
ISSC Method Application Format for Biotoxin Methods: Method Modification 

Critical Information: 
Applicants shall attach all procedures, with materials, methods, calibrations and interpretations 
of data with the request for review and potential approval by the ISSC. The ISSC also 
recommends that submitters include peer-reviewed articles of the procedure (or similar 
procedures from which the submitting procedure has been derived) published in technical 
journals with their submittals. Methods submitted to the ISSC Laboratory Committee for 
acceptance will require, at a minimum, 6 months for review from the date of submission. 

Note: 
The applicant should provide all information and data identified above as well as the following 
material, if applicable: 

Method Overview

Name of the New Method: 
Modified Application of Receptor Binding Assay to Mussels Monitoring for Paralytic Shellfish 
Poison using Porcine Brain Membrane Preparation 

Specify the Type of Method (e.g., Chemical, Molecular, or Culture): 
Molecular. The RBA is a functional assay, whereby toxins present in the standard/sample bind 
to sodium channel preparations in the assay. Radiolabeled toxins are added to solution to 
compete with toxins present in the standard/sample for binding sites, and thus a decrease in 
signal from radiolabeled toxins represents a higher standard/sample concentration. This 
competitive RBA allows for quantitation that directly relates to the composite toxicity of the 
sample. 

Name of Method Developer / Submitter: 
Shelley Lankford, Washington State Department of Health Public Health Laboratories, Biotoxin 
Laboratory and WA DOH Shellfish Program 

Tod Leighfield & Kelly Cusick, NOAA, National Ocean Service, Hollings Marine Lab 

Developer / Submitter Contact Information [e.g., Address and Phone Number(s)]: 
Shelley Lankford, Washington State Department of Health Public Health Laboratories, Biotoxin 
Laboratory and WA DOH Shellfish Program 

Tod Leighfield: 331 Fort Johnson Rd, Charleston, SC 29412 and 843-580-8154 

Date of Submission: 
September 26th, 2026  

Purpose and Intended Use of the Method: 
The receptor binding assay (RBA) is intended for use as an NSSP Approved Method for the 
quantitative assessment of paralytic shellfish poison (PSP) in mussels using porcine brain 
membrane preparation. The application of this project is specifically intended for use in 
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regulatory laboratory settings. The RBA as described herein serves as an alternative to the rat 
brain membrane preparation in these applications by utilizing commercially available porcine 
brain, which is a readily available byproduct of the food industry. The assay achieves a reliable 
measure of integrated toxicity with high throughput, while successfully eliminating the need for 
dedicated sourcing of rat brains and the need for local laboratory animal euthanasia, this reduces 
preparation effort and costs.  
 
Need for the New Method in the NSSP, Noting Any Relationships to Existing Methods: 
There is an acknowledged need for this method in the NSSP. Even though the MBA, PCOX, and 
RBA methods have been respectively NSSP Approved and Approved for Limited Use, there 
remains a need for the proposed method. The RBA would provide an alternative to (1) the MBA, 
which uses live animals, (2) the PCOX method, which requires costly equipment and skilled 
personnel and offers low throughput, (3) the RBA method, which requires direct laboratory 
animal euthanasia to prepare rat brain receptors and also results in higher preparation costs. 
 
Method Limitations and Potential Indications of Cases Where the Method May Not Be 
Applicable: 
n/a 
 
Other Comments 

Method Documentation 

Method Title: 
Modified Application of a Receptor Binding Assay to Mussels Monitoring for Paralytic 
Shellfish Poison using Porcine Brain Membrane Preparation 
Method Scope: 
The RBA provides a high throughput, sensitive, accurate, quantitative assay for PSP toxins in 
shellfish. The method is being submitted for consideration as an NSSP Approved Method for the 
purposes of screening for PSP toxicity using porcine brain homogenate as the receptor source 
instead of rat brain homogenate.  
 
References: 
Van Dolah et al. 2009. Single-laboratory validation of the microplate receptor binding assay for 
paralytic 
shellfish toxins in shellfish. Journal of AOAC International 92(6): 1705-1713. See Appendix II. 
 
Van Dolah et al. 2012. Determination of paralytic shellfish poisoning toxins in shellfish by 
receptor binding assay: Collaborative study. Journal of AOAC International 95(3): 795-812. See 
Appendix III. 
 
OMA 2011.27. AOAC Official Method 2011.27 Paralytic shellfish toxins (PSTs) in shellfish, 
receptor binding assay. In Official Methods of Analysis of AOAC International. 
http://www.eoma.aoac.org. See Appendix IV.  
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Principle:  
This PSP receptor binding assay is based on the interaction between the toxins and their native 
receptor, the voltage-gated sodium channel. All paralytic shellfish toxins (PSTs) bind to site 1 of 
the voltage-gated sodium channels relative to their affinity to the channel (receptor). These 
affinities are a primary driver of in vivo toxicity and the read-out of the RBA, results in a 
measure of integrated potency (independent of knowing which toxin congeners are present) 
similar to mouse intraperitoneal potency. In the RBA, tritiated saxitoxin (3H-STX) competes 
with unlabeled PSTs in a shellfish extract for a finite number of available receptor sites in a 
brain membrane preparation. After a binding equilibrium is reached, unbound 3H-STX is 
removed by filtration and the remaining 3H-STX is measured with a scintillation counter 
(measured as counts per minute or CPM). The amount of 3H-STX present is indirectly related to 
the quantity of unlabeled PSTs in the sample. This output is compared to a standard curve 
prepared from saxitoxin dihydrochloride and is reported at saxitoxin dihydrochloride equivalents 
agnostic to the specific PSP congener composition of the extract.  
 
Analytes/Measurands: 
The target analytes are paralytic shellfish toxins (PSTs), with NIST Saxitoxin Dihydrochloride 
(RM 8642a) serving as the certified reference standard for generating calibration curves and 
spikes for shellfish samples.  
 
The target measurand includes mussels, including blue mussels (Mytilus edulis) and California 
mussels (Mytilus californianus)  
 
Proprietary Aspects: 
None. All reagents can be prepared or purchased. 
 
Equipment: 
(Provide a list of specialized equipment needed to perform the method.) 
The following list identifies the equipment and supplies needed for conducting the RBA. 
 
For the assay: 
(a) Microplate Scintillation counter suitable for measuring low counts of tritium (<1000dpm) 
(e.g. MicroBeta from Revvity) 
(b) An 8-channel pipettor (5-200 µl variable volume and disposable tips) 
(c) Micropipettors (1-1000 µl variable volumes and disposable tips) 
(d) 96-well microtitre filter plate (1 µm pore size type GF/B glass fiber filter/0.65 µm pore size 
Durapore support membrane (MilliporeSigma; Cat. No. MSFB N6B 50) 
(e) MultiScreen vacuum manifold (MilliporeSigma; Cat. No. NSVMHTS00) 
(f) Vacuum pump 
(g) Centrifuge tubes (15 and 50 ml, conical, plastic) 
(h) Mini dilution tubes in 96-tube array 
(i) Reagent reservoirs 
(j) Ice bucket and ice 
(k) Vortex mixer 
(l) Sealing tape (Millipore; Cat. No. MATA HCL00) 
(m) Volumetric flask or graduated beaker (1 L) (for buffer preparation) 
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(n) -80 °C freezer 
(o) Refrigerator 
(p) pH meter (for buffer preparation) 
 
For sample extraction: 
(q) Blender or homogenizer for sample homogenization 
(r) Pipets 
(s) Centrifuge tubes (15 ml, conical, plastic) 
(t) pH meter or pH paper 
(u) Hot plate or water bath 
(v) Graduated centrifuge tubes (15 ml) 
(w) Centrifuge and rotor for 15 ml tubes 
 
Reagents: 
(Provide a list of specialized chemicals, reagents, etc. needed to perform the method.) 
For the assay: 
(a) STX diHCl standards (NIST RM 8642a; National Institute of Standards and Technology; 
www.nist.gov) [This is the same standard used for the MBA] 
(b) 3H-STX (0.05 mCi per ml, ≥10 Ci per mmol, ≥90% radiochemical purity; American 
Radiolabeled Chemicals, St. Louis, MO) 
(c) 3-Morpholinopropanesulfonic acid (MOPS; Sigma; St. Louis, MO; Cat. No. M3183-500G 
[or equivalent]) 
(d) Choline chloride (Sigma; Cat. No. C7527-500G [or equivalent]) 
(e) ultrapure water (MilliQ or equivalent) 
 
For microplate counter only: 
(f) Ultima Gold liquid scintillation cocktail (Revvity.; Waltham, MA; Cat. No. 6013321 [or 
equivalent]) 
 
For sample extraction: 
(g) Hydrochloric acid (HCl; 1.0 and 0.1 N) 
(h) Sodium hydroxide (0.1 N) 
(i) Water (distilled or deionized [18 µΩ]) 
 
Media: 
None. 
 
Matrix or Matrices of Interest: 
Mussels: Blue mussel (Mytilus edulis) and California mussel (Mytilus californianus) 
 
Sample Collection, Preservation, Preparation, Storage, Cleanup, etc. 
A representative shellfish sample should include 12 market size organisms pooled together 
(should be at least 100 g). Clean the outside of shellfish with running tap water. Open the shell 
by cutting into the adductor muscle, being careful to not cut or damage the viscera. 
Rinse the inside to remove sand and dirt and remove tissue from ~12 organisms. Collect the 
tissue on a number 10 sieve and allow to drain for ~5 minutes. Remove any obvious pieces of 
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shell or debris. Transfer meat to blender or homogenizer and blend until homogeneous. This 
homogenate is then extracted for toxins. For the detailed sample extraction procedure see 
Sample Extraction in Appendix A. Shellfish homogenates must be tested immediately or stored 
frozen prior to analysis. Saxitoxin standards must be stored refrigerated and 3H-STX must be 
stored at -70 °C. The rat brain preparation can be produced in bulk, partitioned into aliquots, and 
stored long-term at -70 °C until use. 
 
