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Background –
 

CyanoHABs, Cyanotoxins

Courtesy: NASA

http://spacefellowship.com/wp-content/uploads/2009/12/lagodeatitlan_ast_2009326_lrg.jpg


The Good…

Peter Sawyer, © The Smithsonian Institute

3.5 billion years ago…. Cyanobacteria (blue-green algae):
• Oldest oxygenic phototrophs (>3.5 billion yo)

• Instrumental in the evolution of life (oxygen)

• Origin of Plants (chloroplast/endosymbiosis)

• Important in the Nitrogen Cycle (N2 fixation)

www.fossweb.com

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15155797
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http://protist.i.hosei.ac.jp/PDB2/PCD0182/htmls/18.html


…the bad and the ugly

• 1000 years ago – Earliest report of cyanobacteria 

poisoning (soldiers) in Southern China 

General Zhu Ge-Ling 

• 1878 – “Poisonous Australian Lake”

(sheep poisoning, Lake Alexandrina)

George Francis. Nature. May 2, 1878

• Similar early documented mass algae poisonings 

in the US in 1883, 1887, 1925.



Harmful Cyanobacteria Blooms 
 aka CyanoHABs

Courtesy: NOAA

Produce dense blooms

Affect water quality – dissolved oxygen sags, 
taste & odor problems in drinking water, toxins

Produce potent toxins – illness or death

Alter water diversion & treatment operation 
– clogging of filters in water treatment plants, 
fish screens or channels

Alter the entire ecosystem – reduce growth of 
other algae, impact food quality/availability, 
fisheries decline.



CyanoHABs –
 

Formation

(www.odec.ca)

Courtesy: IPCC

DRIVERS:
• Land use – Urban, agricultural 

& industrial expansion

• Nutrient loading (N, P)

• Water use & hydrologic 

changes – reduced water flow & 

mixing

• Climate (temperature 

increase)



 

Blooms become more 

common, more intense and of 

longer duration.



Harmful Algae Bloom in the US

(from U.S. National Office for Harmful Algal Blooms). 

http://www.whoi.edu/redtide/page.do?pid=14898


Reports of acute cyanotoxin 
 poisonings of animals and/or humans

From Graham et al. 2009



Countries Exhibiting one or more 
 documented CyanoHAB Events

(adapted from W. Carmichael)



Cyanotoxins –
 

Routes of Exposure

Human Animals
Recreational

Aerosols

Drinking water

Food

Medical (dialysis)

Aerosols

Drinking water

Food

Plants

Human intoxication 
by microcystins 

during renal 
dialysis treatment 
in Caruaru—Brazil

(Feb. 1996)

Irrigation

W. Carmichael

http://www.nalms.org/Resources/BlueGreenInitiative/Binder Lake, IA (7).jpg
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Cyanotoxins – Health Effects

Dermatologic effects 
- Lyngbyatoxins (“swimmer itch”)

Neurotoxic
- Anatoxins

- Paralytic shellfish poisoning toxins (saxitoxins)

Hepatotoxic
- Microcystins

- Cylindrospermopsins

Lyngbya

Anabaena

Microcystis Cylindrospermopsis

Aphanizomenon

Schizothrix (marine)
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http://images.google.com/imgres?imgurl=http://www.cyanobacteria-platform.com/MATERIAL/Bild3.jpg&imgrefurl=http://www.cyanobacteria-platform.com/cyanobacteria.html&usg=__SNGM_YrOWx-0evkKJ05_3bNoRnM=&h=400&w=532&sz=32&hl=en&start=87&um=1&itbs=1&tbnid=-gc_VWBujSopFM:&tbnh=99&tbnw=132&prev=/images%3Fq%3Dcylindrospermopsis%26start%3D72%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26ndsp%3D18%26tbs%3Disch:1
http://images.google.com/imgres?imgurl=http://www.itameriportaali.fi/en/ajankohtaista/uutisia_muualta/2004/en_GB/476/_files/12076504320044548/default/1_Aphanizomenon.jpg&imgrefurl=http://www.itameriportaali.fi/en/ajankohtaista/uutisia_muualta/2004/en_GB/476/&usg=__1bv4ikZUZTmikXE8K9cT9t96i9Q=&h=226&w=400&sz=38&hl=en&start=22&um=1&itbs=1&tbnid=_lnFcgZP72_TCM:&tbnh=70&tbnw=124&prev=/images%3Fq%3Daphanizomenon%26start%3D18%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26ndsp%3D18%26tbs%3Disch:1
http://images.google.com/imgres?imgurl=http://www.glerl.noaa.gov/seagrant/GLWL/Algae/Cyanophyta/Images/schizothrix.jpg&imgrefurl=http://www.glerl.noaa.gov/seagrant/GLWL/Algae/Cyanophyta/Cards/Schizothrix.html&usg=__gCeqmP2oAW7iyIALztU8KSTuqO8=&h=202&w=276&sz=9&hl=en&start=3&um=1&itbs=1&tbnid=U_3beMWMhMzIxM:&tbnh=83&tbnw=114&prev=/images%3Fq%3Dschizothrix%26um%3D1%26hl%3Den%26sa%3DX%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26tbs%3Disch:1


