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1. Introduction  
This Quality Assurance Project Plan has been written to fulfill the requirements based on QA/R5, 
EPA Requirements for Quality Assurance Project Plans, as applicable, and to include those  
QAPP elements deemed to be pertinent to the successful implementation of this program. This  
(QAPP) was written in conjunction with the Ecosystem Monitoring Team Generic Quality 
Assurance Project Plan (QAPP), January 2017. In addition to fulfilling the QA/R-5 requirements 
and QAPP elements, the structure of this QAPP is designed to fulfill the purpose of being directly 
useable as a general program operations manual. The key QAPP elements can be found within 
this context.   
  
1.1 QAPP Distribution and Organization   
As a general rule, all individuals currently listed in the Cyanobacteria Monitoring Collaborative 
(CMC) program email group listserv (http://listserv.uri.edu/cgi-bin/wa?SUBED1=CYANO_COLLAB) will 
be able to receive electronic copies of the Quality Assurance Project Plan and any updates as 
they arise and as requested. Since the list is long, and does fluctuate based on participation 
interest and need, the distribution list will only be updated within this QAPP on an as needed  
basis. An up-to-date version of this QAPP will be posted on the Cyanos.org webpage and will be 
kept current for immediate reference and use.  
  
All Cyanobacteria Monitoring Collaborative members participating in the program are 
responsible for following the procedures outlined in this QAPP and in any relevant SOPs.  
    

2. Program/Task Organization  
The regional Cyanobacteria Monitoring Collaborative (CMC) program is an ad hoc organization 
led by USEPA, key state agency partners, and academic researchers with a voluntary 
membership that consists of state water quality monitoring groups, citizen scientists, lake 
association members, large rivers groups, regional extension offices, nongovernmental 
organizations (NGO’s), Boards of Health, academic researchers, public water suppliers, federal 
agencies, and other interested groups. The collaborative is not constrained by geographic region 
or by organization affiliation. A CMC workgroup has been formed as a subset of the 
collaborative, meeting on approximately a quarterly basis or more often to discuss and manage 
the program. The workgroup is moderated by EPA staff and is guided by the current state of the 
art research provided by the collaborative, USEPA headquarter guidance material, and national 
and global research on the topic. Roles and responsibilities are dependent on the interest and 
objective of the individual workgroup member or organization to meet his or her needs with the 
underlying premise that sampling, data, and respective quality assurance guidelines remain 
consistent throughout the workgroup as outlined in this QAPP. Open communication as means 
to exchange ideas throughout the workgroup is commonplace and strongly encouraged.   
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3. Background  
Cyanobacteria are prokaryotic organisms that have characteristics more similar to bacteria than to 
algae yet undergo photosynthetic processes much like their eukaryotic algal counterparts. They 
contain green (Chlorophyll) and blue-green (Phycocyanin) photosynthetic pigments among 
others which absorb specific wavelengths of light from which they obtain their functional energy. 
Not only do these pigment molecules absorb specific wavelengths of light, but they also emit 
specific wavelengths, which subsequently, can be measured. Chlorophyll absorbs light at 440 
nanometers and re-emits light at 670 nanometers. Phycocyanin has a narrower band width, 
absorbing light at 620 nanometers and re-emitting at 650 nanometers. They occur in both 
freshwater and marine environments and are considered fairly ubiquitous across most aquatic 
habitats.  Certain species strains may contain secondary metabolites that are toxic and/or produce 
taste and odor issues in potable water. Many freshwater species have optimal growth rates in 
warm thermally stratified, nutrient rich waterbodies. However, they exist in almost all 
environments from clear nutrient poor lakes to desert sands, thermal hot springs, and under lake 
ice. Optimal growth conditions are also enhanced in waterbodies with low flushing rates/long 
residence times, and prevailing calm/overcast conditions. Many cyanobacteria species can 
outcompete algae by a unique ability to regulate their buoyancy and optimally position 
themselves in the water column. Several cyanobacteria genera also have a unique ability to 
harvest nitrogen from the atmosphere and convert it to biologically available ammonia, giving 
them yet another competitive advantage. Some of the most common nitrogen fixing 
cyanobacteria genera are Anabaena, Aphanizomenon, Cylyindrospermopsis, Lyngbya, Nodularia, 

Oscillatoria, and Trichodesmium.2 Common non-nitrogen fixers include Microcystis, 
Planktrothrix, Aphanocapsa, Raphidiopsis, and Woronochinia. Most cyanobacteria thrive in 
warmer waters and can propagate by dividing three or more times daily under optimal 
conditions, quickly building to heavily concentrated bloom forming conditions. Increasing global 
temperatures along with more intense precipitation patterns that bring in more nutrients to 
surface water bodies from off the landscape all point to an increasing occurrence of harmful algal 
blooms.  
  
Nutrient sources, such as agricultural runoff, waterfront lawn care practices, and poor wastewater 
treatment practices, have been linked to prolific growth rates of these bacteria, whereby they 
outcompete more commonly occurring algal species and form large surface scums or “blooms” 
within a waterbody. Concerns have recently emerged on the effects of the increasing intensity of 
precipitation patterns and their effects on runoff due to changing climate.   
  
Blooms may not always be formed at the surface, the species Planktothrix (Oscillatoria) 
commonly blooms within the water body where a distinct vertical temperature transition occurs 
within the water column. In many waters, the major source of nutrients comes from within the 
waterbody itself, historically brought into the water from the surrounding landscape when public 
awareness about the short and long-term effects of nutrient loads was nonexistent. Today these 
legacy effects provide rich and abundant nutrient pools from which these bacteria can take 
advantage and thrive. The resulting cyanobacteria surface scums are commonly referred to as 
Harmful Algal Blooms (HABs), or more appropriately, harmful cyanobacteria blooms (HCBs).    
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Cyanobacteria associated HABs and the toxins they produce are becoming an increasing concern 
across the North American continent and globally. The frequency of occurrence is increasing and 
their toxicity over the years has been associated with numerous human and animal fatalities and 
sub-lethal health issues. This has direct implications to the use of recreational waterbodies for 
contact recreation, the susceptibility of public water supplies to HABs and their toxins, and the 
overall ecological degradation of aquatic resources. Most of these HAB incidents can been 
directly associated with an overabundance of historical and present-day nutrient influxes to the 
waterbody.   
  
Harmful algal blooms due not necessarily have to be toxic to cause environmental and ecological 
harm. Dense surface blooms that lead to high accumulations of cyanobacteria or algal biomass 
can deplete dissolved oxygen levels critical for aquatic life, resulting in fish kills and die-offs of 
benthic organisms. Chronic bloom formations can lead to vast areas of hypoxia in freshwater and 
marine systems, such as in the Northern Gulf of Mexico and the Mississippi River delta. 
Although less common, non-cyanobacteria HABs may also produce toxins, such as the golden 
algae Prymesium parvum, responsible for annual fish kills in Texas and documented in at least 
nine other states as of 20084.   
  
In the 1990s, the threats from these events became increasingly apparent, and in 1998 Congress 
authorized the Harmful Algal Bloom and Hypoxia Research and Control Act (HABHRCA). This 
was amended in 2004 with authorization of Public Law 108-456 (HABHRCA 2004) and again in 
2014 with Public Law 113-124 (HABHRCA 2014), authorizing research funding and expanding 
on the National Oceanographic and Atmospheric Administration’s (NOAA) mandate for 
understanding and addressing harmful algal blooms. In 2017 HABHRCA was amended providing 
EPA the statutory authority for determining if a harmful algal bloom (HAB) or hypoxia event in 
freshwater is an “event of national significance.” The United States has seen a thirty-fold increase 
in hypoxic waterbodies since the 1960s with impacts to over three hundred coastal systems5.   
  
The Safe Drinking Water Act requires the USEPA to publish on a five year cycle a list of 
unregulated contaminants that are known or expected to occur in public water systems occurring 
at a frequency and at concentrations that would be of concern from a public health standpoint. 
This list is known as the Contaminant Candidate List, or CCL. Cyanobacteria and cyanotoxins 
have been on the CCL since 1998 through to the present time. The toxins anatoxin-a, 
cylindrospermopsin, Nodularin, and Microcystin and variants are specified. The CCL represents 
priorities for the Unregulated Contaminant Monitoring Rule (UCMR) program, which collects 
occurrence data to evaluate contaminants that do not have an associated drinking water standard 
in place. These data are subsequently used to support any future regulatory determinations made 
by the agency.       
  
In 2015, the highest number of HABs was recorded in the United States in both marine and 
freshwater environments. It is likely that some of this is due to increased awareness and 
monitoring, but in many cases the temporal and spatial extent of these occurrences has been 
unprecedented. In the Northern Pacific, much longer and larger than normal algal blooms 
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occurred, extending from May until late in the year, from the Aleutian Islands of Alaska down 
through Southern California and Mexico. The resulting bloom generated an extraordinarily high 
abundance of the genus Pseudo-Nitzschia, producing the Domoic acid neurotoxin. The deaths of 
several whales, numerous gulls, forage fish, sea otters, and other marine life have been attributed 
to the bloom and its associated toxin, along with the closure of recreational Dungeness crab and 
razor clam fisheries in Washington and Oregon State, and sardine and anchovy fisheries in 
California. Domoic acid levels in some locations were 10-30 times higher than any previously 
recorded levels, and the 2015 bloom was unprecedented in its extent and duration1.   
  
As a direct result of heavy rains and nutrient runoff from agricultural operations, 2015 was also 
the largest freshwater algal bloom to date in Lake Erie, far surpassing the previous record breaker 
occurring in 2011. The 2015 Lake Erie bloom covered more the 300 square miles, but stayed 
offshore, limiting impacts to recreational use and water supplies. A much smaller, but toxin 
containing bloom occurred nearshore in 2014 and shut down the Toledo public water supply, 
depriving close to one half million people of domestic water use for several days. The 2014 
Toledo incident set Congress in motion to promulgate Public Law 114-45 in accordance with 
section 1459 of the Safe Drinking Water Act, as amended by the Drinking Water Protection Act. 
The P.L. 114-45 requires that a strategic plan for assessing and managing risks associated with 
algal toxins in public drinking water supplies be developed by the USEPA administrator, and in 
November of 2015 the EPA produced the Algal Toxin Risk Assessment and Management 

Strategic Plan for Drinking Water.2 This document sets the stage and provides a road map for 
future EPA activities related to HAB’s and drinking water such as algal toxins and their human 
health effects, development of health advisories, factors affecting HABs, analytical methods, 
monitoring, and treatment and source water protection options and practices. Since this time other 
major HCB events have occurred around the country, highlighting the need for diligence and 
focus on an increasing water quality problem.   
  
