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IR-4 Laboratory Guidance Document 
 

Introduction 
This Guidance Document has been developed to provide consistency and to facilitate 
communication among the IR-4 Laboratory Research Directors (LRDs), Regional Directors 
(RDs, management), Quality Assurance (QA), and the IR-4 Study Directors (SDs) and will serve 
as a resource for all facets of IR-4.  It indicates how IR-4 operates, by designating 
responsibilities and providing guidelines for implementation of procedures, to assure that all 
studies conducted by IR-4 meet EPA GLP regulations.  Once this document is approved by the 
IR-4 PMC, it becomes an official policy document for the conduct of studies in the IR-4 
laboratories.  
 
The main areas of attention in this document include personnel responsibilities in relation to IR-4 
residue work, definitions and a significant section regarding lab operations with emphasis on 
sample handling and storage; sample processing; analytical method validation; sample analysis 
and extract storage; storage stability studies; communication with the study director; and the 
Analytical Summary Report.  This document will provide guidance for contract labs and will be 
used as a training tool with regard to IR-4 analytical work. 
 
Please note: paragraphs formatted with italics are taken directly from the “Operational Handbook 
of IR-4” Version 7.0 
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Responsibilities 
IR-4 Headquarters (HQ) Staff coordinate the program among the regions and USDA-ARS, and 
provide functions including: 

1) GLP oversight including Study Director and Quality Assurance. 
2) Prepare research protocols. 
3) Review, analyze, and archive raw data. 
4) Prepare, review, and submit petitions to establish and maintain tolerances. 
5) Interact with EPA and cooperating registrants. 
6) Maintain a database to track projects. 
7) Oversee Manufacturer and Contract Laboratories 

The HQ office is administered by an Executive Director (Management Representative). 
 
Regional Research Programs.  Each Regional Program is administered by a Regional Director 
who has overall responsibility for GLP compliance at the regional level. The 
Regional Director has Regional Laboratory, Field and QA Coordinators who work with state 
scientists within their region and provide them with research support.  

1) Regional Laboratory Coordinator (RLC): Oversees and coordinates regional 
laboratories and their satellite laboratories, and some contract laboratories, conduct 
analyses to determine test substance residues on crop samples. 

2) Regional QA Coordinator: Monitors the field and laboratory operations in each 
region to assure that they are meeting GLP requirements. 

 
ARS Programs Research Personnel The ARS Program is administered by an ARS 
National IR-4 Director who has overall responsibility for GLP compliance at the ARS Facilities. 
The ARS National IR-4 Director supports USDA-ARS residue laboratories and scientists 
(Laboratory Research Directors) that conduct analyses and determine test substance residues on 
crop samples.  QA for these facilities is provided by other IR-4 QA and contract QA. 
 

Definitions 

GLP Definitions 
Archives: All raw data developed by the IR-4 program will be archived as required under 40 
CFR 160.190. Archivists will be designated by the Executive Director for IR-4 HQ and an index 
of archived laboratory data from the RLCs will be sent periodically to the HQ Archivist. 
 
Protocol: The regulations require an approved written protocol for each study. The SD is 
responsible for the development of the protocol, which is prepared in accordance with the 
information as outlined under 40 CFR 160.120. Protocols will contain both the field and 
laboratory phases of each study and detail the proposed sites for the research. The regulations 
require that the protocol be approved by the SD and sponsor by signing and dating. The Project 
Management Committee (PMC, sponsor) delegates approval of the protocols to the Executive 
Director or his/her designee. 
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Quality Assurance Unit: The QA unit will conduct facility inspections at all IR-4 test locations 
and conduct critical phase inspections of each study at intervals adequate to ensure study 
integrity. All QA audits from facility and critical phase inspections will be provided to the 
appropriate SD and Management (IR-4 Executive Director) for review, appropriate response 
and corrective action, and signature. Those reports that require action may be forwarded to the 
Regional Directors as necessary. The HQ QA Manager will maintain a copy of the Master 
Schedule for all IR-4 studies.  
 
Sponsor: The sponsor is the person who initiates and provides financial or other support for a 
study. The IR-4 Project Management Committee acts as sponsor for IR-4 studies and has 
designated the Executive Director as sponsor for the purposes of GLP. The Executive Director 
may delegate individuals to act as Sponsor Representative to sign the protocol, etc. 
 
Study: An experiment conducted at the IR-4 Research Facilities (or contract facilities) to 
determine the magnitude of the residue (test substance) in or on a given commodity to provide 
the sponsor with residue chemistry data to support a pesticide tolerance. 
 
Study Director:  The SD represents the single point of study control, and is responsible for the 
overall conduct of the study. The accountability provided by a single SD (who plans, oversees, 
and controls the interpretation, analysis, documentation, and reporting of the results) is one of 
the most important aspects of the GLP standards. For IR-4 studies, the SD oversees the research 
of FRD and LRDs who are responsible for carrying out the field and analytical duties. The 
RLCs, RFCs, and ARS National IR-4 Director assist the SDs in meeting their responsibilities.  
 
Testing Facility: IR-4 HQ serves as the testing facility for the purposes of GLP. The Executive 
Director will represent testing facility management, and the SDs and QAU will report to the 
Executive Director. 
 

IR-4 Definitions 
Laboratory Research Director: A person with sufficient training and experience to be able to 
conduct the laboratory analysis and appoint adequate personnel to assure this function will be 
carried out for all studies. The LRD will report all deviations from the protocol or the SOPs to 
the SD.   
 
Quality Assurance Coordinator (QAC) and Officers (QAO): These persons, designated by the 
Regional Director or Executive Director, report the findings of their audits to the SD, to the 
Executive Director (Testing Facility Management) and to other research associated personnel. 
The QAC/QAO will monitor studies, including facilities, equipment, personnel, methods, 
practices, records and controls, for compliance with GLP. The QAU reviews the final report to 
assure that it accurately reflects the raw data of the study and prepares and signs a Quality 
Assurance Statement noting dates the inspections and findings were reported to the SD and SD 
Management.  
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Regional Laboratory Coordinator: This person assigns laboratory-testing sites within his/her 
region for residue analyses conducted by the regional laboratory, its satellites, and private 
contract laboratories. 

References 
Good science is key to successfully completing the analytical portion of any study.  However, it 
is just as important for SDs and LRDs to be aware of the impact of the following references.  
These references provide a framework for all IR-4 study related work. 
 
Operational Handbook of IR-4 (current version). 
Good Laboratory Practice Standards, 40 CRF Part 160, August 17, 1989.  
Food and Feed Crops of the United States, Markle et al. 1998.  
OPPTS 860 Residue Chemistry Test Guidelines including:            

OPPTS 860.1000, Background  
OPPTS 860.1340, Residue Analytical Method  
OPPTS 860.1380, Storage Stability Data  
OPPTS 860.1500, Crop Field Trials 
OPPTS 860.1520, Processed Food/Feed 

Lab Operations 
Standard Operating Procedures:  The development of a comprehensive set of SOPs that 
address the development, monitoring, and reporting of data from specific study phases conducted 
at the research test site is the responsibility of each Laboratory Research Director at that site.  
RLCs and the ARS National IR-4 Director and/or ARS Facility Research Leader, or designee 
provide guidance for and approval of SOPs.  This guidance document will take precedence over 
SOPs and they may therefore need modification after this document is put in place.  

Standards and Solutions  
Obtaining Standards:  IR-4s current policy is that all reference standards must be characterized 
under GLP preferably before the analysis begins, but definitely before the study is completed 
(signed by the study director).  Due in part to the large number of registrants IR-4 works with, 
obtaining GLP standards can be difficult.  It is recommended that the LRD initiate discussions 
with the cooperating registrant.  If standards cannot be acquired in sufficient time frame, then the 
LRD is directed to contact the SD or Registrations Manager at IR-4 HQ to seek assistance in 
obtaining standards.  Purity value given on the Certificate of Analysis should be used for all 
calculations of the standard concentration.  In the case where a non-GLP standard is required to 
complete the analytical phase of the project, IR-4 management, in concert with the SD, will be 
contacted for approval. 
 
Characterization of Substances: Analytical Reference Standards; Documentation of the 
characterization of the standards used in the analytical trial should be obtained by the 
Laboratory Research Director and a copy sent to the SD along with the Analytical Summary 
Report of the trial.  
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Reagents and Solutions: The GLP standards require all reagents and solutions in the laboratory 
area to be labeled to indicate identity, titer or concentration, storage requirements, and 
expiration date. This requirement can be difficult to accomplish when there is a mix of IR-4 and 
non-IR-4 personnel utilizing the laboratory and sharing the chemicals or when the chemical is 
stable and has a long shelf life. The following is to be used as a guide for meeting the labeling 
requirement: 

1) Identity can be the common name(s), CAS number or chemical name of the reagent or 
reagents in solution or mixture. 

2) If the labeling of the original container provides the identity, concentration, storage 
requirements (if any) and expiration date or shelf life, no additional information is 
needed. If the labeling does not contain this information, than a supplemental label 
containing the missing information should be permanently attached to the container 
where it does not obscure other critical information. 

3) All mixtures of chemicals prepared by laboratory personnel for use in IR-4 trials should 
have labels with the information as shown in 2 above. 

4) Expiration dates for stable chemicals should be determined by the Laboratory Research 
Director following methods outlined in their SOPs. 

5) Adequate precautions should be taken to avoid contamination of reagents and solutions 
so that purity of their content is preserved. 

