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I. Summary and Scope 
 

The U.S. Environmental Protection Agency’s (EPA) Office of Pesticide Programs (OPP) is 
aware that a variety of pesticide registrants have been granted patents by the United States Patent 
and Trademark Office (USPTO) based upon assertions of greater-than-additive effects (GTA 
effects) in mixtures of pesticide active ingredients for controlling target pests (often referred to as 
“synergy”). The patent assertions have raised questions and concerns about the EPA’s current 
process for evaluating ecological risks of pesticide mixtures because some target pests are also 
members of taxonomic groups of non-target organisms that EPA assesses. This memorandum 1) 
describes the process EPA has been following to obtain and analyze GTA effects data identified 
as supporting patent assertions, and 2) serves as guidance to registrants regarding related GTA 
patent claim submissions. 
 
II. Background 
 
The EPA regulates pesticides under the Federal Insecticide, Fungicide, and Rodenticide Act 
(FIFRA), 7 U.S.C. §§ 136-136y, which governs the production, use, distribution, and sale of 
pesticides. Under FIFRA, pesticides distributed or sold in the United States must first be 
registered with the EPA unless they qualify for an exemption. A cornerstone of the pesticide 
registration process is the data requirements that applicants must fulfill regarding the pesticide’s 
effects on human health, the environment, and in some cases, its efficacy in controlling pests.  
 
The burden of demonstrating that a product meets the standards for registration rests at all times 
on the registrant or applicant for registration. To obtain registration, applicants are responsible 
for citing or generating all data necessary to meet data requirements specified by FIFRA. The 
standard for determining whether an application should be granted includes a finding that: (1) a 
product's composition warrants the proposed claims for it; (2) the product's labeling and other 
material required to be submitted complies with FIFRA; (3) the product will perform its intended 
function without causing unreasonable adverse effects on the environment; and (4) when used in 
accordance with widespread and commonly recognized practice, the product will not cause 
unreasonable adverse effects on the environment. FIFRA defines “unreasonable adverse effects” 
as "any unreasonable risk to man or the environment, taking into account the economic, social, 
and environmental costs and benefits of the use of any pesticide."  7 U.S.C. § 136(bb). Thus, a 
critical aspect of determining whether or not a pesticide should be granted registration is an 
evaluation of whether the benefits associated with the use of a pesticide exceed the risks 
associated with such use. Accordingly, applicants must submit enough data to enable the EPA to 
determine whether the pesticide meets environmental and efficacy standards for registration.  
 
To facilitate its registration and product labeling decisions, EPA publishes guidelines specifying 
the kinds of information which will be required to support the registration of a pesticide and 
revises such guidelines periodically. See 40 CFR Part 158. EPA requires a wide range of data in 
specific categories including: product chemistry, environmental and mammalian toxicity, 
environmental fate, residue chemistry, reentry exposure, and spray drift.  
 
Even after a pesticide is registered, registrants have a continuing obligation to report to EPA 
additional information on unreasonable adverse effects to human health or the environment. 7 
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U.S.C. § 136d(a)(2). Failing to provide the necessary information about the pesticide to the EPA 
can lead to pesticides that do not provide adequate safeguards to prevent harm to human health 
or the environment as well as civil or criminal penalties for the responsible party. 7 U.S.C. § 
136l. 
 
Pesticide ecological risk assessments conducted by the EPA have focused on the likelihood of 
exposure and effects (i.e., risks) from the use of individual pesticide active ingredients. Some of 
the reasons why the Agency has focused on single active ingredients include the following: 
 

• Open literature indicates that toxicological interactions between active ingredients that 
produce significant GTA effects across a variety of taxa are rare occurrences (Belden et 
al. 2007a, Carpy et al. 2010, Cedergreen 2014). For example, Belden et al. (2007a) report 
that greater than additive effects across a variety of taxa that were above a 5-fold increase 
in effect occurred in less than 1% of mixture studies evaluated;  

• Analysis of environmental monitoring information and associated pesticide toxicological 
endpoints (e.g., U.S. Geological Survey’s ambient water monitoring as discussed in 
Belden et al. 2007b) indicates that the potential ecological risk of environmental mixtures 
of pesticides is often predominantly attributable to one or a few dominant active 
ingredients in the mixture; and 