Safety Requirements: 
(Describe the safety measures, beyond those of routine laboratory practices, required to perform the 
method, including personal protective equipment, fume hoods, etc.)  
General safety requirements (e.g., personal protective equipment including gloves, safety 
glasses, and laboratory coat) for working with toxins, biological reagents, and low-level 
radioactive material must be followed. Users must be trained in and follow all in-house safety 
procedures for working with toxins and radiolabeled materials. Although low levels of radiation 
are used for this assay, sometimes under an NRC exemption clause for the ARC sourced 
3HSTX, users must follow all local, state and federal laws and procedures regarding the receipt, 
use, and disposal of radioisotopes. Please see Appendix B for further safety requirements. 
 
Other Information (Cost of the Method, Special Technical Skills Required to Perform the 
Method, Special Equipment Required and Associated Cost, Abbreviations and Acronyms 
Defined and Details of Turn Around Times [Time Involved to Complete the Method]): 
 
The estimated cost per 96-well plate assay is ~$235. Including standards and samples with 
triplicate measurements (as well as three dilutions per sample [ranging from 3.5-600 µg STX eq 
100 g-1] to ensure the unknown samples fall within linear range of assay), the cost per sample 
for quantitation would be ~$35. If running multiple plates or in screening mode, sample costs 
would be reduced. A microplate scintillation counter is needed and the cost is ~$70-250K for a 
new counter, depending on the brand and number of simultaneous detectors. However, used 
instruments can be purchased for ~$13K. 
 
Microplate scintillation counting provides the ability to test multiple samples simultaneously 
with a turnaround time for data in approximately 3 hours. Up to four plates per analyst are 
possible in one day, yielding a throughput of at least 36 samples per day. 
 
Test Procedures, (Be Specific and Provide Easy-to-Follow Step-by-Step Procedures and 
indicate critical steps.): 
 
The protocol is very clear and easy to follow. Please see the detailed protocol below in Appendix 
A. 
 
Quality Control (Provide Specific Steps): 
Quality control steps are in place to determine if assay results are acceptable:  
 
(a) The slope of the standard curve must be between - 0.8 and -1.2 (theoretical slope is -1). If the 
slope of a standard curve from a given assay falls outside of this range, the data should be 
considered unacceptable and the assay must be rerun.  
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(b) The RSDs of triplicate counts per minute (CPMs) for the standards must be below 30%.  
 
(c) If the IC50 (inhibitory concentration at which CPM is 50% max) is out of the acceptable 
range (1.75 nM  30%), the data should be considered unacceptable and the assay should be 
rerun.  
 
(d) A QC sample should always be included on each plate and found to be in range. Typically, a 
1.8 x 10-8 M STX concentration (3 nM STX in-well concentration) is run as a QC and the 
measured value should be within 30% of the expected concentration. Results outside of this 
range should trigger consideration of assay acceptance. The following criteria must be met to 
accept sample measurement:  
 
(e) For sample measurement, quantitation should only be done on sample dilutions that fall 
within the linear range. As such, binding (B, measured as counts per minute) scaled by the 
maximum binding (B0) should be between 0.2-0.7 for sample quantitation to be performed (any 
sample falling outside of this range is considered out of the dynamic range). If B/B0  0.7, the 
concentration is too low to be quantified and should be reported as below the limit of detection 
(LOD). If B/B0  0.2, the sample should be diluted and rerun if quantitation is needed.  
 
(f) The RSDs for the sample CPMs should be  30%. These quality control criteria are also 
stated in section H in Appendix IV. 
 
(g) The calculated ‘top’ value (0 nM STX in-well concentration) must be greater than 1,000 
CPM. This threshold is required to maintain an adequate signal-to-noise ratio and a sufficient 
dynamic range, both of which are essential for accurate curve fitting and reliable IC50 
determination. 
 
Validation Criteria (Include Accuracy / Trueness, Measurement Uncertainty, Precision 
[Repeatability and Reproducibility], Recovery, Specificity, Working and Linear Ranges, 
Limit of Detection, Limit of Quantitation / Sensitivity, Ruggedness, Matrix Effects and 
Comparability (if intended as a substitute for an established method accepted by the 
NSSP). 
 
Please see below for Specificity, Ruggedness, and Comparability results. 
 
Data and Statistical Analyses Performed for Each Validation Criterion Tested (Be Specific 
and Provide Clear Easy-to-Follow Step-by-Step Procedures.). 
 
Please see below for SOP 1, 2, and 3 for data and statistical analyses completed for Specificity, 
Ruggedness, and Comparability, respectively. 
 
Calculations and Formulas Used for Each Validation Criterion Tested. 
 
Please see below for calculations and formulas used for Specificity, Ruggedness, and 
Comparability criterions. 
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Results for Each Validation Criterion Tested. 
 
Please see below for results for Specificity, Ruggedness, and Comparability criterions. 
 
Discussion of Each Validation Criterion Tested. 
 
Please see below for discussion for Specificity, Ruggedness, and Comparability criterions. 
 
Summary of Results. 
 
This validation study evaluates replacing the standard rat brain membrane preparation with a 
commercially prepared porcine brain membrane preparation in the Receptor Binding Assay 
(RBA) for Paralytic Shellfish Toxins (PSTs). Across 120 paired naturally incurred mussel 
samples, the porcine preparation demonstrated near-perfect correlation with the rat preparation 
(R2 = 0.99). Although a standard paired t-test detected a minor systematic offset where the rat 
preparation read 5.7% higher on average (+0.024 log units), a Two One-Sided Test (TOST) 
confirmed that this difference falls cleanly within the predefined biological equivalence bounds 
of ±20%. Furthermore, the assay proved highly rugged against routine batch-to-batch reagent 
variation (t(9)= -0.254, p > 0.05) and demonstrated high specificity, showing no significant 
interference in the presence of co-occurring domoic acid (SIavg = 1.01, p > 0.05). 
 

 
Additional Requirement: 
If a laboratory method is found acceptable for use in the National Shellfish Sanitation Program 
and adopted by the Interstate Shellfish Sanitation Conference, the method submitter will draft a 
laboratory checklist that can be used to evaluate laboratories performing their procedure. The 
checklist will be submitted to the ISSC and reviewed by the Laboratory Quality Assurance 
Committee for Conference approval as a modified version of the existing checklist.  
 
(For guidance: refer to the checklists in the National Shellfish Sanitation Program Guide for the 
Control of Molluscan Shellfish 2017, Guidance Documents, Chapter II – Growing Areas, .15 
Evaluation of Laboratories by State Laboratory Evaluation Officers Including Laboratory 
Evaluation 
Checklists.) 
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Background: 

This submission follows the proposal for extending the Receptor Binding Assay (RBA) to 
multiple shellfish matrices. The current RBA method uses a rat brain membrane preparation; the 
proposed method modification replaces the rat brain membrane with a porcine brain membrane 
preparation. The use of porcine brain membrane homogenate also offers both economic and 
operational advantages over the current rat brain preparation, provided the porcine preparation 
demonstrates comparable assay performance. Based on the current testing volume of 
approximately 1,500 samples over six months at the Washington State Department of Health 
(WADoH), the porcine preparation costs approximately $0.50 per sample compared with 
approximately $1.00 per sample for the rat preparation, resulting in an estimated direct savings 
of $750 over six months. Importantly, the $1.00 per-sample cost for the rat preparation accounts 
only for direct material costs, including MOPS, rat brains, cryovials, PMSF, and choline 
chloride, and does not include additional labor, equipment use, consumables, or time required to 
prepare the rat brain homogenate. In contrast, the commercially prepared porcine brain 
membrane homogenate substantially reduces the preparation burden and has the potential to 
provide greater consistency and standardization while reducing dependence on animal sourcing 
and in-house tissue preparation. Therefore, if the porcine preparation demonstrates comparable 
receptor-binding performance, sensitivity, precision, and QC results to the rat preparation, its use 
represents a more cost-effective, deployable, and operationally efficient approach for routine 
PSP testing while maintaining the analytical purpose and performance of the RBA. 

A total of 641 mussel samples were collected for this project, including both samples with 
little to no detectable PSP-toxins and with PSP-toxins detected using the mouse bioassay (MBA). 
The ‘blank’ materials used in the study contained very low, but still detectable, PSP-like activity, 
ranging from less than 2 µg STX/100 g of shellfish tissue to approximately 10 µg STX/100 g of 
shellfish tissue. Initial screening using the MBA (limit of detection ~40 µg STX/100g of 
shellfish tissue) identified negative samples, which were subsequently re-screened using a 
modified RBA with a lower limit of detection of ~2 µg STX/100 g. To achieve the required 
quantity for the validation study, the identified ‘blank’ materials were combined to produce the 
11 homogenates with 41 sub-aliquots needed for spikes at 1/2x 1x, and 2x the regulatory limit 
(80 ug STX/100 g of shellfish tissue) for the shellfish matrix as shown in the study design 
(Figure 1). The ‘blank’ sample for each homogenate served as a reference blank to be subtracted 
from the spiked sub-aliquots after performing RBA to ensure accuracy in measured spiked 
samples (RBA-Blank)  

In total, 403 of 641 PSP samples were below the MBA’s limit of detection from Washington 
state and were re-screened using a modified extraction procedure (0.5 g sample + 0.5 mL 0.1 N 
HCl) (Figure 2). For the study, 17 samples were selected for inclusion. While 396 samples were 
not used for the study, but they are currently being stored in the NOAA Hollings Marine 
Laboratory’s freezer inventory for future studies (Charleston, SC).  
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Figure 1. Method Modification study design showing allocation of 121 samples for mussels to meet three 
validation data criteria: ruggedness (blue), specificity (orange), and comparability (green). 
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Figure 2. A total of 403 samples from mussel matrix that tested negative for toxins using the MBA (limit 
= 45 µg STX/100 g shellfish tissue) were re-screened with a modified RBA to identify “blank” samples 
for spiking in homogenates for the Method Modification study. Average PST values (indicated by the red 
dashed line) for mussels is 9.1 µg STX/100 g shellfish tissue. Only 17 samples were selected and used for 
the study (blue), while the remaining samples (n= 396; yellow) are stored at the Hollings Marine 
Laboratory, Charleston, SC.  
 