 

Sample Receipt, Processing and Storage  
Maintaining a representative sample and maintaining sample integrity are the important 
considerations to keep in mind during sample receipt storage, processing, and extraction/analysis 
(see Appendix 1.). 
 
Sample Receipt:  Samples are generally received from either ACDS, Fed Ex or other carriers.  
For receipt of samples from an overnight air express carrier such as FedEx, it is critical that the 
lab know a shipment is in transit.  If the shipment is not received as expected, laboratory 
personnel will follow-up to track the shipment.   
 
When samples are received, laboratory personnel check the condition of the samples; verify 
receipt of the correct samples by checking sample identification and matrices against the 
shipping papers.  Unique laboratory numbers are assigned and recorded with cross reference to 
field samples IDs.  Shipping forms (8B) received with the samples may be used to record the 
cross reference or custom forms may be used.  At a minimum, custom forms must contain the 
same information required on the FDB forms, and must show that protocol conditions have been 
met (for example, acknowledging that forms 8B and 8C were shipped with the samples).  The 
SD, RFC, and FRD are notified when samples are received, and any problems with the shipment 
are to be brought to their attention.  
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Sample Processing: For information regarding sample preparation, size and providing 
homogeneous representative samples see Attachment 1.  Great care is taken in the field to collect 
samples from all areas of the plot, so that the sample is representative of the whole field.  When 
processing the samples, the total sample must be processed, and thoroughly mixed. If this is not 
possible, guidance from the Study Director and/or Registration Manager must be sought.  
Sample integrity is generally maintained by processing samples with dry ice.  The study 
analytical data must document how representative samples were prepared.  

 
Storage: Storage of samples is in accordance with the protocol requirements and SOP’s.  To 
prepare for the loss of power or a freezer failure, consideration should be given to the availability 
of backup freezers and dry ice, generators (power backup) and spare parts. Temperature 
monitors, alarms, and established lines of notification are methods for providing the LRD with 
information on the temperature of the storage areas.  For a longer term power outage, samples 
may need to be transported to another location to maintain sample integrity.   These samples 
represent a significant investment and their integrity should be safeguarded accordingly. 
  
Working Method, Validation and Modifications: IR-4 methods are provided initially by 
the cooperating registrant (reference method).  Given the number of commodities IR-4 works 
with, it is likely that each method will require some modification to work effectively.  It should 
be noted that once these methods are modified for other commodities, these methods become the 
enforcement method for EPA.  Significant changes to the initial working method may trigger an 
independent laboratory validation (ILV, OPPTS 860.1340), and thus are not encouraged unless 
needed to develop an adequate method for the specific matrix.  The LRD should discuss 
“significant changes” with the SD and/or gatekeeper prior to making the change. 
 
Other considerations:  Approval for significant changes to the reference method must be 
requested from the SD, HQ gatekeeper and registrant.  Depending on the number of proposed 
changes and familiarity with the method, the laboratory should keep in mind that such changes 
will need to be dealt with well in advance of analysis, so that when the samples are received 
analysis may proceed without delay.   
 
Extraction:  In most cases the extraction solvent and procedures must remain the same as the 
reference method.  Sample weights and extraction volumes must stay proportional to the original 
method.  However, in some cases, the ratio of extraction solvent to sample weight can be 
increased to improve extraction efficiency (e.g. extracting high Kow pesticides from high fat/oil 
content crops).  Exchange of equipment can be made only when the equipment is basically 
carrying out the same function as noted in the method (for example tissuemizer and polytron).  
Other substitutions (from tissuemizer to shaker tray) should be discussed with the registrant 
providing the reference method and in consultation with the SD (and the gatekeeper1 at HQ).  

                                                 
1 The role of the Gatekeeper (Debbie Carpenter, Dan Kunkel or Bill Barney) is to provide greater consistency from 
IR-4 HQ by utilizing personnel with greater chemistry experience. 
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Clean-up steps:  EPA has noted that as long as the extraction procedures are the same, clean-up 
steps maybe added or removed.  It should also be noted that removing an excessive number of 
steps may result in excessive wear and tear on the column and instrument.  The impacts of 
removing clean-up steps from the method, such as matrix enhancement effects, must be 
evaluated as chromatography must be clean and sharp.  Modifications should be discussed with 
the SD, “IR-4 Gatekeeper2” as well as the registrant so they can share their experiences.  Chemist 
should also consider cost and time relating to removal of cited clean-up steps.          
 
Detector:  Using LC-MS/MS has generally become the norm and essentially all of the IR-4 
laboratories have at least one instrument. It is likely that any new equipment purchases will be 
directed toward using this technology.  Therefore, replacing the detectors noted in the reference 
method with LC-MS/MS should have minimal effect on the method while providing better 
quantitation and confirmation.   
 
Working method approval and validation data:  Current minimum protocol requirements 
indicate that the LRD will send the SD the working method and recovery data from the method 
validation.  If the recovery data are within 70 to 120% (reported as nearest whole number) then 
weathered sample analysis may proceed.  However, it is expected that the SD take an active role 
in this process and acknowledge that the method and data are acceptable.  If the recovery data are 
not within the 70 to 120% range, the SD must acknowledge that he/she is aware the data are out 
of range and if the data are acceptable. If the validation recoveries are within the 70 – 120% 
range it is at the discretion of the LRD to request SD approval prior to analysis of the field 
(weathered) samples in order to note SD responsibility.   If study director approval is needed or 
requested, the study director should make every effort to respond within 2 working days.  
Recognizing that study directors have other responsibilities, including traveling, the lab will need 
to provide time for the study director to respond in these situations.  For urgent needs, or 
situations where the SD is not able to respond within 2 working days, approval to proceed may 
be sought from the Gatekeeper2.  However, the SD must provide approval when he/she becomes 
available.  

Sample Analysis and Extracts   
Sample Analysis:  As noted in the protocol, each analytical set will have at least one concurrent 
recovery sample.  Typically the fortification levels will reflect the expected residues in the 
treated samples.  In the case where no residues are expected, fortifications should be at the 
lowest level of method validation (LLMV).   
 
IR-4 laboratories agree that double injections for each weathered sample should be used.  If there 
is a study with a large number of samples, the LRD may consider doing single injections: 
however, it should be noted that double injections provide a number of benefits such as 
instrument stability and detection of “bad injections” in real time, allowing the chemist to 
respond to situations more quickly and efficiently.  LRDs will have the appropriate SOPs in 
place to define pass or fail criteria for poorly reproducing injections.    
       
 
                                                 
2 The role of the Gatekeeper (Debbie Carpenter, Dan Kunkel or Bill Barney) is to provide greater consistency from 
IR-4 HQ by utilizing personnel with greater chemistry experience. 
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Laboratory personnel should be mindful when unusual results are obtained and notify the SD 
immediately.  (Lab personnel may want to re-extract and re-analyze samples to confirm prior to 
notification of SD).  Examples of unusual situations are samples that have no residues compared 
to other weathered (field samples) samples from treated plots, or decline samples where no 
residues are detected, samples from untreated control plots with residues or if residues from 
samples taken from the same treated plot have measurable residues and the values for each 
sample vary by a factor of 5X or more.   
 
Extracts:  “Registrants are advised to routinely include the storage of extracts, unless their 
standard laboratory practice is to analyze extracts on the same day as they are obtained 
“(860.1380).  Always run samples with concurrent recoveries to demonstrate extract stability.       
 
Storage Stability:  IR-4 does not carry out guideline storage stability studies as outlined in 
860.1380.  Our purpose is to show the samples are stable under the storage conditions used.  
Currently, storage stability, with analysis of one time point is carried out for most studies.  For 
many compounds, the registrant may have adequate storage stability data available.  IR-4 is 
working with EPA and the manufacturer to determine this.  IR-4 will transition to fewer storage 
stability, where possible. However, analysis at two time points is often included for compounds 
new to IR-4.  The first time point will be when the method is validated (3 samples) and another 
after an appropriate storage period (another 3 samples).  A minimum of nine samples will be 
spiked at 10x LLMV.  If the samples cover 90% of the storage time (from sample date to 
extraction date), this is sufficient, as per the protocol.  In some cases the SD may be able to 
waive the storage stability analysis.  Documentation of the waiver by the SD is required. 
  
Communication of Results with SD:   

Response Needed to Proceed: 

There may be instances where the lab needs to communicate study related activities to the study 
director, and a response is needed to proceed.  One example includes out of range recoveries.  If 
the recovery data are not within the 70 to 120% range, the SD must acknowledge that he/she is 
aware the data are out of range, accepts the recoveries, and that the analysis may proceed.  If 
study director approval is needed or requested, the study director should make every effort to 
respond within 2 working days.  Recognizing that study directors have other responsibilities 
including traveling, the lab will need to provide time for the study director to respond in these 
situations.  For urgent needs, or situations where the SD is not able to respond within 2 working 
days, approval to proceed may be sought from the gatekeepers, Debbie Carpenter, Dan Kunkel 
or Bill Barney.  However, the SD must provide approval when he/she becomes available.  
  
 
Routine Results:  The LRD (or designate) will provide routine updates to the SD (e.g. residue 
analysis spreadsheet, residue result summaries) on a regular basis, along with background 
information and assessment of the data.  The lab will decide the frequency of updates, based on 
their own operations.  At a minimum, it is expected that the residue results will be shared with 
the study director as soon as possible, once all samples for the study have been analyzed.  
Acknowledgment of their receipt from the study director is expected.    
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Analytical Summary Report: a sample ASR is provided in Attachment 2.  

