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A - Project Management 

A1 - QAPP Distribution List 
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Mail Code OEP06-1  
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(617) 918-1686 
voorhees.jean@epa.gov 
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North Chelmsford, MA 01863 
(617) 918-1606 
Fax: (617) 918-7505 
dimattei.steve@epa.gov 
 
Mike Jennings, NEIWPCC 
Boot Mills South 
116 John Street 
Lowell, MA 01852 
mjennings@neiwpcc.org 
 
Clair Ryan, NEIWPCC 
Boot Mills South 
116 John St. 
Lowell, MA 01852 
cryan@neiwpcc.org  
 
Eric Howe, Lake Champlain Basin Program 
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Grand Isle, VT 05458 
(802) 655-6382 
Fax: (802) 655-6540 
EHowe@lcbp.org  
 
Angela Shambaugh, Project Manager 
VT DEC, Watershed Management Div. 
1 National Life Drive, Main 2 
Montpelier, VT 05620-3522 
(802) 490-6130 
angela.shambaugh@state.vt.us  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Andy Chevrefils 
Vermont Department of Health 
108 Cherry St., PO Box 70 
Burlington, VT 05402 
802-951-0114 
andrew.chevrefils@state.vt.us  
 
 
Kirk Kimball (Laboratory) 
Vermont Department of Health 
108 Cherry St, PO Box 70 
Burlington, VT 05402-0070 
(802) 951-1293 
Kirk.kimball@state.vt.us  
 
Mike Winslow 
Lake Champlain Committee 
208 Flynn Ave. Bldg 3, Studio 3-F 
Burlington, VT 05401 
(802) 658-1461 
mikew@lakechamplaincommittee.org  
 
Heather Campbell,  
VT DEC, Drinking Water and Groundwater 
Protection Div. 
1 National Life Drive, Main 2 
Montpelier, VT 05620-3522 
 (802) 585-4893 
heather.campbell@state.vt.us 
 
Rodney Pingree 
VT DEC, Drinking Water and Groundwater 
Protection Div. 
1 National Life Drive, Main 2 
Montpelier, VT 05620-3522 
 (802) 585-4912 
Rodney.pingree@state.vt.us  
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A3 – Problem Definition/Background 

Lake Champlain is one of the largest lakes in the United States and an important water resource 
for the states of Vermont and New York, and the province of Quebec.  It is primarily a 
recreational lake, but also serves as an important drinking water source for all three jurisdictions.  
Cyanobacteria blooms have been documented in the lake since the 1970s, with some areas 
experiencing extensive annual blooms.  In 1999, several dog deaths were attributed to 
cyanobacteria toxins, raising health and safety concerns regarding drinking water supplies and 
recreational activities such as swimming, boating and fishing.     
 
Cyanobacteria are a natural and normal component of the phytoplankton in fresh water and are 
present in Lake Champlain during much of the summer (Shambaugh et al. 2014, LTM 
unpublished data).  Cell counts and associated toxins are below levels of concern in most of the 
lake each year (Shambaugh et al., 2014).  St. Albans and Missisquoi Bays typically experience 
annual periods of high cyanobacteria density lasting several weeks, though conditions do not 
always exceed Vermont’s recreational guidance criteria as a result.  Despite the regular presence 
of these algae in some parts of the lake and sporadic occurrences in others, no confirmed cases of 
human illness as a result of exposure have been reported (VDH, personal communication). 
 
Since 2002, the Lake Champlain Basin Program has funded an annual cyanobacteria monitoring 
program which utilizes cell density and toxin data to evaluate recreational conditions around the 
lake.  Results are communicated to stakeholders around the region through weekly updates.  The 
University of Vermont (UVM) developed and implemented the program, in cooperation with the 
Lake Champlain Committee (LCC) and the Vermont Departments of Health (VDH) and 
Environmental Conservation (VT DEC).  It has been well received locally and serves as a model 
at the regional and national level. 
 
In 2012, oversight of the cyanobacteria monitoring program on Lake Champlain transferred from 
UVM to the State of Vermont and a visual assessment protocol for use by trained volunteers was 
added.  As a result, the monitoring network was able to expand to underserved areas of the lake 
and provide the data necessary to inform recreational and public health response in a fiscally 
sustainable program.  In 2015, the program will continue to facilitate communication among the 
environmental and public health officials, support an appropriate and consistent response during 
bloom events on Lake Champlain, inform the general public and water suppliers about current 
cyanobacteria conditions, and educate the public to recognize and avoid blooms.      

A4 – Project/Task Description 

 
Objectives of Project 
Cyanobacteria do not always produce toxins nor is it possible to visually determine if toxins are 
present.  VDH recreational guidance includes criteria based on the presence of visible scum 
and/or analytical documentation of toxins (VDH 2012).  Utilizing a visual monitoring system 
developed by the LCC from VDH guidance to Vermont communities, volunteers will provide 
weekly assessments of cyanobacteria conditions around the lake.  Quantitative data (cell counts 
and toxin levels) will be collected from core locations on a weekly/biweekly basis and analyzed 
following the tiered alert protocol developed by UVM (Watzin et al., 2006).   A weekly email 
will convey recent status and bloom observations to researchers, health and environmental 
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officials, water supply managers and monitoring program participants who are responsible for 
cyanobacteria response at numerous private and public organizations around the lake.    Through 
weekly condition updates posted on the VDH cyanobacteria webpage, lake users and the general 
public will have access to information that enables them to reduce their exposure to potentially 
toxic cyanobacteria.  Additionally, the data will contribute to the knowledge and perspective 
about these organisms that has been gained since the program’s inception in 2002.  Project tasks 
and associated timelines are noted in Table 1. 
 
Table 1.  Timeline for project tasks.  *as needed  
 

Task June 
2015 

July Aug Sep Oct Nov Dec Jan 
2016 

Feb Mar Apr May 

Field Collection x x x x *        
Volunteer 

Monitoring 
x x x x         

Laboratory 
Analysis 

x x x x x x       

Email/Web 
updates 

x x x x x        

Data entry x x x x x        
Data QA/QC x x x x x x x x     
Data analysis        x x x   

Quarterly 
Reports 

 x   x   x   x  

Final Report            x 
       
As awareness of cyanobacteria and possible health concerns associated with exposure to these 
organisms has risen, the need for expanded expertise, technical assistance and communication 
around this issue has increased.  Beginning in 2015, the role of the Project Manager will expand 
to include a formal facilitation, coordination and technical assistance role for the Basin Program 
and the State of Vermont beyond the basic monitoring and communication functions performed 
in previous years.   
 
The activities and deliverables pertinent to this new role will be developed more fully over the 
year, but will include expanding technical expertise and knowledge concerning cyanobacteria 
control options, taxonomy and monitoring methods; statewide consistency in monitoring and 
bloom response,  increased technical assistance to the Drinking Water and Groundwater 
Protection Division and drinking water facilities around Vermont; and coordination at the 
regional level to develop consistency in monitoring and response activities in the Northeast. 
These new roles are outlined in Appendix A and deliverables would be part of the 2015 final 
report.    