• EPA’s focus on chronic, no effect thresholds (e.g., no observed adverse effect 
concentration values (NOAEC)) and the low probability of individual acute effects levels 
is protective at the low dose levels associated with these thresholds. The theory of 
independent action suggests that mixtures of ingredients of diverse modes of action 
should not yield a combination effect when components are present at levels associated 
with zero responses. This expectation is similar to the European Food Safety Authority 
(EFSA) conclusion reached by a limited review of the available literature by the Panel on 
Plant Protection products and their Residues (PPR) (EFSA 2008), which states that 
significant toxic interactions between chemicals are “…much less likely to occur at doses 
below the effect levels for individual component compounds than at higher doses.”  

 
The National Research Council (NRC), in its review of OPP ecological risk assessment methods 
supporting endangered species effects determinations (NRC 2013), stated the general opinion 
that toxicological interactions between pesticide active ingredients that produce GTA effects are 
rare, but suggested that the Agency consider pesticide active ingredient interactions when the 
best available scientific evidence supports the evaluation.  
 
EPA’s current process for evaluating pesticide ecological risks typically relies on toxicity 
information from studies conducted with single active ingredients. Therefore, the patent 
assertions of GTA effects against target pests have raised questions and concerns about the 
adequacy of the estimated risks to non-target organisms in the same taxonomic group in 
situations where products may be mixed prior to application (i.e., tank mixtures) and/or a product 
containing multiple active ingredients is proposed for registration. Tank-mixing of pesticides is 
an important practice often used to meet a number of agronomic objectives, including: 
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• Effective and timely management of co-occurring insect, pathogen and weed pests as 
biological monitoring, weather, local conditions, and predictive biological and weather 
models advise; 

• Effectively performing other farm operations (e.g. mowing, pruning, pest scouting) in 
between spray applications, each with re-entry interval restrictions; 

• Broadening the spectrum of pests controlled and/or increasing the duration of control; 
• Reducing application costs (e.g., fuel, labor, equipment wear); 
• Reducing environmental impacts from increased use of application equipment; 
• Reducing selection pressure for the evolution of pesticide resistance; 
• Reducing negative agronomic impacts to crop and soil (e.g., application equipment 

damage, soil compaction and erosion); and 
• Achieving desired agricultural production results (e.g., mixtures of cotton harvest aids). 

 
The criteria for use of GTA data for patent applications are different than for EPA’s quantitative 
analyses of risk. While the USPTO patent evaluation process uses a standard that the issued 
assertion must be novel and “non-obvious” (https://www.uspto.gov/web/offices/pac/mpep/mpep-
2100.pdf), for use in quantitative risk assessments, the data must meet the same standards for use 
of other toxicological data. To address risk estimate uncertainties associated with patent 
assertions of GTA effects, EPA has developed a process to document, review and, if necessary, 
revise ecological risk estimates in light of U.S. patent assertions. In doing so, EPA is following 
the NRC suggestion that the Agency consider pesticide interactions to the extent supported by 
scientific evidence.   
 
EPA has elected to conduct an evaluation of the pesticide interaction data found in in U.S. 
patents because: 
 

• There are a large number of U.S. patents with assertions of interactions. 
• The purpose and implementation of the USPTO process is understood. 
• Patent supporting documents and data summaries are readily available and accessible by 

the public, including EPA stakeholders. 
• Pesticide registrants have enhanced access to much of the raw data and underlying 

information supporting their own patent assertions. 
• The USPTO, in documenting the patent process, has made available to the public (to the 

extent practical and consistent with copyright provisions), the data sets that support 
interaction assertions for mixtures associated with granted patents.  

• The extent of mixtures, conditions of testing, effects observed, and organisms evaluated 
can be readily determined for the majority of patent application assertions. 

 
EPA has chosen not to include patent processes from other countries at this point for the 
following reasons: 
 

• Increased likelihood that the patent mixture data will involve pesticides not registered in 
the United States. 

