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January 2009 Microcystin Round Robin Study 
Prepared by the 

Bureau of Laboratories 
Florida Department of Environmental Protection 

Note: 
This report and its associated data analyses are a product of the Florida Department of Environmental Protection’s 
Bureau of Laboratories and may not represent the views of the other participating round robin laboratories.  It is 
important to note that this study was conducted as a research project.  It is NOT a performance test and should not 
be used as such to compare one laboratory to another.  
 
Background 
 During the summer of 2005, the State of Florida saw an increase in the number and severity of cyanobacteria (a.k.a. 
blue-green algae) blooms in both fresh and marine waters. A number of Florida state agencies and local municipalities 
were involved with sampling, analyzing, and reporting results for these blooms. It was not uncommon to see different 
entities reporting widely disparate results for the same bloom. The sources of variability in the results were primarily 
attributed to differences in sampling and analysis methods.  
 
Staff with the Florida Department of Environmental Protection (FDEP) and the Florida Department of Health (FDoH) 
created the Cyanobacteria Bloom Sampling and Analysis Standardization Workgroup in an effort to standardize the 
way cyanobacterial blooms were sampled, analyzed, and reported. In addition to FDEP and FDoH, the workgroup had 
representatives from numerous state agencies (Florida Fish and Wildlife Conservation Commission/Florida Wildlife 
Research Institute, South Florida Water Management District, St. John’s Water Management District, Florida 
Department of Agriculture and Consumer Services), Universities (Florida International University, University of 
Miami), and private laboratories (Greenwater Laboratories, Inc., Mote Marine Laboratory). The workgroup was able 
to come to consensus on a standard operation procedure for sampling cyanobacteria blooms prior to the 2006 bloom 
season. (http://www.dep.state.fl.us/labs/biology/hab/docs/cyanobacteria_sop.pdf)  
 
The next step was to assess the variability associated with the laboratory analyses for cyanobacterial toxins. Since the 
majority of the large 2005 blooms were caused by Microcystis aeruginosa, a species of cyanobacteria that is capable 
of producing potent hepatotoxins known as microcystins, the workgroup decided to focus on the analysis of 
microcystins. A Plan of Study (POS) was developed for an inter-laboratory variability, or round robin, study in which 
numerous laboratories would be supplied with identical aliquots of M. aeruginosa collected from several different 
waterbodies; however the 2006 season did not produce significant blooms and the study was delayed.  
 
The spring and early summer of 2007 had few toxin-producing M. aeruginosa blooms; therefore the decision was 
made to initiate the round robin study using two toxin producing M. aeruginosa cultures from the FDEP Central 
Laboratory and a microcystin-LR standard. In July 2007, the FDEP’s Bureau of Laboratories conducted the 
microcystin round robin with twelve laboratories throughout the United States that had volunteered to perform the 
analyses at no cost.  The details of this 2007 round robin and the results, including raw data, can be found at: 
http://www.dep.state.fl.us/labs/biology/hab/docs/microcystin_rr.pdf  
   
In general, the results of the 2007 round robin showed wide variability in the results both within and between 
laboratories for a single water sample. The between laboratory variability could not be well estimated as it was 
confounded by the differences in preparation method and dilution among the laboratories.  One of the laboratories 
found that their dilution standards were low and purchased new certified standards. In discussions after the results 
were distributed, there was interest in a second round robin where the preparation method and the dilution standard 
would be controlled. The FDEP Central Laboratory agreed to prepare, split, and ship samples for this second round 
robin and the laboratories agreed to perform the analyses at no cost. The FDEP laboratory would do the sample 
preparation so when the participating labs received their samples, they would only need to analyze it. 
 
By December 2008, the National Research Council Canada (NRC) had developed certified standards for microcystin-
LR and -RR but it was not for commercial sale in the United States (Appendix A). The Abraxis company, a 

http://www.dep.state.fl.us/labs/biology/hab/docs/cyanobacteria_sop.pdf
http://www.dep.state.fl.us/labs/biology/hab/docs/microcystin_rr.pdf
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microcystin Enzyme-Linked Immunosorbent Assay (ELISA) kit manufacturer in the United States, arranged to 
purchase a single lot quantity of a dilution standard for resale to the round robin participants. This "common standard" 
was to be used for dilution rather than the one supplied with the ELISA kit. ELISA kits were also purchased from the 
Envirologix company and some labs used the Envirologix kit standard rather than or in addition to the “common 
standard” that everyone purchased. In addition, some of the laboratories were able to purchase ELISA kits with the 
same serial number from the Abraxis or Envirologix companies.   
 
 In January 2009, the second round robin was conducted. This report presents the results and a discussion of this 
event. 
 
 
Methods  
 
The FDEP Central Biology Laboratory maintains Microcystis aeruginosa cultures of various strains or sources.  Two 
cultures, Munson and JaxPond, were isolated from samples collected from North Florida water bodies during toxin-
producing M. aeruginosa blooms. The Munson culture was originally isolated on October 20, 2006 from samples 
collected near the Lake Munson public access boat ramp in Southern Leon County, Florida. These environmental 
samples contained both M. aeruginosa colonies and Anabaena sp. filaments.  Using a dissecting scope the M. 
aeruginosa colonies were separated from the Anabaena sp. filaments and inoculated in BG-11 algal growth media. 
The JaxPond culture was isolated in a similar way from a M. aeruginosa bloom in a small pond in Jacksonville, 
Florida, on March 19, 2008. A sample was collected and analyzed for microcystin toxin and nodularin.  Microcystin-
LR (20 µg/L Q), microcystin-LA (3.1 µg/L IQ), microcystin-RR (19 µg/L Q), and microcystin-YR (1.7 µg/L IQ) were 
all detected in the small pond environmental sample by liquid chromatography-mass spectrometry (LC/MS/MS). A 
third culture, Utex, was purchased from the University of Texas and received November 21, 2006. It was originally 
isolated in September 1954 from Little Rideau Lake, Ontario, Canada.  The Utex culture was inoculated in BG-11 
media. All FDEP Microcystis aeruginosa cultures are maintained as described in Appendices B and C. 
 
The week before the round robin, all three cultures were tested for microcystin-LR and -RR toxin production by the 
FDEP Central Chemistry Laboratory using LC/MS/MS. The Munson culture was producing both microcystin-LR and 
microcystin-RR. The Utex culture was producing only microcystin-LR while the JaxPond culture was not producing 
toxin in culture. It was decided to use each of the three cultures to make bulk samples to split for the round robin. The 
JaxPond culture served as a negative control.  
 
After the 2007 round robin, the study participants  thought that a split of a prepared microcystin-LR standard sample 
would provide useful information. In addition, they thought that the FDEP Central Chemistry Laboratory should 
prepare such a sample for this round robin making it the fourth sample (Std). This standard was spiked with a non-
microcystin producing algae, Dunaliella tertiolecta, to provide a “green look” to the samples and prevent labs from 
being able to distinguish between the lower levels of microcystin in the standard and the higher levels of microcystin 
in the cultures.  
 
 
Each laboratory was sent 13 blind samples, three replicates each of JaxPond, Utex, and Std, and four replicates of 
Munson. Cell-lysing preparation of bulk samples for each culture was performed by FDEP one week prior to 
initiation of the round robin. This was done by autoclaving and then filtering approximately 2 L of culture through a 
0.45 µm glass fiber filter under vacuum. The 2 L volume was then diluted to either 8 L (3 replicates) or 10 L (4 
replicates) using deionized water. This was done to increase the volume to the amount of sample required and reduce 
the concentrated amount of toxin found in the culture.  The Std sample, created by the FDEP Chemistry Section, was 
prepared to be 8 L and was not diluted further except for the addition of a small volume of Dunaliella tertiolecta. The 
8 or 10 L volume was homogenized in a 20 L glass carboy on a stir plate for 15 minutes.  Sample vials were filled 1/3 
full by siphon tube while the sample was stirred.  Once each vial was 1/3 full, the vials were each filled 2/3 full and 
then finally completely filled.  This procedure was performed to minimize variability between sample replicates.  The 
bottle numbering was different for each laboratory so they could not compare results (Table 2, 3, 4). 
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The samples were then packed in wet ice and shipped via overnight courier to the participating laboratories. The 
laboratories were asked to hold the samples in the dark at 4ºC for no more than one week before analyzing them 
according to their routine procedures. They were asked to report their results to FDEP within one month using a 
standardized reporting form.  
  
