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Executive Summary:
Since the mid 1990’s, Lake Erie has experienced widespread but sporadic blooms of toxic cyanobacteria.  While the most intense blooms have occurred in the more eutrophic western basin, toxic outbreaks have also occurred in Sandusky Harbor and near Long Point in the eastern basin of the lake.   In general, the causative organism is reported to be Microcystis aeruginosa which can produce the heptatoxic microcystins.  This is an oversimplification of the problem as other microcystin-producing species, such as Planktothrix and Anabaena, and other cyanobacterial toxins, such as anatoxin-a and cylindrospermopsin, also occur in the lake.  This project will determine the occurrence of four classes of cyanobacterial toxins in the three basins of Lake Erie and prepare detailed maps on their distribution and change with time.  This information will be of use to water supply companies, government officials interested in protecting human health, lake modelers, and other lake scientists studying food webs and the planktonic ecology of the lake.  Principle funding for this project will come from NOAA’s Lower Great Lakes MERHAB project.  This request is for ship time only. 

2.
Scientific Rationale 

In 1995, Lake Erie experienced a large bloom of toxic cyanobacteria in the western basin.   This bloom was caused by Microcystis aeruginosa which produced the hepatotoxin microcystin-LR and lesser amounts of the demethyl (Asp3) microcystin-LR and microcystin-AR.  (Brittain et al, 2000).  Since that initial description, toxic Microcystis has continually reoccurred in the western basin of Lake Erie with toxin levels often exceeding the WHO advisory level of 1 µg L-1 (Table 1).  


The MERHAB – Lower Great Lakes project (MERHAB-LGL) was started in 2002 to investigate the spatial distribution and chemical diversity of cyanobacterial toxins and species in the lower great lakes (Lakes Ontario, Erie and Champlain).  The goal of MERHAB is to provide monitoring and event response strategies for harmful algal blooms suitable for use by end users such as health departments, state departments of environmental conservation and water supply providers.  As part of that project, we have sporadically sampled Lake Erie on a number of different cruises of opportunity.   Most of these cruises have been in collaboration with the MELEE (Microbial Ecology of the Lake Erie Ecosystem) working group, but we have also obtained samples from other researchers.  The results from these surveys are shown below.

   Table 1:  Recent Occurrence and Distribution of Cyanobacterial Toxins in Lake Erie
	Cruise and Date
	# samples
	% containing toxin
	Highest measured value
	Comments

	Brittain et al
       Sept 1996
	44
	MC’s ~10%*
	3.4 µg L-1 MC
	Western basin only

	MELEE-VII
       July 2002
	119
	MC’s   7 %  
ATX    14%
PSP’s   0 %
	0.7 µg L-1 MC
0.04 µg L-1 ATX
	Whole lake survey with highest values at Sandusky, Long Point and Rondeau Bays 

	MELEE-VIII
      July 2003
	59
	MC’s  41%
ATX   5%
	0.65 µg L-1 MC
0.11 µg L-1 ATX
	Whole-lake survey with highest values in the western basin and Sandusky Bay

	Lake Guardian & 
OSU, August 2003
	48
	MC’s 60%
ATX    4%
	21 µg L-1  MC
0.2 µg L-1 ATX
	Western basin only, Highest values were obtained near the Maumee River

	MELEE-IX 

     July 2004
	40
	MC’s 38%

ATX  33%

CYL    0%
	>1 µg L-1  MC

0.6 µg L-1 ATX
	Highest values near the Maumee River and in Sandusky Bay

	RV Limnos

    August 2004
	13
	MC’s 85%

ATX  31%

CYL  15%
	2.4 µg L-1  MC

0.07 µg L-1 ATX

0.18 µg L-1 CYL
	Western basin only



*These results are extrapolated from Figure 2 in Brittain et al (2000).  Abbreviations: MC’s = microcystins, ATX = anatoxin-a, PSP = saxitoxin + neosaxitoxin, CYL = cylindrospermopsin.