• Nation-specific patent assertion processes and documentation will prevent efficient 
searching and analysis using a standardized method. 

https://www.uspto.gov/web/offices/pac/mpep/mpep-2100.pdf
https://www.uspto.gov/web/offices/pac/mpep/mpep-2100.pdf
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• The premise for granting a patent for GTA effects may differ among patent authorities in 
different countries. 

 
Mixture toxicity data found in patent applications and supporting documentation likely represent 
a substantial portion of available information on pesticide active ingredient interactions. While 
other sources of interaction information may be available, the assertions of a novel GTA 
interaction (i.e., results that are observed to exceed an expected additive effect) are the basis for 
most GTA patents. It is reasonably expected that data submitted in a patent represents the most 
positive evidence to support an assertion for GTA effects with a given pesticide mixture.  
 
The purpose of this document is to describe the process EPA developed to identify and evaluate 
patents for mixtures of pesticide active ingredients that are based on assertion of GTA effects 
against target pests, and to determine whether the information associated with those patent 
applications triggers the need for changes to EPA’s ecological risk assessments.  
 
III. Interim Process and Guidance to Registrants when Submitting GTA Patent Claim 

Information 
 

For new chemicals (specifically new conventional pesticide active ingredients) currently in the 
registration process and other new products or other active ingredients for which EPA has 
specific concerns about the potential for GTA effects, EPA will request registrants to provide it1 
with GTA effect information on approved patents2 and conduct appropriate statistical analysis of 
that information.  

 
Figure 1 presents the general procedure EPA developed and has recently used for evaluating 
patent information and potentially incorporating data on GTA effects into the pesticide 
registration process. Additional details on the steps leading up to and including statistical 
evaluation of submitted patent data is provided below. EPA plans to request, for actions 
described in the paragraph above, that registrants perform the four following steps (each step is 

                                                           
1 This collection of this information is approved by OMB under the Paperwork Reduction Act, 
44 U.S.C. 3501 et seq. (OMB Control No. 2070-0060; EPA ICR No. 0277). An agency may not 
conduct or sponsor, and a person is not required to respond to, a collection of information, unless 
it displays a currently valid OMB control number. The OMB control numbers for EPA's 
regulations in title 40 of the Code of Federal Regulations (CFR), after appearing in the Federal 
Register when approved, are listed in 40 CFR part 9, are displayed either by publication in the 
Federal Register or by other appropriate means, such as on the related collection instrument, 
form, and/or form instructions if applicable, regardless of whether the information is collected in 
paper or electronically.  
 
2EPA focuses on approved patents because 1) the approved patent data sets have already 
undergone a review for uniqueness by the USPTO reviewers and therefore will obviate EPA 
review of duplicate data sets that may appear in multiple patent applications; and 2) USPTO 
review has already determined that the supporting data is material to the GTA claim being 
asserted in the patent application.    
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described in detail in later sections) and submit the resulting analyses and underlying data to the 
Agency: 

 
Step 1: Search for and identify granted and granted/unmaintained U.S. patents with 
applications that made assertions of pesticide interactions resulting in GTA effects 
involving the pesticide under EPA’s regulatory consideration; 
Step 2: Compare all applicable patent data supporting patents identified in step 1 above 
to Agency ecological risk assessment relevancy criteria; 
Step 3: Report effects testing data from relevant patents; and  
Step 4: Analyze the data to determine if observations of greater than additive effects in 
mixtures are statistically significant in the context of test variability.  
 

The final step (Step 5) is an Agency review of the submitted information from Steps 1-4. To 
date, EPA has been using this information to determine the following: 
 

• If any statistically significant observations will impact the conclusions of ecological risk 
assessments, risk mitigation efforts, or the registration decision; 

• If statistically significant observations can be used to inform quantitative adjustments to 
the ecological risk assessment or risk mitigation; and 

• If additional mixture toxicity data using guideline protocols are needed.  
 