Microcystis
Microcystis

– Small planktonic cells (3 ‐

 

5 µM)

– Unicellular, Colonial
– Embedded in gelatinous matrix

– Buoyant (gas vesicle)
– Fresh and brackish water
– Warm, stable, nutrient enriched

Microcystins 

 
(http://oehha.ca.gov/ecotox/documents/Microcystin031209.pdf)

– Most numerous of the cyanotoxins

– Over 80 variants
– Extremely stable (half life = 10 weeks)

– Hepatotoxins: inhibit protein 

 
phosphatases

– Carcinogenic : Liver, colon (Grosse et al. 2006)

Microcystis aeruginosa

http://images.google.com/imgres?imgurl=http://www.whoi.edu/cms/images/green_goop_250_46894_51308.jpg&imgrefurl=http://www.whoi.edu/redtide/page.do%3Fpid%3D16142&usg=__nCgyQ0h0EIM3KD7LJnFOLY9iJMw=&h=284&w=250&sz=135&hl=en&start=72&um=1&itbs=1&tbnid=sszeb8rfWpj95M:&tbnh=114&tbnw=100&prev=/images%3Fq%3Dmicrocystis%26start%3D54%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26ndsp%3D18%26tbs%3Disch:1




Microcystis –
 

Adverse Impacts

– Death & cancer in human and wildlife
(http://oehha.ca.gov/ecotox/documents/Microcystin031209.pdf)

– Hypoxia/anoxia (Carmichael, 1995)

– Bad taste and odor (Carmichael, 1995)

– Reduced zooplankton & fish feeding 

 success (Rohrlack et al., 2005; Malbrouck & 

 
Kestemont, 2006)

– Fish food quality (Ger et al. 09)
– Total carbon production – shift from 

 large to small zooplankton species (Smith 

 
& Gilbert, 1995)

– Marine species (Melissa Miller, pers. com)

– Kill crops 

 
(Allen.Milligan@science.oregonstate.edu)

H. Paerl, Lake Taihu

Bloom 2008, SFE

http://www.glerl.noaa.gov/res/Task_rpts/Images/2005/aislandrum05-1a.jpg
http://images.google.com/imgres?imgurl=http://open.salon.com/files/cow-face1244321797.jpg&imgrefurl=http://open.salon.com/blog/james_poyner/2009/06/06/obamas_biggest_challenge_mouth_farts&usg=__6RQrHhKPuDioq01uej8-k3RxRjs=&h=300&w=400&sz=35&hl=en&start=14&um=1&itbs=1&tbnid=oWqh83XCig_-VM:&tbnh=93&tbnw=124&prev=/images%3Fq%3Dcow%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26tbs%3Disch:1
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Guidance Values

(Graham et al. 2009)

Brazil is the only country to have CynoHABs mandatory regulations 
Other countries have guidelines (WHO guideline for drinking water = 1µg/L)



Is 1µg/L enough?