A5 – Quality Objectives and Criteria for Measurement Data 

 
Data quality will be measured in terms of accuracy and precision, completeness, represent-
ativeness, comparability, and the required detection limits for the analytical methods.  
Acceptance criteria and corrective actions are noted in the methods section of this QAPP where 
applicable.  
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A6 – Special Training Requirements/Certifications 

Core team members at each partner institution, identified in section A2, are career professionals.  
Most have been involved in cyanobacteria monitoring program activities for 5 or more years.  
Core team members are fully trained and experienced in ambient sample collection for both 
phytoplankton and toxin parameters.  They are up-to-date with equipment use and field 
protocols.  No additional specialized training is required for field aspects of this project 
conducted by core team members.  All temporary and seasonal field staff, including members of 
the volunteer network, are under the supervision of the core team members.  VDH Laboratory 
personnel are supervised by the laboratory director and meet the training and certification 
requirements specified by the Laboratory. 
 
Taxonomic expertise is required for the analysis of algal samples.  Analyses at the Vermont DEC 
will be conducted under the supervision of a taxonomist with more than 25 years of experience 
identifying freshwater plankton from Lake Champlain.  Taxonomists will work together to 
ensure consistency in sample identification and enumeration between analysts.    
 

A7 – Documentation and Records 

Current and identical copies of the Quality Assurance Project Plan will be provided in electronic 
format to the partners by the Project Manager (VT DEC).   
 
Field teams and citizen volunteers will document all field-generated data on Field Log Sheets 
(Appendix E) or online reporting forms (Appendix D), respectively.  Digital photographs may 
provide additional documentation of field conditions during the assessment.  Original field sheets 
will reside with the VT DEC and the LCC, respectively.  Summaries of the information will be 
provided electronically from the LCC and VDH to the VT DEC for inclusion in weekly updates 
circulated to an established user group and in the long-term database for this project.  All data 
generated by the VDH laboratory will be maintained in an electronic format that can be 
incorporated into the VT DEC master database for this project.  Any photographs of event 
conditions referenced to specific field sheets and reports may also be provided to the VT DEC 
for inclusion in the project data files. 
 

B – Measurement/Data Acquisition 

B1 – Sampling Design 

Sampling locations have been selected to represent the range of water quality and cyanobacteria 
conditions in Lake Champlain.   Historically, higher cell and toxin concentrations in the lake 
have been documented along shorelines, thereby increasing the potential for human exposure 
during recreational activities (Watzin et al. 2003, 2004, 2006).  The primary objective of this 
monitoring program is reduction of recreational exposure to cyanobacteria.  A secondary goal is 
to provide pertinent information to water supply facilities.  We will achieve this by evaluating 
both shoreline and mid-lake stations for the presence of cyanobacteria and/or cyanotoxins.  
 
Locations with long-term historical data include several monitored by UVM in St. Albans and 
Missisquoi Bays, the 15 sites associated with the Lake Champlain Long-term Water Quality and 
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Biological Monitoring program, and several shoreline locations that have been monitored by 
dedicated citizen volunteers.   More than 50 volunteers regularly assessed and reported 
conditions at locations around the lake during 2014 (Figure 1).  We expect that many of these 
will return in 2015.  We also anticipate that additional volunteer sites will be added as a result of 
education efforts during early summer.  Volunteer locations will serve an outreach function, may 
not be associated with areas of high population or recreational usage, and may be co-located with 
other program sites.  Visual assessments from Champlain and four inland lake sites, monitored as 
part of a climate change project underway at the VDH, will also be included in the weekly 
updates.  A final list of 2015 field sites, including a map and a table with latitude and longitude, 
will be provided in the final project report to the LCBP.    
 

  
 

Figure 1.  Anticipated monitoring coverage in 2015.   Volunteer locations are subject to change. 

B2 - Allocation of Project Responsibilities 

This project is a continuation of the partnership established in 2002.  Partners include VT DEC 
(Watershed Management and Drinking Water/Groundwater Protection Divisions), LCC, and 
VDH (Radiation/Toxicological and Laboratory Sections).  Project responsibilities are 
summarized in Table 2 and discussed in detail in Appendix A.  Data collected by the partners 
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will be provided to the VT DEC for inclusion in the weekly email and webpage updates.  In 
2015, staff associated with a VDH Climate Change project will also be contributing to the 
cyanobacteria monitoring efforts.   

B3 – Sampling and Analysis Methods 

 
Monitoring and Field Collection 
Assessment protocol and frequency are noted for each sampling location in Table 3.  The number 
of samples collected and the analysis type will be determined by the respective assessment 
protocol and the extent of cyanobacteria observed on the previous sampling date.  Data and 
observations will be submitted to the Project Manager for inclusion in the weekly email and 
webpage updates.  Any observations of significant scums or reports of scums will be shared with 
the stakeholders immediately.  
 
Tiered Alert Protocol - Field collections at mid-lake and core shoreline sites will be conducted 
following a modification of the tiered alert protocol developed by UVM.  Sites will be visited at 
two week intervals as part of the routine water quality monitoring conducted by the DEC on 
Lake Champlain.  Observation of a presumed cyanobacteria scum or highly discolored water will 
trigger collection of toxin and phytoplankton samples regardless of the protocol stage. 
 
Initial Screening:   The first stage of monitoring is designed to locate developing cyanobacteria 
populations.   These samples are qualitative and serve to initiate subsequent tasks.   A 
3 m vertical plankton net tow (63µm mesh) will be used to concentrate surface waters for 
microscopic analysis of the algae present.  Samples will be screened within 72 hours of 
collection for the presence of potential toxin- producing cyanobacteria.  Field sampling will 
begin in early June. 
 
Quantitative Monitoring:   Once potential toxin-producing cyanobacteria have been identified 
in the screening samples, quantitative phytoplankton sampling will be initiated at the next site 
visit.   Phytoplankton collections will be made with a 63µm plankton net at those sites where 
potential toxin-producing taxa have been observed.   Cyanobacteria in these samples will be 
enumerated within 72 hours.  Detection of cyanobacteria at densities of 2000 cells per mL in 
the upper 3 m of the water column will trigger the progression to the Vigilance level. 
 
Vigilance Level:  Quantitative net samples for phytoplankton will be collected, mid-day, from 
locations where potential toxin-producing cyanobacteria reached densities of 2000 cells per 
mL in the upper 3 m of the water column during the previous visit.  If water conditions at the 
site or previous samples suggest the onset of a bloom, an additional net plankton sample will be 
collected for possible toxin analysis.  Toxin analysis would be initiated if cell densities exceed 
4000 cells/mL.  Phytoplankton samples will be enumerated within 48 hours.  Potentially toxic 
cyanobacteria densities of more than 4000 cells per mL will trigger the progression to the Alert 
protocols for the next site visit. 
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Table 2.  Summary of project responsibilities by partner.   *Jointly with Climate Change grant activities.          
**cylindrospermopsin will be routinely monitored for the first time in 2015 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Alert Level 1 and 2:  At these levels, there is a large amount of accumulated algal biomass in 
the upper water column.  Toxins in this material could reach levels of concern for human and 
animal health.  Water samples will be collected as close to mid-day as practical for determination 

Task 

Partners 

Vermont DEC LCC VDH

Watershed 
Management 

Division 

DWGW 
Division 

  Laboratory 

Radiological 
& 

Toxicological 
Program 

Field Collection  x   

X            
(at 

selected 
sites) 

  X * 

Toxin Analysis       
anatoxin,  microcystin 
cylindrospermopsin** 

 

Phytoplankton 
counts 

x         

Volunteer 
Coordination 

    x     

Volunteer 
Training 

    x     

Public Health 
Response 

      x  x 

Drinking Water 
Supply 

Response 
  x    x  x 

Weekly Email 
updates 

x         

Weekly 
Webpage 
updates 

        x 

Field/ lab data 
QA/QC 

x    x  x   

Project 
Coordination 

x         

Maintenance 
of Central 
Database 

x         

Annual Report  x         

Outreach  x  x  x    x 
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of algal density and toxin concentration.  Whole water samples will be collected at this point 
to reduce loss of colony fragments through the net.  A subsample of filtered plankton will be 
screened by the VDH using enzyme-linked immunosorbant assays (ELISA) for microcystin and 
cylindrospermopsin within 48 hrs.  Samples that consist predominantly of potential anatoxin-
producers will be analyzed by the VDH for anatoxin, but this analysis requires significantly 
more time (several days or weeks).  For this reason, alert level designations are based on the 
presence of microcystin rather than anatoxin. 
 