Training.  This document will be used as a training tool for new Laboratory 
Coordinators, IR-4 chemists, QA officers and Study Directors.   
 
Contract/Company Labs.  This document may also be used as a tool to provide guidance for 
contract and company laboratories used by IR-4 for residue analysis. 
 
Guideline Document review: Target review is for every three years.  Please note that significant 
material has been taken from the “Operational Handbook of IR-4” and updates to that document 
will affect this document as well.   
 
Explanation of Attachments: 
 
Attachment 1: Guidelines for the Preparation of Raw Agricultural Commodity Samples 

 For Residue Analysis  
This instructional guideline has been prepared to aid in insuring uniformity and 
consistency among IR-4 analytical facilities when preparing raw agricultural 
commodities (RAC) for Magnitude of the Residue determinations. The attachment 
provides information regarding sample preparation, size and providing homogeneous 
representative samples.  Great care is taken in the field to collect samples from all areas 
of the plot, so that the sample is representative of the whole field and this guideline will 
help to insure that samples remain representative when processed in the IR-4 laboratories. 

 
Attachment 2:  Sample Analytical Summary Report.   

This example report is provided to illustrate a typical IR-4 Analytical Summary Report 
and the critical elements that must be in a report.  The tables etc have been updated to 
help aid final report preparation.  Recently, EPA has begun to request that metabolite 
residues be expressed as parent equivalents, please refer to the protocol for specific 
reporting requirements.   
 
Note that residues from weathered samples are to be reported using a minimum of 2 
significant figures.   
 
Also, it is imperative that all of the pages of the ASR be readable.  For electronic copies 
of this example please go to IR-4 Laboratory Guidance Document 

 
Attachment 3:  Checklist for Review of Analytical Summary Reports 

This checklist (version 1.1, 2/5/2013) is being provided as reference informaiton to assist 
in the internal quality evaluation of analytical data. The checklist can be used to identify 
and insure that appropriate information is included in the final reports submitted to EPA. 
The checklist identifies items which must be brought to the study director’s attention in 
order for the study director to carry out his/her responsibilities under GLP. 
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GUIDELINES FOR THE PREPARATION OF RAW AGRICULTURAL COMMODITY 
SAMPLES FOR RESIDUE ANALYSIS  

PURPOSE:  

This instructional guideline has been prepared to aid in insuring uniformity and 
consistency among IR-4 analytical facilities when preparing raw agricultural 
commodities (RAC) for Magnitude of the Residue determinations.  

This guideline contains general directions for: 
obtaining in a safe manner homogeneous RAC sub-samples with minimum risk of 
residue cross-contamination (“General Procedures” section A) 
processing guidelines for specific crop groupings with specific instructions on 
inspecting and what portion of the RAC is to be prepared for residue 
determination (“Guidelines for Determining Portion of RAC to be Analyzed" 
section B) 
uniform sample preparation and comminuting procedures (i.e., pulverizing/ 
reduce to powder) for whole and sub-sampled RACs  ("Guidelines for Sample 
Preparation” section C) 

 Definitions of Terms Used in this Guideline:     
Raw Agricultural Commodity
Fresh fruits, whether or not they have been washed and colored or 
otherwise treated in their unpeeled natural form; vegetables in their raw or 
natural state, whether or not they have been stripped of their outer leaves, 
waxed, prepared into fresh green salads, etc.; grains, nuts, eggs, raw milk, 
meats, and similar agricultural produce. It does not include foods that have 
been processed, fabricated, or manufactured by cooking, freezing, 
dehydrating, or milling (40 CFR 180) 

Sample
The amount of individual agricultural commodity units (e.g. specific 
number of fruits or tubers, a set weight of grain, etc.) randomly selected 
from a plot which may be composited for pesticide analysis (OPPTS 
860.1500)

PROCEDURE:

A. General Guidelines 
Persons given responsibility for processing agricultural crops (Processor) will be fully 
trained in properly processing agricultural commodities and also in the safe use of 
processing equipment and cryogenic materials. Proper ventilation is mandatory when 
working with cryogenic materials such as liquid nitrogen and carbon dioxide.  It is the 
responsibility of the Processor to immediately notify her/his immediate supervisor and/or 
the Laboratory Research Director or if unsafe working conditions exist. 
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Processing equipment often operate at high revolutions to pulverize/powder the RAC. 
This equipment can be hazardous and should be routinely checked for proper operation 
before processing agricultural commodities. 

The sample should not be brushed, stripped, trimmed, or washed except to the extent that 
these are commercial practices before shipment or to the extent allowable (see 40 CFR 
180) or the Pesticide Assessment Manual (PAM). Details for cleaning or trimming 
specific crop types are outlined under "Guidelines for Determining Portion of RAC to 
be Analyzed" section B and Appendix 1. In each case, the protocol and Study 
Director will be consulted to clarify any potential problems prior to sample 
processing.

The total sample should be processed whenever feasible. If the sample size is too large to 
process, a representative sub-sample of each component part should be taken (e.g., 1/4 of 
each cantaloupe from the original residue sample bag for maceration). Sub-sampling of 
the component parts will be done in a manner to represent the residue distribution to be 
found on all surfaces of the whole vegetative part. Details for specific crop types are 
outlined under "Guidelines for Sample Preparation” section C.  If sub-sampling must 
occur, due to large sample size or unit size, the Study Director will be consulted 
prior to sample processing.

The order in which samples are processed should be chosen to minimize the potential for 
residue cross-contamination. For each trial location, untreated samples should always be 
processed first. Treated samples with the lowest application rate and the longest pre-
harvest interval (PHI) should follow. Samples with the highest application rate and the 
shortest PHI should be processed last.  In addition, crop fractions should also be 
considered (e.g. nut meat fractions should be processed before hull fractions).

If cryogenic materials are required, the pulverized sample can quickly liquefy and 
separate at room temperature soon after processing.  All attempts should be made to 
immediately transfer the sample to a properly labeled sampling bag and place in frozen 
storage. 

Processing equipment should be thoroughly washed and rinsed with distilled water and 
acetone or methanol before attempting to process the next sample irrespective if the next 
sample is a replicate from the same treatment location or a replicated control sample. 

B. Guidelines for Determining Portion of RAC to be Analyzed 
40 CFR 180 specifies that the sample taken should be of the whole raw agricultural 
commodity (RAC) as it moves through interstate commerce. In certain cases, the portion 
to be analyzed for a residue tolerance may not represent the whole RAC. Instructions on 
what portion of the RAC should be analyzed are provided for nine individual food 
commodities (e.g., bananas) and crop group commodities (e.g., root vegetables) in this 
regulatory guideline. To fill this void, the FDA has provided additional guidance for 
RACs that fall under a more complete crop groupings list (see 40 CFR 180.34 (f)).  The 
portion of the sample to be analyzed as described under PAM Volume 1 takes into 



LABORATORY SAMPLE PROCESSING GUIDANCE DOCUMENT (v.4, 12/01/08) 
Page 3 of 14 

account practical considerations of sample preparation.  Appendix 1 on page 4 (Table 
102-a: Portion of Raw Agricultural Commodity to be Analyzed for Pesticide Residues)
provides a compilation of EPA regulations and FDA directions to be followed for RAC 
preparation. If sample processing procedures for a particular RAC are not specified under
the above crop grouping guidelines, or in the protocol, additional guidance from the 
Laboratory Research Director and IR-4 Study Director approval will be sought before 
preparing samples for residue determination.   

C. Guidelines for Sample Preparation 
The relatively small 2.5 to 100 gram laboratory sample taken from the whole RAC must 
represent the entire treated or control sample. Often these samples are bulky or can be 
comprised of a few large units or many smaller items. Whenever feasible, the total RAC 
sample should be pulverized and a homogeneous 2.5 to 100 gram sample taken to assure 
uniformity.  Processing the entire sample may not always be feasible. Guidelines are 
provided below to aid in preparing representative residue determination samples from 
bulky, large unit and many small item RAC samples.  In addition to the guidelines below, 
Table 1 offers examples of current processing practices of several commodities by IR-
4/ARS facilities.   