**Chronic Human Health Effects 

 from drinking water: Liver 

 and colorectal cancers**
– “Microcystins from tap water 

 could be a risk factor for liver 

 and colorectal cancer: A risk 

 intensified by global change”

 
(Martínez Hernández et al., 2009)

– 0.61 µg/L in areas of high 

 incidence of liver cancer in 

 China (Yu, 1994)

http://images.google.com/imgres?imgurl=http://www.violetbanks.com/wordpress/wp-content/uploads/image-80-tap-water-300x300.gif&imgrefurl=http://www.violetbanks.com/wordpress/%3Ftag%3Ddr-oz&usg=__tBRz9EZSDYbbEmhZ68YJhfTPwP0=&h=300&w=300&sz=57&hl=en&start=12&um=1&itbs=1&tbnid=2jvUiy-Ajx2vLM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dtoxic%2Btap%2Bwater%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26tbs%3Disch:1
http://images.google.com/imgres?imgurl=http://www.utoledo.edu/as/lec/images/images2/microcystis.jpg&imgrefurl=http://www.utoledo.edu/as/lec/research/wq/index.html&usg=__CQzIMP6AVH77UYeOQLDCTsJ-4UU=&h=284&w=213&sz=14&hl=en&start=14&um=1&itbs=1&tbnid=9ydvtZzMKHgtJM:&tbnh=114&tbnw=86&prev=/images%3Fq%3Dmicrocystis%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26tbs%3Disch:1
http://images.google.com/imgres?imgurl=http://i116.photobucket.com/albums/o3/zuliemason/oh-no-global-warming.jpg&imgrefurl=http://dyn.politico.com/members/forums/thread.cfm%3Fcatid%3D1%26subcatid%3D2%26threadid%3D1884394%26sort%3D1&usg=__lSbx8HFbDiTBwdpkezep7QfcXFk=&h=611&w=425&sz=50&hl=en&start=77&um=1&itbs=1&tbnid=ZtB2KJzmS6XGuM:&tbnh=136&tbnw=95&prev=/images%3Fq%3Dglobal%2Bwarming%26start%3D60%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26ndsp%3D20%26tbs%3Disch:1
http://images.google.com/imgres?imgurl=http://sundaysenergy.org/files/global_warming_is_uncool.gif&imgrefurl=http://www.meandearth.webs.com/&usg=__mKLVn7cnJNURRDYBBhEGpNVr1d4=&h=794&w=600&sz=29&hl=en&start=19&um=1&itbs=1&tbnid=JFSkZ23f2Jk0dM:&tbnh=143&tbnw=108&prev=/images%3Fq%3Dglobal%2Bwarming%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26tbs%3Disch:1


Microcystis in the San Francisco Estuary

http://aem.asm.org/

http://images.google.com/imgres?imgurl=http://menlocampus.wr.usgs.gov/50years/accomplishments/images/tn-high-polaris.jpg&imgrefurl=http://menlocampus.wr.usgs.gov/50years/accomplishments/polaris.html&usg=__XTMlm7-8MGzzlQyVuyo7KumjJKg=&h=302&w=400&sz=27&hl=en&start=5&um=1&itbs=1&tbnid=LO1Uc0eFZPpa4M:&tbnh=94&tbnw=124&prev=/images%3Fq%3Dpolaris%2Busgs%26um%3D1%26hl%3Den%26sa%3DN%26rls%3Dcom.microsoft:en-us%26rlz%3D1I7GPEA_en%26tbs%3Disch:1


SF Estuary/Delta
‐Water 

 

diverted 

 

for 

 

agricultural, 

 
industrial & domestic uses

‐

 

Recreational 

 

area 

 

(fishing, 

 

water 

 
contact sports)

‐

 

Habitat 

 

of 

 

vulnerable 

 

species 

 
(Delta 

 

Smelt, 

 

Striped 

 

Bass, 

 
Threadfin Shad, Chinook Salmon) 

Goals: 

‐ Establishing a baseline

‐ Identifying HAB drivers 

Strategy:
‐Monthly monitoring @ 21 stn

‐

 

Variables: 

 

toxins, 

 

HA 

 

cells 

 
abundance, DOC, nutrients, …

SF Estuary: territory of outsize importance



Microcystis in the Delta

– 1980’s: Increase in cyanobacteria  

 biomass, decline of diatoms (Lehman & Smith, 

 
1991)

– 1999: First Microcystis bloom (Lehman, 2000)

– Now: present throughout Delta (Lehman et al., 

 
2005, 2008, 2010)

– Coincided with Pelagic Organism Decline 

 
(Delta Smelt, Striped Bass, Threadfin Shad, 

 
Chinook Salmon, Copepods)