Cyanobacterial toxins and taste-and-odor compounds are naturally produced by-products6. These 
by-products are produced depending on the “strain” of cyanobacteria present and not the species. 
A species grouping is established when 95% of their genome is identical, the remaining 5% 
making up the various “strains,” which leads to innumerable gene coding for different attributes, 
such as toxicity.  This implies that identification of cyanobacteria down to the species taxonomic 
level will not relinquish if it is toxic, as a single species may have several strains within the same 
waterbody, some toxic and others not. The complexities of toxin production are not yet well 
understood, and much research is currently focused in this area.  
  
The toxins produced by cyanobacteria fall into three broad categories: dermatoxins, 
hepatotoxins, and neurotoxins. Many of these toxins are extremely persistent and are not 
eradicated or degraded by conventional means such as boil water orders or chlorination 
practices. In some cases these “purification” process can even be more detrimental, the process 
itself may cause cell rupture or death, releasing intracellular toxins previously retained with the 
cell. Human illnesses primarily associated with dermatoxins has been documented mostly from 
recreational exposures in the form of moderate to acute skin rashes, and eye and ear irritations. 
The exposure route is primarily through contact recreation in surface waters. Hepatotoxins are 
some of the most toxic, and directly affect the liver with the route of cyanobacteria exposure 
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principally through inadvertent ingestion and inhalation via aquatic recreation, to direct ingestion 
via drinking water. In 1996, fifty-six human deaths in Caruaru Brazil were attributed to exposure 
from these toxins via dialysis treatment7.  These toxins can be extremely acute and have been 
known to have caused animal deaths in as little as twenty minutes from time of ingestion. 
Incidences of neurotoxicity has been less prevalent, but current research has alluded to possible 
connections between aerosolization of cyanobacteria β-N-methylamino-L-alanine (BMAA) and 
the prevalence of Amnio Lateral Sclerosis (ALS) clusters in near proximities to cyanobacteria 
seasonally dominated waterbodies.8 The U.S. Geological Survey’s 2008 Scientific Investigations 
Report 5038 summarizes some of the most common genera of cyanobacteria and the toxins 
associated with them (Table 1).  
  
  
  
  
  

 
  Table 1: Common genera of planktonic cyanobacteria that contain toxin and taste-and-odor producing strains.     

 Source: USGS 2008 Scientific Investigations Report 5038.  

  
Human and animal illnesses associated with cyanobacteria from recreational activities and 
drinking water span the full spectrum; headaches, nausea, muscular pain, fever, diarrhea, 
pneumonia, vomiting, flu symptoms, skin rashes, mouth ulcers, eye and ear irritations, throat 
infections, tumor promotion, increased incidence of cancer, and death.       
  
The World Health Organization (WHO) developed guideline values in 1999 for safe practices in 
managing recreational waterbodies, and recently providing updated guidance in 2021through 
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their second edition publication of Toxic Cyanobacteria in Water13. In May of 2019, the USEPA 
issued recommendations for water quality criteria and swimming advisories for cyanotoxins  
(Microcystins 8µ/L, Cylindrospermopsin 15µ/L). Data collected from various countries at the 
time of the WHO 1999 guideline development showed that approximately 60% of all 
cyanobacteria samples had toxic variants, with microcystin being the dominant toxin. The WHO 
established a series of recreational guideline values based on increasing severity and type of 
exposure from skin irritation to the more serious health effects from ingestion and inhalation 
(Table 2).  Many states currently use some variation of these original WHO guidelines to 
establish action levels for posting recreational waterbody health advisories. Recently, the WHO 
has revised its guideline values reflecting the relationship between cell biomass rather than cell 
counts (Table 3).  
 
 
 

Table 2: World Health Organization Recreational Exposure Guidelines (1999)  

 

WHO Recreational Exposure Guidelines 

Relative Probability of Acute Health  
Effects 

Cyanobacteria 
(cells/mL) 

Microcystin-LR 
(µg/L) 

Chlorophyll-a 
(µg/L) 

Low < 20,000 <10 <10 
Moderate 20,000-100,000 10-20 20-50 
High 100,000-10,000,000 20-2,000 50-5,000 
Very High > 10,000,000 >2,000 >5,000 
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Table 3: Guideline values and health-based reference values for selected cyanotoxins and exposure scenarios (WHO, 2020) 

In addition to recreational concerns, a large amount of attention has been focused on the 
increasing concern of health impacts from harmful cyanobacteria to our drinking water resources. 
In 2015, the USEPA published Health Advisories (HA) for two known cyanobacteria toxins, 
microcystin and cylindrospermopsin, for which it has been felt that enough scientific research 
and literature exists to warrant posting a health advisory. The HAs are published under the 
authority of the Safe Drinking Water Act (SDWA) and are used to help describe the duration of 
exposure at which no health effects are anticipated. These documents are developed to be used as 
technical guidelines for those state and public entities responsible for protecting public health and 
drinking water supply resources.  The current HA guideline for these toxins over a ten-day 
exposure period are listed in Table 4.  
 

 
Table 4: Cyanobacteria concentration at which no adverse health effects are expected over a ten-day exposure period. 
 
 
 

 USEPA 10 Day Drinking Water Health Advisory  
Cyanotoxin Bottle-fed infants and pre-school children School-age children and adults 
Microcystins 0.3 µg/L 1.6 µg/L 

Cylindrospermopsin 0.7 µg/L 3 µg/L 
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4.0 Problem Statement  
Since 2013, state water quality, beach monitoring, and drinking water programs have become 
increasingly aware of the need to formally address the harmful algal bloom issue within their 
state boundaries. Public awareness and concern has resulted in more inquiries to these agencies 
with increasing pressure to address the issue, as the closure of bathing beaches and recreational 
waterbodies has increased in recent years.   
  
Monitoring and studying cyanobacteria in a consistent manner that could be utilized to determine 
the relative risks to human and ecological health have been elusive at spatial scales larger than 
individual waterbodies or relatively small geographic areas. This limits the utility of data for 
determining regional “hotspots,” detrimental land use practices, impacts from changing climate 
patterns, geographic distributions of specific cyanobacteria genera and there toxin prevalence, 
documentation of known bloom occurrences and their distribution and duration, and a host of 
other information that would be informative and useful for the management and prediction of 
HABs.   
  
  
 5.0 Program Description & Objective  
This program was developed to establish a consistently uniform cyanobacteria monitoring and 
bloom watch program. It is a continuous work in progress and is constantly evolving. It will 
provide the needed consistency in field sampling equipment and methods and generate data that 
compliments existing monitoring programs. The program will establish the consistency 
necessary to aggregate data for interpretations of bloom frequencies, cyanobacteria 
concentrations and species distributions, and associated toxicity. Although developed initially for 
the Northeastern United States, it can be applied anywhere and its widespread use is encouraged. 
The program will provide an educational component through trainings in algal identifications 
and field instrumentation use as well as field sampling, collection, and preservation protocols. 
The program architecture is designed to be used in a tiered manner, providing a baseline of 
information than can be added to in more detail and complexity as the level of resources and 
time allow, and based on the desires of the entities involved (Table 5). This approach embraces a 
broad spectrum of involvement, from the citizen scientist monitoring population to being able to 
expand to large public water suppliers, beach programs, and overseers of large recreational 
waterbodies and the like. The effort is designed to complement existing water quality monitoring 
programs that may currently reside at federal, state, and local levels, and to assist in establishing 
harmful algal bloom monitoring programs for any public water supplies that may wish to 
participate to further develop their programs. This approach provides the flexibility needed to 
integrate across various existing programs and associated budgets yet provides enough 
uniformity that generated data can be aggregated across geopolitical and program boundaries.   
  
The cyanobacteria monitoring collaborative program has three overlapping components or tiers: 
A bloom watch/tracking component, a cyanobacteria identification and documentation 
component, and a cyanobacteria monitoring component. Each expanding tier has a specific 
component objective associated with it. The bloomwatch tracking component was developed to 
enable lay people, citizen scientists and the like to be able to report on the presence of a bloom 
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with the use of a smartphone App. This tier creates awareness while educating, and provides 
important information on where, when, and potentially for how long blooms are occurring. The 
second tier provides the opportunity to go beyond just documenting a bloom, by identifying what 
types of cyanobacteria may be present and if they are potential toxin producers. This information 
can be aggregated up with bloomwatch information, providing higher resolution on the 
prevalence and occurrence of cyanobacteria. The final Tier, or cyanomonitoring component, 
provides the opportunity to develop a monitoring program that will provide potential bloom 
forecasting and insights into the waterbody specific characteristics and behavior of cyanobacteria. 
All tier levels are designed to have a baseline level of effort with commensurate quality assurance 
and established methods.     
  
5.1 BloomWatch (Tier 1)   
The main objective of bloomWatch is to photographically document the spatial and temporal 
occurrence of a perceived bloom for further verification, while engaging and educating the lay 
person/citizen scientist or stakeholder on cyanobacteria and harmful algal blooms. Because of 
logistics and the variability of when and where HABs may occur, (blooms may only be visibly 
present for a few hours or less and at specific locations within a particular waterbody) it is 
imperative that efforts be made to engage the public’s help. Local knowledge of where and when 
blooms are occurring is likely under reported, or not reported at all. When blooms are reported to 
a state water quality or health official, by the time officials can reach the location the bloom has 
often dissipated or shifted from its prior location. Local citizens are usually the first to encounter 
a bloom condition, as they often occur in the early morning hours while individuals are out 
walking their dogs, getting in a morning run, or getting ready for the day’s work. Images can be 
taken at any time and consist of three images per submittal but must follow the prescribed format 
listed in this document.  