 
Results 
ELISA Kit Results Overview 
Thirteen laboratories performed microcystin analyses using ELISA kits from two manufacturers, Abraxis and 
Envirologix.  Twelve of the labs used a common standard for (7)-desmethyl microcystin-LR, microcystin-LR, 
microcystin-RR, and nodularin-R purchased from National Research Council, Canada, Institute for Marine 
Biosciences. Lab 11 and Lab 5 used standards supplied by the kit manufacturers. All labs used polyclonal kits with 
the exception of Lab 4 which used a monoclonal Abraxis kit and Lab 11 which used a monoclonal Envirologix kit in 
addition to a polyclonal Abraxis kit. There is not enough information determine variability between monoclonal and 
polyclonal kits as only two labs used monoclonal kits.  The ELISA results are presented in Table 2. Each result along 
with the serial number for the kit is plotted in Figures 1, 5, and 9 for each sample.  Average total microcystin values 
for each laboratory and sample combination are presented in Figures 2, 6, and 10.  
 
High Performance Liquid Chromatography/Mass Spectroscopy (LCMS) Results Overview 
Seven laboratories performed microcystin analyses using single or tandem quadrupole liquid chromatography mass 
spectroscopy (LCMS). Four laboratories (1,4,16,18) used LC/MS and three used LC/MS/MS (2,3,7). These results are 
presented in Table 3. Each result is plotted in Figures 1, 5, and 9 for each sample. Average total microcystin values 
for each laboratory are presented in Figures 3, 7, and 11. While the labs were instructed to perform no further 
preparations for the samples as they had already been autoclaved and filtered, the extraction methods differed among 
the participating labs. Labs 1, 3, 4 and 7 did not perform any additional preparations.  Lab 2 sonicated the samples.  
Lab 16 performed solid phase extraction, and Lab 18 prepared the samples for analysis by performing lyophilization 
and sonication in 50% methanol.   
 
Not all laboratories measured the same group of toxins (Table 3). While all laboratories reported microcystin-LR and 
RR, some also reported microcystin-YR, (7)-desmethyl microcystin-LR, microcystin LA,  microcystin desmethyl-RR 
and  nodularin. Microcystin LA, microcystin-YR, and nodularin were undetected in all samples.  The total 
microcystins value reported for these samples is a sum of the individual toxin groups (microcystin-LR, microcystin-
RR, desmethyl-LR, etc.) so the difference in the groups analyzed has an effect on the final reported result. 
Comparisons can also be made between the labs total microcystin-LR+microcystin-RR values to reduce variability 
due to the extra microcystin congeners analyzed by some of the labs. 
 
Protein Phosphatase Inhibition Assay (PPIA) Results Overview 
Three laboratories performed microcystin analyses using the protein phosphatase inhibition assay (PPIA). Lab 5 
performed no additional preparation.  Lab 15 received two sets of samples and performed no additional preparations 
on one set.  On the second set of samples, nitrogen gas blow down was used to dry the sample, and it was 
reconstituted with 50% methanol in 1% acetic acid.  Lab 18 performed lyophilization and sonication in 10mL of 50% 
methanol.  The PPIA results are presented in Table 4. Each result is plotted in Figures 1, 5, and 9 for each sample. 
Average total microcystin values for each laboratory and sample combination are presented in Figures 4, 8, and 12.   
 
Blank Sample 
 
No congeners or degradation products of microcystin were detected for the JaxPond samples by any laboratory. The 
non-detects for JaxPond are not reported in the tables.   
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Microcystin-LR Standard (Std)  
ELISA Kit Results 

Values reported for the Microcystin-LR Standard samples ranged from 2.0 to 18.9 µg/L.  The overall mean 
and coefficient of variation ( % CV ) for all ELISA kit results was 4.7 µg/L and 53% respectively.  Lab 14 
reported one result of 18.9 µg/L which is an extreme outlier (>3.0 times the interquartile range). The next 
highest result was 7.9 µg/L .  The overall mean and % CV for all ELISA kit results excluding the outlier 
reported by Lab 14 was 4.4 µg/L and 31% respectively. 

 
Values reported for the Microcystin-LR Standard samples using the NRC ELISA Standard ranged from 2.0 to 
6.5 µg/L. Excluding the Lab 14 outlier, the overall mean and % CV for all ELISA kit results was 4.3 µg/L and 
30% respectively.   

  
Abraxis values (excluding the Lab 14 outlier) reported for the Microcystin-LR Standard samples ranged from 
2.1 to 6.1 µg/L.  The mean and % CV for the Abraxis ELISA kit results was 4.4 µg/L and 28% respectively. 

 
Envirologix values reported for the Microcystin-LR Standard samples ranged from 2.0 to 7.9 µg/L.  The mean 
and % CV for the Envirologix ELISA kit results was 4.5 µg/L and 35% respectively. 

 
High Performance Liquid Chromatography/Mass Spectroscopy Results 

Total microcystin values for all congeners reported for the Microcystin-LR Standard sample ranged from 0.5 
to 6.6 µg/L.  The overall mean and % CV was 4.2 µg/L and 40%, respectively. The within laboratory % CV 
for the replicates ranged from 2 to 56%.  Microcystin-RR, microcystin-YR, microcystin desmethyl-LR, 
microcystin-LA, microcystin desmethyl-RR and nodularin were undetected in the standard sample. 
 

Protein Phosphatase Inhibition Assay Results 
Total microcystin values reported for the Microcystin-LR Standard samples ranged from 1.8 to 4.2 µg/L. 
(Maximum and minimum values both attained from the no additional preparations method).  The overall mean 
and % CV was 2.9 µg/L and 30%, respectively.  The within laboratory % CV for the replicates ranged from 1 
to 21%.  Preparation methods comparisons can be made with Lab 15 for the nitrogen gas blow 
down/reconstitution and no additional prep method.  The % CV for the nitrogen gas blow down/reconstitution 
was 4% and for no additional preparation method was 13%.  Lab 5 also performed no additional preparations 
so comparisons between Lab 5 and Lab 15 can be made.  The overall mean and % CV for the standard 
sample-no additional preparations was 3.1 µg/L and 38%.  
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Figure 2. ELISA Microcystin-LR Standard Results

Abraxis kit with NRC Standards
Envirologix kit with NRC Standards
Envirologix kit with Envirologix Standards
Abraxis kit with Abraxis Standards
Envirologix kit with Abraxis Standards

Each bar represents the average of individual lab replicates.
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Figure 3. LCMS Microcystin-LR Standard Results

Microcystin-LR*

* All other congeners and degradation products were undetected in this sample.

+ + + +

+ Analyzed using LC/MS (others analyzed using LC/MS/MS)

Each bar represents the average of individual lab replicates.
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FDEP culture of University of Texas Microcystis aeruginosa isolate (Utex) 
ELISA Kit Results 

Values reported for the University of Texas isolate ranged from 60 to 310 µg/L.  The overall mean and % CV 
for all ELISA kit results was 177 µg/L and 38% respectively.   
 
Values reported for the University of Texas isolate using the NRC ELISA Standard ranged from 92 to 309 
µg/L. The overall mean and % CV for all ELISA kit results was 180µg/L and 32% respectively. 
 
Abraxis values reported for the University of Texas isolate ranged from 130 to 310 µg/L.  The mean and % 
CV for the Abraxis ELISA kit results was 207 µg/L and 26% respectively. 
 
Envirologix values reported for the University of Texas isolate ranged from 60 to 309 µg/L.  The mean and % 
CV for the Envirologix ELISA kit results was 147 µg/L and 45% respectively. 

 
High Performance Liquid Chromatography/Mass Spectroscopy Results 

Total microcystin values for all congeners reported for the University of Texas isolate samples ranged from 34 
to 97µg/L. The overall mean and % CV was 70 µg/L and 21% respectively.  The within laboratory % CV for 
the replicates ranged from less than 1% to 36%.  Total microcystin-LR and -RR values reported ranged from 
34 to 72 µg/L.  The overall mean for microcystin-LR and -RR and % CV was 59 µg/L and 9% respectively.  
The within laboratory % CV ranged from less than 1% to 36%.  Microcystin-LA, microcystin-YR, 
microcystin-RR, microcystin desmethyl-RR and nodularin were undetected in the University of Texas isolate 
samples.  The higher variability associated with the total microcystins values when compared with the values 
for total microcystin-LR and -RR can be attributed to the microcystin desmethyl-LR analyzed for and detected 
by four labs (Lab 2, Lab 4, Lab 7 and Lab 18).  The total microcystin value was higher in these four labs when 
compared with their own microcystin-LR and -RR values and with the labs that did not analyze for 
microcystin desmethyl-LR. 