Samples were collected across Washington State over various harvest days, locations, 
and calendar seasons. Seasons were defined as follows: Spring (March 20–June 20), Summer 
(June 21–September 21), Fall (September 22–December 20), and Winter (December 21–March 
19). To obtain the required tissue weight for each homogenate, multiple individual samples 
collected within 30-days in the same season were combined prior to spiking. Meeting the 
requested sample size for each season to satisfy the comparability criteria for naturally incurred 
PSP positive samples was challenging because PSP levels during the winter season were 
consistently below the MBA limit of detection and therefore unavailable to use for this study. 
For this study, 120 samples were collected and analyzed, including 87 summer, 20 fall, 13 
spring, and 0 winter samples. Although the target of 30 paired samples per season was not 
achieved, the overall sample-size requirement was met. The seasonal imbalance was attributable 
to the naturally occurring distribution of PSP and the associated limitations in obtaining spring, 
fall, and winter samples, rather than insufficient sample effort. The available samples provide 
broad representation across harvest dates, location, and seasons and are considered adequate to 
evaluate the conditions relevant to the comparability criteria (Table 1).  
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Table 1. Summary of mussel tissue samples (blue mussels and California mussels) collected across 
Washington sites from 2019 to 2025, categorized by group, location, and season. Group letter represents 
the spiked samples while group number represents the naturally incurred samples. 
 

Group 
Letter/ 

Number 
Shellfish Matrix Location 

Collection 
Date 

Season 

A blue mussel South King County, King 6/23/2023 Summer 
B blue mussel Port Ludlow, Jefferson 5 & 6/2023 Spring 
C blue mussel Possession Sound, Snohomish 5 & 6/2023 Spring 

D blue mussel Nisqually Reach, Thurston 5 & 6/2023 Spring 

E blue mussel Narrows, Pierce 6/1//2023 Spring 

F blue mussel West Bainbridge, Kitsap 6/22/2023 Summer 

G blue mussel Sinclair Inlet, Kitsap 6/22/2023 Summer 

H blue mussel Budd Inlet, Thurston 6/23//2023 Summer 

I blue mussel North King County, King 6/23/2023 Summer 

J blue mussel Liberty Bay, Kitsap 6/21/2023 Summer 

K blue mussel Case Inlet, Mason 5-6/2023 Spring 

  21-1 blue mussel Kingston Mariana, Kitsap 8/4/2025 Summer 

  62-1 blue mussel Discovery Bay, Jefferson 7/30/2025 Summer 

  67-1 blue mussel Ediz Hook, Clallam 7/16/2025 Summer 

  71-1 blue mussel Fossil Bay, San Juan 8/7/2024 Summer 

  72-1 blue mussel Semiahmoo Mariana, Whatcom 5/21/2024 Spring 

  73-1 California mussel Freshwater Bay, Clallam  8/6/2024 Summer 

  74-1 California mussel Grays Harbor Coast, Grays Harbor 5/22/2024 Spring 

  75-1 blue mussel Fossil Bay, San Juan 7/23/2024 Summer 

  76-1 California mussel Clallam Bay, Clallam 7/8/2024 Summer 

  77-1 blue mussel Port Ludlow, Jefferson 7/1/2024 Summer 

  78-1 blue mussel Sequim Bay, Clallam 8/26/2024 Summer 

  79-1 blue mussel Cape George, Clallam 6/25/2024 Summer 

  80-1 blue mussel Anacortes Marina, Skagit 7/17/2024 Summer 

  81-1 blue mussel Bellingham Bay, Whatcom 6/19/2024 Spring 

  82-1 California mussel Long Beach, Pacific 6/10/2024 Spring 

  83-1 blue mussel Silverdale, Kitsap 10/21/2024 Fall 

  84-1 California mussel South Jetty, Grays Harbor 6/6/2024 Spring 

  85-1 California mussel Mocrocks Area, Grays Harbor 6/2/2024 Spring 

  86-1 blue mussel Squalicum Harbor, Whatcom 10/21/2024 Fall 

  87-1 blue mussel Sequim Bay, Clallam 10/28/2024 Fall 

  88-1 blue mussel Ediz Hook, Clallam 11/6/2024 Fall 

  89-1 California mussel Neah Bay, Clallam 10/28/2024 Fall 

  90-1 California mussel South Jetty, Grays Harbor 5/30/2024 Spring 

  91-1 blue mussel Sequim Bay, Clallam 11/4/2024 Fall 

  92-1 California mussel Willapa Bay, Pacific 6/5/2024 Spring 

  93-1 California mussel Makah Bay, Clallam 6/11/2024 Spring 
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  94-1 blue mussel Rosario Point, San Juan 10/16/2024 Fall 

  95-1 California mussel Neah Bay, Clallam  11/12/2024 Fall 

  96-1 blue mussel Rosario Point, San Juan 12/2/2024 Fall 

  97-1 blue mussel Squalicum Harbor, Whatcom 6/10/2024 Spring 

  98-1 blue mussel Poulsbo Marina, Kitsap 8/4/2025 Summer 

  99-1 blue mussel EPA Lab Dock, Kitsap 8/4/2025 Summer 

  100-1 blue mussel Penn Cove, Island 7/28/2025 Summer 

  101-1 blue mussel Utsalady Bay, Island 7/27/2025 Summer 

  102-1 blue mussel Brownsville, Kitsap 7/14/2025 Summer 

  103-1 blue mussel South Egler Bay, Island 7/16/2025 Summer 

  104-1 blue mussel Dockton, King 7/28/2025 Summer 

  105-1 blue mussel Ediz Hook, Clallam 7/31/2025 Summer 

  106-1 blue mussel Dockton, King 7/2/2025 Summer 

  107-1 blue mussel Port Orchard Marina, Kitsap 8/11/2025 Summer 

  108-1 blue mussel Silverdale, Kitsap 8/4/2025 Summer 

  109-1 blue mussel Utsalady Bay, Island 8/6/2025 Summer 

  110-1 blue mussel Quartermaster Harbor, King 8/4/2025 Summer 

  111-1 blue mussel Port Washington Marina, Kitsap 8/11/2025 Summer 

  112-1 blue mussel Kingston Marina, Kitsap 7/15/2025 Summer 

  113-1 blue mussel Gig Harbor, Pierce 8/7/2025 Summer 

  114-1 blue mussel Poulsbo Marina, Kitsap 7/14/2025 Summer 

  115-1 blue mussel Poulsbo Marina, Kitsap 7/28/2025 Summer 

  116-1 blue mussel South Egler Bay, Island 7/28/2025 Summer 

  117-1 blue mussel Brownsville, Kitsap 7/28/2025 Summer 

  118-1 blue mussel Brownsville, Kitsap 8/4/2025 Summer 

  119-1 blue mussel Penn Cove, Island 8/3/2025 Summer 

  120-1 California mussel Bay Center Dock, Pacific 7/2/2025 Summer 

  121-1 blue mussel Discovery Bay, Jefferson 8/4/2025 Summer 

  122-1 blue mussel Kingston Marina, Kitsap 7/28/2025 Summer 

  124-1 blue mussel Penn Cove, Island 7/24/2025 Summer 

  126-1 blue mussel South Lopez, San Juan 8/9/2024 Summer 

  127-1 blue mussel President Channel, San Juan 8/9/2024 Summer 

  128-1 blue mussel President Channel, San Juan 8/23/2024 Summer 

  129-1 blue mussel Kingston, Kitsap 9/12/2023 Summer 

  130-1 California mussel East Straits, Clallam 8/21/2024 Summer 

  131-1 blue mussel Sequim Bay, Clallam 9/18/2024 Summer 

  132-1 blue mussel Port Susan, Island 8/22/2024 Summer 

  133-1 blue mussel East Bainbridge, Kitsap 6/18/2024 Spring 

  134-1 blue mussel West Fidalgo Island, Skagit 7/25/2024 Summer 

  135-1 California mussel Oregon 6/25/2024 Summer 

  136-1 blue mussel Port Townsend, Jefferson 8/28/2024 Summer 

  138-1 blue mussel Sequim Bay, Clallam 9/8/2023 Summer 

  139-1 blue mussel Lopez Sound, San Juan 8/23/2024 Summer 
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  140-1 blue mussel West Sound, San Juan 8/23/2024 Summer 