 
 

 
Figure 1. Overview of the Patent Review Process  
 



7 
 

Step 1: U.S. Patent Search and Identification of Assertions of GTA Interaction  
 
Registrants should conduct a search to identify all U.S. patents (both granted and 
granted/unmaintained, i.e., previously granted but not currently maintained by the company) that 
include a reference to the pesticide active ingredient subject to regulatory action and contain 
assertions of GTA effects. See below for more information on the search strategy. This 
information is available from the U.S. Patent and Trademark Office’s online database, mentioned 
below. Submissions to EPA related to U.S. patents regarding assertions of GTA effects should 
include documentation of the search strategy. To conduct a thorough search of the patent 
database, EPA suggests the following reporting fields: 
 

• Use multiple chemical identifiers: At a minimum, EPA recommends that such searches 
use the International Union of Pure and Applied Chemistry (IUPAC) chemical name, 
Chemical Abstracts Service (CAS) Number, simplified molecular-input line-entry system 
(SMILES) code chemical structure, chemical common name and synonyms, and trade 
names. 

• Use keywords relative to GTA effects assertions: EPA recommends the following search 
terms, at a minimum: synergy, synergistic, synergism, excess toxicity, interaction, greater 
than additive, and Colby (pertaining to the Colby model for effects addition). 

• Search the following publicly available sources of information concerning granted 
patents: Patent information data sources should include: Google Patents, United States 
Patent and Trademark Office searching tools for their web resources, World Patent Index, 
and Chemical Abstracts.   USPTO website should be searched for patents using the 
USPTO’s Patent Full-text and Image database (PatFT).  Applications can be searched 
using the USPTO’s Patent Application Full-text and Image Database (AppFT) (see the 
following link for more information: 
https://www.uspto.gov/patents-application-process/search-patents.    

 
EPA recognizes that other patent information sources, such as a company’s own records, may 
also supply U.S. patents relevant to the goals of the patent search, and these holdings should be 
included.  
 
Please note that these searches are case specific, and the recommended reporting fields above 
should not be considered inclusive of all potential search terms. Registrants are free to use 
whichever search terms they deem most appropriate. In addition, use of the specific terms above 
alone cannot be considered a complete search if the Registrant is aware of other potential search 
terms that may result in patents that include reference to the pesticide active ingredient subject to 
regulatory action and contain assertions of GTA effects. 
  
In addition to reporting the search strategy information above, the STEP 1 report would list 
every patent number identified through the search and report the following fields to the extent 
available: 

• patent number, 
• inventor, 
• assignee (the individual or entity to which the patent was awarded), 
• any corporate relationship of assignee with registrant, 
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• chemicals alone and in combination for which there are empirical data used to support the 
patent3, 

• associated taxonomic groups for each mixture tested, and 
• description of the type of effects endpoint for each test. 

 
Step 2: Reporting of Patent Relevancy 

 
The EPA focuses its patent evaluation efforts on patents that have data that are relevant to the 
ecological risk assessment supporting the regulatory action under consideration for a particular 
active ingredient. To ensure the EPA is able to focus on the most useful data sets, the Agency has 
developed the following criteria that EPA uses for a relevancy determination: 
 

Criterion 1:  The patent application or supporting documentation contains data for an 
empirically-based comparative analysis of effects. The EPA is not interested in patents 
for which no empirical effects-based evidence is available. Patents without supporting 
effects data would not meet Agency data quality requirements. An example of a 
discovered patent failing Criterion 1 might be one that contains selected keywords 
potentially associated with a GTA effects assertion (e.g., the word synergy) yet when 
read in context, was not specifically making a GTA assertion. 

 
Criterion 2:  Patent or other mixture toxicity information involves the testing of effects 
in at least one taxa that are included in ecological risk assessments: mammals, birds, 
terrestrial macroinvertebrates, fish, aquatic macroinvertebrates, terrestrial and aquatic 
plants. The EPA does not commonly make extrapolations of effects data across gross 
taxonomic groups (exceptions are reptile and amphibian risk assessments) and will not 
commonly make extrapolations across taxa for GTA toxicological phenomenon. An 
example of a patent failing Criterion 2 might be a fungicide, mixed with other fungicides, 
that exhibits enhanced fungicidal effects (fungi not being a taxonomic group assessed in 
EPA ecological risk assessment). 