 
Protein Phosphatase Inhibition Assay Results 

Total microcystin values reported for the University of Texas isolate samples ranged from 74 to 120 µg/L.  
The overall mean % CV and was 99 µg/L and 15%, respectively. The within laboratory % CV  for the 
replicates ranged from less than 1 to 12%.  Preparation methods comparisons can be made with Lab 15 for the 
nitrogen gas blow down/reconstitution and no additional prep method.  The % CV for the nitrogen gas blow 
down/reconstitution was 12% and for no additional preparation method was 1%.  Lab 5 also performed no 
additional preparations so comparisons between Lab 5 and Lab 15 can be made.  The overall mean and % CV 
for the University of Texas isolate-no additional preparations was 95 µg/L and 9%.  
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Abraxis kit with NRC Standard
Envirologix kit with NRC Standard
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Figure 7. LCMS FDEP Culture of University of Texas Microcystis aeruginosa Isolate Results
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Labs 1, 3, and 16 analyzed for microcystin-LR and microcystin-RR only.  
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Figure 8. PPIA FDEP Culture of University of Texas Microcystis aeruginosa Isolate Results 

No additional preparations
Nitrogen gas blowing down to dry, re-constituted by 50% methanol in 1% acetic acid
Lyophilization, sonication in 10ml 50% methanol

Each bar represents the average of individual lab replicates.
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FDEP Lake Munson Culture (Munson) 
ELISA Kit Results 

Values reported for the Lake Munson Culture ranged from 130 to 1200 µg/L.  The overall mean and % CV for 
all ELISA kit results was 618 µg/L and 43% respectively.     
 
Values reported for the Lake Munson Culture using the NRC ELISA Standard ranged from 251 to 1200 µg/L. 
The overall mean and % CV for all ELISA kit results was 677 µg/L and 40% respectively.   
 
Abraxis values reported for the Lake Munson Culture ranged from 406 to 1200 µg/L.  The mean and % CV 
for the Abraxis ELISA kit results was 777µg/L and 30% respectively. 
 
Envirologix values reported for the Lake Munson Culture isolate ranged from 130 to 718 µg/L.  The mean and 
% CV for the Envirologix ELISA kit results was 436 µg/L and 34% respectively. 
 

High Performance Liquid Chromatography/Mass Spectroscopy Results 
Total microcystin values reported for the FDEP Lake Munson Culture samples ranged from 65 to 185 µg/L.  
The overall mean and % CV was 131 µg/L and 29%.  The within laboratory % CV for the replicates ranged 
from less than 1% to 21%. Total microcystin-LR and -RR values reported ranged from 65 to 109 µg/L. The 
overall mean and % CV was 85 µg/L and 13%.  The within laboratory % CV for the replicates ranged from 
less than 1% to 21%. The higher variability associated with the total microcystin values when compared with 
the values for total microcystin-LR and-RR can be attributed to the microcystin desmethyl-LR analyzed for 
and detected by four labs (Lab 2, Lab 4, Lab 7 and Lab 18).  The total microcystin value was higher in these 
four labs when compared with their own microcystin-LR and-RR values and with the labs that did not analyze 
for microcystin desmethyl-LR. 

 
Protein Phosphatase Inhibition Assay Results 

Total microcystin values reported for the FDEP Lake Munson Culture samples ranged from 220 to 448 µg/L.  
The overall mean and % CV was 313 µg/L and 27%.  The within laboratory % CV for the replicates ranged 
from less than 1% to 17%. Preparation methods comparisons can be made with Lab 15 for the nitrogen gas 
blow down/reconstitution and no additional prep method.  The % CV for the nitrogen gas blow 
down/reconstitution was 15% and for no additional preparation method was 3%.  Lab 5 also performed no 
additional preparations so comparisons between Lab 5 and Lab 15 can be made.  The overall mean and % CV 
for the Lake Munson Culture-no additional preparations was 280 µg/L and 22%.   
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Figure 9. FDEP Lake Munson Culture Results - All Methods

ELISA

LCMS

PPIA

*ELISA results labeled with the kit manufacturer's serial number.
**LCMS Values are Microcystin-LR+RR; Does not include other congeners or degradation products

*
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Figure 10. ELISA FDEP Lake Munson Culture Results

Abraxis Kit with NRC Standard
Envirologix Kit with NRC Standard
Envirologix Kit with Envirologix Standards
Abraxis Kit with Abraxis Standards
Envirologix Kit with Abraxis Standards

Each bar represents the average of individual lab replicates.
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Figure 11. LCMS FDEP Lake Munson Culture Results

Microcystin-LR

Microcystin-RR

Desmethyl-LR

Desmethyl-RR

Labs 1, 3, and 16 analyzed for microcystin-LR and microcystin-RR only.  Lab 2 was the 
only lab that analyzed for desmethyl-RR. microcystin-LA, microcystin-YR, and 
nodularin were undetected in the FDEP Lake Munson Culture.

+ + + +

+ Analyzed using LC/MS (others analyzed using LC/MS/MS) Each bar represents the average of individual lab replicates.
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Figure 12. PPIA FDEP Lake Munson Culture Results 

No additional preparations

Nitrogen gas blowing down to dry, re-constituted by 50% methanol in 1%acetic acid

Lyophilization, sonication in 10ml 50% methanol

Each bar represents the average of individual lab replicates.
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Additional ELISA Kit Testing 
Lab 5 performed testing using an Envirologix kit with the NRC ELISA Standard and with the Envirologix 
standards that come with each kit.  The within laboratory % CV for the Microcystin-LR Standard, the University 
of Texas isolate and the Lake Munson Culture were similar for both types of standards used. The results are 
listed below. 

For the Microcystin-LR Standard analyzed with the Envirologix kit using Envirologix standards, 
microcystin values ranged from 3.4 to 4.1 µg/L and the within laboratory % CV for the replicates was 10%. 
For the Microcystin-LR Standard analyzed with the Envirologix kit using NRC ELISA standards, 
microcystin values ranged from 3.5 to 4.3 µg/L and the within laboratory % CV for the replicates was 12%.   
 
For the University of Texas isolate analyzed with the Envirologix  kit using Envirologix standards, 
microcystin values ranged from 109 to 279 µg/L and the within laboratory % CV for the replicates was 42%. 
For the University of Texas isolate analyzed with the Envirologix kit using NRC ELISA standards, 
microcystin values ranged from 100 to 309 µg/L and the within laboratory % CV for the replicates was 49%. 
 
For the Lake Munson Cultures analyzed with the Envirologix kit using Envirologix standards, microcystin 
values ranged from 266 to 718 µg/L and the within laboratory % CV for the replicates was 36%. For the 
Lake Munson Cultures analyzed with the Envirologix kit using NRC ELISA standards, microcystin values 
ranged from 251 to 714 µg/L and the within laboratory % CV for the replicates was 37%. 

 
Lab 11 performed testing using an Abraxis kit with Abraxis standards, an Envirologix kit with Envirologix 
standards, and an Envirologix kit with Abraxis standards.  The results are listed below. 

For the Microcystin-LR Standard analyzed with the Abraxis kit using Abraxis standards, microcystin values 
ranged from 2.9 to 3.3 µg/L and the within laboratory % CV for the replicates was 7%. For the Microcystin-
LR Standard analyzed with the Envirologix kit using Envirologix standards, microcystin values ranged from 
5.6 to 6.1 µg/L and the within laboratory % CV for the replicates was 5%. For the Microcystin-LR Standard 
analyzed with the Envirologix kit using Abraxis Standards, microcystin values ranged from 4.5 to 7.9 µg/L 
and the within laboratory % CV for the replicates was 27% 
 
For the University of Texas isolate analyzed with the Abraxis kit using Abraxis standards, microcystin 
values ranged from 240 to 310 µg/L and the within laboratory % CV for the replicates was 13%.  For the 
University of Texas isolate analyzed with the Envirologix kit using Envirologix standards, microcystin 
values ranged from 60 to 120 µg/L and the within laboratory % CV for the replicates was 40%. For the 
University of Texas isolate analyzed with the Envirologix kit using Abraxis standards, microcystin values 
ranged from 96 to 140 µg/L and the within laboratory % CV for the replicates was 22%. 
 
For the Lake Munson Cultures analyzed with the Abraxis kit using Abraxis standards, microcystin values 
ranged from 500 to 600 µg/L and the within laboratory % CV for the replicates was 8%. For the Lake 
Munson Cultures analyzed with the Envirologix kit using Envirologix standards, microcystin values ranged 
from 130 to 470 µg/L and the within laboratory % CV for the replicates was 50%. 
For the Lake Munson Cultures analyzed with the Envirologix kit using Abraxis standards, microcystin 
values ranged from 280 to 630 µg/L and the within laboratory % CV for the replicates was 35%. 
 