Bulky Samples: For more bulky samples [i.e., Alfalfa (green and dry), Barley, Field Corn 
(silage, stover), Sweet Corn (forage, husks), Clover Grass, Mint (hay), Oats (forage, 
fodder, or straw), Rice (plants), Rye, Sorghum (plants), Soybean (plants), Sugar Cane 
(green and/or dry) Tobacco (green, cured), and Wheat (forage, fodder, or straw)], 
acquiring the relatively small laboratory sample usually consists of two steps. First, the 
crop is chopped into smaller size fractions using either a chopping knife or scissors or 
through use of a large capacity chopper/mixer/grinder such as a spinning bowl or vertical 
chopper (ie: Hobart HCM-450, 84142, 84145, 84146, VCM-25, or equivalent). The 
chopped sample is then frozen to a brittle consistency using either liquid nitrogen (LN2)
or dry ice. This frozen material is then processed to a fine consistency using a sample 
grinder (ie: Hobart 4822 or equivalent).  Alternatively the samples may be first broken or 
chopped or into smaller size fractions as described above and then thoroughly processed 
with a cryogen (LN2 or dry ice) in a spinning bowl chopper/mixer, spinning blade food 
processor (ie: Robot-Coupe. RSI-6V or 10B) or other food grinder/chopper

Sub-sampling: Typically, sub-sampling of bulky or heavy units is performed in the field 
as directed by the Protocol.  However, when there are physical limitations for the 
laboratory processing of the whole sample due to mass or sample size, sub-sampling of 
the component parts must be done in a manner that assures the residue distribution is 
representative of the whole vegetative part.  Laboratory sub-sampling should only be 
performed by GLP trained staff and in consultation with the Study Director and or 
Registration Manager.   If absolutely necessary, this practice must be limited to special 
circumstances and be conducted by properly trained staff that understands the importance 
of maintaining a fully representative sub-sample and the risks of possible residue/cross 
contamination and/or deterioration of the crop matrix.  Some examples of representative 
sub-sampling in the laboratory include: 
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Taking a well mixed portion of a large sample of very small items (berries, nuts, 
grain, and immature vegetables). This may be necessary due to sample capacity of 
processing/milling/grinding equipment (i.e., small Hobart/Robot-Coupe choppers, 
Tekmar Analytical Mills and other similar chopping/grinding devices).  For 
example, a well-mixed 1 kg sub-sample from the 5 kg composited RAC sample 
bag of coffee beans can be pulverized by the Tekmar Analytical Mill to produce a 
representative sample. 
For larger items when ca.12 units may comprise the entire composited RAC 
(melons, pineapples, squash, see CODEX, reference 3 and PAM section 120c), ¼ 
of each unit can be separated and composited to produce a representative sample 
for processing. 
In preparing a homogeneous tree fruit sample, where 6 fruits from each of 4 trees 
is recommended (CODEX, reference 3), ½ of each unit can be separated and 
composited to produce a representative sample for processing. 
When the processing or chopping of samples results in rapid degradation or loss 
of residues during storage, a representative sub-sample shall be processed just 
prior to analysis. The crop unit number, crop unit size, and the number of analyses 
will determine the amount of sample to process with dry ice for each analysis. 

If there is too much sample bulk to add the entire sample all at once and sub-sampling is 
not an option, process a portion of the sample, add add’l. sample and cryogen (if using), 
process and repeat until the chopper is full.  Bulk bag and repeat processing until the 
entire sample is chopped.  Combine all chopped matrix in the bulk bag, mix well and 
remove sample for analysis/storage. 
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Appendix 1: From Pesticide Assessment Manual (PAM) Volume 1, 3rd Edition
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IR-4 NATIONAL PESTICIDE CLEARANCE RESEARCH PROGRAM 
ANALYTICAL SUMMARY REPORT PR# 09358: 

Flonicamid/Mint 
 

I. Objective/Introduction 

At the request of IR-4 Headquarters, the North Central Region Leader Laboratory at Michigan 
State University (MSU) has assayed Mint for residues of Flonicamid (EPA Reg. No. 71512-10-
279, CAS# 158062-67-0) to provide data to support the establishment of a pesticide tolerance on 
mint tops (leaves & Stems) and mint oil matrices.  The working method used for this study was an 
adaptation of two FMC Corporation Reports. Tops: based on the reference method “Analytical 
Methodology for IKI-220 (F1785) and its Major Metabolites in/on Peach, Potato Tuber, and 
Wheat Straw”, was written by Audrey W. Chen, Ph. D., Report Number P-3561M, FMC 
Corporation, Agricultural Products Group, Princeton, NJ on August 28, 2002. For mint oil the 
method was based on “ Magnitude of the Residues of IKI-220 on Cotton-USA in 2001”, was 
written by Karen D.Dow, Report Number P-3567, FMC Corporation, Agricultural Products 
Group, Princeton, NJ, 08543, USA on December 18, 2002. 
 
The working method (Working Outline WO 9.166 v.1) diverges from the reference methods as 
shown in Section V and Attachment D of this report. The study followed IR-4 National Pesticide 
Clearance Laboratory Phase Protocol PR# 09358 as amended. The validated method sensitivity 
(Lowest Level of Method Validation, LLMV) was 0.02 µg/gm of Flonicamid (IKI-220), its 
metabolites TFNA-AM, TFNG and TFNA on mint tops (leaves & stems) and mint oil matrices. 
 
II. Sample Inventory and History 

Receiving: Upon arrival at the laboratory, samples were inspected and checked against the 
enclosed shipping forms.   
 
Unique laboratory sample numbers: Unique laboratory sample numbers were assigned as listed in 
Table I.  Sample Inventory.   
 
Grinding: Samples were stored frozen once received from the field.  The raw agricultural 
commodity (RAC) samples (mint tops) were ground using a Robot Coupe RSI 10 B with dry ice.  
Untreated control samples were chopped first followed by treated samples.  The entire sample 
was chopped and homogenized.  Chopped samples were stored in labeled glass jars and placed in 
a freezer.  The mint oil samples received no further processing and were analyzed as received.   
 
Storage condition: All field samples were stored frozen (generally <-20 °C) until analyzed. 
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Table I. Sample Inventory 
Field 
Trial 

 
(FRD) 

Crop 
Fraction 

Field 
Rep No. 

Unique 
Lab Sample 

No. 

Date 

Sampled Lab Receipt Subsampled

11-WI17 
 

(Dr. Scott 
Chapman) 

Tops 
(Leaves
&Stems) 

A 18472 

09-Aug-2011 31-Aug-2011 

21-Mar-2012
B 18473 

C 18474 
23-Mar-2012

D 18475 

Oil 
G 18476 

29-Mar-2012
H 18477 

11-WI18 
 

(Dr. Scott 
Chapman) 

Tops 
(Leaves
&Stems) 

A 18478 

16-Aug-2011 31-Aug-2011 

22-Mar-2012
B 18479 

C 18480 
23-Mar-2012

D 18481 

11-WA*18 
 

(John Harvey) 

Tops 
(Leaves
&Stems) 

A 18466 

28-Jul-2011 31-Aug-2011 

21-Mar-2012
B 18467 

C 18468 
26-Mar-2012

D 18469 

Oil 
G 18470 08-Sep-2011

H 18471 29-Mar-2012

11-ID12 
 

(Will Meeks) 

Tops 
(Leaves
&Stems) 

A 18352 

18-Jul-2011 28-Jul-2011 

04-Aug-2011

B 18353 
05-Aug-2011C 18354 

D 18355 

11-WA17 
 

(Dan 
Groenendale) 

Tops 
(Leaves
&Stems) 

A 18462 

28-Jul-2011 31-Aug-2011 

20-Mar-2012

B 18463 21-Mar-2012

C 18464 
26-Mar-2012

D 18465 
 
III. Preparation of Storage Stability Samples 

Storage Stability (SS) samples were prepared by taking a known amount of processed control 
sample and adding a known amount of Flonicamid and metabolites TFNA-AM, TFNG and TFNA 
as an analytical standard solution.  The SS samples were stored under the same storage conditions 
as field samples (generally < -20°C).  The preparation of the storage stability samples is provided 
in the following Table II. 
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Table II. Preparation of Storage Stability Samples for Mint Tops (Leaves & Steams) and 
Mint Oil 

Field 
Trial 

Field 
Rep 
No. 

Crop 
Part 

No. 
Pre-

pared 

Sample 
Size (g) 

Standard Used Fortification 
Date 

Prepared Std # 
Conc. 

(µg/mL)

Vol 
added 
(mL) 

Amount
(µg) 

Level 
(ppm) 

11-ID12 A 

Tops 
(leaves 

& 
Stems) 

9 5.00 F307G-2
~1.00 
each 

1.0 
~1.0 
each 

~0.2 10-Aug-11 

11-
WA*18 

G Oil 9 5.00 F307G-2
~1.00 
each 

1.0 
~1.0 
each 

~0.2 08-Sep-11 

 
IV. Preparation of Standards 

Reference standards were received from ISK Biosciences Corporation.  Specific purity and 
additional information regarding the reference standards are shown in Table III.  These were 
prepared as a stock standard solution from the pure reference material Flonicamid (IKI-220) and 
metabolites (TFNA-AM, TFNG, and TFNA).   Two separate lines of working standard solutions 
were diluted from the stock solution to produce “One Stock Two Lines”. One line was for spiking 
or fortification, marked as “F” and the other used as calibration solutions for the quantification of 
the residues, marked as “A”.  
 
Table III. Reference Standard Information 

Analyte: Flonicamid 
(IKI-220) 

TFNA-AM TFNG TFNA 

ARS #: 
(Assigned by IR-4) 307 308 309 310 

CAS no.: 
158062-67-0 

158062-71-6 
 

158062-21-6 
--- 158063-66-2 

Source: 
Midwest Research Institute (MRI) 

Harlan 
Laboratories 

Midwest 
Research 

Institute (MRI) 
Lot #: 9803 0006 0006-1 0006 

Purity: 

99.9± 0.1% 

99.87%  
  

99.7% 
(recertified) 

92.4% 100.00% 

Receipt Date: Mar 17, 2010 Mar 17, 2010 Mar 17, 2010 Mar 17, 2010 
Expiration 

Date: 
May 15, 2014 

Jan 06, 2011 
 

Jan 03, 2016 
(recertified) 

Dec 2013 

Jan 05, 2011 
 

Jan 03, 2016 
(recertified) 

Storage: IR-4 Freezer No. 2 (Typically <-10°C) 
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Primary Stock Solutions: 
A known amount of the standard was accurately weighed into a volumetric flask, dissolved and 
diluted to a known volume with acetonitrile (Table IV). 
 