  141-1 blue mussel Kilisut Harbor, Jefferson 7/26/2024 Summer 

  142-1 blue mussel Kilisut Harbor, Jefferson 8/28/2024 Summer 

  143-1 blue mussel Hood Canal #3, Jefferson 8/27/2024 Summer 

  144-1 blue mussel Penn Cove, Island  8/19/2024 Summer 

  145-1 blue mussel Birch Bay, Whatcom 8/7/2024 Summer 

  146-1 blue mussel Saratoga Passage, Island 8/29/2024 Summer 

  147-1 blue mussel Eagle Harbor, Kitsap 7/14/2025 Summer 

  148-1 blue mussel Sequim Bay, Clallam  9/7/2022 Summer 

  149-1 blue mussel Kingston, Kitsap 8/19/2024 Summer 

  150-1 blue mussel Sequim Bay, Clallam 10/25/2022 Fall 

  151-1 blue mussel Sequim Bay, Clallam 8/27/2024 Summer 

  152-1 California mussel Clallam Coast, Clallam 10/1/2019 Fall 

  153-1 blue mussel Sequim Bay, Clallam 10/18/2022 Fall 

  154-1 blue mussel Port Susan, Island 8/1/2024 Summer 

  155-1 blue mussel Saratoga Passage, Island 8/5/2024 Summer 

  156-1 blue mussel Sequim Bay, Clallam 9/11/2023 Summer 

  157-1 blue mussel Saratoga Passage, Island 8/14/2024 Summer 

  158-1 blue mussel Liberty Bay, Kitsap 9/30/2019 Fall 

  159-1 blue mussel Bellingham Bay, Whatcom 6/19/2024 Spring 

  160-1 blue mussel Port Ludlow, Jefferson 8/30/2021 Summer 

  161-1 blue mussel Sequim Bay, Clallam 10/25/2022 Fall 

  162-1 blue mussel Sequim Bay, Clallam 8/23/2021 Summer 

  163-1 blue mussel Discovery Bay, Jefferson 7/30/2024 Summer 

  164-1 blue mussel Penn Cove, Island  7/17/2025 Summer 

  165-1 blue mussel Saratoga Passage, Island 7/23/2024 Summer 

  166-1 blue mussel Lopez Sound, San Juan  7/23/2024 Summer 

  167-1 blue mussel Sequim Bay, Clallam 9/15/2022 Summer 

  168-1 blue mussel Kingston, Kitsap 9/18/2023 Summer 

  169-1 blue mussel San Juan Channel, San Juan 8/22/2024 Summer 

  170-1 blue mussel Kilisut Harbor, Jefferson  8/19/2024 Summer 

  171-1 blue mussel West Fidalgo Island, Skagit 9/3/2024 Summer 

  172-1 blue mussel Kingston, Kitsap 9/13/2021 Summer 

  173-1 blue mussel Kingston, Kitsap 8/12/2024 Summer 

  176-1 blue mussel Sequim Bay, Clallam 10/1/2019 Fall 

  177-1 blue mussel Liberty Bay, Kitsap 8/14/2023 Summer 

  178-1 blue mussel Sequim Bay, Clallam 10/2/2019 Fall 

  179-1 blue mussel Bellingham Bay, Whatcom 8/29/2024 Summer 

  180-1 California mussel Grays Harbor Coast, Grays Harbor 8/3/2023 Summer 

  181-1 blue mussel Discovery Bay, Jefferson 10/4/2021 Fall 

  182-1 blue mussel Port Ludlow, Jefferson 6/5/2023 Spring 

  183-1 blue mussel Sequim Bay, Clallam 9/23/2024 Fall 

  184-1 blue mussel Port Ludlow, Jefferson 8/16/2021 Summer 
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  185-1 California mussel West Straits, Clallam 10/6/2021 Fall 

  186-1 blue mussel East Sound, San Juan 8/9/2022 Summer 

  187-1 blue mussel East Straits, Clallam 9/11/2024 Summer 

  188-1 blue mussel East Straits, Clallam 8/17/2021 Summer 

  189-1 blue mussel Sequim Bay, Clallam 11/1/2022 Fall 

  190-1 blue mussel Drayton Harbor, Whatcom 9/7/2021 Summer 

  191-1 blue mussel Sequim Bay, Clallam 9/6/2022 Summer 

  192-1 blue mussel Bellingham Bay, Whatcom 7/28/2022 Summer 
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IX. #1 SOP for the Single Laboratory Validation of New or Modified Analytical Methods Intended 
as Alternatives to Officially Recognized NSSP Methods – Comparing Methods  

VALIDATION CRITERIA 

Comparability is the acceptability of a new or modified analytical method as a substitute for an 
established method in the NSSP. To be acceptable the new or modified method must not produce a 
significant difference in results when compared to the officially recognized method. Comparability must 
be demonstrated for each substrate or tissue type of interest by season and geographic area if applicable. 

Comparison of Methods: 
New or modified methods demonstrating comparability to officially recognized methods must not 
produce significantly different results when compared 

Procedure to compare the new or modified method to the officially recognized method: This 
procedure is applicable for use with either growing waters or shellfish tissue. For each shellfish type of 
interest use a minimum of 10-12 animals per sample. For each sample take two (2) aliquots and analyze 
one by the officially recognized method and the other by the alternative method. Actual samples are 
preferable; but, in cases where the occurrence of the analyte/measurand/organism of interest is 
intermittent (such as marine biotoxins), spiked samples can be used. Samples having a variety of 
concentrations which span the range of the method’s intended application should be used in the 
comparison. Analyze a minimum of thirty (30) paired samples for each season from a variety of growing 
areas for a total of at least 120 samples over the period of a year for naturally incurred samples. For 
spiked samples analyze a minimum of ten (10) samples for each season from a variety of growing areas 
for a total of at least 40 samples over the period of a year. 

Data: 
Sample type ______________ 
Date      Sample/Station #       Conc. Recognized method      Conc. Alternative Method 
   1 
   2 
   3 
   4 
   5 
   6 
   7 
   8 
   9 
   10 

 n 

n is the last sample in the comparison 

For shellfish samples, repeat for each tissue type of interest 

Data handling to compare the new or modified method to the officially recognized 

Two methods of analysis are considered to be comparable when no significant difference can be 
demonstrated in their results. To determine whether comparability in methods exists, a two-sided t-test at 
a significance level (α) of .05 will be used to test the data. Either a paired t-test or Welch’s t-test will be 
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used depending upon the shape of the distributions produced by the data for each method and their 
respective variances. Use log transformed data for the results obtained from microbiological methods. 
The appropriate t-test to be used for the analysis is determined in the following manner. 

1. Test the symmetry for the distribution of results from both the officially recognized analytical 
method and the proposed alternative analytical method. 

2. Calculate the variance of the data for both the officially recognized analytical method and the 
proposed alternative analytical method. 

3. Values for the test of symmetry for either method outside the range of -2 to +2 indicate a 
significant degree of skewness in the distribution. 

4. A ratio of the larger of the variances of either method to the smaller of the variances of either 
method >2 indicates a lack of homogeneity of variance. 

5. Use either the paired t-test or Welch’s t-test for the analysis of the data based on the following 
considerations. 

• If the distribution of the data from the officially recognized analytical method and the 
proposed alternative analytical method are symmetric (within the range of -2 to +2) and 
there is homogeneity of variance use a paired t-test for the data analysis. 

• If the distributions of the data for both analytical methods are symmetric (within the 
range -2 to +2) but there is a lack of homogeneity of variance in the data, use Welch’s t-
test for the analysis of the data. 

• If the distributions of the data from the officially recognized and proposed alternative 
analytical methods are skewed (outside the range -2 to +2) and the skewness for both 
methods is either positive for both or negative for both and there is homogeneity of 
variance in the data, use the paired t-test for the analysis of the data.  

• If the distributions of the data from the officially recognized and the proposed alternative 
analytical methods are skewed and the skewness for both analytical methods is either 
positive or negative for both but the data lacks homogeneity of variance, use Welch’s t-
test to analyze the data. 

Data summary for the comparison of the new or modified method to the officially recognized 
method: 

Value for the test of symmetry for the distribution of the data generated by the officially recognized 
method __RBA with Rat Brain Membrane Preparation = 0.55_____________ 

Value for the test of symmetry for the distribution of the data generated by the proposed alternative 
method _______ RBA with Porcine Brain Membrane Preparation = 0.44_________ 

Variance of the data generated from the officially recognized analytical method __ RBA with Rat Brain 
Membrane Preparation = 0.23_____ 

Variance of the data generated from the proposed alternative analytical method __ RBA with Porcine 
Brain Membrane Preparation = 0.22_____ 

Ratio of the larger to the smaller of the variances generated by the officially recognized and proposed 
analytical methods _______1.02_________ 

Is there a significant difference between the analytical methods Y/N  paired t-test results: t = 3.74, p 
= 0.00028, df = 119 
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 Following the data handling procedure and utilizing log-transformed data, the initial 
paired t-test confirmed a significant difference between porcine and rat brain membrane 
preparations (t(119) = 3.74, p<0.001). This result is primarily an artifact of high statistical power 
from the large sample size (n=120) rather than a meaningful biological discrepancy. In null 
hypothesis significance testing (NHST), a paired t-test evaluates whether the mean difference 
between two methods is zero. Consequently, as sample size increases, the standard error 
decreases, resulting in large a t-value and a correspondingly small p-value; therefore, 
biologically irrelevant differences will likely reject the null hypothesis. Because a t-test evaluates 
difference rather than functional equivalence, relying on it alone risks an inappropriate rejection 
of a method substitution due to the test’s over-sensitivity to irrelevant differences. To overcome 
this limitation, three complementary analyses such as linear regression, Bland-Altman 
agreement, and Two One-Sided Test (TOST), were performed to assess relative affinity, bias 
magnitude, and true analytical equivalence against predefined regulatory thresholds.  