Several laboratories bought kits manufactured from the same batch. These results appear in Figures 13, 14, 
and 15. 
 
Labs 3 and 14 analyzed the Microcystin-LR Standard with the Abraxis kit serial number 8K4070 using NRC 
ELISA standards.  For the Microcystin-LR Standard analyzed by Lab 3, microcystin values ranged from 4.8 
to 5.6 µg/L and the within laboratory % CV for the replicates was 4%.  For the Microcystin-LR Standard 
analyzed by Lab 14, microcystin values ranged from 4.6 to 5.5 µg/L with an outlier of 18.9 µg/L and the 
within laboratory % CV for the replicates was 12% with the outlier excluded and 83% with the outlier 
included. 
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Labs 5 and 10 analyzed the Microcystin-LR Standard with the Envirologix kit serial number 63098 using 
NRC ELISA standards. For the Microcystin-LR Standard analyzed by Lab 5, microcystin values ranged 
from 3.5 to 4.3 µg/L and the within laboratory % CV for the replicates was 12%. For the Microcystin-LR 
Standard analyzed by Lab 10, microcystin values ranged from 3.1 to 5.0 µg/L and the within laboratory % 
CV for the replicates was 23%. 
  
Labs 6 and 17 analyzed the Microcystin-LR Standard with the Envirologix kit serial number 202608 using 
NRC ELISA standards. For the Microcystin-LR Standard analyzed by Lab 6, microcystin values ranged 
from 2.8 to 4.6 µg/L and the within laboratory % CV for the replicates was 24%. For the Microcystin-LR 
Standard analyzed by Lab 17, microcystin values ranged from 5.5 to 6.5 µg/L and the within laboratory % 
CV for the replicates was 8%. 
  
Labs 3 and 14 analyzed the University of Texas isolate with the Abraxis kit serial number 8K4070 using 
NRC ELISA standards. For the University of Texas isolate analyzed by Lab 3, microcystin values ranged 
from 170 to 200 µg/L and the within laboratory % CV for the replicates was 8%. For the University of Texas 
isolate analyzed by Lab 14, microcystin values ranged from 154 to 262 µg/L and the within laboratory % 
CV for the replicates was 26%. 
  
Labs 5 and 10 analyzed the University of Texas isolate with the Envirologix kit serial number 63098 using 
NRC ELISA standards. For the University of Texas isolate analyzed by Lab 5, microcystin values ranged 
from 100 to 309 µg/L and the within laboratory % CV for the replicates was 49%. For the University of 
Texas isolate analyzed by Lab 10, microcystin values ranged from 99 to 158 µg/L and the within laboratory 
% CV for the replicates was 24%. 
  
Labs 6 and 17 analyzed the University of Texas isolate with the Envirologix kit serial number 202608 using 
NRC ELISA standards. For the University of Texas isolate analyzed by Lab 6, microcystin values ranged 
from 155 to 201 µg/L and the within laboratory % CV for the replicates was 13%. For the University of 
Texas isolate analyzed by Lab 17, microcystin values ranged from 120 to 160 µg/L and the within laboratory 
% CV for the replicates was 16%. 
  
Labs 3 and 14 analyzed the Lake Munson Cultures with the Abraxis kit serial number 8K4070 using NRC 
ELISA standards. For the Lake Munson Cultures analyzed by Lab 3, microcystin values ranged from 900 to 
1100 µg/L and the within laboratory % CV for the replicates was 9%. For the Lake Munson Cultures 
analyzed by Lab 14, microcystin values ranged from 629 to 959 µg/L and the within laboratory % CV for 
the replicates was 17%. 
  
Labs 5 and 10 analyzed the Lake Munson Cultures with the Envirologix kit serial number 63098 using NRC 
ELISA standards. For the Lake Munson Cultures analyzed by Lab 5, microcystin values ranged from 251 to 
714 µg/L and the within laboratory % CV for the replicates was 37%. For the Lake Munson Cultures 
analyzed by Lab 10, microcystin values ranged from 291 to 352 µg/L and the within laboratory % CV for 
the replicates was 8%. 
  
Labs 6 and 17 analyzed the Lake Munson Cultures with the Envirologix kit serial number 202608 using 
NRC ELISA standards. For the Lake Munson Cultures analyzed by Lab 6, microcystin values ranged from 
318 to 488 µg/L and the within laboratory % CV for the replicates was 17%. For the Lake Munson Cultures 
analyzed by Lab 17, microcystin values ranged from 400 to 550 µg/L and the within laboratory % CV for 
the replicates was 14%. 
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Figure 13. ELISA tests with multiple laboratories using kits from the same lot, Prepared Standard. 

 
Figure 14. ELISA tests with multiple laboratories using kits from the same lot, Utex sample. 
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Figure 15. ELISA tests with multiple laboratories using kits from the same lot, Lake Munson sample. 

 
Conclusions 
The intent of this second round robin was to control more aspects of the microcystin analysis than in the previous 
round robin. The expectation was that there would be less variability in the results; however, these controls did not 
reduce the variability. As in the previous round robin, there was a wide variety of results from each sample and the 
variability between laboratories was greater than that within laboratory. The ELISA kit results continue to be the most 
variable. These kits are manufactured with sensitivity to specific congeners. They may also react differently to other 
non-microcystin substances in the water sample.   The results for the LCMS method are much less variable than the 
other methods as a specific congener is being targeted, although some laboratories have much less variability than 
others. With so many potential variants in a sample, it is prohibitively expensive to buy standards for all 80 variants. 
Laboratories have to choose which ones to buy given their budget constraints and knowledge of the site. The PPIA 
results were slightly higher than the LCMS and less variable than the ELISA tests. There were only two laboratories 
that analyzed the samples with the same preparation prior to PPIA, therefore, it is not possible to quantitatively 
compare the variance estimates of the PPIA results to those of the other methods. 
 
Since none of the laboratories reported a false positive for the blank sample, there is confidence that when a method 
reports a positive result, there is microcystin toxin present. The quantification of the amount of toxin is not as reliable. 
It is important to emphasize that none of these methods characterize the entire microcystin community. ELISA kits 
can be used to determine the presence of toxins, especially microcystin-LR. When reliable estimates of how much of 
a particular toxin is needed, LCMS or PPIA methods should be used. 
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Participating Laboratories  
This list is sorted alphabetically and is not the order in 
which the lab letters were assigned.  

 
Agency/University/Lab 
 
Aquatic Ecosystem Management Research 
Canada Centre for Inland Waters 
Environment Canada 
Burlington, Ontario 
 
California Department of Fish and Game 
Fish and Wildlife Water Pollution Control Laboratory 
Rancho Cordova, CA 
 
CH2M HILL Inc 
Applied Sciences Laboratory 
Corvallis, OR 
 
Delaware Dept of Natural Resources and Env. Control 
Environmental Laboratory Section 
Dover, DE 
 
Florida Dept of Environmental Protection 
Bureau of Laboratories 
Tallahassee, FL 
 
Florida Dept of Health 
Bureau of Labs 
Jacksonville, FL 
 
Florida Fish and Wildlife Commission 
Fish and Wildlife Research Institute 
St. Petersburg, FL 
 
Grand Valley State University 
Annis Water Resources Institute 
Muskegon, MI 
 
 
GreenWater Laboratories/CyanoLab 
Palatka, FL 
 
 
 
 
 
 
 
 
 
 

 
 
 
Lake Superior State University 
Department of Chemistry 
Sault Ste. Marie, MI  
 
Manatee County Water Plant QC Lab 
Bradenton, FL 
 
South Florida Water Management District  
Chemistry Lab 
West Palm Beach, FL  
 
State University of New York 
College of Environmental Science and Forestry 
Syracuse, NY 
 
University of California, Davis 
California Animal Health and Food Safety 
Toxicology Lab 
Davis, CA 
 
US Environmental Protection Agency 
Region 9 Lab 
Richmond, CA  
 
U.S. Geological Survey 
Florida Integrated Science Center 
Orlando, FL  
 
U.S. Geological Survey 
Kansas Water Science Center 
Lawrence, Kansas 
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Table 1. Summary Stats Table - Overall Mean, Standard Deviation, % CV and Number of Values for Each Sample  
        
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample Method Mean 
(ug/L) Std Dev % CV  

Number 
of 

values 
(N) 