Several conclusions are apparent from this table.  First, both the overall level and spread of microcystin toxicity in the lake appears to be gradually increasing from the original report by Brittain et al.  They reported two stations in 1996 that exceeded the WHO advisory threshold of 1.0 µg L-1, whereas in 2003 and 2004, a number of stations exceeded that threshold with the highest microcystin concentration exceeding 20 µg L-1.   Microcystins have also been found outside the western basin in places such as Long Point Bay (eastern basin), Rondeau Bay (central basin) and Sandusky Harbor (Ouellette et al 2005).   We now suspect that organisms other than Microcystis may be producing significant amounts of microcystins and that simply counting Microcystis colonies in the water column may not give an accurate measure of the potential risk.  Preliminary results also suggest that other cyanobacterial toxins such as the neurotoxin anatoxin-a and the hepatotoxin cylindrospermopsin are present in Lake Erie (Table 1, Yang et al., 2005, Boyer, unpublished).  Unfortunately the development of detailed distribution maps of seasonal toxicity has not been possible as we have not had access to sufficient ship time to properly canvas the lake.  Most of these results have been obtained from ships of opportunity focused heavily on the western basin.  Sample collection protocols have also varied widely between cruises, making it difficult to compare results across years.  The International Field Year on Lake Erie offers a unique opportunity to prepare these detailed toxin distribution maps on a lake-wide basis.  Understanding the distribution of cyanobacterial toxins and their change with time is essential for the proper placement of observing stations if they are to protect against harmful algal blooms.  These results will be useful for water supply providers, government officials interested in protecting human health, lake modelers, and other lake scientists studying food webs and the planktonic ecology of the lake.  

Hypothesis and Questions addressed:

Preliminary studies suggest that the distribution of cyanobacterial toxins in Lake Erie extends beyond the occurrence of microcystins in the western basin.  Our working hypothesis is that the occurrence of microcystins in the eastern and central basins will represent distinct bloom events, and that any toxicity measured in the water column is not a result of transport from the western basin.  Furthermore we hypothesize that anatoxin-a producing species exist in Lake Erie and that this neurotoxin represents an unknown risk to recreational and drinking water users of the lake.  One of the reasons we think this toxin is poorly reported is that it is relatively unstable in the water column and we do not have sufficient sampling density to map its distribution.  
Project Objectives:  
The objectives of this proposal are three-fold.
(1) To determine the spatial distribution of particulate cyanobacterial toxins in Lake Erie.

(2) To examine the change in that spatial distribution with time over an entire growing season.

(3) To evaluate the chemical diversity of microcystin(s) produced in situ, especially as it affects the different assays for microcystins.

Project Approach and Methods:

The basic methodology for this project is well established, having been used to collect and analyze more than 2000 samples over the last 3 years as part of the MERHAB-LGL project. This protocol was adapted to both minimize the time on station for the ship and provide a sufficiently large sample to determine toxin content in the more oligotrophic areas such as the central basin.   
Objectives 1and 2: Spatial and Temporal Distribution:   Key to getting an accurate map of the spatial and temporal distribution of cyanobacterial toxins in Lake Erie is to collect a large number of samples over a widely dispersed area at multiple times during the summer.  Here we are proposing to participate on 5-6 whole lake cruises (one each month) to collect samples for toxin analysis.  
Sample Collection:  Briefly, a 23-liter grab sample is collected at a fixed depth using a high speed submersible pump.  In the past, we have deployed this pump by hand off the side of the RV Limnos.  This usually requires < 5 minutes total time once the ship is stopped and stabilized.  The carboy is then returned to the ship’s lab and 20L immediately filtered through a 150 mm filter holder equipped with a 934AH glass fiber filter using a high speed peristaltic pump.  Separate 1-L samples are filtered for chlorophyll and molecular (DNA) analysis.  These filters are stored at < -20º until the end of the cruise.  Pigments (chlorophyll and phycocyanin) are measured on board the ship using Turner Designs fluorometers.  If necessary, samples will be sterile filtered for dissolved nutrient analysis.   For most samples, a net tow is collected using a small Wisconsin net for identification of the major cyanobacterial species in the water column.