 

 

 
  

 
Table 5: Matrix detail of the three Tiers/components of the Cyanobacteria Monitoring Collaborative program.  
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5.1.a BloomWatch Tools: The only tools required for this program component is a smartphone 
and its accompanying bloomWatch App (http://cyanos.org/bloomwatch#Project-Overview). IOS 
phones must have version 7.1 or newer, and Androids must have version 4.0 or newer. By 
utilization of this App, it will be much easier to engage the public’s help utilizing a common tool 
that they already have. The App consists of four input screens; Page/screen 1) an 
introductory/welcome screen which explains the purpose of bloomWatch from which your name 
or affiliation name is entered, the relevant email address or addresses where images that were 
taken will be sent in addition to being captured in the crowdsourced database, and the name of 
the waterbody where the images were taken. Input screens have been designed so that previously 
entered information will pop up again on initial entry, providing consistent data input formatting. 
Input information is then saved prior to proceeding on to the next screen/page (Figure 1).     
  

                      

 

Figure 1: Introductory and general information page for bloomWatch. Page/screen 1 of 4.  
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Page/Screen 2) Screen 2, (Figure 2), captures general but important information on current 
weather and lake surface conditions that help provide a “weight of evidence” that a potentially 
harmful cyanobacteria bloom has occurred. The information can be important indicators, as 
warm and calm overcast days are ideal conditions for bloom formation. The occurrence of breezy 
conditions may also be informative information as to a highly localized bloom in a certain 
location of the lake, positioned there by the prevailing wind. Bloom size is also important to help 
determine if the current bloom encompasses the entire lake, is concentrated on the surface or 
distributed throughout the water column or is localized due to current lake and weather patterns. 
Bloom size and location can be indicative of the real versus perceived potential risk. The app 
utilizes common items/places (i.e. tennis court) as a spatial frame of reference rather than 
measurable units (i.e. square meters), as it is easier and usually more accurate for people to 
visually quantify area in this manner.   
   

                          
  
Figure 2: Lake conditions and bloom size screen. Page/screen 2 of 4.  
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Figure 3: Photo capture screen. Page/screen 3 of 4  

Page/Screen 3) The photo screen page, (Figure 3), is designed for the capture and submittal of 
three separate and distinct images of a perceived bloom. The photos should all be taken from the 
same location, which is geo-located by turning your “location on” function in your smartphone 
or by selecting “get coordinates” directly from the app. The images need to be captured as 
follows: Image 1 is a large area photo that should show the extent of the bloom and should 
capture part of the shoreline in the picture and a large area of the lake and some skyline. This 
image helps verify the areal extent of the bloom while presenting an indication of current lake 
and weather conditions, ongoing lake activity at that point and time, and an indication of whether 
the bloom is waterbody wide or isolated to a discrete area. Figure 4 depicts two good examples 
of first images. This first image is also used as the geo-referencing point that uses your 
smartphone internal GPS.  Image 2 should capture an image from a standing position to the water 
surface a distance of ten to thirty feet (Figure 5). This helps to document if the bloom is stacking 
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up along the shoreline, has a surface scum or matt, is limited to a very narrow band along the 
shoreline or a small cluster, or appears to extend from the shoreline into the majority of the lake. 
The third image should be a close-up photo of the bloom from three feet away or less, or   

 

if possible, a picture of the bloom material in a clear glass container held out at arm’s length.  
This image helps to verify if the bloom may be filamentous in nature, globular or in clumps, a 
thin film, accumulates at the surface, etc. all providing clues that help to determine the likelihood 
that it is a cyanobacteria bloom. The close-up or macro image may definitively determine not 
only the existence of a cyanobacteria bloom, but potentially what type of cyanobacteria (Figure 

6).   
  

The final screen in the bloomWatch App is the data 
submittal screen (Figure 7). This screen verifies that 
the waterbody name is correct and the date of when 
the images were taken. Once the images are 
submitted, they are sent to the crowdsourcing 
database and dashboard in Cyanos.org where the 

bloomWatch images 
and accompanying 
data will be stored 
for public use. Your 
personal 
information, email 
address, and name 
are protected and 
hidden from public 
view. The App is 
designed so that, if desired, upon pressing the submit data 
button, data and images will be automatically sent to key 
contact people. By pressing send, the data and images will not 
only be sent to the Cyanos.org database, but also directly and  
 

Figure   4 :   D ecent  first  image s  for the bloomWatch app showing some skyline, the shoreline, and   
a n   indication on the extent of the blo om.   

Figure 5 :  Good example of second image for bloomWatch   
App   

Figure 6 :   Good example of third image  
for bloomWatch App submittal. Photo  
courtesy Des Moines Water Works   
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immediately to your other pre-determined contacts. The App leads you through the data and 
image collection process step by step.  For a quick video tutorial on how to use the APP, go to 
https://www.youtube.com/watch?v=k1qKMtj1zFA on YouTube. 

  
Note: A few users have had some difficulty uploading images to the App, which, when downloaded, should 
automatically ask you for permission to access your location data for geo-referencing the images and to access the 
images on your phone. If these prompts do not appear and you receive an error message, go to the “applications 
manager” on your phone and manually allow permission for access. This should resolve the problem. You can also 
go to the Cyanos.org website and contact us if you have any issues. 

  
Once you have submitted your images and bloom 
condition information, you can go to the 
bloomWatch dashboard in Cyanos.org to see the 
data. The dashboard allows you to explore data 
submitted at any spatial scale and with various 
filtering tools to get the most out of understanding 
when, where, and what types of blooms are 
occurring at the present time or in the past. The 
dashboard is located on the Cyanos.org website at 
(https://cyanos.org/bloomwatch/#bloomwatch_data).  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Submission screen. Page/screen 4 of 4 
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5.2 CyanoScope (Tier 2)  
This “second tier” of the cyanomonitoring program 
is established in order to identify cyanobacteria 
and determine the timing and spatial distribution 
of bloom-forming cyanobacteria (BFC) genera, 
assisting in the mapping and identification of 
potential toxin producing waterbodies as well as 
providing an educational component.  
 
* This “tier” allows for an additional option of 

identifying and determining the timing of 

zooplankton populations.  

  
Samples are collected on the lake or shoreline 
using a 3 m vertical or horizontal tow as needed, 
with a 50 micron plankton net, followed by concentration using a specialized tool10. The samples 
can be observed, recorded and measured utilizing a microscope and digital image software, or 
evaluated using fluorometry (See Section 5.3). Monitoring “kits” have been developed and put 
together to provide consistency and quality assurance while sampling (Figure 8). Samples can be 
collected at any time, at any frequency, and at as many locations as desired, as the main goal is to 
determine the genera of cyanobacteria and zooplankton* that may be residing in the waterbody. 
However, recent studies have demonstrated that a sampling frequency of two (2) week intervals 
is sufficient to describe important changes in these populations.   
  
5.2a Procedure for on lake bloom-forming cyanobacteria (BFC) and zooplankton sample collection  
 
Position your watercraft at your desired location for sample collection and record you position. 
This can be accomplished using several methods.  If you have a GPS unit, you can simply record 
your latitude and longitude in a field notebook. Or, alternatively and less susceptible to 
transcription error, you can save a waypoint on your GPS unit.  It is also possible to record your 
GPS location in the metadata of a photograph taken from your location with your smartphone.  If 
these GPS-based methods are not available or forgotten, you can record your location later 
utilizing the mapping locator in the cyanoScope project in “add an observation” page. Sampling 
for cyanoScope can be done at any lake, pond, reservoir, or other water body to which you have 
access.  Sampling can also be conducted at any frequency; even a one-time visit to a site is 
acceptable.  
  
Once your location has been recorded, take out your plankton net and make sure the tube at the 
bottom of your net is pinched closed with the attached clip. Vertically lower your 53micron 
plankton net to your desired depth (preferably 3m), ensuring that it does not come in contact with 
the bottom. The net should then be slowly retrieved at a rate of approximately one foot per 
second until your reach the surface. A slow retrieval is important because the mouth of the net 
can form a pressure wave that will actually displace organisms and plankton, preventing them  

Figure  8:     Cyanobacteria monitoring kit & components   
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from being captured in the net sample. Too slow of a retrieval and you won’t be pushing the 
water through to capture your material. Once at the surface, vertically dip the lower two thirds of 
the net a couple times in the water to help wash material off the interior walls of the net and 
down into the lower plastic “cod end” of the net. You may also splash lake water against the 
outside of your net to help wash material down. Your “net sample” can now be transferred to the 
250mL or larger opaque brown plastic bottle that came with your kit.   
  
If you are collecting a sample from the shoreline, the plankton net may be tossed out away from 
the shoreline and then retrieved in a horizontal fashion back to shore. Care should be taken not to 
contact the bottom and fill the net with debris yet retrieve at a slow enough rate not to push 
plankton away from the net opening. If there is a current bloom taking place along the shoreline, 
samples may also be collected utilizing a container. Note: One should wear gloves as a safety 

precaution when handling any samples suspected of containing cyanobacteria.  

 

5.2a(1) Preparation of Bloom Forming Cyanobacteria (BFC) sample for microscopic 
and/or fluorometric analysis 
 
Allow the “net sample” to remain in the dark amber bottle for at least 2 hours. This will allow the bloom-
forming cyanobacteria (BFC’s) to respire, thereby increasing their buoyancy. This also allows the 
zooplankton to acclimate to the dark, thereby increasing their positive phototactic behavior. 
 