Std ELISA 4.4† 1.4 31% 47 
Std LCMS 4.2 1.7 40% 21 
Std PPIA 2.9 0.9 30% 12 
Std All Methods 4.1† 1.5 36% 80 

Utex ELISA 177 67 38% 48 
Utex LCMS 70 15 21% 21 
Utex LCMS* 59 9 15% 21 
Utex PPIA 99 15 15% 12 
Utex All Methods 138 71 52% 81 
Utex All Methods* 135 74 55% 81 

Munson ELISA 618 263 43% 60 
Munson LCMS 131 38 29% 28 
Munson LCMS* 85 11 13% 28 
Munson PPIA 313 85 27% 16 
Munson All Methods 440 297 67% 104 
Munson All Methods* 428 310 72% 104 
†-Outlier value from Lab 14 not included       
*-Total LR+RR; other LCMS averages include microcystin desmethyl-LR and 
microcystin desmethyl-RR 
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Table 2. ELISA Results 

 
    *- Outlier      Qualifiers: 

**-Lab 14 Outlier Value Not Included       J - The reported result for this analyte should be considered an estimated value. 
Q11 - The replicate analysis of the sample did not meet QC precision critieria. 
C3 – The initial calibration for this analyte did not meet calibration criteria. (R^2 < 0.985) 

 

Lab Sample Bottle 
Number

Standard used Manufacturer Serial No.
Mono- or 
Polyclonal 
(M or P)

Result 
(ug/L)

Qualifier Average 
(ug/L)

Std 
Dev

%CV

3 Std 4 NRC ELISA dil std Abraxis 8K4070 P 5.0
3 Std 11 NRC ELISA dil std Abraxis 8K4070 P 5.6
3 Std 12 NRC ELISA dil std Abraxis 8K4070 P 4.8 5.1 0.4 4%
4 Std 10 NRC ELISA dil std Abraxis 8K4079 M 6.1
4 Std 11 NRC ELISA dil std Abraxis 8K4079 M 6.0
4 Std 12 NRC ELISA dil std Abraxis 8K4079 M 6.1 6.0 0.1 1%
5 Std 6 Envirologix Kit Std Envirologix 63098 P 3.6
5 Std 7 Envirologix Kit Std Envirologix 63098 P 4.1
5 Std 13 Envirologix Kit Std Envirologix 63098 P 3.4 3.7 0.4 10%
5 Std 6 NRC ELISA dil std Envirologix 63098 P 3.7
5 Std 7 NRC ELISA dil std Envirologix 63098 P 4.3
5 Std 13 NRC ELISA dil std Envirologix 63098 P 3.5 3.8 0.4 12%
6 Std 7 NRC ELISA dil std Envirologix 202608 P 2.8
6 Std 10 NRC ELISA dil std Envirologix 202608 P 4.6
6 Std 13 NRC ELISA dil std Envirologix 202608 P 4.2 3.9 0.9 24%
7 Std 8 NRC ELISA dil std Envirologix 2.1
7 Std 9 NRC ELISA dil std Envirologix 2.3
7 Std 11 NRC ELISA dil std Envirologix 2.0 2.1 0.1 6%
9 Std 1 NRC ELISA dil std Abraxis 520011 P 3.6
9 Std 5 NRC ELISA dil std Abraxis 520011 P 3.6
9 Std 6 NRC ELISA dil std Abraxis 520011 P 3.8 3.7 0.1 3%

10 Std 2 NRC ELISA dil std Envirologix 63098 P 5.0
10 Std 9 NRC ELISA dil std Envirologix 63098 P 3.1
10 Std 13 NRC ELISA dil std Envirologix 63098 P 4.1 4.1 0.9 23%
11 Std 3 Abraxis Standards Abraxis 8K4070 P 2.9 J, C3

11 Std 7 Abraxis Standards Abraxis 8K4070 P 3.3 J, C3

11 Std 13 Abraxis Standards Abraxis 8K4070 P 3.3 J, C3 3.2 0.2 7%
11 Std 3 Envirologix Standards Envirologix 82208 M 5.6 J, Q11

11 Std 7 Envirologix Standards Envirologix 82208 M 6.1
11 Std 13 Envirologix Standards Envirologix 82208 M 5.7 5.8 0.3 5%
11 Std 3 Abraxis Standards Envirologix 82208 M 6.7 J, C3

11 Std 7 Abraxis Standards Envirologix 82208 M 4.5 J, C3

11 Std 13 Abraxis Standards Envirologix 82208 M 7.9 J, C3 6.4 1.7 27%
12 Std 5 NRC ELISA dil std Abraxis 7L3089 P 6.1
12 Std 11 NRC ELISA dil std Abraxis 7L3089 P 4.9
12 Std 12 NRC ELISA dil std Abraxis 7L3089 P 3.6 4.9 1.3 26%
13 Std 3 NRC ELISA dil std Abraxis 8F3616 P 4.4
13 Std 10 NRC ELISA dil std Abraxis 8F3616 P 4.4
13 Std 11 NRC ELISA dil std Abraxis 8F3616 P 5.8 4.9 0.8 17%
14 Std 2 NRC ELISA dil std Abraxis 8K4070 P 5.5
14 Std 6 NRC ELISA dil std Abraxis 8K4070 P 4.6 5.0** 0.6** 12%**
14 Std 11 NRC ELISA dil std Abraxis 8K4070 P 18.9* 9.7 8.0 83%
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Table 2. ELISA Results (continued)  

 
*- Outlier 
**-Lab 14 Outlier Value Not Included   Qualifiers: 

J - The reported result for this analyte should be considered an estimated value. 
C3 – The initial calibration for this analyte did not meet calibration criteria. (R^2 < 0.985) 

Lab Sample Bottle 
Number

Standard used Manufacturer Serial No.
Mono- or 
Polyclonal 
(M or P)

Result 
(ug/L)

Qualifier Average 
(ug/L)

Std 
Dev

%CV

15 Std 3 NRC ELISA dil std Abraxis 8H3850 2.7
15 Std 4 NRC ELISA dil std Abraxis 8H3850 2.1
15 Std 10 NRC ELISA dil std Abraxis 8H3850 3.3 2.7 0.6 21%
17 Std 1 NRC ELISA dil std Envirologix 202608 P 5.5
17 Std 7 NRC ELISA dil std Envirologix 202608 P 6.0
17 Std 8 NRC ELISA dil std Envirologix 202608 P 6.5 6.0 0.5 8%

Std - - - 4.4 1.4 31%
Std - NRC ELISA dil std - 4.3 1.3 30%
Std - - Abraxis 4.4 1.2 28%
Std - - Envirologix 4.5 1.5 35%
Std - - - 6.1 0.9 15%
Std - - - 4.4 1.0 23%

3 Utex 2 NRC ELISA dil std Abraxis 8K4070 P 200
3 Utex 5 NRC ELISA dil std Abraxis 8K4070 P 190
3 Utex 13 NRC ELISA dil std Abraxis 8K4070 P 170 187 15 8%
4 Utex 3 NRC ELISA dil std Abraxis 8K4079 M 144
4 Utex 6 NRC ELISA dil std Abraxis 8K4079 M 143
4 Utex 8 NRC ELISA dil std Abraxis 8K4079 M 149 145 3 2%
5 Utex 1 Envirologix Kit Std Envirologix 63098 P 279
5 Utex 3 Envirologix Kit Std Envirologix 63098 P 229
5 Utex 5 Envirologix Kit Std Envirologix 63098 P 109 206 87 42%
5 Utex 1 NRC ELISA dil std Envirologix 63098 P 309
5 Utex 3 NRC ELISA dil std Envirologix 63098 P 247
5 Utex 5 NRC ELISA dil std Envirologix 63098 P 100 219 108 49%
6 Utex 2 NRC ELISA dil std Envirologix 202608 P 201
6 Utex 6 NRC ELISA dil std Envirologix 202608 P 188
6 Utex 9 NRC ELISA dil std Envirologix 202608 P 155 182 24 13%
7 Utex 2 NRC ELISA dil std Envirologix 92
7 Utex 5 NRC ELISA dil std Envirologix 97
7 Utex 10 NRC ELISA dil std Envirologix 99 96 4 4%
9 Utex 11 NRC ELISA dil std Abraxis 520011 P 180
9 Utex 12 NRC ELISA dil std Abraxis 520011 P 200
9 Utex 13 NRC ELISA dil std Abraxis 520011 P 200 193 12 6%

10 Utex 4 NRC ELISA dil std Envirologix 63098 P 158
10 Utex 6 NRC ELISA dil std Envirologix 63098 P 153
10 Utex 11 NRC ELISA dil std Envirologix 63098 P 99 137 33 24%
11 Utex 5 Abraxis Standards Abraxis 8K4070 P 300 J, C3