Once back on shore, filters for toxin analysis are extracted by sonication with 10 ml of 50% methanol acidified with 1% acetic acid, clarified by centrifugation, and the extract used for analysis of the different toxins.  Microcystins are measured using a combination of different assays including an enzyme-linked immunoassay or ELISA, inhibition of the protein phosphatase 1A (PPIA: Carmichael and An 1999), and by high performance liquid chromatography (HPLC) coupled with either UV or mass selective (MS) detection (Harada 1996).  Anatoxin-a is determined by HPLC after derivatization with 7-fluoro-4-nitro-2, 1, 3- benzoxadiazole (NBD-F) (James and Sherlock 1996) and confirmed by LCMS of the free or NBD-derivatized toxin.  The PSP toxins (saxitoxin, neosaxitoxin, and gonyautoxins 1-4) are measured by HPLC with fluorescent detection after either chemical (PCRS: Oshima 1995) or electrochemical (ECOS: Boyer and Goddard 1999) post-column derivatization. Cylindrospermopsin is measured by HPLC using PDA detection and confirmed by LCMS (Li et al., 2001).  Control experiments have shown that this extraction protocol recovers >90% of the microcystins, PSP toxins, anatoxin-a, and cylindrospermopsin in the sample.  Assuming normal concentration factors
, the detection limits for the different toxins using this protocol are: 


Detection limit for the different toxins expressed in µg per L starting lake water


Microcystins:



< 0.003 µg L-1 (PPIA), < 0.01 µg L-1 (HPLC-PDA)

Anatoxin-a




< 0.001 µg L-1 (HPLC-FD)


PSP toxins




< 0.1 µg L-1 (HPLC-ECOS)


Cylindrospermopsin


< 0.01 µg L-1 (HPLC-PDA)           
  
                

This project will specifically focus on the distribution of particulate cyanobacterial toxins because the existing methodology to accurately measure dissolved toxins in dilute samples such as Lake Erie has not reached a point of sophistication as to provide high quality results.  We are currently developing novel approaches for differentiating between dissolved and particulate microcystins.  If those techniques are ready in time for the 2005 field season, they can easily be incorporated into our existing sampling scheme.

Objective 3: Chemical diversity of microcystins:  The individual toxin congeners are determined by HPLC coupled with PDA and MS detection.  In most cases, identification of the molecular weight and UV absorption pattern is sufficient to identify the microcystin congener.  In some cases, we must isolate the individual toxin and run either amino acid analysis after hydrolysis (Waters AccQTag) or high resolution NMR (600 MHz) to identify the individual toxins.   Both capabilities are present at SUNY-ESF.
Project Relevance:

This project represents a significant collaborative venture between NOAA’s MERHAB-LGL regional study and the NOAA-GLERL laboratories.   Both projects are focused in part on the occurrence of harmful algal blooms in Lake Erie.   However there are also some major differences and synergies.   The MERHAB project is specifically focused on monitoring strategies.  It has a wider focus and includes Lakes Ontario and Champlain in addition to Lake Erie.  Each lake has a different trophic status and each offers unique challenges.  MERHAB-LGL is charged with developing and testing new analytical methodology for toxin determination.  In these regard, we have developed high-throughput methods for toxin analysis and invested three years refining our analytical methodology to accurately measure the concentrations of cyanobacterial toxins in all three lakes (Boyer et al. 2004a).   We routinely analyze samples submitted by a number of different government agencies and have CDC and EPA approved QA/QC protocols.  The spatial and seasonal toxin distribution maps proposed here should be directly of interest to several GLERL researchers (G. Fahnenstiel, G. Leshkevich, and H. Vanderploeg) interested in Lake Erie harmful algal blooms.  