Table IV.  Primary Stock Solutions 

Compounds 
 

(ARS ID #) 

Standard 
Weight 

(g) 

Corrected 
Weight* 

(g) 

Solvent 
Volume 

(mL) 

Concentra-
tion 

µg/mL 

Prepara-
tion 
Date 

Solution 
ID 

Flonicamid, 
 (307) 

0.01007 0.01006 100 100.6 16-Jul-2010 S307-1 

TFNA-AM  
(308)  

0.01048 0.01047 100 104.7 16-Jul-2010 S308-1 

TFNG  
(309) 

0.01079 0.00997 100 99.7 19-Jul-2010 S309-1A 

TFNA  
(310) 

0.01011 0.01011 100 101.1 16-Jul-2010 S310-1 

Flonicamid, 
 (307) 

0.01011 0.01010 100 101.0 18-Jan-12 S307-4 

TFNA-AM  
(308) 

0.01014 0.01012 100 101.2 9-Aug-11 S308-4 

TFNG  
(309) 

0.01034 0.00955 100 95.5 18-Jan-12 S309-4 

TFNA 
(310) 

0.01001 0.01001 100 100.1 9-Aug-11 S310-4 

*Correction factor based on % purity of the standard.  
   
Fortification Standard Solutions:  
Aliquots of primary stock solution were diluted or serially diluted with acetonitrile in volumetric 
flasks.  All fortification standards were labeled with an F for identification for use for fortifying 
method validation or QC samples.  Equivalent sample concentration as shown in Table V below 
is based on adding a 1 mL aliquot of fortification stock solution to 5 gms of sample matrix. 
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Table V.  Preparation of Fortification Solutions 
Source Solution Fortification Standards 

Solution 
ID 

Concen-
tration 

(µg/mL) 

Aliquot 
Volume 

(mL) 

Final 
Volume

Concen-
tration 

(µg/mL) 

Equivalent* 
Sample 
Concen-
tration 
(ppm) 

Solution 
ID 

Preparation 
Date 

S307-1 
S308-1 

S309-1A 
S310-1 

100.6 
104.7 
99.7 
101.1 

1 each 100 

1.006 
1.047 
0.997 
1.011 

- 
F307G-

1 
19-Jul-10 

S307-4 
S308-4 
S309-4 
S310-4 

101.0 
101.2 
95.5 
100.1 

5 each 100 

5.050 
5.060 
4.775 
5.005 

- 
F307G-

4 
19-Jan-12 

F307G-4 

5.050 
5.060 
4.775 
5.005 

10 100 

0.5050 
0.5060 
0.4775 
0.5005 

- 
F307G-

7 
25-Apr-12 

F307G-7 

0.5050 
0.5060 
0.4775 
0.5005 

10 50 

0.1010 
0.1012 
0.0955 
0.1001 

0.02 
F307G-

8 
25-Apr-12 

S307-4 
S308-4 
S309-4 
S310-4 

101.0 
101.2 
95.5 
100.1 

5 each 50 

10.10 
10.12 
9.55 
10.01 

2.0 
F307G-

9 
18-May-12 

F307G-9 

10.10 
10.12 
9.55 
10.01 

10 100 

1.010 
1.012 
0.955 
1.001 

0.2 
F307G-

10 
18-May-12 

*assumes 1mL fortification solution to 5 g sample matrix. 
 
HPLC Calibration Solutions  
The working solution was prepared by pipetting an accurate amount of the stock solution into an 
appropriate volumetric flask and then diluting to the mark with acetonitrile.  Subsequent working 
standards were prepared by pipetting a known amount of a working solutions and diluting with 
50% acetonitrile in (HPLC) water.  These working solutions, marked as “A”, were for calibration 
use only (Table VI).  
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Table VI.  Preparation of Calibration Solutions 
Source Solution Calibration Standards 

Solution  
ID 

Concen-
tration 

(µg/mL) 

Aliquot 
Vol-
ume 
(mL) 

Final 
Vol-
ume 
(mL) 

Concen-
tration 

(µg/mL) 
Solution ID 

Preparation 
Date 

Flonicamid 
(S307-4) 

TFNA-AM 
(S308-4) 

TFNG (S309-4) 
TFNA (S310-4) 

101.0 
 

101.2 
 

95.50 
100.1 

1 each 100 

1.010 
 

1.012 
 

0.9550 
1.001 

A307G-11 Jan-19-12 

A307G-11 

1.010 
1.012 
0.9550 
1.001 

1 10 

0.1010 
0.1012 
0.0955 
0.1001 

A307G-20 May-22-12 

A307G-11 

1.010 
1.012 
0.9550 
1.001 

1 100 

0.01010 
0.01012 
0.00955 
0.01001 

A307G-21 May-22-12 

A307G-20 

0.1010 
0.1012 
0.0955 
0.1001 

2.5 50 

0.00505 
0.00506 
0.004775 
0.005005 

A307G-22 May-22-12 

A307G-21 

0.01010 
0.01012 
0.00955 
0.01001 

10 50 

0.002020 
0.002024 
0.001910 
0.002002 

A307G-23 May-22-12 

A307G-21 

0.01010 
0.01012 
0.00955 
0.01001 

5 50 

0.001010 
0.001012 
0.000955 
0.001001 

A307G-24 May-22-12 

A307G-21 

0.01010 
0.01012 
0.00955 
0.01001 

2.5 50 

0.0005050 
0.0005060 
0.0004775 
0.0005005 

A307G-25 May-22-12 

A307G-21 

0.01010 
0.01012 
0.00955 
0.01001 

1 50 

0.0002020 
0.0002024 
0.0001910 
0.0002002 

A307G-26 May-22-12 

A307G-21 

0.01010 
0.01012 
0.00955 
0.01001 

0.5 50 

0.0001010 
0.0001012 
0.0000955
0.0001001 

A307G-27 May-22-12 
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Storage Conditions of Standards:  
When not in use, standards and standard solutions were stored in lab freezer units #2 and #7.  
During the period of this study, the average daily temperature was generally <-10 °C.  
 
V. Analytical Procedure 

For mint tops, five (5.0) g of sample was extracted using an extraction solvent (acetonitrile: water, 
50:50, v/v). The sample was shaken, decanted into a flat bottom boiling flask.  For mint oil, 2.5 g 
of sample was partitioned twice against hexane and the extraction solvent (acetonitrile:water, 
50:50, v/v). The extraction solvent from the mint oil was combined in a flat bottom boiling flask.  
For both tops and oil the extraction solvent was evaporated to its aqueous remainder, filtered, 
acidified and made up to 50 mL.  A portion of the extract (5 out of 50 mL) was taken through the 
rest of procedure that includes partitioning with ethyl acetate, evaporation of the ethyl acetate to 
dryness using N-EVAP Evaporator. The residues were dissolved in actonitrile:water, 50:50, v/v 
and then analyzed by HPLC/MS/MS. 
 
Method 

This working outline is an adaptation of two reference methods.  The referenced methods used for 
development of the working method were “Analytical Methodology for IKI-220 (F1785) and its 
Major Metabolites in/on Peach, Potato Tuber, and Wheat Straw”, was written by Audrey W. Chen 
on August 28, 2002, Princeton NJ, 08543, USA and “Magnitude of the Residues of IKI-220 on 
Cotton- USA in 2001” P-3567, Karen Dow, RMC Corporation, 2002.   
 
Points where the working methods (Working Outline WO 9.166, V.1) diverge from the reference 
methods are noted in WO 9.166 V.1 (Attachment D) and below.  
 
Modifications to Cited Method 

A rotovap was used to concentrate the samples with the water bath, 45 °C) instead of a TurboVap 
(step 8) due available equipment in the lab.  To facilitate this, the extract was decanted into 250 
mL flat bottom boiling flask instead of TurboVap vessel as in steps 5 and 7.  Also, 0.6 mL of 
concentrated HCI was used instead of 0.5 mL to improve recoveries. 
 
A smaller size of Whatman No. 1 filter was used, 7 cm instead of 11 cm (Step 13) to 
accommodate existing laboratory equipment. 
 
In step 14, 5 mL of sample extract was used instead of 2 mL to increase the final concentration of 
residues in the extract due to differences in sensitivity between instrumentation.   Because of the 
increased amount of sample extract, three partitions (4 mL, 4 mL and 2 mL) of ethyl acetate 
instead of two partitions with 2 mL ethyl acetate were conducted in order to increase efficiency of 
extraction.   
 
The temperature of the water bath was reduced in Step 16 from 45 °C to 25 °C to increase % 
recoveries. 
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The sample final volume was prepared in 50% acetonitrile instead of 30% acetonitrile due to 
optimization of the chromatography for the existing system. 
 
For the UPLC mobile phase, 0.3% acetic acid in HPLC water and acetonitrile was used instead of 
0.2% acetic acid in acetonitrile, 0.2% acetic acid and methanol in the original method. This 
original separation required the use of three channels.  The LC pump in use only has two 
channels. 
 
Calibration standards were prepared in 50% acetonitrile for compatibility with the optimized 
chromatography system. 
 