Gently mix your sample and transfer from the brown bottle into your ZAPPR up to the thread marks 
(make certain the tube on the bottom of your ZAPPR is closed first!). This should leave you 
approximately one quarter of an inch of air between the top of the cap and the surface of your sample. 
Place the cap snugly on the ZAPPR and place in an upright position, leaving it undisturbed for 
approximately thirty minutes. During this time, buoyant BFC’s will move towards the surface of your 
sample in the darkened environment. Zooplankton, being attracted to the light, will migrate to the clear 
bottom portion of the ZAPPR resulting in a nicely separated sample10 (Figure 9). After the thirty-minute 

  

Zooplankton   

Figure 9: The sample is placed in the "ZAPPR" and let stand capped for thirty minutes; zooplankton will migrate to the clear, light 
saturated bottom of the concentrator, the bloom forming cyanobacteria will accumulate at the surface where they are then siphoned off 
and placed on a microscope slide 
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mark, GENTLY unscrew the cap of the ZAPPR. Any disturbance, even a slight tap, will cause the 
cyanobacteria to be redistributed in the water column away from the surface and you will have to wait 
several more minutes for them to float up to the surface again. To collect the BFC sample for 
microscopic and fluorometric analysis (See Section 5.3) use the 2mL pipette to siphon material from the 
surface of the ZAPPR. The cyanobacteria have a tendency to adhere to the sides of the tube, so utilize a 
sweeping motion with your pipette along the edge and at the surface to collect a good sample. To collect 
the entire sample (approximately 5mL) you will need to siphon the material two or three times. Place the 
sample in a small vial and mix by gently inverting the vial several times. Using the 2mL pipette, 
immediately remove 1mL of the BFC sample and place it in either the Sedgewick-Rafter (S-R) counting 
chamber for composition and dominance (See Section 5.2d) or place a few drops on a slide for 
identification (See Appendix E) using the microscope. Any sample remaining in the pipette can be 
returned to the small vial. The BFC sample in the S-R, once analyzed can be pipetted and returned to the 
small vial as well. This BFC sample can now be prepared for fluorometric analysis if available (Section 
5.3), using the single freeze-thaw method (Section 6). 

 
5.2a (2) Preparation of Zooplankton Sample for Identification and Enumeration 
 
*Optional procedure based on capacity. To be used for zooplankton identification and enumeration 
(Section 5.2d). Knowing the identity and density of the zooplankton genera found in the waterbody can 
help assess their interaction with cyanobacteria. 
 
To collect the zooplankton sample, hold the ZAPPR in one hand and grasp the transparent 
portion of the ZAPPR in the other hand. Gently separate the transparent portion from the ZAPPR 
and hold it away from the stream of the “net sample” exiting the ZAPPR. The transparent portion 
will now hold approximately 10mL of zooplankton sample. Using your 2mL pipette gently mix 
the zooplankton sample and transfer it to a 10mL vial. Preserve the sample with 4% formalin-
sucrose (F/S) at a concentration of 3mL per 50mL sample (approx. 0.5mL) for identification and 
enumeration (Section 5.2d).  
  
5.2b Microscope Imaging Software  
Any type of microscope software that allows taking of digital images can be used for the 
program along with a microscope of 40x magnification or greater. Digital software is included in 
the cyanoScope kit and is quite simple to install and use. As long as the images are saved in an 
image format such as .jpg/.bmp/.tff, they will upload into the cyanoScope project.  
  
 5.2c Adding Observations to iNaturalist  
CyanoScope is a project on iNaturalist.org.  While cyanoScope is only designed to capture 
occurrence image data for cyanobacteria, iNaturalist allows users to submit observational data 
about all global biodiversity.  Before you begin uploading cyanobacteria observations to 
cyanoScope, you must first have an iNaturalist account which you can set up within the website. 
Once set up, then you can join the cyanoScope project and start submitting your observations.   
  
To submit a cyanobacteria observation to the cyanoScope project, navigate to 
http://www.inaturalist.org/projects/cyanoscope and click on the “Add Observations” button.  The 



Cyanobacteria Monitoring Collaborative Program QAPP 
Rev: 1  

June 22, 2021   
Page 23 of 62  

 

following instructions will guide you through adding a single observation.  A single observation 

is a microscope photo of a single genus from one net sample.  For example, photos of even the 
same genus from different sampling locations (even on the same water body) would be two 
different observations.  Or conversely, photos of two different genera from the same net sample 
would be two observations. If you would like to submit multiple observations more efficiently, 
follow the “Batch” link at the top right of the cyanoScope observation page and follow the step 
by step procedure there.   

 

  
Note: Due to the difficulty of distinguishing between some cyanobacteria species, genus is the 
lowest taxonomic rank that will be used in the CyanoScope project unless images are readily 
identifiable to the species level.    
  
Adding location information to observations is critical for this project.  This can be accomplished 
using several methods:  

1. Use photo metadata: If you have a GPS-enabled smartphone, the location information 
will be captured in your photos’ metadata.  iNaturalist can directly read the location 
information if you check the box next to “Syn. obs. w/ photo metadata?” As a word of 
caution, be aware of where the photo was taken.   The location should be where the 

sampling was conducted and not where the microscope photo was taken.  A photo of the 
sampling site can be used to capture the location information but be sure to validate 
location information.  

  
  

Once you’ve joined the cyanoScope project on iNaturalist, you are able to submit  
observations.  Simply click the “Add Observations” banner on the project’s homepage   
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2. Use the map interface to either navigate with a cursor or type in location name: If 

you type in the name of your sampling location, be sure it is the correct location. Lake 
and ponds names are generally very common (i.e. there are several waterbodies named 
Silver Lake in New Hampshire).  

3. Type in GPS coordinates: It is possible to directly type in your site’s latitude and 
longitude.  The map will navigate to the location, allowing you to double check that you 
have entered the correct coordinates. It is important to have at least four decimal places 
for position fixes to ensure reasonable location accuracy.  

  
Once you have entered the spatial information, you will need to complete the remaining text 
boxes for the observation. Note that you do not need to identify the cyanobacteria in your 
observation.  If you do not know the genera of observations, check the “ID Please?” box.    
  

 
After all the information has been added, you need to upload your microscope photos.  Click the 
“Choose Files” button in the “Add media” box and navigate to the photo location on your 
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computer. You can upload multiple pictures for a single observation, if you feel that this might 
aid with identification.    

 
Finally, click the “Save Observation” button at the bottom of the “Add Observation” page.  After 
you submit an observation, several things will happen.  Your observation will be shared with the 
entire cyanoScope community on iNaturalist.  This will allow other users to propose an 
identification and to have conversations and ask questions about your observations.  At this point 
the observation will be added to the cyanoScope project and will be included on the map.  A 
preselected project curator/s will eventually verify an identification, the observation will be 
elevated to research grade and the ID will then be locked.  Nonetheless, the conversations about 
the observation can continue.   
 
5.2d Identification and enumeration of bloom-forming cyanobacteria and zooplankton 
 
Use the method outlined in Appendix F. Composition and Relative Dominance of Bloom 
Forming Cyanobacteria to evaluate the cyanobacterial populations in your BFC sample. This 
information can be used to determine what types of cyanotoxins you might expect to find in the 
surface accumulations (cyanobacterial blooms). For example, if Microcystis is dominant you 
could expect to be concerned about exposure to microcystins. Alternatively, if Dolichospermum 

is dominant you could expect to be concerned about exposure to anatoxin-a. Refer to Table 1 for 
the list of toxins produced by cyanobacterial genera. Toxin presence and relative concentrations 
in the sample should always be confirmed using recommended analytical techniques including 
enzyme-linked immunoassay (ELISA) and liquid chromatography/mass spectroscopy (LC-MS). 
 
*Optional procedure for identification and enumeration of zooplankton, based on capacity. Use 
the method outlined in Appendix F, Standard Operating Procedure for Zooplankton Analysis, to 
evaluate the zooplankton populations in your net sample. The information can be used as a 
biological metric to evaluate 1) the presence/absence of higher predators, 2) the abundance of 
their food source, and 3) their role as cyanotoxin transfer mechanisms within the aquatic food 
web. 
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5.3 CYANOMONITORING (Tier 3)  
The principal objective of the cyanomonitoring component of the program is to track 
development and dynamics of  cyanobacterial populations within waterbodies and across 
waterbodies, assist in tracking trends due to climate changes and current and emerging land 
use practices, and assess waterbody/human health vulnerability to toxic cyanobacteria. This is 
the third tier of the program, which builds upon the two lower tiers and provides increasing 
resolution to the dynamic characteristics of cyanobacteria development in a waterbody.   
  
5.3a Fluorometry  
 
The cyanobacteria monitoring component is designed to focus on the relative concentrations of 
all cyanobacteria (including pico cyanobacteria) found within the epilimnetic/photic zone of the 
lake through the use of fluorescence pigment measurements of chlorophyll and phycocyanin. In 
this manner, fluorometry provides an estimate of biomass. Chlorophyll is a pigment found in all 
green plants and in cyanobacteria, and phycocyanin is a pigment found almost exclusively in 
cyanobacteria. These pigments primary function is to gather light energy from the sun, which 
through internal processes converts carbon dioxide and water into sugars, providing an energy 
source that can be used by the algae or cyanobacteria. These pigments absorb and emit light at 
specific wavelengths, elevating their energy states during the course of the reaction, and then 
quickly returning to their original energy level. As the molecules return to their “normal” state, 
heat and photons of light are emitted. Fluorometers measure the intensity of the emitted light at 
specific wavelengths, which is directly proportional to its concentration.  Due to these organisms 
self-sufficient ability to grow and develop, they are commonly referred to as primary producers. 
Please refer to Appendix A for details on fluorometer use and calibration. Instruments used for 
this program should have an established minimum detection limit (MDL) of 1-2ppb for 
phycocyanin, and 1ppb or less for chlorophyll. They should also provide a broad linear range 
from the 1-2ppb to 100,000ppb or greater for phycocyanin, and from 1ppb up to 2,500 ppb for 
chlorophyll. These levels provide adequate detection range values that will allow one to track the 
seasonal progression of phytoplankton and the development of harmful cyanobacteria blooms. 
Project action limits will vary, depending on the goals and objectives of individual users, as is 
the design and intent of the CMC. Calibration control limits must be within the bounds of the 
calibration standard to be considered acceptable (i.e. +/- 2ppb). This data will be posted on the 
cyanos.org webpage after QA vetting, and be presented utilizing various visualization tools as 
decided upon by the CMC working group in order to maximize the utility of the data.   
  
5.3b Fluorometry Quality Assurance  
 
Quality assurance is an essential part of any program and ensures that the data collected is not 
only accurate and precise but will meet the needs of the end data users. The following lists the 
QA measures that are currently in place with the program to ensure that end user data is of the 
highest integrity.  