 
Criterion 3: Relevant patents include measurements of direct chemical effects upon the 
taxon for which the assertions are made. An example would be an assertion for an 
insecticidal mixture patent for GTA effects on insects where the effects measured were 
chemical impacts to insect counts or insect survival. Similarly, an herbicide mixture GTA 
effects assertion that is based on measures of direct effects might include measurement of 
pesticide effect on plant damage, growth, or yield. In contrast, patent assertions based on 
indirect measures of effect are not relevant to the EPA ecological risk assessment 
process. For example, the application for an insecticide patent may make assertions of 
GTA effects in insects and indirectly support the assertion with evidence based on 
measurements of plant biomass or yields. Indirect effects measurements do not 

                                                           
3 Because the text of some patents themselves may not include data supporting the chemical alone and in 
combination, a registrant may need to look at prosecution documents available in the file wrapper history of the 
patent accessible through the USPTO Patent Application Information Retrieval (PAIR) web-based tool 
(https://portal.uspto.gov/pair/PublicPair ). This constitutes a two phase step to report this field 1) identify patents 
that allege GTA effect, and 2) review the patent prosecution file to identify any data identified or provided to 
support the assertion of GTA effect. 
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demonstrate the action of the pesticide on the taxa for which the patent assertion is made. 
This makes extrapolation of the measurements back to actual effects on the taxa highly 
uncertain because the study is not accounting for a variety of possible confounding 
factors. The extrapolation of indirect measurements to estimate direct effect on survival, 
growth or fecundity of the insects in this case is too uncertain to be useful in an 
ecological risk assessment context. 

 
Criterion 4:  Patent mixture toxicity information is based on effects testing with the 
active ingredient under regulatory consideration with the EPA. 

 
Criterion 5:  Patent mixture toxicity information is based on effects testing with other 
active ingredients in the mixture that are currently registered for use in the United States. 

 
Patents identified in the Step 1 patent search are compared to the above criteria. At a minimum, 
the documents reviewed should include the full text and images for the patent as provided in the 
public version of the PAIR database maintained by the USPTO. Reporting of results for each 
identified patent should include the findings of comparison of documents with each of the five 
criteria (pass/fail) with short rationale.  EPA plans to perform a confirmatory review of patent 
reporting and criteria comparisons submitted for Agency consideration to ensure that the patents 
and the relevancy criteria are being interpreted in a manner consistent with EPA’s own internal 
evaluation approach. 

 
Any patent failing for one or more of the five relevancy criteria will, in all likelihood, be 
considered by EPA to be irrelevant to the ecological risk assessment, for the reasons explained 
above. 
 
Patents passing all five criteria are likely to be considered relevant to the ecological risk 
assessment for the chemical under regulatory consideration. Note that a patent may fail the 
criteria comparison for some chemical mixture data but pass for others. For those chemical 
mixtures identified as relevant to the ecological risk assessment, the registrant should first notify 
the Agency of the relevant mixture and then extract and process the patent data supporting 
interaction assertions, as described in Step 3. 
 
The Agency may determine at that time that restrictions or mitigation actions are needed to 
ensure that the pending application meets the safety standard established by FIFRA. For new 
active ingredients, these restrictions and decisions are described in proposed decision 
memoranda released for public comment prior to registration. 
 
Step 3: Data Reporting 

 
Once a list of relevant patents has been assembled, the registrant should extract and process the 
patent data supporting interaction assertions. This constitutes the data reporting step. 
 
The degree to which the EPA requests information associated with the patent assertions varies 
based on the patent assignee’s relationship with the registrant. If the registrant has no access to 
data beyond that which is presented in patents or in the full file history available in the Public 
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PAIR in a patent and the registrant’s association to the assignee is such that there is no access to 
any additional underlying data sets, then EPA cannot reasonably request the underlying data 
beyond information in forms of documentation publicly available through PAIR. In such cases 
the registrant should present to EPA the patent information along with a rationale for why data 
are inaccessible and the listed data fields below cannot be provided. In contrast, if the patent 
assignee is the registrant or some corporate entity which allows the registrant access to 
underlying patent information, then EPA can reasonably request that these underlying data as 
well as the other necessary information (e.g., a full description of study method) be provided. 
 