The presence of microcystin and densities of potential toxin-producing cyanobacteria above 
4000 cells/ml are designated as Alert Level 1 conditions.  Per VDH guidelines established in 
2005, ambient toxin concentrations ≥ 6 µg per L microcystin represent a potential threat to 
human health and will trigger progression to Alert Level 2.  By relying on the results of the 
ELISA for action, we may miss anatoxin-producing blooms, but technology offers no rapid 
screening method for anatoxin at this time.   To date, anatoxin concentrations have not 
exceeded 0.2 µg per L in Lake Champlain samples submitted for analysis, well below Vermont 
recreational guidelines.  If anatoxin-producing species predominate in a bloom, this information 
will factor into the appropriate communication to public health officials.  Cylindrospermopsin 
analysis has been in added in 2015, in anticipation of EPA drinking water health advisories 
scheduled to be released in May 2015.  At this time, VDH has not released state guidance values 
for this toxin in deference to those pending EPA values.  Prior to the start of monitoring for 
2015, guidance values and response levels for cylindrospermopsin and microcystin will be 
communicated to stakeholders. 
 
Visible scum or highly discolored water present at tiered alert sites will also trigger progression 
to Alert Level 2, regardless of microcystin concentration.  This is in keeping with the high alert 
designation for the visual protocol category 3 and the VDH beach guidance which stipulates 
closure of beaches when visible scums are present.  These reports will be added to the 
interactive map as soon as possible and shared with the email list serve. 
 
Collection of whole water samples for toxins and algal enumeration will occur at the next visit 
to Alert Level 2 sites.   The VDH will evaluate recreational activity levels and possible drinking 
water intakes in the vicinity, and will arrange for additional sampling as necessary.    Should cell 
densities fall below the Alert level threshold during subsequent visits, field crews will follow the 
Vigilance level monitoring protocol.   
  
SOPs outlining field collection and laboratory processing are documented in Appendices B and 
C. 
 
Visual Assessment Protocol –Volunteer monitors will assess cyanobacteria conditions using a 
three-tiered visual protocol developed by the LCC similar to the VDH guidance for Vermont 
municipalities (VDH 2012).  The protocol is outlined in Appendix D.  After attending a required 
training session and working in conjunction with the LCC Volunteer Coordinator, volunteers 
will identify conditions at their site as ‘little to no cyanobacteria (category 1), ‘cyanobacteria 
present at less than bloom levels’ (category 2), or ‘cyanobacteria bloom in progress’ (category 
3).  In 2014, subcategory 1d (“Little BGA present - recreation not impaired “) was added to 
remind volunteers that small amounts of cyanobacteria should be reported here. 
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Monitors will visit their designated shoreline location each week, beginning in June 15th and 
ending mid-September 2015.  Using the photographs and identification triggers noted in 
Appendix D, monitors will complete a field form.  Some monitors may provide photographic 
documentation.  Field forms and any photographs will be provided to the Volunteer Coordinator.   
Each week, following review by the LCC coordinator, completed assessments will be collated 
and sent to VT DEC by noon Thursday for inclusion in the weekly email and webpage update.  
Category 2, low alert, and Category 3, high alert, reports will be verified and posted to the 
interactive map as soon as possible and shared with the email list serve.  
 
Qualitative check samples and the VDH Climate Change Grant 
At selected locations monitored by LCC volunteers, the visual assessment protocol will be 
supplemented each week with whole water grab samples taken by the volunteer for algae and 
toxins.  These will be used to verify the accuracy of the visual protocol.  The visual assessment 
will be used to populate the interactive on-line map unless analytical results indicate otherwise.  
The VDH may request additional sampling at other monitored locations if scums develop.   
 
Staff associated with the VDH Climate Change grant project will visit six Champlain sites and 
four inland lake sites each week (Table 3) and provide cyanobacteria reports using the visual 
assessment protocol.  Weekly whole water samples for cyanotoxins and algae will also be 
collected and results will be shared through the weekly updates as they become available.  The 
visual assessment results will be used to populate the interactive map unless analytical results 
indicate otherwise. 

B4 – Sample Handling and Custody 

Phytoplankton samples will be placed in 75 ml glass tubes and preserved with acidic Lugols 
iodine solution to a final concentration of 1% in the field.  Samples will be stored in the dark 
until analysis. Plankton samples for toxin analysis will be filtered in the field by the VTDEC.   
Filters will be sealed in aluminum foil packets, placed on ice, and transported to the VDH 
laboratory for further processing.  Unfiltered whole water samples collected by the VT DEC will 
be kept on ice and transported to the VDH laboratory.  Samples obtained from the volunteer 
monitoring sites during routine sampling or scum events will be delivered to the VDH laboratory 
as unfiltered whole water.   
 
Sample labels will be prepared for each field container and filter package.  Label information 
will include sample date, description (e.g. tow or whole water sample), location, preservative if 
applicable, and sampler’s initials.  Chain of custody will be maintained for all samples sent to 
laboratories other than the program partners. 
 
Laboratory processing logs will be maintained for all samples, in paper or electronic format.  
Information will include date of processing, type of processing, volumes, date of completion, and 
analyst initials.  Partner laboratories will maintain processing and field logs, with periodic review 
by the respective laboratory supervisor.  Examples of the logs can be found in Appendix E. 
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Table 3. Sampling methodology and collection frequency.  
 
 
 

  Station  Location 
Latitude 
(decimal 
degrees) 

Longitude 
(decimal 
degrees) 

Assessment 
Methodology  Assessment 

Interval 

Laboratory Analysis  
(triggered by protocol 
or scum observation) 