– Coincided with environmental changes:
– Increased water transparency

– Increased temperature

– Increased salinity (specific conductance)

– Increased residence time

Microcystis Bloom 2008 
www.water.ca.gov/ssr/microcystis.cfmhttp://www.science.calwater.ca.gov/pdf/workshops/POD/IEP_PO 

D_2007_synthesis_report_031408.pdf



Microcystis blooms : Environmental drivers

http://www.eco‐check.org/forecast/chesapeake/2009/methods/



June 2009

(Mioni et al. in prep)



July 2009
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(Mioni et al. in prep)



August 2009

(Mioni et al. in prep)
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September 2009

(Mioni et al. in prep)
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(Mioni et al., in prep.)
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MC‐variants vs Temperature

Temperature (C)
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Different strains/variants? Different requirements?

(Mioni et al., in prep.)



The lower the NOx:P ratio, the 
 greater the toxicity?

NOx:P ratio (mol:mol)
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(Mioni et al., in prep.)



Microbial Associations?

D12

D28A

Antioch Bridge

(x40, blue: 450-490nm)

(x40, blue: 450-490nm)

• Single Microcystis cells vs. Colonies

• Associated filamentous 

cyanobacterium (Mioni et al., in prep.)



DIURNAL VARIATIONS

http://www.fishsniffer.com/maps/sherman.gif


MC variations with time

Antioch Bridge - 08/13/2009
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(Mioni et al., in prep.)



Why these diurnal variations?

Time NH4
+

(µM)
NO3

‐

(µM)
PO4

3‐

(µM)
N/P

8:53 0.48 12.58 2.25 5.81

16:45 0.23 15.23 1.87 8.25

8:53 (raw) 16:45 (raw)
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• Different water mass signatures

• Different microbial community?

• Horizontal transport?

(Mioni et al., in prep.)

http://www.mobilegeographics.com:81/locations/182.html


Why these diurnal variations?

8:53 (raw) 16:45 (raw)
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They were at D28A in Aug. 09 too!

August 2009
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D28A

(Pearl & Pinckney, 1996)

Role of biological drivers in 
 Microcystin toxin production?



Methionine: important source of 

methyl groups for microcystins 

and cyanotoxins

The methyl groups on C-2, C-6 and C-8 

of the ADDA portion of  microcystin 

derive from methionine.

Methionine 
 Role in Microcystin Production

(Moore, Chen et al. 1991)

*

**



Cobalt and Vitamin B12 
 Drivers of Community Structure and Fonction?

(source: wikipedia)Vitamin B12 
(Cobalamin/Cyanocobalamin)

Methionine Biosynthesis



D28A

(Pearl & Pinckney, 1996)

Role of biological drivers in Microcystin 
 toxin production?

B12

Co + Methionine



Conclusions

• Microcystins levels > 1g/L at most stations during bloom.
• Microcystis

 
abundance : high risk to very high risk levels.

• Total 

 
microcystins 

 
concentrations 

 
correlate 

 
with 

 
surface 

 water temperature. Different variants? Different needs?

Date Microcystis 

 
(cell/mL)

Microcystis (µg/L) Method Source

2008/9 0 – 1.4x107 0 – 6.46 LCMSMS This study

2007 7.7x104

 

– 9.9x107 0.007 –

 

10.81 PPIA Baxa et al. 2010

2005 0 – 32 x 109 0 – 60 (ng/L) PPIA
HPLC

Lehman et al. 2010



Problems to solve

• Integrate strong short‐time scale variations.

–

 

Vertical transport

–

 

Horizontal transport

–

 

Microbial consortia

• Identify associated filamentous cyanobacteria.

• Determine the Function of these cyanobacterial consortia.



Future work

We can do it!

Clear Lake, CA

The Delta, CA



New Strategies

SPATT

• Integrating temporal variations:
SPATT = Solid Phase Adsorption Toxins Tracking 

(Raphael Kudela, UCSC)

• Microbial community in a snapshot:
PhyloCHIP : DNA barcoding microchip 

(Gary Andersen, LBNL). 



 

Distinguish 50,000 microbial species simultaneously 

(353 cyanobacteria, 184 algae).

Microbial interaction (association, allelopathy)



www.peakwater.orgwww.peakwater.org



Thank you!
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