The Agency is providing the following list of needed study information, to the extent that patent 
data or registrant access to underlying information apply. Information should be submitted by 
patent identification number for each relevant patent. 
 
Information related to general design of the experiment: 
 

• General type of testing (field versus laboratory/greenhouse), 
• Date and duration of in-life portion of the study,  
• Locations of the testing areas (e.g., country, state, county, region, etc.), 
• Short description of experimental design (e.g., statistical blocking, number of replicates),  
• Observation methods/measurement methods, 
• Endpoints assessed, 
• Identification of any controls (if employed), 
• Identification of the test species, and age or growth stage when treated 
• Identifiers for individual test runs if multiple experiments were performed, including 

unique data collector identifiers, 
• Application method/rates/dose progressions evaluated including any blank (negative) 

control or other test solution controls, and 
• Any information relative to the power or accuracy of observation method of effects (e.g., 

any summary reporting on the minimum detectable level of effect by an observer or 
observer precision of detection for observations of efficacy). 

 
Information concerning test materials: 
 

• Technical names and EPA pesticide chemical (PC) codes of active ingredients tested, 
• Identification of whether active ingredients are tested as typical end product 

(TEP)/formulation or technical grade active ingredient (TGAI), 
• Trade name of TEP/formulations (if any), 
• Statement if formulations are registered in the United States (information from publicly 

available sources) including EPA registration number, 
• Identification of any test solution components (e.g., solvents, surfactants, adjuvants, and 

diluents) 
• Ratios of active ingredients evaluated, and 
• Relevant labeled field rates of all active ingredient components tested (information from 

publicly available sources). 
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Information concerning toxic effects: 
 

• The observation data reported for each treatment/control and each date (days after 
treatment) of observation for the individual and combined active ingredient effects. This 
includes any available replicate information and/or reported summary statistics for 
individual chemical and mixture treatments 

 
Step 4: Statistical Analysis 
 
EPA views evaluation of patent data similarly to evaluation of other open literature studies and 
has published evaluation guidelines for the quantitative use of ecological toxicity data from the 
open literature in the ecological risk assessment process (https://www.EPA.gov/pesticide-
science-and-assessing-pesticide-risks/evaluation-guidelines-ecological-toxicity-data-
open#_3_2_1). Verification of the statistical analysis of a study is an integral part of EPA’s data 
evaluation process, and studies used to quantitatively support risk assessment should provide 
descriptive statistics that report measures of central tendency (e.g., means, medians) and 
measures of dispersion (e.g., standard deviations, variance) along with associated sample sizes 
(N values). The report should state which methods of statistical comparison (e.g., t-test, 
ANOVA, chi square) were used and the presumed nature of the data (parametric versus 
nonparametric). 
 
Experience suggests that much of the data supporting a patent are not accompanied by a 
statistical analysis in the patent documentation. During the patent examination process the 
question of whether a combination provides synergistic effects focuses on whether the 
phenomenon is unexpected and unique, not on determining how interactions are quantitatively 
considered in a risk assessment process. To evaluate the potential for quantitative use of patent 
information in ecological risk assessment, EPA has developed a statistical approach (Attachment 
A) and supporting spreadsheets (available at www.regulations.gov, docket number EPA-HQ-
OPP-2017-0433). EPA recommends that registrants follow these procedures and formats for 
reporting patent information to EPA. 
 
As discussed earlier in this document, patent information is available to registrants in two basic 
forms. In situations where the patent assignee is not the registrant, the information is limited to 
what is available in public databases, including the PAIR system. In these cases, the statistical 
reporting is limited to information available in publicly available documents and the reporting of 
the published information is not expected to completely fill all fields in the spreadsheets. 
However, if a patent assignee is associated with the registrant, it is expected that the underlying 
data supporting the patent documentation are available and should be used for statistical analyses 
described in Attachment A and the supporting spreadsheets. 
 