Tiered 
Alert 

Visual 
Algae 
Counts 

Toxin 
Analysis 

Midlake  
open 
water 

LTM 02  South Lake  43.71483  ‐‐73.383  x    biweekly  x  x 

LTM 04  South Lake  43.95166  ‐73.40783  x   biweekly x x

LTM07  Main Lake ‐ south  44.126  ‐73.41283  x   biweekly x x

LTM09  Main Lake ‐ south 44.24216 ‐73.32916 x biweekly x x

LTM16  Main Lake ‐ central  44.42583  ‐73.232  x   biweekly x x

LTM19  Main Lake ‐ central 44.471  ‐73.29916  x   biweekly x x

LTM21  Main Lake ‐ central 44.47483  ‐73.23166  x   biweekly x x

LTM25  Malletts Bay 44.582  ‐73.28116  x   biweekly x x

LTM33  Main Lake ‐ north  44.70116  ‐73.41816  x   biweekly x x

LTM34  Inland Sea  44.70816  ‐73.22683  x   biweekly x x

LTM36  Main Lake ‐ north  44.75616  ‐73.355  x   biweekly x x

LTM40  St. Albans Bay  44.78533  ‐73.16216  x   biweekly x x

LTM46  Main Lake ‐ north  44.94833  ‐73.34  x   biweekly x x

LTM50  Missisquoi Bay  45.01333  73.17383  x   biweekly x x

LTM51  Missisquoi Bay  45.04166  ‐73.12966  x   biweekly x x

Highgate Springs  Missisquoi Bay  44.99176  ‐73.11338  x   biweekly x x

Shoreline 
St. Albans Boat 

launch 
St. Albans  44.79424  ‐73.17227  x   biweekly x x 

LCC 
Quanti‐
tative 
Sites ‐ 

shoreline 

North Beach  Main Lake ‐ central  44.492  ‐73.23983    x  weekly x  x 

Red Rock Beach  Main Lake ‐ central  44.44274  ‐73.22443    x  weekly  x  x 

Highgate 
Springs‐ 
Shipyard 

Missisquoi Bay  44.97966  ‐73.10769    x  weekly x  x 

North Hero State 
Park 

Inland Sea  44.92078  ‐73.2402    x  weekly  x  x 
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  Station  Location 
Latitude 
(decimal 
degrees) 

Longitude 
(decimal 
degrees) 

Assessment 
Methodology  Assessment 

Interval 

Laboratory Analysis  
(triggered by protocol 
or scum observation) 

Tiered 
Alert 

Visual 
Algae 
Counts 

Toxin 
Analysis 

Volunteer 
Sites ‐ 

shoreline  

Not finalized for 
2015 

lakewide  ‐  ‐    X  weekly     

VDH 
Climate 
Change 
Grant ‐ 
shoreline 

Arnold Bay, VT  Main Lake ‐ south  44.14938  ‐73.36733    x  weekly  X  X 

Alburgh Springs, 
VT 

Missisquoi Bay  44.99217  ‐73.21742    x  weekly  X  X 

Maquam Shore 
Rd, Swanton VT 

Inland Sea  44.90378  ‐73.16709    x  weekly  X  X 

 
Stephensen 
Point Fish and 
Wildlife Access, 
North Hero VT 

Inland Sea  44.89484  ‐73.23253    x  weekly  X  X 

Keeler Bay, 
South Hero VT 

Inland Sea  44.65133  ‐73.30205    x  weekly  X  X 

Tri‐town Rd, 
West Addison VT 

Main Lake ‐ south  44.08445  ‐73.4074    x  weekly  x  x 

Lake Carmi  State park beach  44.96143  ‐72.87498    x  weekly  x  x

Lake 
Memphremagog 

Prouty beach  44.94657  ‐72.20821    x  weekly  x  x 

Lake Iroquois  Hinesburg Town Beach  44.37906  ‐73.08587    x  weekly  x x

Lake Elmore  State park beach  44.54146  ‐72.52813    x  weekly  x x
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B5 – Analytical Methods 

 
Cyanobacteria identification 
Phytoplankton samples will be examined with a compound microscope at the magnification 
necessary to identify cyanobacteria to species when feasible.  Lead VT DEC laboratory personnel 
have many years of experience in the identification of algae from Lake Champlain.  New 
technicians will be trained in algal identification.  Appropriate taxonomic keys are in house, 
including John et al. (2002), Joosten (2006), Komarek and Zapomelova (2007, 2008), and Prescott 
(1982).  Taxonomic consistency among staff will be maintained by periodic joint review of 
organisms utilizing fresh or preserved materials and photographs.     
 
New species of concern will be confirmed by an outside source with expertise in cyanobacteria 
identification.  Photographs will be placed in the annual report to serve as a permanent record. 
 
Cyanobacteria enumeration 
Quantitative samples will be analyzed with a compound microscope using a Sedgewick Rafter cell 
(SR cell), utilizing the natural unit protocol developed by UVM (Watzin et al., 2006).  Counts will 
be recorded electronically and final data will be transferred to a Microsoft ACCESS database.  
Counting protocols are located in Appendix C.   
 
Toxin Analysis  
Once potential toxin-producing cyanobacteria are documented in a sample, the sample may be 
analyzed for the presence of toxins.  Analyses may be performed on whole water samples or 
concentrated phytoplankton.   
   
An Enzyme-Linked ImmunoSorbant Assay (ELISA) antibody technique will be used to test for 
microcystins and cylindrospermopsin by the VDH in all samples received for toxin analysis.  The 
genera Aphanizomenon, Anabaena and Oscillatoria/Planktothrix are potential anatoxin producers 
and samples containing large numbers of these organisms will be tested by the VDH for the 
presence of anatoxin with liquid chromatography tandem mass spectrometry (LC/MS/MS).   
 
The ELISA kits are commercially purchased and come with calibration standards and defined 
detection limits.  All samples will be performed in duplicate.  Filtered cell material for all toxin 
testing will be lysed by freezing prior to analysis.  A copy of the ELISA test kit instructions and the 
analytical procedures for LC/MS/MS are located in Appendix C.  The microcystin ELISA assay 
detects several microcystin variants and results are therefore reported as microcystin-LR 
equivalents.  The cylindrospermopsin kit is specific to this toxin and results are reported as 
cylindrospermopsin. 
 

B6 – Quality Control Requirements 

Field Collections – Plankton samples are collected from a highly dynamic environment.  Use of an 
integrated 3m net or composite whole water sample reduces but cannot eliminate the inherent 
variability.  Five percent of the plankton samples collected will be field duplicates and provide 
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information about variability in cell density.  Duplicate analyses are not considered priority and 
may be completed after the 48 hour target window has passed.   
 
Plankton Counts – 10% of plankton counts will be replicated over the course of the summer.  
Replicate analyses are not considered priority and may be completed after the 48 hour target 
window has passed.  A minimum of 3 plankton samples will be analyzed by each of the VTDEC 
taxonomists to verify consistency in counting and identification.  QC procedures for plankton 
samples are located in Table 4.   
 
Toxin Analysis – All ELISA samples are processed in duplicate.  Data quality evaluations follow 
the manufacturer’s recommendations. Blanks and standards are included in each run.  Anatoxin 
analysis follows protocols developed by the VDH laboratory.  Each anatoxin run includes 
standards, blanks and spikes.  Preparation and analysis procedures for toxin samples are located in 
Appendix C. 
 
Laboratory supervisors are responsible for review of analytical results.  Corrective action will 
involve identification of the cause of the analytical failure where possible. Response actions will 
include re-analysis of questionable samples.  The VDH Laboratory’s Quality Assistance Manual 
documents practices specific to the VDH laboratory (VDH QSM, 2008).  The professional 
judgment of the Laboratory Supervisor will be relied upon in evaluating results.    
 
Table 4.  Quality Control procedures for phytoplankton enumeration. 