Collaboration and other Project Linkages:

This project has the potential for a number of collaborative linkages.  First, the detailed toxin information provided here will be available to all participants in the International Field Year for Lake Erie.  Since Lake Erie contains both toxic and non-toxic species of cyanobacteria, having the actual toxin concentrations, in addition to any phytoplankton information, is essential to properly interpret any modeling and food web studies.  As the overall goal of MERHAB-LGL is to develop monitoring and event response strategies for HAB’s on the great lakes, we also have contacts with several water supply providers and health agencies interested in these results. Second, since MERHAB-LGL will be supporting the personnel and basic supply costs for toxin analysis, the possibility certainly exists that we can also run samples for toxin analysis collected by other participates in the International Field Year on a no-cost or greatly reduced cost basis (see budget section).
Government & Societal Relevance with Implications for Risk Management:

Most of our information concerning cyanobacterial toxicity in Lake Erie has focused on the high biomass events that occur in the western basin.  While these events certainly are important in terms of their impact on drinking water and recreational users of the western basin, the central and eastern basin also serve as drinking water supplies and provide recreational opportunities.   This study will build on preliminary studies (Ouellette et al, 2005, Boyer et al, in preparation) that show the occurrence of toxic species and cyanobacterial toxins in all three basins of Lake Erie.  Furthermore, most of our monitoring and toxin detection is in response to a high biomass event.  We have very little information in terms of cyanobacterial toxicity in the early stages of a bloom event.  For example, recent work on Lake Ontario suggests that toxic August blooms may originate off Toronto in July and be transported by summer lake circulation to the eastern shoreline near Oswego (Boyer et al, 2004a).  Similar information is lacking for input into Lake Erie models in that we do not have the multiple whole lake time series (Objectives 1 and 2) early in the summer, or the detailed congener/molecular analysis for different bloom events (Objective 3) necessary to track populations.  This proposal will address those shortcomings.


A second key point addressed by this proposal is the occurrence of the neurotoxin anatoxin-a.  Studies in Lake Champlain have shown that the occurrence of anatoxin-a in the water column often has a very different distribution than microcystins.  First, the anatoxin-a -containing blooms are often low biomass events that would not necessarily trigger reactive sampling.  Second, the anatoxin-a producing species often occur earlier in the season before the high biomass Microcystis events.  For example, dog deaths in Lake Neahtawanta (2004) and Lake Champlain (2000, 2001) both occurred in early June (Boyer et al, 2004, unpublished) and were likely due to Anabaena species.  Microcystis was a minor component in the water column at that time as it usually does not form high biomass blooms until later in the summer.  Anatoxin-a was found in 12% of the samples we have analyzed from Lake Erie (Yang et al, 2005), but we do not at this time have sufficient information to map either its distribution on a whole lake basis, determine the causative organism(s), or evaluate its potential risk to lake users.
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3.
Project timeline:


The regional MERHAB-LGL project continues through 2007 however, it is envisioned that all sample collection associated with this Lake Erie project will occur in 2005.  Data analysis should be completed by spring 2006.  A brief timeline is given below:
	Tasks
	MAY 05
	JUNE
	JULY
	AUGUST
	SEPT
	OCT
	NOV
	DEC
	JAN 2006
	FEB
	MARCH
	APRIL
	MAY

	Task 1; Sample Collection
	?
	X
	X
	X
	X
	X
	
	
	
	
	
	
	

	Task 2:  Sample analysis
	
	
	X
	X
	X
	X
	X
	X
	
	
	
	
	

	Task 3:  Identification of Congeners
	
	
	
	
	
	
	
	X
	X
	X
	
	
	

	Task 4:  Final and interim reports
	
	
	
	
	X
	
	
	X
	
	
	X
	
	X


4. Budget Request.

This is a no-cost proposal to NOAA-GLERL as the project is already funded through the NOAA-MERHAB-LGL project.  MERHAB-LGL will support all the sample analysis and toxin determinations associated with the determination of the spatial and temporal distribution of the toxins in Lake Erie (Objectives 1 and 2), as well as pay for the needed mass spectroscopy time to determine the individual toxin congeners (Objective 3).  It will also support travel costs to and from the point of debarkation.  What is requested is space on board ship for at least two scientists for ~ one week each month (May, June, July, August, Sept, Oct,).