• All fluorometry instruments are checked prior to each field day utilizing secondary standards. 
These standards provide a quick and accurate check on the instruments primary calibration 
and ensures that any drift in the instrument is identified quickly. Noticeable and continuous 
drift will require that the instrument be recalibrated immediately, or correction factors applied 
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to the measured samples. A standardized secondary Standard log sheet has been crafted by 
the CMC for use with the program and can be found in Appendix B.   

• Instruments should be calibrated by the manufacturer when first purchased, or after use when 
an unsatisfactory reading of the secondary standards necessitates recalibration. The degree of 
acceptable deviation from the original calibration is determined based on the comfort level of 
the user, as correction factors can be applied up to a point with nominal drift. 

• Triplicate samples will be collected at least once per season, or for every 15 individual 
samples collected on a single waterbody at one designated site.   

• Triplicate readings of a sample need to take place at least once for every 15 samples 
measured.    

  
5.3c Ambient water sample collection and fractionation for fluorometry   
 
For standardization purposes, a three-meter sample collection depth has been selected and is 
fairly representative as the depth to which sunlight penetrates the water surface enough to 
support primary production and hence the development of bloom forming cyanobacteria.  
Cyanomonitoring samples may be collected from open areas of the waterbody, or from the 
shoreline, depending upon the resources available to the sampler. At a minimum, samples are to 
be collected every other week during the summer months from the beginning of June 
through September, when algal blooms frequently occur and contact recreational use is at its 
highest. If desired, additional monitoring to the baseline sampling requirements can be added but 
are left to the discretion and resources of the monitoring group depending on what their personal 
objectives might be. Increased sampling frequency, locations, and depths will only increase the 
resolution of the data and provide better insights to the dynamics and unique characteristics of 
the waterbody.  Examples of this would include evaluation of the <50 μm size fraction 
sample and the BFC sample. The <50 μm sample provides an estimate of the cyanobacterial 
biomass that is considered “edible”, containing cyanotoxins that could potentially be transferred 
through the food web. A fifty-lake study in New Hampshire showed that pico cyanobacteria (<2.0 
micron) comprised more than 50% of the cyanobacterial biomass within the <50 micron size fraction. 
Additionally, smaller cyanobacteria (<50 μm) are associated with changes in waterbody 
transparency, leading to what can be commonly termed a “pico-bloom.” The BFC sample 
provides an estimate of the cyanobacterial biomass that is considered “inedible,” tending to be 
large (100-1000 μm) and containing the greatest amount of cyanotoxin per unit biomass. The 
BFC’s are associated with the surface accumulations that are commonly called “blooms” 
presenting a risk to human health upon exposure. 
  
Open water sample collections will utilize an integrated tube sampler lowered into the water 
column from the surface to a depth of three meters. At a minimum, one sample every other week 
must be collected from the deep-hole area of the waterbody. If shore side samples are collected 
in lieu of or in addition to deep-hole samples, they need to be collected utilizing the integrated 
sampling tube for data consistency and quality assurance purposes. Samples should be 
consistently collected from the same locations throughout the sampling period; however, 
additional samples may be collected at other “non- index” locations at the discretion of the 
monitoring team and still be analyzed. For example, waterbodies with embayments or coves 
where blooms are known to occur or accumulate, drinking water supply intake locations, or 
important recreational areas such as beach/swimming areas are all good sample collection points.   
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6.0 Stepwise procedures for sample collection, fractionation, preservation, and analysis  
 
1.     Proceed to your first fixed sampling location and record your index site GPS coordinates. If 
you are sampling on the lake, then your primary or first index station should be at the deep hole 
location of the lake. Location coordinates should be recorded in decimal degrees and contain 
at least four decimal places (i.e. Latitude 42.3645/Longitude 71.6634). This will provide a 
location accuracy of around 10 meters, which is acceptable.   
  
2. Take out your integrated tube sampler and rinse the inside of the tube three times in the 
ambient water.   
  
3. Lower the integrated tube (IT) sampler into the water column to the three meter depth mark 
or the one meter mark if sampling from the shoreline, place your thumb over the top of the tube 
opening to form a tight seal, and then pull the tube upwards from the bottom using the attached 
lanyard until the bottom opening is at the same height as the top of the tube. NOTE: To the extent 

possible, samples should be collected at a given site as close to the same time of day as possible 

to provide consistency through your sampling efforts. Mid-morning to mid-afternoon is usually 
best, as it is a time when bloom forming cyanobacteria are closer to the surface optimizing the 
utilization of sunlight.  
  
4. Transfer the IT sample water into the 500mL brown plastic bottle, secure the lid, shake 
vigorously to rinse, and then pour out the sample. Take another three meter IT sample and  
dispense into the rinsed 500mL brown opaque plastic bottle and then cap tightly. Make sure to 
place this on ice in a darkened cooler until you can transfer to the smaller 125mL brown opaque 
sample bottles.   
  
5. Prepare to transfer your IT sample from the 500ml bottle by first filling out the sample 
bottle label (see Appendix C) and then attaching the label to your 125mL sample bottle. (Helpful 

hint: By filling out your labels first before placing on the container, they will be easier to fill out, 

and the ink will transfer better to the label than it will when on a damp and chilled sample bottle. 

Apply a strip of clear packing tape on to your bottle and over your label when completed). Use a 
waterproof fine-point sharpie if possible for labeling prior to covering with clear tape. 
Information on the label should include contact name, waterbody name, state abbreviation, the 
station ID, sampling date in YYYY-MMDD format, time in H:MM am/pm format, and sample 
type which the baseline is integrated tube (IT). The information and formatting on the label will 
then match the same format that is used for data entry in the program’s database. An example of 
the database format can be found in Appendix D.    
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6. Shake gently, then transfer a portion of the 500mL whole lake water sample into a pre-
labeled 125mL brown plastic bottle, filling only up to the shoulder of the bottle to allow for 
expansion during freezing. To collect the <50 μm sample, grasp the 50 μm ring net and the pre-
labeled 125ml brown bottle in one hand, holding the ring net over the bottle opening. Pass the 
whole lake water sample through the 50 μm ring net and into the 125ml brown bottle. Fill up to 
the shoulder of the bottle or less, allowing for expansion during freezing. For quality assurance 
purposes, a set of triplicate samples should be taken at least once per season if your sampling 
frequency is low, or one triplicate set for every fifteen samples collected. Make certain your 
bottles are tightly closed, then placed immediately in a plastic baggie on ice in a cooler until they 
can be frozen for future analysis. Samples should be frozen the same day. Samples can be kept 
frozen at -20°C for up to a year prior to analysis (Studies completed at the University of New 
Hampshire’s Center for Freshwater Biology have shown no change in pigment concentrations 
after having been frozen for over two years in HDPE).   
  
NOTE: Freezing samples provides consistency in analysis, normalization of samples across and 

within waterbodies, and provides a means where samples can be collected and preserved until a 

time is available to run analyses. This approach greatly expands the capability of collecting 

samples without worry of compromising sample integrity or dealing with logistical hurdles of 

getting samples to a laboratory within short time periods.   
  
7. If the decision has been made to take ambient phycocyanin and chlorophyll fluorescence 
measurements before freezing the sample, then measurements can be taken at this time. Don’t 
forget to blank your fluorometer and take temperature readings prior to taking measurements. If 
you plan to take ambient readings but will not be able to do so right away, then place the samples 
on ice. Samples need to be processed and read under low light conditions at a temperature range 
between 20-24ºC, as photodegradation of these pigments can happen very rapidly and 
temperature can also affect the readings. If you did place your samples on ice, rewarm to this 
temperature range prior to reading. Gently mix the IT sample for 30 seconds prior to pipetting 
out the appropriate volume for your fluorometer cuvette. For details on fluorometer calibration 
and use, please see Appendix A.  
  

  
Figure  1 0 :     Sample bottle label (see Appendix  G )   
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8. Samples should be transferred as soon as possible to a freezer and frozen until analysis can                                                     
be completed for phycocyanin, chlorophyll, and possible toxins.  
  
9. Ensure that your sampling equipment is well rinsed at the new location if additional sites 
are to be sampled.  
   
A choice can be made to collect samples from the shoreline rather than mid-lake if on-lake 
access is not available or if this approach falls more in line with collaborator program collection 
methods. Shore side sample collections are often how samples are acquired by local and state 
health departments and beach monitoring programs who are concerned about harmful algal 
blooms and their toxins in and around public swimming areas and beaches. It is also a common 
approach utilized when time and resources are limited and health officials and/or other 
monitoring entities need to visit many water bodies in a single day. The sampling frequency 
requirement is the same as for within lake sampling, minimum of one sample collected every 
other week from June through September. If access to water a meter or greater in depth cannot be 
reached from the shoreline or near shore area, then a shallower depth sample may be obtained, 
but the sample depth must be recorded and at least 50mL of sample volume must be collected 
(approximately ½ meter of integrated tube depth) in order to have enough sample for analysis.     
  