Step 5:  Application of Patent Information to the Ecological Risk Assessment Process 
EPA intends to consider all available information from the patent search and reporting process 
using a lines-of-evidence approach. The goal of Step 5 is to address the following: 
 

https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/evaluation-guidelines-ecological-toxicity-data-open#_3_2_1
https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/evaluation-guidelines-ecological-toxicity-data-open#_3_2_1
https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/evaluation-guidelines-ecological-toxicity-data-open#_3_2_1
http://www.regulations.gov/
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• Do any identified GTA effects have the potential to alter the risk assessment (e.g., change 
toxicity endpoints used to inform risk quotients with subsequent changes in risk 
conclusions, change the utility of selected risk mitigation options)? 

• Can the patent data support a quantitative adjustment to the risk assessment? 
• What additional data might be needed to fully evaluate the potential risk of the mixture? 

 
Based on the USPTO data evaluated to date, EPA anticipates that the patents relevant to a 
particular chemical regulatory action will differ in many regards. Consequently, EPA must 
consider whether and how to use reported GTA effects data in ecological risk assessments for 
active ingredients on a case-by-case basis, depending on the quality of that data. However, EPA 
plans to consider the following questions when evaluating the available information and 
completing its risk assessments for public comments as part of its transparent process: 
 

• Are GTA effects observed to occur at environmentally relevant concentrations of the 
mixture components? 

• Can treatment response trends for GTA effects allow for extrapolation to environmentally 
relevant concentrations of the mixture components? 

• To what extent would the GTA effects impact risk quotient (RQ) values relative to EPA 
levels of concern (LOCs)? 

• Are GTA effects observations consistent across multiple tested species? 
• Are GTA interactions observed in statistically supported data sets consistent with 

reported observations in data sets for which statistical analysis is not possible? 
• Are there other lines of evidence (e.g. mechanism of action and biochemical) that support 

observed GTA interactions? 
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Attachment A 
Statistical Analyses 

 
EPA experience with submitted patent data sets to date has revealed two general types of 
submissions: 

• data sets for which point estimates of individual chemical effects are compared with 
point estimates of combined effects, and 

• data sets where one or more effects tests involve sufficient information to support the 
development of dose response relationships  

 
EPA is providing this attachment to provide the public with a description of the processes and 
statistical tools that the Agency uses, for these types of patent data sets, to determine if there are 
statistically significant differences between empirical measures of mixture effects and effects 
predicted by theoretical additivity. 

 
This attachment is broken into two subsections base on the two general types of data submissions 
listed above. To facilitate these analyses, EPA is providing in the public docket formatted 
spreadsheets that perform the calculations discussed in the description of statistical tools below 
(see GTA Significance Worksheet.xlsx, available at www.regulations.gov, docket number EPA-
HQ-OPP-2017-0433). 

 
Point Estimate Based Approach for Statistical Analysis 

 
The first type of submission consists of point or summary statistic measurements of effects of 
pesticides, alone and in combination, for a finite set of treatments for a set of test organisms. The 
mixture treatments are then compared to a corresponding theoretical estimate of additive effect, 
based on corresponding effects measures of each mixture chemical alone. These types of 
submissions are seldom adequate in the treatments investigated to provide dose response data for 
either the mixture or for the individual chemicals and, as such, comparisons are limited to point 
estimates of theoretical mixture additivity, commonly utilizing the effects addition approach to 
estimating additive toxicity. Figure A.1 presents a flow diagram of the process for statistical 
analysis for such patent data sets. 

 
For a statistical analysis to be conducted, the data must meet the following criteria: 

• Three treatments: (1) Chemical A (ChemA) at level q, (2) Chemical B (ChemB) at level 
r, and (3) Combination of Chemical A at level q and Chemical B at level r. 

• Each of the three treatments has at least two replications (Although the statistical analysis 
can be conducted with a minimum of two replications, a higher statistical power for 
identifying differences would be obtained with a larger number of replicates). 

• Individual reported responses are between zero (0) and one (1) and represent effect size 
where 0 is no effect relative to non-exposed organisms and 1 is maximum effect (e.g., 
complete kill). These responses may take the form of “percent effect relative to control.” 