Linear regression analysis was conducted to evaluate how PST binding values vary 
between the two tissue types (porcine versus rat). The model demonstrated a near-perfect linear 
relationship (R2 = 0.99), confirming that PSTs binding tightly to rat voltage-gated sodium 
channels exhibit the same relative affinity towards porcine sodium channels (Figure 3). 
However, a high correlation can mask proportional bias, so a Bland-Altman agreement analysis 
was performed. The analysis revealed a minor mean systematic bias of +0.024 log units (~ 
+5.7%), indicating that the assay using rat brain membrane preparation results in values on 
average 0.024 log units higher than the assay using porcine brain membrane preparation (Figure 
4). In routine RBA for PST detection, inter-assay variability of ±10-20% is standard practice; 
thus, a systematic shift of 5.7% has a minimal effect on analytical accuracy and regulatory 
decision-making.   

A TOST was performed to assess biological equivalence between assays using porcine 
versus rat brain membrane preparations. This test determines whether the mean difference 
between methods falls within a predefined, biologically acceptable interval. An equivalence 
margin of ± 0.097 log units (approximately 20% difference) was predefined for the analysis. The 
observed mean difference (+0.024 log units) and its 90% confidence interval fell within the 
upper and lower equivalence bounds, demonstrating a statistically significant equivalence (t(119) 
= -11.0, p <0.01; Figure 5). While the porcine brain membrane preparation yielded slightly lower 
average results than the rat brain membrane preparation (+5.7%), however, this minor variation 
represents a predictable baseline offset rather than a biological divergence. Because the relative 
compound affinities remained nearly identical (R2 = 0.99) and absolute discrepancies fell within 
established equivalence bounds, porcine brain membrane preparation is a validated, functionally 
equivalent, scalable, and ethically favorable alternative to rat brain tissue for routine RBA to 
detect PSTs in mussels.  
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Figure 3. Scatterplot of comparing saxitoxin dihydrochloride equivalents (µg STX diHCl equiv./100 g 
shellfish) in naturally incurred mussel samples measured across seasons, harvest areas, and dates between 
the officially recognized method (rat brain membrane preparation) and the proposed alternative analytical 
method (porcine brain membrane preparation). The linear regression line (y = 0.86x + 14.87) and 
correlation coefficient (R2 = 0.99) are shown. 
 

 

Figure 4. Bland-Altman plot assessing agreement between rat and porcine brain membrane preparations 
for Paralytic Shellfish Toxins (PSTs). Differences between paired log-transformed measurements (Rat - 
Porcine) are plotted against their paired mean values. The blue dashed line represents the mean systematic 
bias (+0.024 log units) and the red dashed lines represent the 95% limits of agreement (-0.113 to +0.161 
log units).  
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Figure 5. A Two One-Sided Test (TOST) equivalence plot for rat vs. porcine brain membrane 
preparations in the RBA for PSTs. The black circle represents the mean difference (+0.024 log units), and 
the horizontal line represents the 90% confidence interval (+0.011 to +0.037 log units). Vertical dashed 
lines denote the predefined biological equivalence bounds ± 0.10 log units, corresponding to 
approximately ± 20% variance. 
 
Table 2. PST values reported for each sample using two methods for RBA: rat brain membrane 
preparation and porcine brain membrane preparation (µg STX diHCl equiv./100 g shellfish). 

Sample ID 
Rat Brain Membrane 

Preparation 
Porcine Brain Membrane 

Preparation 
  71-1 61 50 
  72-1 74 69.5 
  73-1 469 458 
  74-1 447 424 
  75-1 72 65 
  76-1 133 101 
  77-1 82.5 98 
  78-1 438 509 
  79-1 112 103 
  80-1 65 60 
  81-1 268 259 
  82-1 277 286 
  83-1 33 36 
  84-1 581 447 
  85-1 960 983 
  86-1 152 170 
  87-1 65 60 
  88-1 188 170 
  89-1 117 115 
  90-1 1206 938 
  91-1 81.5 67 
  92-1 143 152 
  93-1 223 214 
  94-1 92 89 
  95-1 105 101.5 
  96-1 76 91.5 
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  97-1 89 86 
  98-1 223 241 
  99-1 31 25 

  100-1 357 304 
  101-1 80 108 
  102-1 197 197 
  103-1 98 107 
  104-1 223 268 
  105-1 161 134 
  106-1 29 31 
  107-1 36 31 
  108-1 54 63 
  109-1 65 60 
  110-1 80 89 
  111-1 58 51 
  112-1 152 188 
  113-1 95 99 
  114-1 89 71 
  115-1 286 214 
  116-1 232 214 
  117-1 107 98 
  118-1 357 223 
  119-1 871 804 
  120-1 10 9.5 
  121-1 514 402 
  122-1 205 197 
  124-1 286 286 
  126-1 83 92 
  127-1 58 47 
  128-1 112 98 
  129-1 3037 2501 
  130-1 1072 938 
  131-1 42 29 
  132-1 116 94.5 
  133-1 73.5 98 
  134-1 27 27 
  135-1 1161 1072 
  136-1 84.5 84.5 
  138-1 983 759 
  139-1 98 138.5 
  140-1 80 71 
  141-1 36 33 
  142-1 58 54 
  143-1 42 40 
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  144-1 214 152 
  145-1 49 42 
  146-1 45 25 
  147-1 89 75.5 
  62-1 89 130.5 
  67-1 152 116 
  21-1 131.5 125 

  148-1 79 76 
  149-1 536 447 
  150-1 313 214 
  151-1 536 536 
  152-1 146 139 
  153-1 103 103 
  154-1 41 43 
  155-1 424 422 
  156-1 759 670 
  157-1 625 536 
  158-1 84 84.5 
  159-1 175 168 
  160-1 92 97.5 
  161-1 145 160 
  162-1 25 23 
  163-1 59 56 
  164-1 112 80 
  165-1 75 75 
  166-1 242 223 
  167-1 95.5 86.5 
  168-1 2144 1787 
  169-1 173 209 
  170-1 293 311 
  171-1 53 70 
  172-1 692 558 
  173-1 849 759 
  176-1 1787 1697 
  177-1 47 40 
  178-1 1161 1161 
  179-1 40 45 
  180-1 25 20 
  181-1 89 85 
  182-1 31 36 
  183-1 24 21 
  184-1 25 22 
  185-1 223 232 
  186-1 134 125 
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  187-1 94 96 
  188-1 67 69 
  189-1 295 277 
  190-1 33 36 
  191-1 205 250 
  192-1 67 54 
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IX. #2 SOP for the Single Laboratory Validation of New or Modified Analytical Methods Intended 
as Alternatives to Officially Recognized NSSP Methods – Ruggedness  
 
VALIDATION CRITERIA 

Comparability is the acceptability of a new or modified analytical method as a substitute for an 
established method in the NSSP. To be acceptable the new or modified method must be sufficiently 
rugged to withstand the relatively minor day to day changes likely to occur in routine use. Comparability 
must be demonstrated for each substrate or tissue type of interest by season and geographic area if 
applicable. 

Ruggedness of the new or modified method is the ability of the new or modified method to withstand 
relatively minor changes in analytical technique, reagents or environmental factors likely to arise in 
different test environments. 

Procedure for testing the ruggedness of new or modified methods: This procedure is applicable for 
use with either growing waters or shellfish tissue. Make every effort to use samples free of the target 
analyte/measurand/organism of interest. For each shellfish type of interest use a minimum of 10-12 
animals. For each sample take two aliquots of either the growing water sample or shellfish homogenate 
appropriately sized for your work. Spike both aliquots with a suitable concentration of the target 
analyte/measurand/organism of interest. Process both aliquots of the sample as usual to determine new 
method/modified method concentration for the target analyte/measurand/ organism of interest. For the 
second aliquot of each sample, however, use a different batch or lot of culture media and/or test reagents 
as appropriate to process this aliquot. For growing waters, do ten (10) samples collected from a variety of 
growing waters. For shellfish do ten (10) samples for each shellfish tissue type of interest collected from a 
variety of growing areas, the same growing area harvested on different days or from different process lots. 
Use the same two batches or lots of culture media and/or test reagents to process each sample such that 
“batch or lot 1” is used to process the first aliquot of each sample and “batch or lot 2” is used to process 
the second aliquot of each sample. Use a range of concentrations which spans the range of the new 
method or modified method’s intended application to spike sample aliquots. Both aliquots of the same 
sample must be spiked with the same concentration of the target analyte/measurand/organism of interest. 
Process samples over a period of several days if possible. 

Data for demonstrating the ruggedness of the new or modified method: 

Sample type ___________ 

Sample   Conc. “Batch or lot 1”   Conc. “Batch or lot 2” 
    Media and/or Reagents   Media and/or Reagents 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
 10 
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For shellfish samples, repeat for each tissue type of interest. 

Data handling to demonstrate the ruggedness of the new or modified method 
In the day to day operations of the laboratory there will be changes in the batches/lots of culture media 
and/or test reagents used to process samples. Environmental factors are also likely to change over time. 
None of these factors, however, should adversely impact test results if the new or modified method as 
implemented is sufficiently rugged to be used routinely for regulatory monitoring. 

To determine whether the new or modified method as implemented is sufficiently rugged to withstand the 
types of changes anticipated to occur in routine use, a two-sided t-test at a significance level (α) of .05 
will be used on the data to ascertain if results obtained using different culture media and/or test reagent 
batches/lots under slightly varying environmental conditions are significantly affected by such minor 
changes. Either a paired t-test or Welch’s t-test will be used depending upon the shape of the distributions 
produced by the data for each batch/lot and their respective variances. Use log transformed data for the 
results obtained from microbiological methods. The appropriate t-test to be used for the analysis is 
determined in the following manner. 