Samples that are collected in the field at any of the above locations may be analyzed on site as 
stated above utilizing a hand-held fluorometer for phycocyanin and chlorophyll. If possible, 
attempt to analyze at least one ambient sample on site per season to compare with itself after 
freezing. The fluorescence signal at least doubles when read after thawing a frozen sample, and 
this provides a good QA check. Samples however, must be preserved by freezing to be 
analyzed later, as is the required baseline protocol.  If there is a need or desire to analyze samples 
within a short time period, then samples that are collected can be frozen solid for a minimum of 
four hours and then thawed to an ambient temperature range of 20-24ºC, well mixed, and then 
read for chlorophyll and phycocyanin pigment concentrations. Samples that are frozen can also 
be stored for extended periods beyond a year or more. Thawed samples can be refrozen for future 
toxin analysis but may not be re-thawed to be used for subsequent pigment analysis, as these 
pigments will have degraded. It is extremely important that all samples be processed and read 
under low light conditions. No samples should be left open or exposed to light for any period. 
Frozen samples should be quickly thawed in a water bath at the upper optimal temperature range 
of 20-24°C and then read immediately after. The water bath can be as simple as a plastic dish tub 
filled with water at the appropriate temperature. Sample bottles should not be immersed any 
further than up to the shoulder of the bottle. Do not leave samples to slowly thaw out on lab 
countertops or left for any period of time as this can compromise the readings. Samples should 
be thawed out in a water bath to the optimal temperature range and then read immediately. The 
hold time should not exceed 20 minutes from the time the sample reaches temperature until 
the sample is read by the fluorometer. Once read, they should be immediately placed back in the 
freezer if additional analysis for toxins is anticipated. All data needs to be entered into the 
standardized excel spreadsheet that can be downloaded off the Cyanos.org webpage or by 
requesting a copy from one of the contacts from the Cyanos.org webpage. An example of the 
datasheet can be found in Appendix D.  
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7.0 Interpretation of Fluorometry Data 
 
Estimates of cyanobacterial biomass can be obtained from samples collected, processed and 
analyzed according to the previously described protocols. This information can be used to 1) 
identify seasonal net biomass maxima in various populations (pico and bloom-forming) and 2) 
calculate net growth rates of these populations. For example, pico cyanobacteria can have an 
early season net biomass maxima (April-May) while bloom-forming cyanobacteria can have a 
late season net biomass maxima (September). For bloom-forming cyanobacteria, it is not unusual 
to observe an early season biomass peak (May-June) as a result of recruitment of overwintering 
colonies from the benthos to the water column.  
Fluorometry data that identifies seasonal biomass maxima reflects the growth of the 
cyanobacterial population that is greater than losses associated with factors including grazing 
rates, nutrient availability, and temperature. Growth rates can be calculated using fluorometric 
analysis of cyanobacterial populations using phycocyanin (PC)10 and all phytoplankton 
populations using chlorophyll-a (Chl-a)11 concentrations. Growth rates are calculated using the 
formula:  
 
μ d-1 = ln(F2/F1)/(t2-t1)  
 
where F2 is the fluorescence at time 2 (t2) and F1 is the fluorescence at time 1 (t1). Growth rates 
(μ d-1) can be converted into doubling times (days) using the following formula:  
 
DT = 0.683/GR  
 
Where DT is the doubling time (days) and GR is the growth rate (rate per day). For example, a 
growth rate of 0.07 μ d-1 has a doubling time of 10 days, 0.1 μ d-1 a doubling time of 7 days and 
0.2 μ d-1 a doubling time of 3 days. 
 
8.0 Sample Concentration using Repeat Freeze-Thaw and Speed-Vac Method 
 
Transfer a subsample of approximately 1.8 mL from the small vials or 125 mL brown amber 
vials into a pre-labeled, pre-weighed polypropylene graduated centrifuge tube with locking lid. 
Reweigh the filled centrifuge tube and calculate the sample volume. Vortex the sample for 3 
minutes on high power, sonicate in a warm bath for 3 minutes on high power and re-freeze. 
Repeat for a total of three freeze-thaw-vortex-sonicate cycles.  
Upon completion of the freeze-thaw cycles, place the centrifuge tubes into a speed-vac 
concentrator and evaporate until the total sample volume was approximately 0.90 ml, 0.36 ml, or 
0.18 ml, representing 2X, 5X and 10X concentrations, respectively. To achieve a 20X 
concentration, two 10X samples were prepared and evaporated (vial#1 and vial #2), whereupon 
vial#2 was transferred to vial #1, and then reduced to approximately 0.18 mL. Samples are re-
weighed, and final sample volume and concentration factors calculated.  
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A Note on Quality Assurance:   
 

This program has been designed to meet multiple needs at multiple levels, from the individual 

lakeshore home owner interested specifically in their waterbody, to the drinking water supplier 

responsible for their community’s water supply, to the government researchers looking for large 

data sets where they can determine large regional or national trends. Some intended uses may be 

purely educational while others can be of critical importance in managing a public resource for the 

benefit of a large population. In order to achieve these goals, whatever the scale, it is imperative 

that the baseline methods and procedures in this program are explicitly followed. Deviations from 

and lack of attention to detail on these baselines will compromise the data and limit its utility and 

benefit, not only to your individual goals, but also to the larger collaborative. We hope you will 

take the time and care necessary to make your program and the larger collaborative a continuing 

success! 
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 1. FluoroQuik Fluorometer  

1.1 Overview  
This Standard Operating Procedure has been written to specifically address the operation of the 

AMISCIENCE two channel fluorometer designed and built by AmiScience, as this is the 

principal fluorometer currently being used by the Cyanobacteria Monitoring Collaborative 

(CMC). Other fluorometers are acceptable for use, such as the Turner AquaFluor unit. Key 

procedures that must be followed regardless of instrument type are noted throughout this 

document in order to ensure the highest level of data consistency and quality throughout the 

program. This SOP has been adapted from the original AmiScience user manual to specifically 

address the calibration, operation, and maintenance of the dual channel FluoroQuik fluorometer 

and the protocols of the Cyanobacteria Monitoring Collaborative.  It is recommended that most 

users have initial and subsequent calibrations completed by Amiscience, as the expenditure for 

primary standards and time and materials for calibrating ends up being greater.   

  

The FluoroQuik fluorometer utilized by the CMC is a portable instrument designed for 

multipurpose fluorescence measurements with two optical channels built into one unit. The 

instrument is simple to use, light in weight, and can be powered by either DC power adaptor or 

AA batteries.  

1.2 Key Features  
a. Using either 200-μL PCR tubes (model-A), 500-μL micro-centrifuge tubes (model-B), or 1-

cm square cuvette (model-C).  

b. LCD touch-screen display.  

c. User-friendly software with “touch and test” operation.   

d. USB interface for data management.   

e. Larger than 5 logs of dynamic range (after proper calibration procedure).   
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1.3 Included Parts  

a. The FluoroQuik fluorometer, carry case, sample tubes & pipettes.  

b. 5VDC/2A power adapter.  

c. Standard-USB-to-mini-USB cable.  

d. Operation manual and USB driver/data management software disk.   
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2. System Operation  
2.1 Principle of Operation   

The FluoroQuik Fluorometer uses a single-wavelength light source to excite the sample which, 

as a result, emits a fluorescent signal of a specific wavelength detected by an internal photo 

sensor. The reading by the photo sensor, represented by RFU (Relative Fluorescence Unit) is 

used to calculate the nominal concentration of the sample when the fluorometer is properly 

calibrated.   

As shown in Figure 1, during the calibration process, a “Blank” tube (zero concentration) and a  

“Standard” tube (known concentration) are separately measured by the fluorometer to obtain the 

RFU readings. The RFU readings and the concentration values are then used to generate a “linear 

calibration curve” which is stored in the non-volatile memory of the fluorometer. During the 

measurement operation, the sample’s RFU is used to internally calculate the unknown 

concentration using interpolation or extrapolation based on the stored linear calibration curve.  

  

 
  

Note that in order to extend the measurable concentration range, two levels of excitation power 

are automatically used during the calibration and measurement steps, and two different RFU 

readings (“RFU Hi” and “RFU Lo”) are obtained. When the sample’s concentration is too high 

  

RFU   
Blank   

RFU Hi   

RFU Lo   

Standard   

Concentration   

Sample   

Figure 1   
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and the fluorescent signal saturates the photo sensor, the fluorometer automatically uses the 

“RFU Lo” reading (and the associated linear calibration curve) to calculate the sample 

concentration, hence extending the upper measurement range. This does not change the output 

measurements.  

In a dual-channel fluorometer, there are two independent excitation/emission wavelength pairs 

(Channel 1 and Channel 2) whose calibration curves are independently defined by the user, but 

each channel can define only one linear calibration curve (in other words, only one “Assay” for 

each channel.)   

2.2 Power Up   
The FluoroQuik Fluorometer can be powered by four AA batteries or the supplied power adapter 

(5VDC/2A). After connecting to power, switch the ON/OFF button on the upper-right of the unit 

to turn on the fluorometer. After a flash of the welcome screen, the screen automatically turns 

into the “Main Menu”, as shown in Figure 2.   

  

 

   Figure 2. Main Menu screen  

2.3 Calibration  
a. In order to measure the concentration of unknown samples, a calibration procedure needs to 

be performed. If a calibration has already been completed, you can skip this calibration step 

and go to Sec. 2.4 to perform sample measurement. Once calibrated, the calibration curve is 

stored in a non-volatile memory and is not affected by powering the instrument on or off.  

                  

  
Measure   

Calibrate   

Info   

Data   
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b. Touch “Calibrate” tab on the “Main Menu” screen. A confirmation screen asking “Create 

new calibration?” will show in order to prevent unintentional calibration steps. Touch 

“Return” if you don’t intend to perform the calibration, otherwise touch “Continue” to enter 

the channel selection screen. Select the Channel on which you want to calibrate your standard 

(1 Phycocyanin or 2 Chlorophyll).   

NOTE: For the Cyanobacteria Monitoring Collaborative, you will need to use phycocyanin 

and chlorophyll standards for calibrating your fluorometer. This helps reduce measurement 

error, improves on quality assurance, and provides standardization across the program. It 

is recommended that instrument calibrations be completed by Amiscience upon initial 

purchase of the instrument or if recalibration is needed.  

c. Now enter the “Calibrate” screen similar to Fig. 3. Put in the Blank tube in the sample 

chamber and close the cap (the blank tube does not need to be filled with de-ionized water). 

Make certain your tube is clean of fingerprints/debris and is oriented so that you can re-insert 

it if need be in the exact same position. Touch “Blank” to take the blank value.  

d. After the Blank is read, the screen will look like the one shown in Fig. 4.  

e. To set the nominal value of the Standard tube to calibrate the fluorometer, use the “<” and 

“>” arrow keys on the second row to move the underline to select the digit you want to 

change, and use the “+” or ““ keys to increase or decrease the value of the underlined digit.  

(A zero standard value is not allowed.)  

f. Put the Standard tube in the chamber and touch the “Measure” tab to take the measurement. 