In addition, if other investigators participating in the International  Field Year for Lake Eire need cyanobacterial toxin analysis for specific samples,  the MERHAB-LGL analytical group will attempt to run a reasonable number of those samples either without charge (PPIA, HPLC) or for the cost of supplies only (ELISA; ca $400 per 40 sample plate).  Tissue samples represent a special case as standardized extraction techniques often do not give an accurate measure of the total toxin content of the tissue.   We will work with individual investigators to provide high quality results, but NOAA-GLERL should realize that each sample matrix often becomes an individual experiment in itself.  Depending on the matrix, it simply may not be possible to run those without incurring significant expenses.  We are also open to discussing any type of at-cost reimbursement if NOAA-GLERL expects a significant number of specialty samples and will work with individual investigators to solve their analytical needs.  
5. Projected Vessel Time Needs


Whole lake surveys usually require a large ship deployed for a week at a time.  We are therefore requesting space for two scientists on a one-week whole lake cruise for the months of May, June, July, August, September and October.  No specific times are required though it would be best if the cruises are spaced equally apart.  We would also consider supplemental cruises in August on a 2-week spacing if available or dropping the May cruise if necessary.  Previous cruises on the Lake Guardian have suggested it is not the best vessel for this work however it is satisfactory.  We have had excellent results on the RV Limnos and would expect that the RV Laurentian would also be suitable.  We have some flexibility in that if the ship does not work on a 24 hour schedule, we may be able to get by with fewer (i.e. 1) scientists depending upon the ships protocol. We also have sufficient equipment that we can double up on two vessels if necessary for simultaneous sampling.  
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We have no set stations per se and can easily adapt to others needs.  In general, the standard monitoring stations (either EPA or Environment Canada) work fine however we need a large number of stations in all three basins to get whole lake coverage.  Attached is the station map for the RV Limnos in 2004.  Coordinates are available from Environment Canada if necessary.  It would be desirable to have a slightly greater coverage of the western basin.  There are no special needs other than laboratory space with a sink and the ability to deploy a small (2 lb) submersible pump attached to a 110 volt underwater cable.  We used this system on the Lake Guardian and Limnos in 2003 without problems.  A through-hull water system is beneficial in that it allows us to supplement existing stations without stopping the ship, however it is not essential.  No radioactive material or hazardous waste will be generated or utilized as part of this project.
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	 FORMCHECKBOX 
 Submission Planned in Near Future
	

	Project/Proposal Title:

	New York State Disinfection By-Product/Algal Toxin Project

	Source of Support:  NYS-DEC

	Total Award Amount:  $23,000
	Total Award Period Covered: 6/15/04 – 5/31/05

	Location of Project:  SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: .09
	Sumr:  

	Support:
	√ Current 
	 FORMCHECKBOX 
 Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future
	

	Project/Proposal Title:

	Central New York Biotechnology Research Center

	Source of Support:  US Department of Health and Human Services

	Total Award Amount:  $713,087
	Total Award Period Covered: 9/1/03 – 12/31/08

	Location of Project:  SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: .09
	Sumr:  

	Support:
	√ Current 
	 FORMCHECKBOX 
 Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future
	

	Project/Proposal Title:



	Source Sentinel : Protection of Municipal Water Supplies

	Source of Support:  NYS Office of Science, Technology and Academic Research



	Total Award Amount:  $300,000


	Total Award Period Covered: 4/1/02 – 12/31/05

	Location of Project:  SUNY College of Environmental Science and Forestry, Syracuse, NY