 1. Test the symmetry of the distribution of results from both batch/lot 1 and batch/lot 2. 
 2. Calculate the variance of both batch/lot 1 and batch/lot 2 data. 
 3. Values for the test of symmetry for either batch/lot 1 or batch/lot 2 outside the range of -2 to +2 
indicate a significant degree of skewness in the distribution. 
 4. A ratio of the larger of the variances of either batch/lot 1 or batch/lot 2 to the smaller of the variances 
of either batch/lot 1 or batch/lot 2 greater than 2 indicates a lack of homogeneity of variance. 
 
 5. Use either the paired t-test or Welch’s t-test for the statistical analysis based on 
 the following considerations. 

• If the distributions of the data from batch/lot 1 and batch/lot 2 are symmetric (within the range of 
-2 to +2) and there is homogeneity of variance, use a paired t-test for the statistical analysis. 

• If the distributions of the data from batch/lot1 and batch/lot 2 are symmetric (within the range of -
2 to +2) but there is a lack of homogeneity of variance in the data, use Welch’s t-test for the 
statistical analysis.  

• If the distribution of the data from batch/lot 1 and batch/lot 2 are skewed (outside the range -2 to 
+2) and the skewness for both groups is either positive for both or negative for both and there is 
homogeneity of variance in the data, use the paired t-test for the statistical analysis. 

• If the distribution of the data from batch/lot 1 and batch/lot 2 are skewed and the skewness for 
both groups is either positive for both or negative for both; but, the data lacks homogeneity of 
variance, use Welch’s t-test to statistically analyze the data. 

 

Data summary for demonstrating the ruggedness of the new or modified method: 

Value for the test of symmetry of the distribution of batch/lot 1 __-0.021______ 

Value for the test of symmetry of the distribution of batch/lot 2 ____-0.039______ 

Variance of batch/lot 1 data ___0.054________ 

Variance of batch/lot 2 data ____0.055________ 

Ratio of the larger to the smaller of the variances of batch/lot 1 and batch/lot 2 ___1.03____ 
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Is there a significant difference between batch/lot 1 samples and batch/lot 2 samples  Y/N  paired t-
test results: t = -0.254, df = 9, p = 0.805 

To evaluate assay ruggedness under SOP #2 criteria, two distinct multi-well microplates 
were analyzed as Batch 1 and Batch 2 to test the inter-plate variability and consistency of 
saxitoxin dihydrochloride (µg STX diHCl equiv./100 g shellfish) detection in spiked mussel 
samples (n = 10). Assay values across three target spike concentrations (40, 80, and 160 (µg STX 
diHCl equiv./100 g shellfish) demonstrated strong inter-batch agreement, exhibiting a linear 
regression relationship of y = 0.94x + 7.33 and a correlation coefficient of R2 = 0.87 between 
Batch 1 and Batch 2 (Figure 6, Table 3). This close alignment between distinct assay plates 
confirms that the receptor binding assay maintains reliable operational performance and robust 
analytical consistency despite normal inter-plate execution variables. 
 

 

Figure 6. Scatterplot of comparing saxitoxin dihydrochloride (µg STX diHCl equiv./100 g shellfish) in 
spiked mussel samples measured across two batches (Batch 1 vs. Batch 2), showing the linear regression 
line (y = 0.94x + 7.33) and correlation coefficient (R2 = 0.87). 
 

Table 3. Comparison of target spike concentrations (µg STX diHCl equiv./ 100 g shellfish) and receptor 
binding assay values in spiked mussel samples across two assay batches (Batch 1 vs. Batch 2). 

Sample 
Expected Concentration     
(µg STX diHCl equiv./ 

100 g shellfish) 

Batch 1 
(µg STX diHCl equiv./ 

100 g shellfish) 

Batch 2  
(µg STX diHCl equiv./ 

100 g shellfish) 
1 40 40 40 
2 40 51 42 
3 40 36 42 
4 80 90.5 76 
5 80 81.5 77 
6 80 69 108 

y = 0.9374x + 7.3274
R² = 0.8682
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7 80 94 91.5 
8 160 197 188 
9 160 123 107 

10 160 125 152 
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IX. #3 SOP for the Single Laboratory Validation of New or Modified Analytical Methods Intended 
as Alternatives to Officially Recognized NSSP Methods – Specificity  
 
VALIDATION CRITERIA 
 
Comparability is the acceptability of a new or modified analytical method as a substitute for an 
established method in the NSSP. To be acceptable, the new or modified method must be specific for the 
analyte/measurand/organism of interest. Comparability must be demonstrated for each substrate or tissue 
type of interest by season and geographic area if applicable. 
 
Specificity of the new or modified method is the ability of this new or modified method to measure only 
what it is intended to measure. To determine the specificity of new or modified methods, samples 
containing suspected interferences (interfering organisms/compounds/toxins) are analyzed in the presence 
of the analyte/measurand/target organism of interest. 
 
Procedure for demonstrating the specificity of the new or modified method: This procedure is 
applicable for use with either growing waters or shellfish tissue. Make every effort to use samples free of 
the target analyte/measurand/organism of interest. For each shellfish tissue type of interest use a 
minimum of 10-12 animals per sample. For each sample take three (3) aliquots of either the shellfish 
homogenate or growing water sample appropriately sized for the work and spike two (2) of the three (3) 
with a low but determinate level (by the method/modified method under study) of the target 
analyte/measurand/organism of interest. Take one of these two (2) aliquots and also spike it with a 
moderate to high level of a suspected interfering organism/compound/toxin if not naturally incurred. Do 
not spike the third aliquot. This is the sample blank. Process each aliquot, the sample blank, the aliquot 
spiked with the target analyte/measurand/organism of interest and the aliquot spiked with the target 
analyte/measurand/organism of interest in the presence of the suspected interfering 
organism/compound/toxin as usual to determine the method/modified method concentration for the target 
analyte/measurand/organism of interest. Do five (5) replicates for each aliquot excluding the sample 
blank. Do one (1) sample blank per analysis. Repeat this process for all suspected interfering 
organisms/compounds/toxins. 
 
Data for demonstrating the specificity of the new or modified method: 
Name of suspected interfering organism/compound/toxin #1 domoic acid 

Sample type blue mussel 

Sample blank concentration for the target analyte/measurand/organism of interest NIST Saxitoxin 
Dihydrochloride (RM 8642a) 

 Conc. of aliquot spiked with     Conc. of aliquot spiked with target 
 target analyte/measurand/organism    analyte/measurand/organism of 
 of interest interest      of interest in the presence of 
        suspected interfering 
        organism/compound/toxin 
Replicate 1 
     2 
     3 

   4 
   5 
 

Repeat for each suspected interfering organism/compound/toxin tested. 
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Data handling for demonstrating specificity of the new or modified method 
The specificity index will be used to test the specificity of the new or modified method in the presence of 
suspected interfering organisms/compounds/toxins. The specificity index (SI) is calculated as indicated 
below: 
 
Specificity index (SI) = Sample spiked with only target of interest_ 

   Sample spiked with target in presence if suspected interferences 
 
All microbiological count data must be converted to logs before statistical analysis. Samples spiked with 
both the target analyte/measurand/organism of interest and the target analyte/measurand/organism of 
interest in the presence of a suspected interfering organism/compound/toxin may have to be corrected for 
matrix effects before determining the Specificity index (SI). The sample blank accompanying the analysis 
is used for this purpose. Any correction that may be necessary to microbiological data for matrix effects 
are done using log transformed data. 
 
The Specificity index (SI) should equal one (1) in the absence of interferences. To test the significance of 
a Specificity index (SI) other than one (1) for any suspected interfering organism/compound/toxin, a two-
sided t-test at the .05 significance level is used. For each suspected interfering organism/compound/toxin 
calculate the average Specificity index (SIavg) for the five (5) replicates analyzed for each sample by 
obtaining the average concentration for both the aliquot containing the target analyte/measurand/organism 
of interest only and the aliquot containing the target analyte/measurand/organism of interest in the 
presence of suspected interfering organisms/compounds/toxins and using the formula below. 
 
SIavg =  Avg. conc. of sample spiked only with target of interest 

Avg. conc. of sample spiked with target in the presence of suspected interferences 
 
Perform the t-test to determine if the average Specificity index (SI) obtained from the five (5) replicates 
from each analysis differs from one (1). Repeat for all the suspected interfering 
organisms/compounds/toxins tested.  
 
Data summary for testing the specificity of the new or modified method: 
 
Interfering organism/compound/toxin #1- domoic acid ___________ SIavg = 1.01_______________ 
        SI different from 1 _p = 0.70_ 

Specificity was evaluated to determine whether the co-occurrence of domoic acid (DA), a 
non-target marine toxin, interferes with the quantitation of saxitoxin dihydrochloride (STX 
diHCl) in the RBA using porcine brain membrane preparation. Across five experimental 
replications comparing STX diHCl alone versus STX diHCl in combination with DA, the mean 
Specificity Index SIavg was 1.01, showing no statistically significant deviation from the ideal 
value of 1.00 (p > 0.05, Table 4). Further validation in blue mussel samples spiked at 40 µg STX 
diHCl equiv./100 g shellfish demonstrated consistent toxin recovery regardless of matrix co-
fortification with DA (0.02 µg DA equiv./g shellfish). Specifically, samples fortified with STX 
diHCl alone an average RBA concentration of 38.4 µg STX diHCl equiv./100 g shellfish, while 
samples co-fortified with both STX diHCl and DA yielded an equivalent average of 36.2 µg 
STX diHCl equiv./100 g shellfish (Table 5). The blank homogenate (MBk-00) produced zero 
detectable signal, confirming no baseline matrix interference. Together, these data demonstrate 
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high method specificity, proving that DA does not cross-react or cause analytical interference 
during PST quantitation. 
 