Parameter  Component 

Size of Sample  1 – 5 mls 

Apparatus  Sedgewick Rafter counting cell, binocular 
microscope @200‐1000x, ocular micrometer 

Data recorded  Taxa identification, abundance by taxa 

Criteria for completion of analysis1,2,3 Qualitative sample – entire chamber scanned 
Quantitative sample – minimum of 10 and 
maximum of 100 fields evaluated 

 

1Evaluation and analysis 
 

 

 

 

 

 

 

2Criteria of acceptance 
 

 

 

 

3Responsibility if unacceptable 
 
 
 

                                                                                                               
1) counting error - analyst comparisons  
2) taxonomic error - analyst comparisons, 
confirmations by external investigators, voucher 
specimens via photographs 
3) pretreatment error - repeat examinations by other 
analysts 
 
1) S.E. < 10%, analyst comparisons within 5% 
2) confirmed agreement on identifications 
3) no additional specimens found 
 
 
1) increase number of replicate counts, additional 
training for  analyst(s) 
2) additional training for analyst(s) 
3) increase time/repeats for pretreatment examination, 
additional analyst training
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B7 – Instrument/Equipment Testing, Inspection, and Maintenance 

Plankton nets will be inspected periodically for tears and repaired as needed.  Ropes for the 
plankton nets and secchi will be checked and re-marked annually.  Laboratory equipment testing, 
inspection and maintenance will be conducted in accordance with manufacturer instructions and/or 
the VDH QSM. Maintenance logs will be submitted to and kept by the respective Laboratory 
Supervisors. The log will document any maintenance and service of the equipment. A log entry 
will include the following information: 

 Name of person maintaining the instrument/equipment 
 Date and description of the maintenance procedure 
 Date and description of any instrument/equipment problems 
 Date and description of action to correct problems 
 List of follow-up activities after maintenance 
 Date the next maintenance will be needed 

 
Laboratory instrumentation and equipment operation will follow manufacturer instructions and 
accepted procedures associated with the selected analytical methods and lab-specific SOPs. 

B8 – Instrument/Equipment Calibration and Frequency 

Laboratory instrument calibration will follow manufacturer instructions and accepted procedures 
associated with the selected analytical methods and lab-specific SOPs. 

B9 – Inspection Acceptance of Supplies and Consumables 

All supplies and consumables for field and laboratory activities will be inspected for cleanliness 
and condition by qualified laboratory staff prior to use. Supplies or consumables deemed 
unacceptable will not be used. Any equipment determined to be in an unacceptable condition will 
be replaced. Supplies and consumables will be stored in accordance with identified storage 
requirements of each item. 

B10- Data Management 

Data generated through field and laboratory activities will be stored by the partners, as noted in 
Section A7, above.  Each partner’s project supervisor will be responsible for organization and 
oversight of data generation, disbursement, processing and storage so that the data will be 
documented, accessible and secure for five years. The laboratory Director has the same 
responsibility for laboratory data and information.  
 
Instrumentation used to generate, process and store data will be configured, maintained and 
operated in accordance with manufacturer recommendations and accepted industry standards. 
Generated raw data will be stored in formats compatible with the method or instrument of 
generation. Processed data will be stored in Microsoft Excel or Access, version 2007 or newer. 
Electronic data will be stored in project directories by each partner on a computer network server 
that is compatible with this software. Data reported in paper format will be stored in the project 
files at the partner organizations. 
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The project data will be maintained by VT DEC and is stored in a Microsoft SQL Server database.   
Project correspondence and other materials will be maintained electronically whenever possible.  
Daily tape backup is provided, and copies of backup files are archived in separate locations. 
Database security features are employed to prevent editing or deletion of the original data by users 
other than the authorized database administrators.  The data will be available to other government 
agencies, researchers, consultants, students, and the general public by request. Alternately, annual 
data compilations can be access through the VDH’s Environmental Public Health Tracking portal - 
https://webmail.vdh.state.vt.us/IAS/querytool?Topic=Water  
 

C – Assessment/Oversight 

C1 – Assessments and Response Actions 

The Project Manager and supervising staff at the partner locations will review all project output.  
The Project Manager will document, implement, and verify the effectiveness of corrective actions, 
such as an amendment to the QAPP, and take steps to ensure that everyone on the distribution list 
is notified.   
 
NEIWPCC may implement, at its discretion, various audits or reviews of this project to assess 
conformance and compliance to the quality assurance project plan in accordance with the 
NEIWPCC Quality Management Plan. 
 

C2 – Reports to Management 

Quarterly progress reports and a final project report will be submitted to the LCBP Project Officer. 
The final report will include a discussion of the previous summer’s monitoring effort, effectiveness 
and historical perspective.  Additional reports or other information related to project status, 
concerns, completed deliverables, or any other project needs will be provided when requested.  
  

D – Data Validation and Usability 

Data quality will be reviewed for logical consistency and errors by each partner before their 
weekly submittal, and again by the Project Manager upon receipt.  The Project Manager will be 
responsible for overall validation and final approval of the data in accordance with project purpose, 
use of data, and the criteria included in Section B6 of this QAPP.  The project files will include 
databases, metadata and notation as to the use and limitations of project-specific materials.   
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E – Budget 

 
All permanent staff at the VT DEC and the VDH conduct program activities as part of their normal 
job duties.  The CDC Climate Grant provides support for a summer field technician at VDH and a 
portion of the analytical costs.   
      

Category LCC VDH VT DEC 
 

Total 
 

Personnel 29,000   29,000 
 

A
pp
ro
ve
d 
20
15
 L
ak
e 
C
ha
m
pl
ai
n 
C
ya
no
ba
ct
er
ia
 Q
A
P
P
.p
df



Champlain Cyanobacteria Monitoring QAPP, Version 2.0 
EPA Grant #LC96133701-1 

May 2015 
 

 

 

Page 20 of 54 

F - References 

APHA 2005.  American Public Health Association.  Standard Methods for the analysis of water 
and wastewater.  21st edition.  American Public Health Assocation.  Washington D.C, 
 
John, D.M., B.A. Whitton and A.J.Brook. 2002. The Freshwater Algal Flora of the British Isles: 
An Identification Guide to Freshwater and Terrestrial Algae. Cambridge University Press. New 
York. 701 pages 
 
Joosten, Anton M.T., 2006. Flora of the blue-green algae of the Netherlands – I. The non-
filamentous species of inland waters. KNNV Publishing, Utrecht, The Netherlands 
 
Komarek, J and E. Zapomelova.  2007.  Planktic morphospecies of the cyanobacterial genus 
Anabaena = subg. Dolichospermum – 1. Part: coiled types.  Fottea, Olomouc, 7(1): 1 – 31. 
 
Komarek, J and E. Zapomelova.  2008.  Planktic morphospecies of the cyanobacterial genus 
Anabaena = subg. Dolichospermum – 2. Part: straight types.  Fottea, Olomouc, 8(1): 1 – 14. 
 
Prescott, G.W. 1982. Algae of the Western Great Lakes Area. Second Edition. Otto Koeltz Science 
Publishers, Koenigstein 
 
Shambaugh, A., Chevrefil, A., and M. Winslow.  2014.  Monitoring and Evaluation of 
Cyanobacteria in Lake Champlain (Summer 2013.  Final report to the Lake Champlain Basin 
Program, May 2014. 
 
Watzin, M., A. Shambaugh, E. Brines, and G. Boyer.  2003.  Monitoring and Evaluation of 
Cyanobacteria in Lake Champlain (Summer 2002).  Lake Champlain Basin Program Technical 
Report No. 41.  35 pp. 
 
Watzin, M. A. Shambaugh, E. Brines, T. Clason, and M. Kreider. 2004.  Monitoring and 
Evaluation of Cyanobacteria in Lake Champlain (Summer 2003).  Lake Champlain Basin Program 
Technical Report No. 51.  52 pp. 
 
