Chlorophyll (ug/L) 34 6.7 0.5-26




There Was No Clear Association Between Geosmin and
Cyanobacterial Abundance

Date sample collectad imonth/dawyeari
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Multiple Regression Using Real-Time Variables Resulted in a Significant Model
for Geosmin that Included Turbidity and Specific Conductance

— - - - —
a3 http:/fks.water. usgs.gov - Real-time water quality - Microsoft Internet Explorer @@
o~

scigycedor a€ppsihg World |l 40y |

Kansas Real-Time Stream Water Quality

Summary of Regression Analysis for Geosmin, water at
Cheney Reservoir near Cheney, KS
logm(Geo) =7.2310-1.06064 logm(Turb) - 0.0097 SC

where:
Geo -- Geosmin, water i micrograms per liter.
Turb -- Turbidity, YSI 6026 in formazin nephelometric units.
SC  -- Specific conductance in microsiemens per centuneter at 25 degrees Celsius.

Basic information:

No. of measurements: 18
Mean squared error (MSE): 0.0473
Multiple R-squared: 0.71




During 2003 Continuous Estimates of Geosmin Consistently Indicated When
Geosmin Concentrations Would Exceed the Human Detection Limit of 10 ng/L

— Estimated geosmin concent ratiom
— Humamn detection level (01 pg)

®& Measured seosmin concentration

Geosmin concentration, in micmograms per liter (po/L
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o
@
=
e
@
f=1
E
@
i
=]
=]
=
E
=
=
o=
=
=
a

Probability of exce

0
Jan.  Feb. Mar.  Apr. May  June July  Aug.  Sept. Oct. Nov. Dec
2003




Continuous Estimates are Available in Real Time on the Web
(http://ks.water.usgs.gov/Kansas/rtqw/index.shtml)

log10(Geo) = 7.2310 - 1.0664 log10(Turb) - 0.0097 SC
r2=0.71
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The Model Does Not Perform Well When Predictive Variables Were
Outside of the Calibration Range
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Within EXxisting Model Limits Geosmin Concentrations Were More Likely
to Be Overestimated than Underestimated During 2001-2008
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During 2001-2009 the Model Estimated Geosmin Concentration Would Be
Above the Human Detection Limit About 40% of the Time
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Real-Time Estimation of Geosmin is Promising

 Refining the Existing Model

— Continue Water-Quality Monitoring,
Operation of New Water-Quality Sensors

— Incorporate Hydrologic and Meteorologic
BEE:!

— Develop links between inflow and
conditions in the reservoir

— Actinomycetes Bacteria

— Increased Sampling




The Relation Between /n S/tu Chlorophyll Fluorescence and Laboratory
Measured Chlorophyll May Vary Among Years and /n S/tu Values Do Not
Accurately Estimate Laboratory Values

r2 = 0.32, p<0.01, n=112
y=0.32x + 6.9
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/n Situ Cyanobacterial Fluorescence Does Not Accurately
Estimate Cyanobacterial Abundance

r*=0.06, p=0.17, n = 35
y=0.04x + 3144
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/n Situ Chlorophyll Fluorescence Does Reflect Seasonal Patterns in
Chlorophyll Concentration
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Field Estimated Nitrate Concentrations Are Linearly Related to
Laboratory Measured Nitrate Concentrations

r? = 0.90, p<0.01, n =19
y=0.35x-0.09

r? = 0.88, p<0.01, n = 10
y=1.86x-0.08
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Seasonal Patterns in Occurrence of Cyanobacteria and Associated Toxins and
Taste-and-Odor Compounds Vary Among Years
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Ongoing Studies

 Relations between cyanobacteria, toxins, and
taste-and-odor compounds are complex and
may vary over time,

—r T e e

L

» Model estimating geosmin concentrations in
real time was developed for Cheney Reservaoir.

» Continued data collection in the reservoir to
refine existing geosmin model and develop
models for cyanobacteria and the cyanotoxin
microcystin.

» Continued data collection at the inflow site to
evaluate changing water quality conditions and
link inflow events to reservoir processes.
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« USGS

spience far & changing waria

Preparad in cooperation with the
City of Wichita, Kansas

Water Quality and Relation to Taste-and-Odor Compounds
in the North Fork Ninnescah River and Cheney Reservoir,
South-Central Kansas, 1997-2003

Contact I nformati on: Scientific Investigations Report 2006-5095
Jennifer Graham, USGS: jlgraham@usgs.gov
Debra Ary, City of Wichita: dary@wichita.gov US CelgetSaner

Additional Information Available on the Web:

Cheney - http://ks.water.usgs.gov/Kansas/studies/qw/cheney
Cyanobacteria - http://ks.water.usgs.gov/Kansas/studies/qw/cyanobacteria
RTQW - http://ks.water.usgs.gov/Kansas/rtqw/index.shtmi
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