After a few seconds, “Calibration Finished” will show on the screen. Press “Return” to go 

back to “Main Menu”.   

g. If the Standard measured value is equal or less than the Blank, an error message “Reading 

Too Low!” will show. Prepare the right Blank or Standard and measure again.   
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                     Figure 3. Calibrate screen            Figure 4. Standard setting screen  

2.4 Measurement   
a. Refer to Section 2.3 for calibration procedures if the fluorometer has not been calibrated.   

b. Touch the “Measure” tab on the “Main Menu” screen to enter the Channel selection screen. 

In the screen you can select 1 Phycocyanin, or 2 Chlorophyll depending on which you want 

to measure your sample for. This selection will measure the sample and calculate the nominal 

concentration value using the linear calibration curve stored in the fluorometer.   

c. Prepare sample tube (and blank tube if to be used), referring to Section 3.  

d. Select the Channel to enter the “Measure” screen similar to Fig. 5.   

e. If the fluorometer has been calibrated before, the Blank value is already stored in the 

fluorometer. But for low-concentration sample measurement, it is recommended that a new  

“Blank” is performed at this step to compensate for any minor inconsistencies in the walls of 

the sample tube. Insert the Blank tube into the testing chamber and secure the cap, and touch 

“Blank” to take the blank reading. The tube does not need to be filled with de-ionized water 

for a blank measurement.  

f. Insert the sample tube and touch the “Measure” tab to start the sample measurement. The 

measurement result will be displayed on the “Result” screen in a few seconds, as shown in 

Figure 6. The timer clock will start from zero so you can do a follow-up measurement after 

a certain time. NOTE: If doing repeat measurements of the same sample, wait a minimum of 

10 seconds between measurements.   

  
1  Phycocyanin   

  

Blank   

Return   

  
  0 1   0  0 0 0.0  0   

<    +          >   

Measure   

Return   
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g. If the reading is too high and saturates the photo-detector, an “Over Limit” message will 

display. In other cases where the concentration of material is too high, light cannot pass 

through the material and reach the measurement optics. This is commonly referred to as  

“quenching” and can be resolved by diluting your sample. This usually results in a lower 

reading (See section 3, Sample Preparation and Measurement Tips). 

h. If you want to save the measurement data in the meter’s on-board memory, you can touch 

the “Save” tab. The data will be saved in the memory of the specific assay/channel that you 

selected earlier, with the stored data sequential number displayed on the upper-right corner.   

i. Touch “Return” to go back to the previous “Measure” screen. Touch “Measure” tab again 

will repeat the measurement. The timer clock will restart from zero.  

j. If batteries are used as the power source, and the voltage has dropped too low and the 

accuracy of the measurement may be affected, a “Battery Low” warning message will show 

on the bottom of the screen during measurement. The batteries should be replaced as soon as 

possible.   

NOTE: Do not leave your batteries in the unit for any extended periods, as they can leak 

and damage the instrument. Always check the battery compartment for any corrosion or 

battery leakage prior to use.    

k. Touch “Return” tab will return to “Measure” screen, and touch “Return” again will go back 

to the “Main Menu”.  

 

 Figure 5. Measure screen    Figure 6. Result screen  
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2.5 Data Retrieval   
  

a. Touch “Data” tab on the “Main Menu” screen will let you select the assay/channel in which 

you want to inspect the data. After selection the “Data” screen now shows similar to Fig. 7. 

The first row shows the saved data, and the second row shows the data sequential number. 

You can touch the left and right arrow key to change the data number to inspect other saved 

data.  

b. If you want to erase the saved data of the assay/channel you are inspecting now, touch “Erase  

All” and confirm the action in the next screen. The data of the other assays/channel will not 

be affected by this erase.  

c. Touch “Return” tab will return to “Main Menu” screen.  

  

 
 

Fig. 7 “Data” screen   

3. Sample Preparation and Measurement Tips  

a. Prepare Standard and Sample solution within the concentration range that can be read by the 

fluorometer. You can use the “RFU Hi” or “RFU Lo” mode in the “Measure” function to 

measure the sample if you are not certain. It is also better that the Standard doesn’t saturate 

the RFU Hi reading in order to maximize sensitivity.  

  

Note: If the ambient algal or cyanobacteria concentration is too high, the fluorometer may give 

an incorrect reading. This is caused when light passing from one side of the instrument and 

through the sample is blocked so much by the material in the sample that it cannot be 

appropriately measured by the detector on the receiving side of the instrument. In these cases, 
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samples should be diluted until the proportion that the sample is diluted by reflects an equal 

reduction in concentration (i.e. diluting the sample by 50% shows a 50% reduction in 

concentration). This phenomenon is commonly referred to as “quenching.”  A rule of thumb is 
if you cannot see through your sample in your fluorometer tube, then it is likely too 
concentrated (Fig. 8).    
  

 
Fig.  8: Dilutions of a Microcystis aeruginosa sample. The left-most sample is too turbid to read accurately, but the fluorescence 

from all other samples can be accurately measured. The right-most sample, though it looks clear, still has a measurable amount 
of phycocyanin due to the cyanobacteria present, (Beagle BioProducts, April 2013).  

  

b. Make sure the sample tube is clean internally before you put in the solution, and the outside 

of the tube is clean and dry. Any materials on the outside of the tube may cause measurement 

error.  

c. If glass mini-tube, PCR tube, or micro-centrifuge tube is used, fill the tube with at least 200μL 

sample solution. For 1-cm cuvette, 1mL sample solution is needed.  

d. Make sure no bubbles are in the sample solution.  

e. Due to the poor tube-wall consistency of plastic tubes, if PCR tube or micro-centrifuge tube 

is used, align the cap-lip with the chamber mark so each time the measurement is consistent.  

f. Allowing more than 10 seconds between each measurement can minimize the thermal 

buildup of the light source and maintain the measurement consistency.   

g. Due to the possible variation of back-ground level produced by different sample tubes, for 

very low concentration measurements, you can use the same tube to perform the “Blank” 

reading, then remove the blank solution and fill with sample solution to perform the “Sample” 

  
  



 

   - 12 -  

                                                   FluoroQuik Fluo romet er User Manual V  1 .0   

reading. This technique can ensure the consistent back-ground level to achieve the optimal 

sensitivity.  

4. Maintenance  

a. Avoid over-filling the test tube and contaminate the outside wall of the tube. If the 

contamination is transferred to the inside wall of the test chamber, it may cause increased 

signal level and hence reading error. If this happens, use a cotton swab with clean water or 

alcohol and gently clean the inside wall of the test chamber.  

b. The touch screen can be periodically cleaned with alcohol or mild detergent.  

c. If the meter will not be used for a while, remove the battery from the battery compartment 

before place into storage.  

d. Always turn off the meter after use if the battery power is used and remove batteries if the 

unit will not be in use for a week or longer.   
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APPENDIX C 

Sample Bottle Labels Sheet 
 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 
 



  

 

 
  
  
  
 *As of Oct1, 2016, this template will work with Avery label sheets #5911, 8371, 8471, and 8859  
   



  

 

 
 
   

APPENDIX D  
CMC Program Database Structure and Format   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 

 
 
 
 
 

 
Field Name Field Definition 

org_id Identifier for organization conducting the field and lab work.  Drop down provides IDs used in past 
contact_name Primary contact for the organization.  Drop down provides names used in past 
email Primary contacts email address.  Drop down provides email addresses used in past 
phone Primary contacts phone number.  Drop down provides values used in past 
waterbody_id Unique identifier for each individual waterbody.  Drop down provides values used in past 
waterbody_name Name for waterbody.  Drop down provides values used in past 
state State abbreviation.  Drop down provides values used in past 
town Name of town.  Drop down provides values used in past 

station_id Unique identifier for each individual station.  May have multiple stations per waterbody.  Drop down 
provides values used in past 

station_description Text description of the station.  Drop down provides values used in past 
station_type Station type can either be offshore or nearshore.  Drop down provides values used in past 
station_longitude Longitude of the station, must include at least 4 decimal points 
station_latitude Latitude of the station, must include at least 4 decimal points 
station_location_source Source for the location (e.g. GPS, google maps, etc.).  Drop down provides values used in past 

sample_id Unique identifier for each sample at each station.  May have multiple samples per station.  Drop down 
provides values used in past 

sample_date Date sample was collected.  Must be in YYYY-MM-DD format. 
sample_time Time sample was collected.  Must be in H:MM AM/PM format. 
sample_method Method used to collect sample.  Drop down provides values used in past 
sample_depth_m Depth at which sample was collected, in meters 
water_temp_c Temperature of water when sample was collected 

analysis_id Unique identifier for each cuvette (e.g. sub-sample) Possible to have multiple analyses per sample with 
each new analysis_id represented by a new cuvette.   

analysis_date Date analysis was conducted.  Likely not the same as the sample date 
dilution Dilution used on sample.  Should be a ratio.  2015 values messed up… 
sample_temp_c Temperature of water for analysis.  Should be 20 C according to QAPP 
chla_ugl Concentration in ug/l of chlorophyll 
phyco_ugl Concentration in ug/l of phycocyanin 

analysis_rep 
Replicate of analysis.  For each measurement (i.e. press of the button!) for a given cuvette increment 
the analysis_rep by one.  For example, a single cuvette may be measured multiple times.  Each of 
these would be a new analysis rep. 

fluorometer_type Type of fluorometer used.  Drop down provides values used in past 
comments Any comments about waterbody, station, sample, or analysis. 

unique_id A unique identifier that is a combination of waterbody ID, station ID, sample ID, analysis ID, and 
anlaysis rep.  Should NOT be duplicated.  Is generated automatically from other input IDs. 