Watzin, M., Miller, E., Shambaugh, A., and M. Kreider.  2006.  Application of the WHO Alert 
Level Framework to Cyanobacterial Monitoring of Lake Champlain, Vermont.  Environ. Toxicol. 
21:278-288. 
 
Vermont Department of Health Laboratory. 2008.  Quality Systems Manual.  Document No. QA-
002. 
 
Vermont Department of Health.  2012.  Cyanobacteria (blue-green algae) – Guidance for Vermont 
Communities.  37 pp. 
 
Vollenweider, R.A, ed.  1969. A manual on methods for measuring primary productivity in aquatic 
environments.  IBP Handbook No. 12.  F.A. Davis Co., Philadelphia PA.  213 pp. 

A
pp
ro
ve
d 
20
15
 L
ak
e 
C
ha
m
pl
ai
n 
C
ya
no
ba
ct
er
ia
 Q
A
P
P
.p
df



Champlain Cyanobacteria Monitoring QAPP, Version 2.0 
EPA Grant #LC96133701-1 

May 2015 
 

 

 

Page 21 of 54 

Appendix A – Task Allocation by Partner  

A1 - Lake Champlain Committee (LCC) 

The LCC will serve as the primary connection with the volunteer monitors around the lake.   
Volunteers will target shoreline locations during the high recreation activity period from mid-June 
to September, providing a weekly visual assessment of cyanobacteria conditions and 
supplementary photographic documentation.  LCC will serve as the central collection point for 
these data, which they will collate and share with the other partners.  The LCC will work with 
selected volunteers to collect water and algae samples when appropriate and deliver them to the 
VDH Laboratory in Burlington, VT. 
 
Tasks   

 Recruitment and training 
o Recruit volunteers  
o Develop and conduct annual training session(s) for volunteers 

 Work with volunteers to ensure accuracy and quality of field assessments 
 Maintain a list of volunteers that have successfully completed the training 

o Develop and refine supportive materials for volunteers 
 Field sheet 
 Reference and guidance materials 
 Photography assistance and guidance 

 Outreach and education          
o Hold workshops for the general public at beaches, state parks and other locations 

prior to and during the summer recreational season 
 provide general information about cyanobacteria and associated health 

concerns, 
 provide tips for visual identification of blooms and recognizing when there 

is cause for concern, 
 Provide contact information for reporting blooms  

o Offer similar workshops to water facility operators, beach managers and town 
health officers 

o Contribute to annual outreach efforts in the Champlain Basin 

 Post information and materials on the LCC website - 
http://www.lakechamplaincommittee.org  

 Respond to bloom inquiries and requests for information from the general 
public     

 Coordination of sample collection, pick-up and delivery 
o Quality control sites 
o Scum as requested by VDH 

 Reporting and documentation 
o Provide scum observations to the partners as received 
o Collate and provide volunteer reports to the VT DEC each week for inclusion in 

weekly email update 
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o Provide a summary of the volunteer network operation for inclusion in the annual 
report 

o Maintain an electronic database of volunteer reports and photographs 

A2 - Vermont Department of Health (VDH) 

The VDH has public health authority and will lead public health response efforts.  The VDH 
laboratory will provide analysis of microcystin and cylindrospermopsin samples and will analyze 
anatoxin samples as conditions warrant.   

Tasks 

 Public Health Response 
o Update and maintain web-based public information maps and supplementary 

materials on the VDH cyanobacteria pages - 
http://healthvermont.gov/enviro/bg_algae/bgalgae.aspx 
 Update the current conditions section of the webpage following receipt of 

the weekly email update, typically by close of business each Friday. 
o Issue health alerts or warnings as conditions warrant 

 Issue a general recreational safety reminder prior to the summer season 
o Initiate contact and provide public health assistance to areas affected by 

cyanobacteria blooms 
o Work in conjunction with DWGPD to respond to drinking water concerns 
o Respond to public inquiries about algae and health 

 Laboratory 
o Conduct microcystin analyses 
o Conduct cylindrospermopsin analyses 
o Conduct anatoxin analyses 

 As warranted by the presence of potential anatoxin producers 
 In response to bloom events and emergency situations 

o Reporting and documentation 
 Provide data to VT DEC for weekly email updates by Thursday noon each 

week 
 Provide information to VT DEC for annual program summary 
 Maintain an electronic database of results 

A3 - VT DEC, Drinking Water and Groundwater Protection Division (DWGWPD) 

DWGWPD has oversight of public water supplies in the Champlain Basin, and will work with the 
VDH to respond to water supply concerns. 
 
Tasks 

 Public Health response 
o initiate contact and provide operational guidance to water suppliers located in the 

vicinity of  cyanobacteria blooms 
o Work with VDH to respond to drinking water concerns, i.e. public notification 

language, additional sampling. 
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 Education and Outreach 
o Participate in LCC-organized workshops for water suppliers 
o Provide outreach and general guidance to public water suppliers 
o Post informational material on the DWGWPD websiteRespond to inquiries about 

water supply concerns     

A4 - VT DEC, Watershed Management Division (WsMD) 

The Watershed Management Division will be responsible for overall project management, field 
collections at mid-lake stations, algal identification and communication of results.  The Lake 
Champlain Long-term Water Quality and Biological Monitoring Program (LTM) staff will collect 
quantitative samples from the established LTM sites during routine biweekly site visits.  Field 
activities associated with this project will begin in June and continue through mid-September or 
later, as conditions warrant.    
 
Monitoring Tasks 

 Field Collection 
o Provide field sheets and supporting photographic documentation 
o Collect and process phytoplankton and toxin samples following the tiered alert 

protocol mid-lake open water sites and the St. Albans Boat launch 
o Collect water and algae samples from scums observed along transit routes as 

appropriate 
o Same-day delivery of toxin samples, if collected 

 Laboratory analysis 
o Process phytoplankton samples according to the rapid assessment protocol 

 Reporting and Documentation 
o Provide qualitative and quantitative data for inclusion in the weekly email update 
o Provide information for the annual monitoring program summary 
o Maintain an electronic database of field and analytical results 

 Weekly email updates 
o Maintain central email notification list 
o Provide a weekly/biweekly update of cyanobacteria conditions to stakeholders via 

email on Fridays. 
 Outreach and Education 

o Post information and materials on the Department’s website – 
http://www.anr.state.vt.us/dec/waterq/lakes/htm/lp_cyanobacteria.htm  

o Assist in LCC-organized training workshops 
o Respond to public inquiries 

 Annual Report Activities 
o Conduct final review of the year’s data and reports 
o Finalize the database and reports file 
o Provide an annual report to partners each winter 

 Summarize the current year’s efforts and conditions 
 Observed conditions 
 Occurrence and severity of toxins 
 Public health 
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 reported health impacts, if any 
 public health response and outreach efforts 

 Discuss trends and observations over time 
o Coordinate the development of the work plan for the following year 

 Project Database 
o Maintain an electronic database of all data provided by the partners 
o Maintain copies of project documentation and outreach materials 