11 Utex 9 Abraxis Standards Abraxis 8K4070 P 310 J, C3

11 Utex 10 Abraxis Standards Abraxis 8K4070 P 240 J, C3 283 38 13%
11 Utex 5 Envirologix Standards Envirologix 82208 M 60
11 Utex 9 Envirologix Standards Envirologix 82208 M 120
11 Utex 10 Envirologix Standards Envirologix 82208 M 67 82 33 40%
11 Utex 5 Abraxis Standards Envirologix 82208 M 96 J, C3

11 Utex 9 Abraxis Standards Envirologix 82208 M 140 J, C3

11 Utex 10 Abraxis Standards Envirologix 82208 M 100 J, C3 112 24 22%
12 Utex 6 NRC ELISA dil std Abraxis 7L3089 P 250
12 Utex 7 NRC ELISA dil std Abraxis 7L3089 P 270
12 Utex 9 NRC ELISA dil std Abraxis 7L3089 P 270 263 12 4%
13 Utex 6 NRC ELISA dil std Abraxis 8F3616 P 270

O
ve

ra
ll 

Re
su

lts

All Abraxis Results**
All Envirologix Results

 All Standard ELISA Results**
All NRC STANDARD Results**

All Monoclonal Kit Results (2 labs/9 results)
All Polyclonal Kit Results** (10 labs/32 results)
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Table 2. ELISA Results (continued) 

 
 

Lab Sample Bottle 
Number

Standard used Manufacturer Serial No.
Mono- or 
Polyclonal 
(M or P)

Result 
(ug/L)

Qualifier Average 
(ug/L)

Std 
Dev

%CV

13 Utex 8 NRC ELISA dil std Abraxis 8F3616 P 190
13 Utex 9 NRC ELISA dil std Abraxis 8F3616 P 140 200 66 33%
14 Utex 1 NRC ELISA dil std Abraxis 8K4070 P 154
14 Utex 3 NRC ELISA dil std Abraxis 8K4070 P 233
14 Utex 5 NRC ELISA dil std Abraxis 8K4070 P 262 216 56 26%
15 Utex 2 NRC ELISA dil std Abraxis 8H3850 221
15 Utex 6 NRC ELISA dil std Abraxis 8H3850 161
15 Utex 7 NRC ELISA dil std Abraxis 8H3850 130 171 46 27%
17 Utex 6 NRC ELISA dil std Envirologix 202608 P 120
17 Utex 11 NRC ELISA dil std Envirologix 202608 P 160
17 Utex 12 NRC ELISA dil std Envirologix 202608 P 160 147 23 16%

Utex - - - 177 67 38%
Utex - NRC ELISA dil std - 180 57 32%
Utex - - Abraxis 207 54 26%
Utex - - Envirologix 147 66 45%
Utex - - - 113 34 30%
Utex - - - 203 61 30%

3 Munson 3 NRC ELISA dil std Abraxis 8K4070 P 1100
3 Munson 6 NRC ELISA dil std Abraxis 8K4070 P 940
3 Munson 7 NRC ELISA dil std Abraxis 8K4070 P 1000
3 Munson 9 NRC ELISA dil std Abraxis 8K4070 P 900 985 87 9%
4 Munson 1 NRC ELISA dil std Abraxis 8K4079 M 440
4 Munson 2 NRC ELISA dil std Abraxis 8K4079 M 426
4 Munson 4 NRC ELISA dil std Abraxis 8K4079 M 406
4 Munson 13 NRC ELISA dil std Abraxis 8K4079 M 419 423 14 3%
5 Munson 4 Envirologix Kit Std Envirologix 63098 P 556
5 Munson 9 Envirologix Kit Std Envirologix 63098 P 718
5 Munson 11 Envirologix Kit Std Envirologix 63098 P 608
5 Munson 12 Envirologix Kit Std Envirologix 63098 P 266 537 193 36%
5 Munson 4 NRC ELISA dil std Envirologix 63098 P 595
5 Munson 9 NRC ELISA dil std Envirologix 63098 P 714
5 Munson 11 NRC ELISA dil std Envirologix 63098 P 588
5 Munson 12 NRC ELISA dil std Envirologix 63098 P 251 537 199 37%
6 Munson 3 NRC ELISA dil std Envirologix 202608 P 488
6 Munson 4 NRC ELISA dil std Envirologix 202608 P 431
6 Munson 8 NRC ELISA dil std Envirologix 202608 P 429
6 Munson 11 NRC ELISA dil std Envirologix 202608 P 318 416 71 17%
7 Munson 1 Envirologix

7 Munson 3 Envirologix

7 Munson 7 Envirologix

7 Munson 13 Envirologix

9 Munson 2 NRC ELISA dil std Abraxis 520011 P 850
9 Munson 3 NRC ELISA dil std Abraxis 520011 P 830
9 Munson 8 NRC ELISA dil std Abraxis 520011 P 720
9 Munson 10 NRC ELISA dil std Abraxis 520011 P 770 793 59 7%

10 Munson 1 NRC ELISA dil std Envirologix 63098 P 325
10 Munson 5 NRC ELISA dil std Envirologix 63098 P 291
10 Munson 8 NRC ELISA dil std Envirologix 63098 P 330
10 Munson 10 NRC ELISA dil std Envirologix 63098 P 352 324 25 8%

off scale

O
ve

ra
ll 

Re
su

lts

 All Utex ELISA Results
All NRC STANDARD Results

All Abraxis Results
All Envirologix Results

All Monoclonal Kit Results (2 labs/9 results)
All Polyclonal Kit Results (10 labs/33 results)
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Table 2. ELISA Results (continued) 

 
Qualifiers: 

J - The reported result for this analyte should be considered an estimated value. 
C2 - The reported concentration of this analyte is above the calibration range of the instrument. 
C3 – The initial calibration for this analyte did not meet calibration criteria. (R^2 < 0.985) 

Lab Sample Bottle 
Number

Standard used Manufacturer Serial No.
Mono- or 
Polyclonal 
(M or P)

Result 
(ug/L)

Qualifier Average 
(ug/L)

Std 
Dev

%CV

11 Munson 1 Abraxis Standards Abraxis 8K4070 P 500 J, C3

11 Munson 4 Abraxis Standards Abraxis 8K4070 P 520 J, C2, C3

11 Munson 11 Abraxis Standards Abraxis 8K4070 P 570 J, C2, C3

11 Munson 12 Abraxis Standards Abraxis 8K4070 P 600 J, C2, C3 548 46 8%
11 Munson 1 Envirologix Standards Envirologix 82208 P 430
11 Munson 4 Envirologix Standards Envirologix 82208 P 470
11 Munson 11 Envirologix Standards Envirologix 82208 P 240
11 Munson 12 Envirologix Standards Envirologix 82208 P 130 318 160 50%
11 Munson 1 Abraxis Standards Envirologix 82208 P 380 J, C3

11 Munson 4 Abraxis Standards Envirologix 82208 P 630 J, C3

11 Munson 11 Abraxis Standards Envirologix 82208 P 400 J, C3

11 Munson 12 Abraxis Standards Envirologix 82208 P 280 J, C3 423 148 35%
12 Munson 1 NRC ELISA dil std Abraxis 7L3089 P 1200
12 Munson 2 NRC ELISA dil std Abraxis 7L3089 P 1200
12 Munson 4 NRC ELISA dil std Abraxis 7L3089 P 1200
12 Munson 13 NRC ELISA dil std Abraxis 7L3089 P 1100 1175 50 4%
13 Munson 1 NRC ELISA dil std Abraxis 8F3616 P 690
13 Munson 2 NRC ELISA dil std Abraxis 8F3616 P 620
13 Munson 4 NRC ELISA dil std Abraxis 8F3616 P 740
13 Munson 7 NRC ELISA dil std Abraxis 8F3616 P 580 658 71 11%
14 Munson 7 NRC ELISA dil std Abraxis 8K4070 P 818
14 Munson 8 NRC ELISA dil std Abraxis 8K4070 P 764
14 Munson 12 NRC ELISA dil std Abraxis 8K4070 P 959
14 Munson 13 NRC ELISA dil std Abraxis 8K4070 P 629 793 137 17%
15 Munson 1 NRC ELISA dil std Abraxis 8H3850 770
15 Munson 5 NRC ELISA dil std Abraxis 8H3850 821
15 Munson 12 NRC ELISA dil std Abraxis 8H3850 867
15 Munson 13 NRC ELISA dil std Abraxis 8H3850 925 846 66 8%
17 Munson 3 NRC ELISA dil std Envirologix 202608 P 550
17 Munson 4 NRC ELISA dil std Envirologix 202608 P 500
17 Munson 10 NRC ELISA dil std Envirologix 202608 P 400
17 Munson 13 NRC ELISA dil std Envirologix 202608 P 550 500 71 14%

Munson - - - 618 263 43%
Munson - NRC ELISA dil std - 677 269 40%
Munson - - Abraxis 777 236 30%
Munson - - Envirologix 436 150 34%
Munson - - - 423 14 3%
Munson - - - 616 269 44%O

ve
ra

ll 
Re

su
lts

 All Munson ELISA Results
All NRC STANDARD Results

All Abraxis Results
All Envirologix Results

All Monoclonal Kit Results (1 labs/4 results)
All Polyclonal Kit Results (10 labs/52 results)



 31 of 48 1/30/2013 

Table 3. LCMS Results 

 
Qualifiers:     
J-Estimated value; value not accurate.  