	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: .45
	Sumr:  

	Support:
	√ Current 
	 FORMCHECKBOX 
 Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future
	

	Project/Proposal Title:

	NSF Graduate Research Fellowship for Karen Howard

	Source of Support:  National Science Foundation

	Total Award Amount:  $40,500
	Total Award Period Covered: 6/1/04 – 5/31/05

	Location of Project:  SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: .09
	Sumr:  
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	Current and Pending Support

	Investigator:  Gregory L. Boyer
	Continued

	

	Support:
	 FORMCHECKBOX 
  Current 
	√  Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future
	

	Project/Proposal Title:

	Spatial and temporal Distribution of Cyanobacterial Toxins in Lake Erie (This proposal)

	Source of Support:  NOAA-GLERL

	Total Award Amount:  $0  no cost
	Total Award Period Covered: 5/1/2005 – 4/30/2006

	Location of Project: SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: 0.09
	Sumr:  

	Support:
	 FORMCHECKBOX 
 Current 
	√ Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future
	

	Project/Proposal Title:

	Technical Evaluation of a Near-real time monitoring platform for drinking water contaminants 

	

	Source of Support: New York Indoor Environmental Quality Center 

	Total Award Amount:  $25,000
	Total Award Period Covered: April 1, 2005 – 12/31/2005

	Location of Project:  SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: .0.09
	Sumr:  1 mo

	Support:
	 FORMCHECKBOX 
 Current 
	√ Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future
	

	Project/Proposal Title:

	This Proposal: A Remote-Sensing Based Early Warning System for Algal Blooms in the Great Lakes

	Source of Support:  University of Buffalo/NASA

	Total Award Amount:  $182,226
	Total Award Period Covered: 10/1/05 – 9/30/08

	Location of Project:  SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: .36
	Sumr:  1 mo

	Support:
	 FORMCHECKBOX 
 Current 
	√ Pending 
	 FORMCHECKBOX 
 Submission Planned in Near Future
	

	Project/Proposal Title:

	The Health and Ecosystem impacts of a newly developed cyanobacterial bloom of Microcystis in the 

	Sacramento-San Joaquin Delta

	Source of Support:  California Department of Environmental Conservation

	Total Award Amount:  $124,612
	Total Award Period Covered: 7/1/2006 – 7/1/2009

	Location of Project:  SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: 0.36
	Sumr:  

	Support:
	 FORMCHECKBOX 
 Current 
	 FORMCHECKBOX 
  Pending 
	√  Submission Planned in Near Future
	

	Project/Proposal Title:

	Deployment of an automated system for the detection of toxic cyanobacteria

	Source of Support:  New York Sea Grant

	Total Award Amount: $74.028
	Total Award Period Covered: 2/1/2006 – 1/31/2007

	Location of Project:  SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad:  0.45
	Sumr:  

	Support:
	 FORMCHECKBOX 
 Current 
	 FORMCHECKBOX 
 Pending 
	√ Submission Planned in Near Future
	

	Project/Proposal Title:

	Historical Distribution of Microcystis and its Toxins in Lake Erie Sediments

	Source of Support:  NOAA-GLERL
	


	Total Award Amount: $19,500
	Total Award Period Covered: 5/1/2005 – 4/30/2006

	Location of Project: SUNY College of Environmental Science and Forestry, Syracuse, NY

	Person-Months Per Year Committed to the Project.
	Cal: 
	Acad: 0.45
	Sumr:  
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� A normal concentration factor assumes a 20 L sample was filtered and extracted in 10 mL.  For more eutrophic sites such as the western basin of Lake Erie and the Bay of Quinte in Lake Ontario,  we often cannot filter 20 L without plugging the filter.  In those cases, the detection limit per L lake water is higher, but we also have sufficient biomass to easily measure the toxin content of the water if present and can express it on a per chlorophyll basis.