 QAPPs and metadata materials 
 Outreach and education materials 
 Weekly emails 

o Respond to requests for project data 
 
Support and Coordination of Cyanobacteria Response Activities 

 Basin-wide 
o Provide expertise and technical support for the Champlain Basin Program in the 

following areas  
 Taxonomy and identification 
 Control options 
 Ecology 
 Environmental Impacts 
 Current research 
 Cyanotoxins 
 Monitoring technologies 

o Facilitate basin-wide consistency in cyanobacteria monitoring, assessment, and 
response 

o Outreach 
 Develop and distribute basin-wide information materials 
 Work in conjunction with public health authorities to encourage monitoring 

at basin beaches and recreational areas 
 Vermont 

o Provide technical expertise and technical support for the Agency of Natural 
Resources in the areas noted above 

o Facilitate statewide consistency in cyanobacteria monitoring, assessment and 
response 

o Outreach 
  Develop and distribute outreach materials 
 Work in conjunction with Agency staff, municipalities and watershed 

associations to develop local monitoring programs 
 The Northeast 

o Coordinate with New England states and New York to develop consistency in 
 Monitoring  

 participate in EPA Cyanobacteria Monitoring Methods workgroup 
 Response 

 Participate in the NEIWPCC Harmful Algal Bloom workgroup 
 Outreach and messaging 

 Participate in the NEIWPCC Harmful Algal Bloom workgroup 
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o Provide data and information in support of a regional assessment of historical and 
current bloom frequency 
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Appendix B – VT DEC Field Sampling Protocols  

 
Sampling procedures for this project are based on handbooks published for the International 
Biological Programme, specifically IBP Handbook No. 12, “Methods for Measuring 
Primary Production in Aquatic Environments” (Vollenweider, 1969).  All  samples will  be  
placed in appropriate containers, preserved in the field, and transported to the VT DEC or VDH 
laboratory. Table B1 lists sampling equipment for phytoplankton and toxin collections. 

 
B.1. Equipment and Preservatives 

1. 75 mL glass sample vials - algae 

2. Lugols solution 

3. squirt bottles 

4. plankton net – 63 um mesh 

5. field filtration set-up and forceps 

6. Whatman 934-AH glass fiber filters 

7. aluminum foil 

8. sample labels 

9. coolers and ice 

10. marking pens and pencils 

11. field collection sheets/field notebook 

12. VDH sample bottles - Kit BGA-1, microcystin, and Kit ANA-1, anatoxin 
 

 

B1 - Phytoplankton Collection  

 
B.1.1. Phytoplankton Net Samples  

• Rinse plankton net three times with lake water at location  
•   Drop opening of 63 µm plankton net to 3 m depth and pull smoothly to the surface. 
• Rinse the collected material down into the bucket using a squirt bottle. 
• Fill one 75ml glass test tube to half or two-thirds full with collected material, using 

lake water as needed to rinse the material into the container. 
• Add 1mL Lugols per 100 mL sample.  Samples with large amounts of algae may 

require additional preservative. 
• Label tube  
• Store sample cool and in the dark for transportation to the laboratory 

 
B.1.2. Whole Water Collection 

• Collect a water sample by carefully placing a bucket at the surface and tipping slightly to 
fill. 

 • Mix well and decant an aliquot into a 75mL glass test tube.  The remaining water should 
be saved for toxin analysis. 
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• Record collection depth, location and date. 
• Add 1 mL of Lugols solution per 100 mL of sample to each tube 
• Store sample cool and in the dark for transportation to the lab 

 

B.2 Toxin Sample Collection 
 
B.2.1. Field Filtered Surface Water for the VDH Laboratory 

• Collect surface water as noted in B.2.2 
• Filter a well-mixed aliquot onto a glass fiber filter. 
• Repeat with additional aliquot until filter contains visible algae 
• Fold filter in half and seal into a foil envelope 
• Label envelope with station, date and volume filtered 
• Place on ice and transport to the VDH laboratory. 
 

 B.2.2. Surface Water for the VDH Laboratory 
• Collect a surface water sample as outlined in B.2.2. 
• Mix well and dispense sample into pre-cleaned bottles (Kit BGA-1 and/or Kit ANA-1) 
• Label and place on ice for transport to the Laboratory. 
 

B.3. Field Sampling Parameters 
 

 
          Table B2.  Field preservation and processing procedures for water quality samples. 

 
 

Parameter 
Field 

Processing 
Preservation  Container  Holding Times 

Live 
Phytoplankton 

a,b  A  1  2 

Preserved 
Phytoplankton 

a,b  B  1  4 

ELISA samples  a,c  A  2,3  3 

LC/MS/MS 
samples 

a,c  A  2,4  1,5 
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Processing: a - whole water  
 b – net plankton 

c - filter 
 

Preservation:  A - no addition, sample kept cool 
B - Lugols added 

 
Containers: 1 - 75 mL glass test tube 

2 – Whatman 934-AH glass fiber filter 
3 – 40ml glass vials, septum-top (VDH toxin analysis) 
4 – 80 ml polyethylene bottle (VDH toxin analysis) 

 
Holding times: 1 - 24 hours 
      2 – 48 hours 

3 - 36 hours 
4 - 6 months 
5 – 8 hours (filters only) 

 
Sample containers will be purchased from Fisher Scientific or provided by the VDH laboratory. 
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Appendix C – Laboratory Protocols 

C.1. Plankton for identification and enumeration 

 C.1.1. Sample Preparation 
• thoroughly mix sample by shaking gently 
• using a pipette, withdraw an aliquot and place it in a Sedgewick-Rafter cell. The cover 

slip should be moved into place as the cell fills. If bubbles are present, refill the chamber 
• allow the sample to settle for 15 minutes 
• record the volume of the aliquot (most chambers use 1 mL) and the volume of the 

concentrated tow samples 
 

C.1.2. Qualitative Samples 
• at 200x, scan over the entire chamber, moving from left to right 
• record all taxa observed 

 
C.1.3. Quantitative Samples 

• scan the chamber and verify even distribution of plankton 
• using fields or strips, count at 200x.  Record plankton densities following protocols 

outlined in C.1.4.  
• record whether fields or strips were used, the magnification, and concentrate volume 
• record the number of fields/strips evaluated and the number of units observed  
• calculate the algal density using the following equation (APHA 2005): 

number of organisms per mL = C x 1000 mm3
 

A x D x N 
 

where C = number of organisms counted 
A = area of the field or strip used, mm 
D = depth of the field or strip, mm 
N = number of fields or strips counted 

For net plankton samples, the number of cells per mL must be multiplied by the 
necessary correction factor to account for sample concentration. 

 
  C.1.4. Enumeration Protocols 

• Taxa should be identified to the lowest possible level 
• Taxa represented by single-celled organisms should be counted as single cells, e.g. 3 

individual diatom cells would be documented as 3 cells. 
• Taxa represented by multi-celled colonies estimated using the following size 

categories, where a single colony may be represented by a combination of 
categories (e.g., a colony of 350 cells would be a sum of 3 medium and one small):   
o fragments: count each cell 
o small: 60 cells  
o medium: 500 cells  
o large: 1000 cells  
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• After calculating algal densities, multiply the number of fragments per mL by 1, the 
total in the small category by a factor of 60, the medium category by a factor of 500 
and the large category by a factor of 1000 to obtain a conservative estimate of the 
number of cells.   

• Taxa which should be identified following the multi-cell protocol include - 
Colonial and filamentous cyanobacteria (e.g. Microcystis, Anabaena, 
Coelosphaerium, Woronichinia) 

                         - Colonial diatoms (Fragilaria, Tabellaria, Aulocoseira) 
• Exceptions 
   - Gloeotrichia represents a unique counting group because its spherical colonies are 

significantly larger than most of the other colonies. For this genus, fragments 
were counted as 20 cells, quarters of colonies as 2500 cells, half colonies as 5000 
cells, and full colonies as 10,000 cells. 
 - filamentous cyanobacteria (Aphanizomenon, Limnothrix) will be evaluated 
using the micrometer grids to estimate filament length.  Total cell length will be 
converted to approximate cell density using median cell lengths or literature 
values. 