 ND - Not Detected 
 U - Compound was analyzed for but not detected. 

 

   
 

Lab Sample Bottle MC-LR 
(ug/L)

desmethyl 
LR (ug/L)

MC-RR 
(ug/L)

desmethyl-
RR (ug/L)

Total Result 
(ug/L)

Average 
(ug/L)

Std Dev %CV
Total 

LR+RR 
(ug/L)

Average 
(ug/L)

Std Dev %CV

1 Std 9 5.60 1.0 U 5.6 5.6
1 Std 12 4.90 1.0 U 4.9 4.9
1 Std 13 4.80 1.0 U 4.8 5.1 0.4 9% 4.8 5.1 0.4 9%
2 Std 2 3.82 0.5U 0.5U 0.5U 3.82 3.82
2 Std 8 4.02 0.5U 0.5U 0.5U 4.02 4.02
2 Std 10 4.11 0.5U 0.5U 0.5U 4.11 4.0 0.1 4% 4.11 4.0 0.1 4%
3 Std 4 4.30 4.3 4.3
3 Std 11 4.40 4.4 4.4
3 Std 12 4.50 4.5 4.4 0.1 2% 4.5 4.4 0.1 2%
4 Std 10 6.40 6.4 6.4
4 Std 11 6.60 6.6 6.6
4 Std 12 6.40 6.4 6.5 0.1 2% 6.4 6.5 0.1 2%
7 Std 8 3.10 ND ND 3.1 3.1
7 Std 9 3.50 ND ND 3.5 3.5
7 Std 11 3.40 ND ND 3.4 3.3 0.2 6% 3.4 3.3 0.2 6%

16 Std 5 5.20 2.5 U 5.2 5.2
16 Std 9 5.60 2.5 U 5.6 5.6
16 Std 11 3.80 2.5 U 3.8 4.9 0.9 19% 3.8 4.9 0.9 19%
18 Std 2 0.45 0.5 0.5
18 Std 7 1.63 1.6 1.6
18 Std 12 1.04 1.0 1.0 0.6 56% 1.0 1.0 0.6 56%
- Std 4.2 1.7 40% - 4.2 1.7 40%
1 Utex 5 60.00 1.0 U 60 60
1 Utex 7 60.00 1.0 U 60 60
1 Utex 10 66.00 1.0 U 66 62 3 6% 66 62 3 6%
2 Utex 1 54.60 17.00 0.5U 0.5U 71.6 54.6
2 Utex 3 54.70 17.30 0.5U 0.5U 72.0 54.7
2 Utex 9 54.40 17.10 0.5U 0.5U 71.5 72 0 0.4% 54.4 55 0 0%
3 Utex 2 59.00 59 59
3 Utex 5 55.00 55 55
3 Utex 13 55.00 55 56 2 4% 55 56 2 4%
4 Utex 3 72.00 25.40 97.4 72
4 Utex 6 65.00 25.80 90.8 65
4 Utex 8 72.00 25.20 97.2 95 4 4% 72 70 4 6%
7 Utex 2 54.90 11.90 ND 66.8 54.9

All Standard LCMS Results
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Table 3. LCMS Results (continued) 

  
Qualifiers:     
J-Estimated value; value not accurate.  

 ND - Not Detected 
 U - Compound was analyzed for but not detected. 

Lab Sample Bottle MC-LR 
(ug/L)

desmethyl 
LR (ug/L)

MC-RR 
(ug/L)

desmethyl-
RR (ug/L)

Total Result 
(ug/L)

Average 
(ug/L)

Std Dev %CV
Total 

LR+RR 
(ug/L)

Average 
(ug/L)

Std Dev %CV

7 Utex 5 52.90 16.10 ND 69.0 52.9
7 Utex 10 53.60 12.90 ND 66.5 67 1 2% 53.6 54 1 2%

16 Utex 2 34.00 2.5 U 34.0 34
16 Utex 12 70.80 2.5 U 70.8 70.8
16 Utex 13 68.60 2.5 U 68.6 58 21 36% 68.6 58 21 36%
18 Utex 1 55.67 19.22 74.9 55.66884
18 Utex 4 58.99 19.77 78.8 58.98605
18 Utex 6 62.43 19.97 82.4 79 4 5% 62.43481 59 3 6%
- Utex 70 15 21% - 59 9 15%
1 Munson 1 51.00 44 95 95
1 Munson 3 51.00 39 90 90
1 Munson 6 55.00 41 96 93 3 3% 96 93 3 3%
1 Munson 11 51.00 39 90 90
2 Munson 4 52.70 77.20 20.7 48.5J 151 73.4
2 Munson 6 52.20 79.60 20.9 51.3J 153 73.1
2 Munson 12 53.10 79.40 20.5 47.3J 153 73.6
2 Munson 13 52.90 83.20 19.9 46.3J 156 153 2 1% 72.8 73 0 0.5%
3 Munson 3 53.00 37 90 90
3 Munson 6 53.00 37 90 90
3 Munson 7 52.00 39 91 91
3 Munson 9 54.00 39 93 91 1 2% 93 91 1 2%
4 Munson 1 51.20 89.60 38.30 179.1 89.5
4 Munson 2 49.60 87.20 35.80 172.6 85.4
4 Munson 4 54.80 90.80 39.00 184.6 93.8
4 Munson 13 52.80 90.80 38.90 182.5 180 5 3% 91.7 90 4 4%
7 Munson 1 48.50 53.90 25.4 127.8 73.9
7 Munson 3 49.60 58.50 30.9 139.0 80.5
7 Munson 7 49.20 61.40 28.1 138.7 77.3
7 Munson 13 46.80 53.30 26.9 127.0 133 7 5% 73.7 76 3 4%

16 Munson 1 50.80 14.5 65.3 65.3
16 Munson 3 78.10 30.6 108.7 108.7
16 Munson 4 74.50 27.0 101.5 101.5
16 Munson 8 71.30 21.6 92.9 92 19 21% 92.9 92 19 21%
18 Munson 3 53.60 98.85 23.19 175.6 76.79402
18 Munson 9 57.39 99.76 23.22 180.4 80.60614
18 Munson 10 48.40 104.09 19.87 172.4 68.27956
18 Munson 13 61.39 96.95 18.82 177.2 176 3 2% 80.2142 76 6 7%
- Munson 131 38 29% - 85 11 13%All Munson LCMS Results

All Utex LCMS Results
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Table 4. PPIA Results 
 

Lab Sample Bottle 
Number 

Result 
(ug/L) 

Duplicate 
Result in 
ug/L as 

rpt 

Average 
(ug/L) 

Std 
Dev % CV  

5 Std 6 4.22 3.61       
5 Std 7 4.18 4.07       
5 Std 13 4.22 4.36 4.2 0.0 1% 

15 Std 3 1.831168 3.2       
15 Std 3 2.496904 3.1       
15 Std 4 2.001316 3.7       
15 Std 4 2.652884 2.5       
15 Std 10 2.343644 3.0       
15 Std 10 2.474596 2.9 2.3 0.3 14% 
18 Std 2 2.40655 2.32       
18 Std 7 2.889263 2.77       
18 Std 12 3.622758 3.76 3.0 0.6 21% 
- Std All Standard PPIA Results 2.9 1 30% 
5 Utex 1 89.9 112.93       
5 Utex 3 79.66 112.83       
5 Utex 5 97.01 119.22 89 9 10% 