VI. Quantitation 

Calculations for residues used the peak area data collected from the instrument. Steps of 
calculating residues and spike recovery percentages are given in this section. A linear standard 
calibration curve is used: 
 

 b     m      xy        (Eq. 1) 
 

where y is peak area, x is residue concentration, m is slope and b is y-intercept.  The residue 
concentration (x) can be calculated after Eq. 1 is rearranged to Eq. 2. 
 

m

 b      
      




y
x

     
  (Eq. 2) 

 

Spike recovery can be calculated by Eq. 3: 
 

100    
 

     
      (%)recovery  Spike 

s

x
    (Eq. 3) 

 

where x is determined residue concentration and s is spike concentration. 
 

An example of calculating residue and spike recovery is given as follows.  
 

Field trial ID: 11-WA*18  
Crop fraction: Mint Tops (Leaves&Stems) 
Analysis for:  Flonicamid 
ASR page No.: 91 
Lab sample ID number:  18467A-QC-2.0-1 
Extraction date: 26-Jul-2012 
Analysis date:  30-Jul-2012 
 
Analysis results:   

Peak area of sample  y = 3026 
Calibration coefficient r2 = 0.9960 
Slope m = 1780961 
Intercept b = -128.36 

 
Thus, concentration (x’) in final extract is, 
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1780961

(-128.36-3026
     'x = 0.0017712 (µg/mL in the final extract) 

 
To calculate sample concentration, x, initial sample weight and final extract volume are taken into 
account (initial sample weight, w = 5.0 g, final extract volume, Vol = 5000 mL). It is calculated 
as follows: 

(w) weight Sample 

(Vol)  volumeFinal 
  '     xx

g 5.0 

 mL 5000
 µg/mL   0.0017712    =1.771 µg/g (in sample) 

 
Spike concentration, s = 10.10µg ÷ 5.0 g = 2.020 µg/g. The spike recovery is calculated as 
follows: 

 

 100  
 )(ion concentrat Spike  

 )( residue Determined  
     (%)recovery   Spike 

s

x
 

100  
 g/g 2.020  

 g/g 1.771  
     




\\

 

  = 87.68% 
 

For some treated samples, the chromatograms of metabolite TFNG have been manually integrated 
due to a co elution interference and poor peak selection by the chromatography package.  
Manually integrated chromatograms have been identified on each of the chromatography pages. 

 
VII. Results and Discussion 

Residue results are reported as ppm (parts per million or µg/g) in this study.  The results are 
summarized in the following tables and below. 
 
Table VII.  Summary of Flonicamid Spike Recoveries (MV, CR, SSCR) for Mint Tops 

(Leaves & Stems)  

Table VIII.  Summary of TFNA-AM Spike Recoveries (MV, CR, SSCR) for Mint Tops 
(Leaves & Stems)  

Table IX.  Summary of TFNG Spike Recoveries (MV, CR, SSCR) for Mint Tops (Leaves 
& Stems)  

Table X.  Summary of TFNA Spike Recoveries (MV, CR, SSCR) for Mint Tops (Leaves 
& Stems)  

Table XI.  Summary of Flonicamid Spike Recoveries (MV, CR, SSCR) for Mint Oil 

Table XII.  Summary of TFNA-AM Spike Recoveries (MV, CR, SSCR) for Mint Oil 

Table XIII.  Summary of TFNG Spike Recoveries (MV, CR, SSCR) for Mint Oil 

Table XIV.  Summary of TFNA Spike Recoveries (MV, CR, SSCR) for Mint Oil 

Table XV.  Storage Stability (SS) of Flonicamid and its Metabolites on Mint Tops (Leaves & 
Stems)  
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Table XVI.  Storage Stability (SS) of Flonicamid and its Metabolites on Mint Oil 

Table XVII.  Summary of Residue Data for Mint Tops (Leaves & Stems) and Mint Oil 
Samples for Flonicamid (IKI-220) and Metabolites TFNA-AM, TFNG and 
TFNA 

Detailed calculations and related calibration data as well as LOQ and LOD calculations are given 
in Attachment B.  
 
The working method was validated at three concentrations, 0.02, 0.2 and 2.0 µg/g or ppm for 
Flonicamid and its metabolites TFNA-AM, TFNA, and TFNG on Mint Tops (Leaves & Stems).  
Recoveries are shown in Tables VII, through X for each compound on mint tops.  Average 
recoveries for the parent Flonicamid on mint tops ranged from a minimum of 67 ± 6 % at 0.02 
ppm to a maximum of 80 ± 7% at 2.0 ppm (Table VII).  Average recoveries for TFNA-AM 
ranged from 75 ± 5% at 0.02 ppm to 86 ± 4% at 0.2 ppm (Table VIII).  For TFNG average 
recoveries ranged from 91 ± 5% at 2 ppm to a maximum of 111 ± 3% at 0.2 ppm (Table IX).  
Finally, recoveries for TFNA ranged from 98± 6% at 2 ppm to a maximum of 105 ± 3 at 0.2 ppm 
(Table X). Calculated LODs for Flonicamid, and its metabolites TFNA-AM, TFNG and TFNA 
were 0.004, 0.003, 0.002 and 0.004 µg/g respectively. While calculated LOQs for Flonicamid, 
and its metabolites TFNA-AM, TFNG and TFNA were 0.013, 0.010, 0.006 and 0.013µg/g, 
respectively. Calculations were based on the recoeveries at the LLMV using a one-tailed‘t’ 
statistic as described in The Handbook of Environmental Analysis, 4th Edition, by Roy-Keith 
Smith, Genium Publishing Corporation, 1999.  These calculated values support the lowest level of 
quantification used as a part of this study as they are less than the LLMV of 0.02 ppm. The 
calculation spreadsheets used for generating calculated LOD and LOQs are shown in Attachment 
B. 
 
The working method also was validated on mint oil at 0.02, 0.2 and 2.0 µg/gm.  Recoveries are 
shown in Tables XI through XIV.  Average recoveries for Flonicamid ranged from 87 ± 4 at 2 
ppm to 96 ±7 at 0.02 ppm (Table XI).  Average recoveries for TFNA-AM ranged from 87 ± 6% at 
0.2 ppm to 96 ± 8 at 0.02 ppm (Table XII).  For TFNG, average recoveries ranged from 88 ± 7% 
at 0.02 ppm to a maximum of 94 at both 0.2 and 2 ppm (Table XIII).  Finally, recoveries for 
TFNA ranged from 89± 6% at 2 ppm to a maximum of 93 ± 4 at 0.2 ppm (Table XIV). Calculated 
LODs for Flonicamid, and its metabolites TFNA-AM, TFNG and TFNA on mint oil were 0.005, 
0.006, 0.004 and 0.004 µg/g respectively. While calculated LOQs for Flonicamid, and its 
metabolites TFNA-AM, TFNG and TFNA were 0.014, 0.017, 0.013 and 0.012µg/g, respectively. 
Calculations were based on the LLMV using a one-tailed‘t’ statistic as described in The 
Handbook of Environmental Analysis, 4th Edition, by Roy-Keith Smith, Genium Publishing 
Corporation, 1999.  These calculated values support the lowest level of quantification used as a 
part of this study as they are less than the LLMV of 0.02 ppm. The calculation spreadsheets used 
for generating calculated LOD and LOQs are shown in Attachment B. 
 
Mint tops and mint oil storage stability samples were spiked with Flonicamid, and its metabolites 
TFNA-AM, TFNA and TFNG at 0.20 ppm for each compound.  For mint tops, samples were 
stored for 372 days prior to analysis.  Recoveries were 85 ± 3, 79 ± 4, 81 ± 2, and 73 ± 7 for 
Flonicamid, TFNA-AM, TFNG and TFNA, respectively.  These results demonstrate that 
Flonicamid and its metabolites are stable under the storage conditions used for the treated samples 
(Table XV).   
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For mint oil storage stability, samples were stored 368 days prior to analysis.  Samples were 
prepared using 5 g of mint oil rather than the 2.5 g used in the working method.  The concurrent 
recovery used in the storage stability test was prepared with 5 g of oil to compensate for the 
difference.  In addition, volumes were adjusted relative to the increased sample size throughout 
the methodology on the entire set of storage stability mint oil samples. Recoveries were 44 ± 2, 50 
± 4, 44 ± 2, and 45 ± 73for Flonicamid, TFNA-AM, TFNG and TFNA, respectively.  While it 
appears that the low recoveries were due to an inaccurate spiking was the samples, there is no 
data from the storage stability preparation that would support this hypothesis.  Concurrent 
recoveries for both sets were within 70 to 120% as designated by protocol.   
 
The untreated control samples of both the mint tops and oil had no detectable residues of 
Flonicamid, or its metabolites TFNA-AM, TFNG and TFNA at greater than the LLMV (i.e., < 
0.02 ppm) (Table XVII).  On mint tops, residues of Flonicamid varied on treated samples from a 
minimum of 0.500 ppm on replicate C of trial 11-WI17 to a maximum of 2.41 ppm on replicate D 
from field trial 11-ID12.  Residues for TFNA-AM on mint tops ranged from 0.0723 ppm on 
replicate C from trial 11-WI17 to a maximum of 0.254 ppm on replicate D from trial 11-WA17.  
For TFNG, residues ranged from 0.219 ppm replicate D from trial 11-WI17to a maximum of 
0.461 ppm for sample D from trial 11-WA17.  Residues of TFNA ranged from 0.107 ppm 
replicate C from trial 11-WI17on treated samples from to a maximum of 0.235 ppm on replicate 
D of trial 11-WA17. 
 