C. 2.  Toxin Concentration – VDH Laboratory 

  C.2.1. Plankton sample 
       • Use acid cleaned glass filtration equipment and 934-AH filters 

 • Shake sample gently to mix and measure out an aliquot using an acid cleaned graduated       
cylinder 

 • Filter the aliquot onto the filter using a vacuum pump at 5 inches Hg or less 
 • Rinse sides of funnel with a small amount of clean (Type I) water 
 • If sufficient plankton are present, remove the filter and place in a clean 15 mL glass 

centrifuge with snap cap. 
 • If the filter does not have a distinct green layer of plankton on the surface, filter an 

additional aliquot. Continue filtering as needed. 
 • Record volume filtered on processing log 
 • Add 8 mL of 50% methanol to each vial 
• Freeze samples at -80°C for a minimum of 24 hrs. 

 

C.3 Anatoxin Analysis – Vermont Department of Health 

  C.3.1 Preparation of Filtered Plankton Samples 
• Place filter into labeled large glass test tube. 
• Add 3ml each of methanol and acetonitrile and vortex for 30 seconds. 
• Centrifuge at 4000 rpm for 10 minutes 
• Transfer liquid to a clean 15 ml centrifuge tube. 
• Add an additional 3ml each of methanol and acetonitrile to the original test tube.  Repeat          
vortex and centrifuge steps.  Add this liquid to the corresponding centrifuge tube.  
• Evaporate the centrifuge tube to dryness using a TurboVap. 
• Reconstitute with MilliQ-grade water and vortex for 30 seconds. 
• Transfer liquid into 10ml labeled volumetric flask and bring up to volume. 
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  C.3.2 Preparation of Water Samples 

• Prepare a Buchner funnel by placing a Millipore 40µm glass fiber filter over the frit. Cover 
the filter paper with deactivated glass wool to a depth of approximately 0.5 inches.  Pour 
sample through filter and apply vacuum for 5 minutes.  This step is necessary only if a large 
amount of algae is present in the water sample.  

• Transfer 10ml of water (filtered or unfiltered) into a labeled 10ml volumetric flask. 
 
  C.3.3 Concentration of Prepared Samples 

• Condition each Supelco LC-WCX 3 mL extraction cartridge with 4ml each of methanol and 
Milli-Q reagent grade water 

• Add the prepared sample to a labeled cartridge using a clean pipet and allow gravity flow to 
remove the water. 

• Wash the cartridge with 3 ml of 50% methanol solution prepared with Milli-Q reagent water. 
• Dry under vacuum for 5 minutes 
• Add the prepared sample to a labeled cartridge using a clean pipet and allow gravity flow to 

remove the water. 
• Elute into a clean labeled 15 mL conical centrifuge tube with 8 mL of methanol containing 

0.05% trifluoracetic acid  
• Bring sample to dryness with the Turbo Vap. 

       • Reconstitute with 200 µL of 15% acetonitrile containing 0.05% trifluoracetic acid.  
       •    Vortex and analyze on the LC/MS/MS 
 
C.4   Microcystin by ELISA  
 
   C.4.1 Processing Concentrated Plankton for Microcystin by ELISA  

• Freeze concentrated plankton for a minimum of 24 hours, 
• Allow vial to remain at room temperature until thawed. Shake vigorously and then re- 

freeze. Repeat this cycle for a total of 3 thawing periods 
• Thaw and shake vigorously 
•   Centrifuge for 10 minutes at 3000 rpm to pelletize the filter residue.   
•   Dilute a portion of the supernatant 1:10 in organic-free RO water before preparing 

sample for analysis by ELISA following the manufacturer’s protocols 
 
 C.4.2 Processing Whole Water Samples for Microcystin by ELISA  

• Whole water samples receive no processing prior to analysis 
• Samples containing visibly high algal concentrations will be diluted before analysis. 
•    Samples exceeding the highest standard concentration provided with the kit will be diluted 
and re-analyzed. 
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C.4.3 Instructions for Microcystin by ELISA using Envirologix test kits 
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*original document obtained on line at http://www.envirologix.com/library/ep022insert.pdf, 4/3/13.  
There have been no revisions. 
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C.5  Cylindrospermopsin by ELISA   
 
   C.5.1 Processing Concentrated Plankton for Cylindrospermopsin by ELISA  

• Freeze concentrated plankton for a minimum of 24 hours, 
• Allow vial to remain at room temperature until thawed. Shake vigorously and then re- 

freeze. Repeat this cycle for a total of 3 thawing periods 
• Thaw and shake vigorously 
•   Centrifuge for 10 minutes at 3000 rpm to pelletize the filter residue.   
•   Dilute a portion of the supernatant 1:10 in organic-free RO water before preparing 

sample for analysis by ELISA following the manufacturer’s protocols 
 
 C.5.2 Processing Whole Water Samples for Cylindrospermopsin by ELISA  

• Whole water samples receive no processing prior to analysis 
• Samples exceeding the highest standard concentration provided with the kit will be diluted 

and re-analyzed 
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Provided with kits purchased in 2015. 
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Appendix D – Visual Assessment.   

These on-line pages may be updated as protocols evolve. 

D.1. On-line reporting form   

 - http://www.lakechamplaincommittee.org/get-involved/volunteers/bgamonitors/bga-report/    

 
 

 
 
 
 
 

A
pp
ro
ve
d 
20
15
 L
ak
e 
C
ha
m
pl
ai
n 
C
ya
no
ba
ct
er
ia
 Q
A
P
P
.p
df



Champlain Cyanobacteria Monitoring QAPP, Version 2.0 
EPA Grant #LC96133701-1 

May 2015 
 

 

 

Page 42 of 54 

 
 
 
 

 

A
pp
ro
ve
d 
20
15
 L
ak
e 
C
ha
m
pl
ai
n 
C
ya
no
ba
ct
er
ia
 Q
A
P
P
.p
df



Champlain Cyanobacteria Monitoring QAPP, Version 2.0 
EPA Grant #LC96133701-1 

May 2015 
 

 

 

Page 43 of 54 

D.2. Determining Algae Bloom Intensity  
- http://www.lakechamplaincommittee.org/get-involved/volunteers/bga-
monitors/algaebloomintensity/
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Appendix E – Forms 

 
E.1. VT DEC Field Form 
 

VT DEC Cyanobacteria Monitoring Project – 2015 
FieldID  Station  Date  Sample 

type     
(circle one)

Volume 
or depth 

Analysis       
(circle one) 

Type 
(Circle one) 

Visual 
Assessment

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

    Ww ‐ grab
Ww ‐ hose 

net 

cyanotoxins  
phytoplankton 

bloom  
 

routine 

 
 

A
pp
ro
ve
d 
20
15
 L
ak
e 
C
ha
m
pl
ai
n 
C
ya
no
ba
ct
er
ia
 Q
A
P
P
.p
df



Champlain Cyanobacteria Monitoring QAPP, Version 2.0 
EPA Grant #LC96133701-1 

May 2015 
 

 

 

Page 54 of 54 

       
E2.   
Plankton samples will be counted utilizing ‘Counter’, an electronic counting program used by the Long-Term Monitoring Program.  Data 
are exported as an EXCEL spreadsheet. 
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