 
 
 
 
 



  

 

 
 
 
 

 
 

APPENDIX E 
Composition and Dominance of Bloom Forming Cyanobacteria 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 

 
 
 
 

Composition and Relative Dominance of Bloom Forming Cyanobacteria 
A Semi-quantitative Method 

 
1. SAFETY REQUIREMENTS: Always wear protective gloves when handling cyanobacteria. Use 
caution when handling glass cover slips. Dispose of any broken cover slips in a proper “Sharps” 
container  
2. APPARATUS AND EQUIPMENT:  
Amscope 40X-1000X Student Microscope (M150C-ES) w/5MP USB Camera or similar 
• • Use 4X objective with 10X ocular = 40X  
• • Use 4X objective with MD500 USB Camera (40X) = 160X magnification  
• • Use 4X objective with MU900 USB Camera and reduction lens (20X) = 80X  
 
Sedgewick-Rafter Counting Cell (S-R) Gridded Glass  
50 x 24 mm Cover Glass  
Sedgewick-Rafter Counting Cell (S-R) Gridded Plastic  
1.5 ml disposable pipette  
5 ml disposable pipette  
250 ml dark amber plastic bottle for sample collection and storage  
5 ml darkened micro vials  
1 Pocket ZAPPR  
50µm filtration chamber (optional)  
“The BFC” reference cards  
“The BFC” data sheets  
3. REAGENTS:  
None  
4. SAMPLE COLLECTION AND STORAGE:  
For in-lake sampling collect original sample as a 3m vertical plankton tow using the 50μm mesh 
plankton net reduced to 250ml final volume. For in-plant sampling, collect original sample as raw 
water passed through 50um filtration chamber at a flow rate of 2-L /minute reduced to 250ml final 
volume. Place “Net” sample in 250 dark amber bottle, chill and allow to remain in the dark for a 
minimum of 2 hours and a maximum of 6 hours. After the 2-hour minimum fill the Pocket ZAPPR 
with plankton sample and allow the sample to separate for 30 minutes. After 30 minutes an isolate 
of bloom forming cyanobacteria (BFC) will have floated to the top of the Pocket ZAPPR forming a 
meniscus. Remove the BFC isolates with the 5ml pipette and place in the darkened micro vials.  
Note: The “Net” sample may be refrigerated for no more than 6 hours. After that time, the sample 
may begin to deteriorate thus affecting identification. 
 
Note: The “Net” sample may be refrigerated for no more than 6 hours. After that time, the sample 
may begin to deteriorate thus affecting identification. 



  

 

5. PROCEDURE:  
Place the cover slip diagonally across the S-R counting cell. Gently mix the BFC sample in the black 
microvial. Remove a subsample with the 1.5 ml pipette to fill the S-R counting cell. Rotate the cover 
slip onto the S-R counting cell. Set up your microscope using a 10X ocular and a 4X objective for a 
40X magnification.  
 
BFC Identification  
Use 10X ocular and 4X objective on your microscope for 40X magnification. Scan your entire sample 
to quickly identify the composition of the BFC population by genus. Refer to “The BFC” reference 
cards as needed. Using “The BFC” Data Sheets, make note of what appears to you as the dominant 
genus (1), followed by the next most dominant genus (2 and 3).  
 
BFC Quantification:  
Modified Strip counting: Align the S-R so that its lower left-hand corner is in the field of view. 
Replace the 10X ocular with the 5MP digital camera (40X) for a 160X magnification. Connect the 
camera to your computer, open the AmScope program and activate the camera. You may find it 
helpful to set the image at “Fit to window” to have the single quadrant fill your screen. Align the S-
R to the first quadrant in the lower left-hand corner. Move the S-R vertically to the 5th quadrant as 
the starting point for moving the S-R horizontally in a “strip”.  
 
*Depending on the microscope you have, you might not be able to see the 5th quadrant. Use the 2nd 
or 3rd quadrant as your starting point and then move horizontally in a “strip”. 
 
Count the cyanobacteria in the quadrants up to a total of 100 observations. A single observation 
shall include any colony, filament, raft, or “fragment” of the same. When counting a quadrant, the 
bottom and right boundaries of the quadrant are “count” sides. The top and left boundaries are 
“no-count” sides.  
Make sure you focus on the bottom of the S-R and just below the cover slip. You should expect that 
most of the BFC isolate sample will be located just below the cover slip. Record your findings.  
BFC Image Capture: Images can be saved to document cyanobacterial succession in the system. If 
you would like to have your identification verified, send images to nleland@lim-tex.com or upload 
to iNaturalist Cyanoscope project. 
 

 
BFC Quantification. Align the S-R to the first quadrant in the lower left-hand corner. Move the S-R vertically to the 5th 
quadrant as the starting point for moving the S-R horizontally in a “strip”. 



  

 

 
 
 

 
 
 
 
 
 
 
 
 
 



  

 

 
 
 

 
 
 

APPENDIX F 
Standard Operating Procedure for Zooplankton Analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



  

 

 
 
 

Identification and Enumeration of Zooplankton 
 
1. SCOPE AND APPLICATION: This method is used to identify and enumerate the zooplankton 
populations collected following the Quality Assurance Program Plan (QAPP) for the Cyanobacteria 
Monitoring Collaborative (CMC).  
2. APPARATUS AND EQUIPMENT:  
50 μm Students plankton net  
250 ml dark amber plastic bottle  
ZAPPR™  
2-mL calibrated pipettes  
10-ml storage vials  
Gridded Sedgwick-Rafter counting cell  
Cover piece for Sedgwick-Rafter counting cell  
Compound microscope with 40x to 100x magnification  
Counting machine  
3. REAGENTS  
10% Formalin-sucrose  
4. SAMPLE COLLECTION AND PRESERVATION: The method involves microscopic examination of 
preserved zooplankton samples collected with a conical net towed vertically through a water 
column from a depth of 3m, separated using the ZAPPR™, collected, placed in a small vial and 
preserved with formalin-sucrose (See Section 5.2).  
5. INITIAL VISUAL EVALUATION OF ZOOPLANKTON SAMPLE:  
Invert sample in the container and make observations of the zooplankton community. Ask yourself 
the following questions:  
Question 1: Can you easily see crustaceans (cladocerans and copepods) of different sizes?  
Does it seem that there are a lot of them?  
Question 2: Can you see crustaceans (copepods and perhaps smaller cladocerans). The smaller 
cladocerans might look like small circles. Does it seem that the sample is somewhat sparse?  
Question 3: Are there any crustaceans in the sample? Can you see something that looks like “dust”? 
6. MICROCRUSTACEAN ENUMERATION  
After visual evaluation, allow the zooplankton to settle to the bottom of the 10 ml vial. Remove 
that volume of formalin/sucrose that does not contain any zooplankton and properly dispose of it. 
Transfer the remaining volume of sample with the 2 ml pipette into the Sedgewick-Rafter counting 
cell, place on the cover, and place on the light microscope stage setting the magnification to 4X. 
The Sedgewick-Rafter counting cell has 1000 quadrants, each of which measures 1 mm2 (1000 
μm2). Quickly scan the sample to generally determine its contents. For example, make note of 
“large” (> 1 mm in length) and “small” crustaceans (<1 mm in length). Using the UNH-CFB 
Zooplankton key, determine whether you have Cladocerans or Copepods. While using the key, look 
at the Rotifers. Switch the magnification on the microscope to 10X and scan the counting cell again 
to generally determine how many different types or Rotifers you have in your sample. This will help 



  

 

you to set up your counting machine and excel spreadsheet. You will be counting and measuring 
the first 100 Cladocerans, Copepods, copepodites (< 60 µm length), nauplii and rotifers, in your 
sample. 
7. CALCULATION OF MICROCRUSTACEAN AND ROTIFER BIOMASS  
Biomass (dry weight in μg) of Cladocerans and Copepods is calculated from formulas relating body 
length (mm) to body weight. Table (XXX) provides the formula references and constants. Formulas 
are of the general form:  
 
ln w = (ln a) + (b * [ln L])  
 
where:  
ln w = natural logarithm of the dry weight estimate (μg)  
ln a and b = species specific constants in Table (XXX)  
[ln L] = the mean of the ln-transformed length measurements (L in mm)  
 
Overall biomass for a taxa is calculated by averaging the dry mass of up to the first 20 measured 
individuals and multiplying by the density (See Example biomass calculation). Cladocera are 
measured as the length from the top of the head to the base of the caudal spine or to the end of 
the carapace. Copepoda are measured as the length from the tip of the head to the insertion of 
spines into the caudal ramus. Since the length/weight relationship for Holopedium gibberum was 
developed on the length of the foot, body lengths are first multiplied by 0.25 before calculating 
weight. Copepoda nauplii are assumed to have a constant weight of 0.400 μg.  
 
Rotifer biomass is calculated using a formula with the general form:  
Rotifer biomass (μg) = [(length3 x FF) + (%BV x length3 x FF)] x 10-6 x WW:DW  
 
For the genera Conochilus, both length and width are measured, using the formula:  
Biomass (μg) = (length x width2 x FF) x 10-6 x WW:DW  
 
For the genera Filinia and Trichocerca, both length and width are measured using the formula:  
Biomass (μg) = (length x width2 x FF) + (%BV x length3 x FF) x 10-6 x WW:DW  
 
where:  
Length = total length (μm)  
FF = species specific formula factor (Table XXX)  
% BV = volume of appendages as a percent of body biovolume (Table XXX)  
WW:DW = wet weight to dry weight conversion  
 
A wet weight/dry weight conversion factor of 0.1 is used for all genera except Asplanchna, for 
which a factor of 0.039 is used. At least 20 encounters per species are measured as follows:  
Loricate forms: body length from corona to the opposite end at the base of spine (if present).  
Non-loricate forms: body length from corona to the opposite end, excluding spines, paddles, “toes,” 
or other extensions. 



  

 

 



  

 

Zooplankton data are reported as μg L-1 which is calculated as follows:  
 
Volume of water filtered:  
V1 (liters) = (π x r2 x h) x 0.001  
 
Where:  
π = 3.14  
r = radius of plankton net (cms)  
h = height of plankton tow (cms)  
 
Volume conversion factor:  
Con.V = V2 / V1  
 
Where:  
V2 = volume of ZAPPR (60 mls)  
V1 = volume of plankton tow (529.87 mls)  
 
Final biomass in sample  
Biomass (μg L-1) = B / (V1 x Con V.)  
 
Where:  
B = Total zooplankton biomass in sample (μg)  
V1 = Volume of water filtered (L) For example 3 m tow = 529 liters  
Con V. = conversion factor for example 60/529 = 0.24  
V1 x Con V = 129.24 