Results from the mint oil analyses show that residues of Flonicamid and its metabolites TFNA-
AM, TFNG and TFNA were less than the LLMV of 0.02ppm.   
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Table VII. Summary of Flonicamid Spike Recoveries (MV, CR, SSCR) for Mint Tops 
(Leaves & Stems) 

Spike 
level 

(ppm) 

Lab sample ID Type  
of  

recovery

Determined 
value  
(ppm) 

Average
± s.d. 
(ppm) 

Spike 
recovery 

(%) 

Average 
recovery 

(%) 
  Flonicamid ( IKI-220)    

0.0202 

18472A-MV-0.02-1 MV 0.0149 

0.0135 
± 

0.0012 

74 

67 
± 
6 

18472A-MV-0.02-2 MV 0.0136 67 

18472A-MV-0.02-3 MV 0.0143 71 

18473A-QC-0.02-1 CR 0.0119 59 

18353A-QC-0.02-1 CR 0.0144* 71 

18463A-QC-0.02-1 CR 0.0121 60 

0.202 

18472A-MV-0.2-1 MV 0.155 
0.160 

± 
0.0049 

77 
79 
± 
2 

18472A-MV-0.2-2 MV 0.166 82 

18472A-MV-0.2-3 MV 0.158 78 

18352A-QC-0.2-1 SSCR 0.163 81 

2.02 

18472A -MV-2-1 MV 1.48 
1.62 

± 
0.13 

73 
80 
± 
7 

18472A -MV-2-2 MV 1.53 76 

18472A -MV-2-3 MV 1.71 84 

18467A-QC-2-1 CR 1.75 86 

3.0 18479A-QC-3-1 CR 2.42 --- 80 --- 

*Average of four injections 
Notes:  
s.d. = standard deviation    
MV = Method Validation 
CR = Concurrent spike recovery   
All concurrent recovery (CR) samples were analyzed twice (double injection) and the values are averages of 

multiple analysis. 
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Table VIII. Summary of TFNA-AM Spike Recoveries (MV, CR, SSCR) for Mint Tops 
(Leaves & Stems) 

Spike 
level 

(ppm) 

Lab sample ID Type 
of  

recover
y 

Determined 
value  
(ppm) 

Average
± s.d. 
(ppm) 

Spike 
recovery 

(%) 

Average 
recovery 

(%) 

TFNA-AM 

0.02024 

18472A-MV-0.02-1 MV 0.0149 

0.0151 
± 

0.0092 

74 

75 
± 
5 

18472A-MV-0.02-2 MV 0.0145 72 

18472A-MV-0.02-3 MV 0.0141 70 

18473A-QC-0.02-1 CR 0.0146 72 

18353A-QC-0.02-1 CR 0.0163* 81 

18463A-QC-0.02-1 CR 0.0162 80 

0.2024 

18472A-MV-0.2-1 MV 0.182 
0.173 

± 
0.0075 

90 
86 
± 
4 

18472A-MV-0.2-2 MV 0.172 85 

18472A-MV-0.2-3 MV 0.175 86 

18352A-QC-0.2-1 SSCR 0.164 81 

2.024 

18472A -MV-2-1 MV 1.49 
1.66 

± 
0.12 

73 
82 
± 
7 

18472A -MV-2-2 MV 1.69 83 

18472A -MV-2-3 MV 1.77 87 

18467A-QC-2-1 CR 1.71 84 

3.0 18479A-QC-3-1 CR 2.44 --- 80 --- 

*average of 4 injections 
Notes:  
s.d. = standard deviation    
MV = Method Validation 
CR = Concurrent spike recovery   
All concurrent recovery (CR) samples were analyzed twice (double injection) and the values are averages of 

multiple analysis. 
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Table IX. Summary of TFNG Spike Recoveries (MV, CR, SSCR) for Mint Tops (Leaves 
& Stems) 

Spike 
level 

(ppm) 

Lab sample ID Type  
of  

recovery

Determined 
value  
(ppm) 

Average
± s.d. 
(ppm) 

Spike 
recovery 

(%) 

Average 
recovery 

(%) 
  TFNG    

0.0191 

18472A-MV-0.02-1 MV 0.0209 

0.0212 
± 

0.0006 

110 

111 
± 
3 

18472A-MV-0.02-2 MV 0.0205 107 

18472A-MV-0.02-3 MV 0.0215 113 

18473A-QC-0.02-1 CR 0.0221 115 

18353A-QC-0.02-1 CR 0.0207* 108 

18463A-QC-0.02-1 CR 0.0213 112 

0.191 

18472A-MV-0.2-1 MV 0.186 
0.179 

± 
0.0096 

97 
94 
± 
6 

18472A-MV-0.2-2 MV 0.183 96 

18472A-MV-0.2-3 MV 0.183 96 

18352A-QC-0.2-1 SSCR 0.165 86 

1.91 

18472A -MV-2-1 MV 1.63 
1.74 

± 
0.089 

85 
91 
± 
5 

18472A -MV-2-2 MV 1.73 90 

18472A -MV-2-3 MV 1.84 96 

18467A-QC-2-1 CR 1.76 92 

3.0 18479A-QC-3-1 CR 2.67 --- 93 --- 

*average of 4 injections 
Notes:  
s.d. = standard deviation    
MV = Method Validation 
CR = Concurrent spike recovery   
All concurrent recovery (CR) samples were analyzed twice (double injection) and the values are averages of 

multiple analysis. 
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Table X. Summary of TFNA Spike Recoveries (MV, CR, SSCR) for Mint Tops (Leaves 
& Stems) 

Spike 
level 

(ppm) 

Lab sample ID Type  
of  

recovery

Determined 
value  
(ppm) 

Average
± s.d. 
(ppm) 

Spike 
recovery 

(%) 

Average 
recovery 

(%) 
  TFNA    

0.02002 

18472A-MV-0.02-1 MV 0.0205 

0.0206 
± 

0.0013 

103 

103 
± 
7 

18472A-MV-0.02-2 MV 0.0209 104 

18472A-MV-0.02-3 MV 0.0215 107 

18473A-QC-0.02-1 CR 0.0185 93 

18353A-QC-0.02-1 CR 0.0223* 111 

18463A-QC-0.02-1 CR 0.0197 98 

0.2002 

18472A-MV-0.2-1 MV 0.208 
0.210 

± 
0.0062 

104 
105 
± 
3 

18472A-MV-0.2-2 MV 0.220 110 

18472A-MV-0.2-3 MV 0.207 103 

18352A-QC-0.2-1 SSCR 0.207 104 

2.002 

18472A -MV-2-1 MV 1.83 
1.96 

± 
0.12 

91 
98 
± 
6 

18472A -MV-2-2 MV 1.89 95 

18472A -MV-2-3 MV 2.11 105 

18467A-QC-2-1 CR 1.99 100 

3.0 18479A-QC-3-1 CR 2.93 --- 98 --- 

* average of 4 injections 
Notes:  
s.d. = standard deviation    
MV = Method Validation 
CR = Concurrent spike recovery   
All concurrent recovery (CR) samples were analyzed twice (double injection) and the values are averages of 

multiple analysis. 
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Table XI. Summary of Flonicamid Spike Recoveries (MV, CR, SSCR) for Mint Oil 
 

Spike 
level 

(ppm) 

Lab sample ID Type  
of  

recovery

Determined 
value  
(ppm) 

Average
± s.d. 
(ppm) 

Spike 
recovery 

(%) 

Average 
recovery 

(%) 
  Flonicamid ( IKI-220)    

0.0202 

18476A-MV-0.02-1 MV 0.0208 

0.0194 
± 

0.0014 

103 

96 
± 
7 

18476A-MV-0.02-2 MV 0.0176 87 

18476A-MV-0.02-3 MV 0.0205 102 

18476A-QC-0.02-1 CR 0.0179 89 

18470A-QC-0.02-1 CR 0.0198 98 

18470A-QC-0.02-2 CR 0.0199 98 

0.202 

18476A-MV-0.2-1 MV 0.189 

0.188 
± 

0.0083 

93 

93 
± 
4 

18476A-MV-0.2-2 MV 0.178 88 

18476A-MV-0.2-3 MV 0.199 98 

18476A-QC-0.2-1 CR 0.181 89 

18470A-QC-0.2-1 SSCR 0.192 95 

2.02 

18476A-MV-2-1 MV 1.83 1.75 
± 

0.074 

91 87 
± 
4 

18476A-MV-2-2 MV 1.75 87 

18476A-MV-2-3 MV 1.68 83 

Notes:  
s.d. = standard deviation    
MV = Method Validation 
CR = Concurrent spike recovery   
All concurrent recovery (CR) samples were analyzed twice (double injection) and the values are averages of 

multiple analysis. 
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Table XII. Summary of TFNA-AM Spike Recoveries (MV, CR, SSCR) for Mint Oil 
 

Spike 
level 

(ppm) 

Lab sample ID Type  
of  

recovery

Determined 
value  
(ppm) 

Average
± s.d. 
(ppm) 

Spike 
recovery 

(%) 