Table 4. Specificity index (SI) values derived from log-transformed toxicity concentrations of saxitoxin 
dihydrochloride (STX diHCl) alone and in combination with domoic acid (DA) across five experimental 
replications. 

Replication 
log (STX 
diHCl) 

log (STX 
diHCl & DA) 

Specificity 
Index (SI) 

1 1.60 1.60 1.00 
2 1.68 1.59 1.06 
3 1.62 1.46 1.11 
4 1.45 1.60 0.90 
5 1.53 1.52 1.01 

Average 1.58 1.56 1.01 
  

Table 5. Blue mussel homogenate samples collected from Case Inlet, Mason County, Washington, in 
May–June 2023 (spring season), and spiked with saxitoxin (STX diHCl) and/or domoic acid (DA) 
standards. Samples MBk-01 through MBk-05 were fortified with NIST Saxitoxin Dihydrochloride (RM 
8642a) at 40 µg STX diHCl equiv./100 g shellfish, while samples MBk-06 through MBk-10 were 
fortified with both Biosense Laboratories AS domoic acid standards (#A31300401-06) at 0.02 µg DA 
equiv./g shellfish and NIST Saxitoxin Dihydrochloride (RM 8462a) at 40 µg STX diHCl equiv./100 g 
shellfish. MBk-00 was not spiked with either toxin and served as a blank to correct for any matrix effects. 
The table reports the final concentration of ug STX diHCl equiv/100 g shellfish using RBA.  

 

Sample ID 

STX diHCl Spike 
(µg STX diHCl equiv./ 

100 g shellfish) 

DA Spike 
(µg DA equiv./        

g shellfish) 

RBA  
(µg STX diHCl equiv./ 

100 g shellfish) 
MBk-00 0 0 0 
MBk-01 40 0 40 
MBk-02 40 0 48 
MBk-03 40 0 42 
MBk-04 40 0 28 
MBk-05 40 0 34 
MBk-06 40 0.02 40 
MBk-07 40 0.02 39 
MBk-08 40 0.02 29 
MBk-09 40 0.02 40 
MBk-10 40 0.02 33 
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Standard Operating Procedure (SOP)  
Appendix I 
 
Method Modification: Step-by-Step Procedure 
 

A. Sample Homogenate 
a. Each sample that was below the detection limit from the MBA (~40 µg STX/100g 

of shellfish) underwent mini saxitoxin extraction to be pre-screened by the RBA 
to detect true negative samples (<10µg/100g). 

i. Mini saxitoxin extraction was performed using the same protocol as 
Appendix A (Section A. Sample Extraction), by performing a 1:1 ratio of 
0.5 g of tissue and 0.5 mL of 0.1 N HCl.  

b. Once the negative samples were identified, samples were combined to produce 30 
sub-aliquots (~130 g of tissue) needed for spiking five homogenates for each 
shellfish matrix. 

1. We doubled the number of tissue samples for this study to 
maintain a backup supply, which safeguards against potential 
future issues such as lost, broken, or spilled samples. 

ii. To combine samples for one homogenate, it followed these criteria: 
1. The sample collection dates must be within a 30-day range and 

occur within the same season. 
a. Due to the limited availability of cockle tissue samples, 

collection dates must be within a 90-day window and fall 
within the same season. 

2. The samples must be harvested from the same water system.  
iii. Homogenates were distinct, reflecting differences based on the season of 

collection, harvest area, or year. 
c. The positive samples that have MBA data (>40 µg STX/100g of shellfish) were 

distinct, reflecting differences based on the season of collection, harvest area, or 
year.  

d. All homogenates were blended by a blender and/or a homogenizer to liquify the 
homogenate for spikes.  

e. Once the homogenate is liquified, the designated amount of tissue is aliquoted 
into 50 mL falcon tubes for each spike level: 

i. 40 µg STX/100g of shellfish: 12 ± 0.3 grams of tissue 
ii. 80 µg STX/100g of shellfish: 12 ± 0.3 grams of tissue 

iii. 160 µg STX/100g of shellfish: 12 ± 0.3 grams of tissue 
B. Spike Procedure 

a. Every homogenate was spiked with RM 8642a FDA Saxitoxin Dihydrochloride 
Solution (103 µg/g ± 4 µg/g) 

b. Prior to spiking the pre-weighed tissue, the laboratory technician gravimetrically 
verified the dispensed volume of water to ensure the spiking accuracy was within 
3% of the designated volume. 

c. The volume of the RM 8642a FDA saxitoxin dihydrochloride solution was 
calculated based on the desired concentration and tissue weight available. 

i. 40 µg STX/100g of shellfish: 47 µL 
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ii. 80 µg STX/100g of shellfish: 93 µL 
iii. 160 µg STX/100g of shellfish: 186 µL 

d. Once spiked, each aliquoted homogenate was vortexed for approximately 2 
minutes to ensure complete mixture of the spike and tissue. 

e. Following the mixing of the sample, each sample was again aliquoted into 5 ± 0.3 
grams, thereby achieving a minimum of three replicates for each spike level.  

i. Blank samples were not spiked and aliquoted into 5 ± 0.3 grams. 
f. At least 16 samples for each homogenate (5) were frozen at -20℃ (total of 80 

aliquots). 
i. In addition,10 more homogenates from different seasons, harvest areas, 

and years were spiked to a concentration of 80 µg STX/100g of shellfish 
and aliquoted into 5 ± 0.3 grams (20 aliquots). 

ii. 20 naturally incurred samples were aliquoted into 5 ± 0.3 grams. 
g. All samples, except for backups, were shipped to Washington State Department 

of Health for RBA using the protocol listed in Appendix A. 
C. Spike Procedure for Interfering Toxin 

a. Domoic acid and STX diHCl spike 
i. Once the homogenate is liquified, the designated amount of tissue is 

aliquoted into 50 mL falcon tubes with the weight of 28.8 grams. 
ii. Using the domoic acid standard at 0.02 ppm, 7.2 mL of the domic acid 

standard was added to the tissue sample.  
iii. The addition of 7.2 mL of domoic acid standard resulted in a total sample 

mass/volume basis of approximately 36 grams and provided the target 
domoic acid concentration of 0.02 ug/g.  

iv. 140 uL of the STX diHCl standard was added to the sample. 
v. The sample was mixed thoroughly. 

vi. The final sample contained 0.02 ug/g domoic acid and 40 ug STX 
diHCl/100g shellfish. 

b. STX diHCl Only Spike  

i. Once the homogenate is liquified, the designated amount of tissue is 
aliquoted into 50 mL falcon tubes with the weight of 28.8 grams. 

ii. 7.2 mL of 10% acetonitrile in water was added to the sample in place of 
the domoic acid standard.  

iii. The sample was mixed thoroughly. 
iv. 140 uL of the STXdiHCl standard was added to the sample.  
v. The sample was mixed thoroughly to ensure uniform distribution of the 

spike.  
vi. The resulting sample contained a total of 36 grams and is targeted to 

contain 40 ug STX diHCl/100 g shellfish.  
c. Following the mixing of the sample, each sample was again aliquoted into 5 ± 0.3 

grams, thereby achieving a minimum of five replicates.  
i. Blank samples contained 7.2 mL of 10% acetonitrile in water and 

aliquoted into 5 ± 0.3 grams. 
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Appendix A: RBA Step-by-Step Procedure 
 

A. Sample Extraction 
a. The extraction detailed below represents a small scale MBA procedure. The 

actual MBA extraction could be used instead of the small scale version 
described here. 

b. Accurately weigh 5.0 g of tissue homogenate into a tared, labeled 15 ml conical 
tube. 

c. Add 5.0 ml of 0.1 M HCl, vortex, and check pH. 
i. If necessary, adjust pH to 3.0-4.0 as determined by a pH meter or pH paper. 

To lower pH, add 1 M HCl dropwise with mixing; to raise pH, add 0.1 M 
NaOH dropwise with mixing. 

d. Place the tube in a beaker of boiling water on hot plate (or in a water bath) for 5 
min with the caps loosened. 

e. Remove and cool to room temperature. 
f. Check pH and, if necessary, adjust cooled mixture to 3.0-4.0 as described 

above. 
g. Transfer entire contents to a labeled, graduated centrifuge tube and dilute 

volumetrically to 10 ml. 
h. Gently stir contents to homogeneity and then allow to settle until a portion of 

supernatant is translucent and can be decanted free of solids. 
i. Pour 5-7 ml of the translucent supernatant into a labeled centrifuge tube. 
j. Centrifuge at 3000 x g for 10 min. 
k.  Retain clarified supernatant and transfer to a clean, labeled centrifuge tube. 
l. Store extracts at -20 °C until tested in RBA. 

B. Preparation of Stock Solutions and Standards 
a. Assay buffer: 100 mM MOPS/100 mM choline chloride, pH 7.4 

i. Weigh 20.9 g MOPS and 13.96 g choline chloride and add to 900 ml 
distilled or milli-Q water. 

ii. Adjust pH to 7.4 with NaOH while stirring. 
iii. Bring to a final volume of 1 L with distilled or milli-Q water. 
iv. Store at 4 °C. 

b. Radioligand solution: 3H-STX 
i. Calculate the concentration of 3H-STX stock provided by the supplier. 