15 Utex 2 101.8066 122       
15 Utex 2 73.98859 113       
15 Utex 6 102.3609 107       
15 Utex 6 94.66748 100       
15 Utex 7 99.64858 112       
15 Utex 7 86.72578 97 93 11 12% 
18 Utex 1 120.0768 118.90       
18 Utex 4 119.8675 117.52       
18 Utex 6 119.0305 126.83 120 1 0% 
- Utex All Utex PPIA Results 99 15 15% 
5 Munson 4 221.33 267.23       
5 Munson 9 226.33 222.61       
5 Munson 11 219.61 218.89       
5 Munson 12 221.33 228.77 222 3 1% 

15 Munson 1 342.8981 375       
15 Munson 1 271.6145 299       
15 Munson 5 349.0638 362       
15 Munson 5 220.8592 318       
15 Munson 12 322.1096 396       
15 Munson 12 238.4989 293       
15 Munson 13 339.1758 315       
15 Munson 13 311.7048 301 299 50 17% 
18 Munson 3 414.4023 497.25       
18 Munson 9 420.5003 545.63       
18 Munson 10 447.8091 491.88       
18 Munson 13 441.202 517.29 431 16 4% 

- Munson All Munson PPIA Results 313 85 27% 
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Table 5. Microcystin Round Robin Analyses and Method Variations Performed by Laboratory 
 

 
ELISA LCMS PPIA 

 
Kit Standard Extraction Method Congeners and Degradation Products Preparation Method 
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N2 blowing 
down to 
dry, re-

constituted 
by 

50%MEOH 
in 1%Acetic 

Acid 

Lyophilization, 
sonication in 

10mL 50% 
methanol 
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Table 6. Calibration Ranges and Dilutions 
 

LAB SAMPLE MIN MAX Dilution MIN MAX Dilution MIN MAX Dilution
Jax Pond 1 200 2
Std 1 200 2
Utex 1 200 2
Munson 1 200 2
Jax Pond 1 200 NR
Std 1 200 NR
Utex 1 200 NR
Munson 1 200 NR
Jax Pond 0 5 No 0.5 50 No
Std 0 5 Yes 0.5 50 No
Utex 0 5 Yes 0.5 50 Yes
Munson 0 5 Yes 0.5 50 Yes
Jax Pond NR NR NR NR NR NR
Std NR NR NR NR NR NR
Utex NR NR NR NR NR NR
Munson NR NR NR NR NR NR

Jax Pond 0.15 5 1 0.4 2.0 & 2.4 1
Std 0.15 5 4 0.4 2.0 & 2.4 10
Utex 0.15 5 200 & 250 0.4 2.0 & 2.4 100
Munson 0.15 5 500 & 1000 0.4 2.0 & 2.4 200

Jax Pond 0.16 2.5 1 0.4 2 1
Std 0.16 2.5 4
Utex 0.16 2.5 200 & 250
Munson 0.16 2.5 500 & 1000 2.4 1
Jax Pond 0.15 2 1
Std 0.15 5 10
Utex 0.15 5 100
Munson 0.15 5 100
Jax Pond 0 2.5 1 1 1000 1
Std 0 2.5 1 1 1000 1
Utex 0 2.5 100 1 1000 1
Munson 0 2.5 >100 1 1000 1
Jax Pond
Std
Utex
Munson
Jax Pond 0.15 3 1
Std 0.15 3 2
Utex 0.15 3 100
Munson 0.15 3 1000
Jax Pond 0.15 2 1
Std 0.15 2 10 & 1000
Utex 0.15 2 100
Munson 0.15 2 10 & 1000

ELISA LCMS PPIA

5

NRC Standard

Envirologix Standard

7

8

9

10

All values are µg/L unless otherwise specified.  NR=Not Reported

1

2

3

4

6
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Table 6. Calibration Ranges and Dilutions (continued) 

LAB SAMPLE MIN MAX Dilution MIN MAX Dilution MIN MAX Dilution

Jax Pond 0 2.5 1
Std 0 2.5 4
Utex 0 2.5 200
Munson 0 2.5 400

Jax Pond 0.15 5 1
Std 0.15 5 1
Utex 0.15 5 100
Munson 0.15 5 100

Jax Pond 0.15 5 1
Std 0.15 5 4
Utex 0.15 5 200
Munson 0.15 5 400
Jax Pond 0.15 5 1
Std 0.15 5 2
Utex 0.15 5 100
Munson 0.15 5 500
Jax Pond 0.15 5 1
Std 0.15 5 10
Utex 0.15 5 100
Munson 0.15 5 1000
Jax Pond 0.18 4.49 1
Std 0.15, 0.18 4.49, 4.68 & 4.84 1, 10 & 100
Utex 0.18 4.68 100

Munson 0.18 4.49 1000

Jax Pond 0.15 5 1 1.5 40 0.3 & 1.0

Std 0.15 5 10 1.5 40 0.5 & 1.0

Utex 0.15 5 100 1.5 40 5 & 10
Munson 0.15 5 200 & 300 1.5 40 10 & 20 
Jax Pond 0.1 10
Std 0.1 10
Utex 0.1 10
Munson 0.1 10
Jax Pond 0 2.5 1
Std 0 2.5 5
Utex 0 2.5 200
Munson 0 2.5 500
Jax Pond 1000 NR 1.1 6 40 1.1
Std 1000 NR 1.1 6 40 1.1
Utex 1000 NR 1.1 6 40 5
Munson 1000 NR 1.1 6 40 34

18

12

13

14

15

16

17

Envirologix Kit with Abraxis Standards

11

All values are µg/L unless otherwise specified.  NR=Not Reported
ELISA LCMS PPIA

Envirologix Kit with Envirologix Standards

Abraxis Kit with Abraxis Standards
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Appendix A.  
Description of standards purchased from the National Research Council Canada (NRC) 
 
NRC CRM-dmMCLR – CERTIFIED REFERENCE MATERIAL – PRE-RELEASE 
This is a standard solution of  [7]desmethyl microcystin-LR (dmMCLR) isolated from a laboratory culture of the algae Microcystis sp. (cf. 
flos-aquae).  The dmMCLR concentration is 9.6 µmol/L in filtered methanol/ water (1:1 v/v).  Each ampoule contains 0.5 mL of the 
standard solution. The ampoules were flame sealed and placed in a small carton. Storage Requirements: Store in the dark in a 
refrigerator at 4 oC Solutions are also stable when stored in a good freezer, one that does not undergo a periodic freeze-thaw cycle 
preferably <-20°C). 
 
 
 
 
NRC CRM-MCLR – CERTIFIED REFERENCE MATERIAL – PRE-RELEASE 
This is a standard solution of  microcystin-LR (MCLR) isolated from a laboratory culture of the algae Microcystis aeruginosa.  The 
MCLR concentration is 10.0 µmol/L in filtered methanol/ water (1:1 v/v).  Each ampoule contains 0.5 mL of the standard solution. The 
ampoules were flame sealed and placed in a small carton. Storage Requirements: Store in the dark in a refrigerator at 4 oC Solutions 
are also stable when stored in a good freezer, one that does not undergo a periodic freeze-thaw cycle (preferably <-20°C). 
 
 
 
 
NRC CRM-MCRR – CERTIFIED REFERENCE MATERIAL – PRE-RELEASE 
This is a standard solution of  microcystin-RR (MCRR) isolated from a laboratory culture of the algae Anabaena sp.  The MCRR 
concentration is 9.83 µmol/L in filtered methanol/ water (1:1 v/v).  Each ampoule contains 0.5 mL of the standard solution. The 
ampoules were flame sealed and placed in a small carton. Storage Requirements: Store in the dark in a refrigerator at 4 oC Solutions 
are also stable when stored in a good freezer, one that does not undergo a periodic freeze-thaw cycle (preferably <-20°C). 
 
 
 
 
NRC CRM-NODR – CERTIFIED REFERENCE MATERIAL – PRE-RELEASE 
This is a standard solution of  nodularin-R (NODR) isolated from a laboratory culture of the algae Nodularia sp.  The NODR 
concentration is 12.1 µmol/L in filtered methanol/ water (1:1 v/v).  Each ampoule contains 0.5 mL of the standard solution. The 
ampoules were flame sealed and placed in a small carton. Storage Requirements: Store in the dark in a refrigerator at 4 oC Solutions 
are also stable when stored in a good freezer, one that does not undergo a periodic freeze-thaw cycle (preferably <-20°C). 
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Appendix B.  
 

Standard Operating Procedure - Preparation of BG-11 Medium Stock Solutions, Medium and Agar Plates 
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Appendix C.  
Standard Operating Procedure – Culture of Microcystis aeruginosa Stocks 
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