Average 
recovery 

(%) 
  TFNA-AM    

0.02024 

18476A-MV-0.02-1 MV 0.0188 

0.0194 
± 

0.0016

93 

96 
± 
8 

18476A-MV-0.02-2 MV 0.0197 97 

18476A-MV-0.02-3 MV 0.0206 102 

18476A-QC-0.02-1 CR 0.0165 81 

18470A-QC-0.02-1 CR 0.0210 104 

18470A-QC-0.02-2 CR 0.0202 100 

0.2024 

18476A-MV-0.2-1 MV 0.191 

0.176 
± 

0.013 

94 

87 
± 
6 

18476A-MV-0.2-2 MV 0.179 88 

18476A-MV-0.2-3 MV 0.186 92 

18476A-QC-0.2-1 CR 0.163 80 

18470A-QC-0.2-1 SSCR 0.164 81 

2.024 

18476A-MV-2-1 MV 1.78 1.78 
± 

0.052 

88 88 
± 
3 

18476A-MV-2-2 MV 1.83 91 

18476A-MV-2-3 MV 1.73 85 
Notes:  
s.d. = standard deviation    
MV = Method Validation 
CR = Concurrent spike recovery   
All concurrent recovery (CR) samples were analyzed twice (double injection) and the values are averages of 

multiple analysis. 
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Table XIII. Summary of TFNG Spike Recoveries (MV, CR, SSCR) for Mint Oil 
 

Spike 
level 

(ppm) 

Lab sample ID Type  
of  

recovery

Determined 
value  
(ppm) 

Average
± s.d. 
(ppm) 

Spike 
recovery 

(%) 

Average 
recovery 

(%) 
TFNG 

0.0191 

18476A-MV-0.02-1 MV 0.0178 

0.0169 
± 

0.0013 

93 

88 
± 
7 

18476A-MV-0.02-2 MV 0.0167 87 

18476A-MV-0.02-3 MV 0.0178 93 

18476A-QC-0.02-1 CR 0.0151 79 

18470A-QC-0.02-1 CR 0.0157 82 

18470A-QC-0.02-2 CR 0.0181 95 

0.191 

18476A-MV-0.2-1 MV 0.181 

0.179 
± 

0.0094 

95 

94 
± 
6 

18476A-MV-0.2-2 MV 0.184 96 

18476A-MV-0.2-3 MV 0.191 100 

18476A-QC-0.2-1 CR 0.170 89 

18470A-QC-0.2-1 SSCR 0.169 89 

1.91 

18476A-MV-2-1 MV 1.83 1.80 
± 

0.041 

96 94 
± 
2 

18476A-MV-2-2 MV 1.83 96 

18476A-MV-2-3 MV 1.76 92 
Notes:  
s.d. = standard deviation    
MV = Method Validation 
CR = Concurrent spike recovery   
All concurrent recovery (CR) samples were analyzed twice (double injection) and the values are averages of 

multiple analysis. 
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Table XIV. Summary of TFNA Spike Recoveries (MV, CR, SSCR) for Mint Oil 
 

Spike 
level 

(ppm) 

Lab sample ID Type  
of  

recovery

Determined 
value  
(ppm) 

Average
± s.d. 
(ppm) 

Spike 
recovery 

(%) 

Average 
recovery 

(%) 
  TFNA    

0.02002 

18476A-MV-0.02-1 MV 0.0177 

0.0183 
± 

0.0011 

88 

91 
± 
6 

18476A-MV-0.02-2 MV 0.0181 90 

18476A-MV-0.02-3 MV 0.0185 93 

18476A-QC-0.02-1 CR 0.0173 86 

18470A-QC-0.02-1 CR 0.0177 89 

18470A-QC-0.02-2 CR 0.0205 102 

0.2002 

18476A-MV-0.2-1 MV 0.182 

0.186 
± 

0.0086 

91 

93 
± 
4 

18476A-MV-0.2-2 MV 0.180 90 

18476A-MV-0.2-3 MV 0.189 95 

18476A-QC-0.2-1 CR 0.180 90 

18470A-QC-0.2-1 SSCR 0.200 100 

2.002 

18476A-MV-2-1 MV 1.91 1.78 
± 

0.12 

95 89 
± 
6 

18476A-MV-2-2 MV 1.73 86 

18476A-MV-2-3 MV 1.70 85 

Notes:  
s.d. = standard deviation    
MV = Method Validation 
CR = Concurrent spike recovery   
All concurrent recovery (CR) samples were analyzed twice (double injection) and the values are averages of 

multiple analysis. 
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Attachment A:  Index to Representative Chromatograms 
 
Each chromatogram represents a 10-µL injection. Chromatograms included are for demonstration 
purposes only and not all of the chromatograms obtained are included. 
 
Index to representative chromatograms  ............................................................................. 30-31 

 
Calibration Standards (for WI17-Oil) ................................................................................. 32-37 
 A307G-27 (containing 0.0001010 µg/mL of  Flonicamid(IKI-220) & 0.0001012 µg/mL of TFNA-AM 

& 0.00009550 µg/mL of TFNG & 0.0001001 µg/mL of TFNA) 
 A307G-26 (containing 0.0002020 µg/mL of  Flonicamid (IKI-220) & 0.0002024 µg/mL of  TFNA-

AM & 0.0001910 µg/mL of TFNG & 0.0002002 µg/mL of TFNA) 
 A307G-25 (containing 0.0005050 µg/mL of  Flonicamid (IKI-220) & 0.0005060 µg/mL of  TFNA-

AM & 0.0004775 µg/mL of TFNG & 0.0005005 µg/mL of TFNA) 
 A307G-24 (containing 0.001010 µg/mL of  Flonicamid (IKI-220) & 0.001012 µg/mL of  TFNA-AM 

& 0.0009550 µg/mL of TFNG & 0.001001 µg/mL of TFNA) 
 A307G-23 (containing 0.002020 µg/mL of  Flonicamid (IKI-220) & 0.002024 µg/mL of  TFNA-AM 

& 0.001910 µg/mL of TFNG & 0.002002 µg/mL of TFNA) 
 A307G-22 (containing 0.005050 µg/mL of  Flonicamid (IKI-220) & 0.005060 µg/mL of  TFNA-AM 

& 0.004775 µg/mL of TFNG & 0.005005 µg/mL of TFNA) 
 
Control Samples ..................................................................................................................... 38-40 
 Control sample  (WI17-Tops, showing < 0.02 ppm for Flonicamid, < 0.02(0.007) ppm for TFNA-AM,  

< 0.02(0.01) ppm for TFNG & < 0.02 ppm for TFNA) 
 Control sample  (WA*18-Tops), showing < 0.02 ppm for Flonicamid, < 0.02 ppm for TFNA-AM,  < 

0.02(0.01) ppm for TFNG & < 0.02(0.004) ppm for TFNA) 
 Control sample  (WI17-Oil), showing < 0.02 ppm for Flonicamid, < 0.02 ppm for TFNA-AM,  < 

0.02ppm for TFNG & < 0.02 ppm for TFNA) 
 

Fortified Samples  .................................................................................................................. 41-46 
 MV (Tops)at 0.02 ppm  ( 74% for Flonicamid 74% for TFNA-AM,  110% for TFNG & 103 % for  

TFNA) 
 MV (Oil) at 0.02ppm  (103% for Flonicamid 93% for TFNA-AM,  93% for TFNG & 88% for  TFNA) 
 Concurrent spike samples at 2.0 ppm (WA*18-Tops), 88% for Flonicamid, 85% for TFNA-AM,  92% 

for TFNG & 99 % for  TFNA) 
 Concurrent spike samples at 0.02 ppm (WA*18-Oil), 100% for Flonicamid, 104% for TFNA-AM,  

81% for TFNG & 83 % for  TFNA) 
 Storage Stability spike samples (Tops) at 0.2 ppm (86% for Flonicamid, 80% for TFNA-AM, 83% for 

TFNG & 76% for  TFNA) 
 Storage Stability spike samples (Oil) at 0.2 ppm (46% for Flonicamid, 53% for TFNA-AM,  42% for 

TFNG & 42 % for  TFNA) 
 

Treated Samples ..................................................................................................................... 47-53 
 WI17-Tops  (Sample D, 0.518  ppm of  Flonicamid (IKI-220), 0.071 ppm of  TFNA-AM, 0.226 ppm 

of  TFNG & 0.106 ppm of  TFNA) 
 WI17-Oil  (Sample H, <0.02 ppm of  Flonicamid (IKI-220), <0.02 ppm of  TFNA-AM, <0.02 ppm of  

TFNG & <0.02ppm of  TFNA) 
 WI18-Tops (Sample C, 1.88 ppm of  Flonicamid (IKI-220), 0.171 ppm of  TFNA-AM, 0.363  ppm of  

TFNG & 0.207 ppm of  TFNA) 
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 WA*18-Tops  (Sample D, 1.52 ppm of  Flonicamid (IKI-220), 0.156 ppm of  TFNA-AM, 316 ppm of  
TFNG & 0.168 ppm of  TFNA) 

 WA*18-Oil  (Sample H, <0.02 ppm of  Flonicamid (IKI-220), <0.02 ppm of  TFNA-AM, 
<0.02(0.004) ppm of  TFNG & <0.02ppm of  TFNA) 

 ID12-Tops  (Sample D, 2.45ppm of  Flonicamid (IKI-220), 0.150 ppm of  TFNA-AM, 0.404 ppm of  
TFNG & 0.139ppm of  TFNA) 

 WA17-Tops  (Sample C, 1.70 ppm of  Flonicamid (IKI-220), 0.233ppm of TFNA-AM, 0.468 ppm of  
TFNG & 0.227 ppm of  TFNA) 
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	MV: Method Validation
	fdt: Field Trial Data
	SS: Storage Stability Data