Suppliers generally provide specific activity in Ci/mmol (~10-30 Ci/mmol) 
and activity in mCi/ml (~0.05-0.1 mCi/ml), from which the molar 
concentration can be calculated. 

ii. Prepare 4 ml of a 15 nM working stock of 3H-STX fresh daily in 100 mM 
MOPS/100 mM choline chloride buffer. This will provide sufficient 
volume for one 96-well plate. 

iii. Measure total counts of each working stock prior to running an assay. Add 
36 µl of working stock 3H-STX in buffer to a liquid scintillation counter 
vial with 4 ml scintillant and count on a traditional liquid scintillation 
counter to confirm correct dilution. The CPM should be consistent and 
within 15% of expected value. 
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c. Unlabeled STX standard working solution: The STX diHCl standard (NIST RM 
8642 STX diHCl) is provided at a concentration of 268.8 µM (100 µg/ml). 

i. A bulk standard curve can be made up in advance and stored at 4 °C for up 
to one month. The use of a bulk standard curve minimizes time needed for 
routine analyses and improves repeatability. 

ii. Make up 3 mM HCl (e.g., from a 3 M stock, 50 µl in 50 ml) and use for the 
serial dilutions. 

iii. Serial dilutions should result in the following stock concentrations (M): 
1. 6 x 10-6 [100 µl 268.8 µM STX + 4.38 ml 0.003 M HCl] 
2. 6 x 10-7 [500 µl 6 x 10-6 M STX + 4.5 ml 0.003 M HCl] 
3. 1.8 x 10-7 [1.5 ml 6 x 10-7 M STX + 3.5 ml 0.003 M HCl] 
4. 6 x 10-8 [500 µl 6 x 10-7 M STX + 4.5 ml 0.003 M HCl] 
5. 1.8 x 10-8 [500 µl 1.8 x 10-7 M STX + 4.5 ml 0.003 M HCl] 
6. 6 x 10-9 [500 µl 6 x 10-8 M STX + 4.5 ml 0.003 M HCl] 
7. 6 x 10-10 [500 µl 6 x 10-9 M STX + 4.5 ml 0.003 M HCl] 
8. 5 ml 0.003 M HCl. 

d. Interassay calibration standard (QC check): Reference standard STX (1.8 x 10-8 
M STX) in 3 mM HCl. For long-term storage keep at -80 °C; for routine use (up 
to one month), store at 4 °C. 

e. Porcine brain membrane preparation: Store bulk rat brain membrane 
preparations at -80 °C. 

i. Thaw an aliquot of porcine brain preparation on ice. 
ii. Dilute membrane preparation with cold (4 °C) 100 mM MOPS/100 mM 

choline chloride, pH 7.4 to yield a working stock with a protein 
concentration of 1.0 mg/ml. 

iii. Vortex vigorously to achieve a visibly homogeneous suspension. 
iv. Keep the diluted membrane preparation on ice. 

C. Performing the Assay 
a.  Plate setup: When possible use a multichannel pipet to minimize effort and 

increase consistency. 
i. Run standards, samples, and QC check in triplicate. 

ii. For quantitation, multiple dilutions per extract should be analyzed in order 
to obtain a value that falls within the dynamic range of the assay. A 
minimum sample extract dilution of 1:10 is recommended to minimize 
potential matrix effects. 

iii. Use of a standard plate layout (Figure 1) is recommended. This will 
improve ease of analysis and can help maximize the number of 
samples/standards that can be analyzed per plate. 

b. Addition of samples/standards: Add in the following order to each well  
i. 35 µl assay buffer 

ii. 35 µl STX standard/QC check/sample extract 
iii. 35 µl 3H-STX 
iv. 105 µl membrane preparation (ensure solution is homogeneous) 
v. Cover the plate and incubate at 4 °C for 1 h. 

c.  Assay filtration: Use the vacuum manifold attached to the vacuum pump with 
an in-line side arm flask to catch filtrate from the plate filtration process. 
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i. Set the vacuum pressure gauge on the pump or manifold to ~4-8” Hg 
(~135-270 millibar). 

ii. Place the 96-well plate on the vacuum manifold. 
iii. Fill any empty wells with 200 µl MOPS/choline chloride buffer to ensure 

even vacuum pressure and filtration across the plate. 
iv. Turn on vacuum. Optimum vacuum will pull the wells dry in 2-5 s. 
v. With vacuum pump running, quickly rinse each well twice with 200 µl ice 

cold MOPS/choline chloride buffer using a multichannel pipet. Maintain 
vacuum until liquid is removed. 

d. Preparation of the assay for counting: Remove the plastic bottom from the plate 
and blot the plate bottom once on absorbent towel. 

i. For counting in microplate scintillation counter: 
1. Seal the bottom of a counting cassette with sealing tape. 
2. Place the microplate in the counting cassette. 
3. Add 50 µl scintillation cocktail per well using multichannel 

pipet. 
4. Seal the top of the plate with sealing tape. 
5. Incubate for 30 min at room temperature. 
6. Place the plate in the scintillation counter and count for 1 min 

per well. 
ii. For counting in traditional scintillation counter: 

1. Place the microplate in the MultiScreen punch system 
apparatus and place the disposable punch tips on top of the 
microplate. 

2. Punch the filters from the wells into scintillation vials and fill 
with 4 ml scintillation cocktail. 

3. Place caps on the vials and vortex. 
4. Allow vials to sit overnight in the dark. 
5. Count using a tritium window in a traditional scintillation 

counter. 
D. Analysis of Data 

a.  Curve fitting: Perform curve fitting using a four-parameter logistic fit 
(sigmoidal dose response curve with variable slope). 

i. y = min + (max-min)/1+10(x-log IC
50

)Hill slope 
ii. where max is the top plateau representing maximum binding in CPM in the 

absence of competing nonradiolabeled STX (also known as B0); min is the 
bottom plateau, equal to nonspecific binding in CPM in the presence of 
saturating nonradiolabeled STX; IC50 is the inhibitory concentration at 
which CPM are 50% of max-min); Hill slope is the slope of the curve; x 
axis is the log concentration of STX; and y axis is the total igand binding in 
CPM (B/B0). 

b. Sample quantification: Sample quantification is only carried out on dilutions 
having a B/B0 in the range of 0.2-0.7. 

i. Where B represents the bound 3H-STX in CPM in the sample and B0 
represents the max bound 3H-STX in the sample. 
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ii. Sample concentration is calculated in µg STX diHCl equivalents (eq)/kg 
shellfish as described below: 

 
(nM STX eq) x (sample dilution) x [(210 µl total volume)/35 µl sample] 

= nM STX eq in extract 
 

(nM STX diHCl eq in extract) x (1 L/1000 ml) x (372 ng/nmol) X (1 µg/1000 ng) 
= g STX diHCl eq/ml 

 
µg STX diCHl eq/ml x (ml extract/g shellfish) x (1000g/kg) 

= µg STX diHCl eq/kg 
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Figure 1. Example plate layout. 
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Appendix B: Radiation Safety Requirements 
A. All users must follow all local, state, and federal laws and procedures regarding receipt, 

use and disposal of isotopes. 
B. All users must be trained in and follow all in-house safety procedures for working with 

radiolabeled materials. 
C. All isotopes and work stations where isotopes are used should be controlled access areas. 

Any one with access to the area must also receive radiation safety training. 
D. Freezers where the isotopes are stored must be locked. 
E. Personal protective equipment must include lab coats (designated specifically for use 

with radioactive materials), safety glasses, and gloves. 
F. Radioactive materials will only be handled and manipulated in designated areas, which 

have been clearly identified and labeled accordingly. 
G. Work with source radiation material must be conducted in a fume hood. 
H. Radioactive materials will be stored and/or carried in secondary containment. 
I. When possible, disposable supplies such as pipet tips, absorbent paper, and kim wipes 

will be used so that contaminated supplies can be readily disposed of as radioactive 
waste. 

J. Wipe surveys will be conducted at the end of each experiment as well as monthly to 
ensure that there is no contamination in the laboratory. 

K. The filter plates used in the assay will be designated as solid radioactive waste, while the 
washes from the filter plates (containing buffer and unbound 3H-STX) will be handled as 
liquid radioactive waste. There will be a dry active waste container to hold contaminated 
items such as the plates, gloves, absorbent paper and kim wipes. There will be a liquid 
waste jug to hold the contaminated liquid radioactive waste. 

L. All wastes must be disposed of according to state and local laws. 
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Appendix C. Abbreviations and Acronyms 
 
3H-STX  Tritiated saxitoxin 
AOAC  Association of Analytical Communities 
ARC   American Radiolabeled Chemicals 
B   Bound CPM 
B0   Maximum bound CPM 
CFSAN Center for Food Safety & Applied Nutrition 
CPM   Counts per minute 
diHCl   Dihydrochloride 
Eq   Equivalents 
HCl   Hydrochloric acid 
IC50   Inhibitory concentration at which CPMs are at 50% max 
LC-FD  Liquid chromatography with fluorescence detection 
LOD   Limit of detection 
LOQ   Limit of quantitation 
MBA   Mouse bioassay 
MOPS   3-Morpholinopropanesulfonic acid 
NaOH   Sodium hydroxide 
NIST   National Institute of Standards and Technology 
NSSP   National Shellfish Sanitation Program 
OMA   Official method of analysis 
PMSF   Phenyl methylsulfonyl fluoride 
PCOX   Post-column oxidation liquid chromatography with fluorescence detection 
Pre-COX  Pre-column oxidation liquid chromatography with fluorescence detection 
PSP   Paralytic shellfish poisoning 
PSTs   Paralytic shellfish toxins 
QA  Quality assurance 
QC   Quality control 
QS   Quality System 
RBA   Receptor binding assay 
RSD   Relative standard deviation 
SLV   Single laboratory validation 
STX   Saxitoxin 
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Appendix II: Van Dolah et al. 2009 
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Appendix III: Van Dolah et al., 2012 
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Appendix IV: AOAC OM 2011.27 
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