• Calculated variance >0 for at least one of the three treatments.  
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In the case where the data follow this scenario, but there is inadequate replication or no variation 
in the treatment responses, these data in addition to other available lines of evidence should be 
considered qualitatively. These other lines of evidence to be determined by the Agency may 
include biochemical evidence, or comparison of mixture outcomes with historical data on single 
chemical effects variability. 
 

 
 
Figure A.1. Decision Tree for Statistical Analysis of Point Estimate Data.  
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Statistical analysis consists of conducting a one-sided two-sample t-test assuming unequal 
variances. Degrees of freedom for the t-test are based on Satterthwaithe’s approximation and an 
α-level of 0.05 is used. The mean for the treatment containing the mixture of both chemicals is 
noted as �̅�𝑥. This mean is compared to the expected effect when the additive effect of ChemA and 
ChemB is assumed (calculated as 𝑦𝑦� below).  

 
 

t-statistic formula:  𝑡𝑡 = �̅�𝑥−𝑦𝑦�

�𝑠𝑠𝑥𝑥2

𝑛𝑛𝑥𝑥
+
𝑠𝑠𝑦𝑦2

𝑛𝑛𝑦𝑦

 

 

degrees of freedom = 𝑑𝑑𝑑𝑑 =  
�𝑠𝑠𝑥𝑥

2

𝑛𝑛𝑥𝑥
+
𝑠𝑠𝑦𝑦2

𝑛𝑛𝑦𝑦
�
2

�
𝑠𝑠𝑥𝑥2
𝑛𝑛𝑥𝑥

�
2

𝑛𝑛𝑥𝑥−1
+
�
𝑠𝑠𝑦𝑦2

𝑛𝑛𝑦𝑦
�
2

𝑛𝑛𝑦𝑦−1

 

�̅�𝑥 = mean response for the Combination treatment (ChemA and ChemB combined) 
𝑠𝑠𝑥𝑥2 = variance for the response measured on the Combination treatment 
𝑛𝑛𝑥𝑥 = sample size for the Combination treatment  
𝑦𝑦� = estimated additive effect of each chemical acting alone = 1 − (1 − 𝑎𝑎�)�1 − 𝑏𝑏�� 
where: 𝑎𝑎� = mean response for treatment containing only ChemA 

𝑏𝑏� = mean response for treatment containing only ChemB 
 
For simplicity in the formula below, (1 − 𝑎𝑎�) and �1 − 𝑏𝑏�� are written as �̅�𝐴 and 𝐵𝐵� , respectively.  For 
example, 𝑦𝑦� = �1− (1 − 𝑎𝑎�) ∗ �1 − 𝑏𝑏��� = [1 − �̅�𝐴 ∗ 𝐵𝐵�]. Please note that the variance of 𝑎𝑎� is equal to the 
variance of �̅�𝐴. 

𝑠𝑠𝑦𝑦2 = (�̅�𝐴 ∗ 𝐵𝐵�)2 ∗ � 𝑠𝑠𝐴𝐴
2

𝑛𝑛𝑎𝑎∗�̅�𝐴2
+ 𝑠𝑠𝐵𝐵

2

𝑛𝑛𝑎𝑎∗𝐵𝐵�2
�  (from Ku, 1966) 

𝑛𝑛𝑦𝑦 = min (𝑛𝑛𝑎𝑎,𝑛𝑛𝑏𝑏) 
where: 𝑛𝑛𝑎𝑎 = sample size for the treatment containing only ChemA 

𝑛𝑛𝑏𝑏 = sample size for the treatment containing only ChemB 
 
In this hypothetical example below, a patent was submitted and approved for the combination of two 
chemicals, ChemA and ChemB, to produce a greater than additive herbicidal effect on a given plant 
species. Reported data consisted of 4 replicates of ChemA applied at 15 gm/ha, 4 replicates of ChemB 
applied at 150 gm/ha, and 4 replicates of the combination (ChemA at 15 gm/ha and ChemB 150 gm/ha). 
Reported response for each replicate was the proportion inhibition relative to the control plants with a 
possible range from 0 (no reduction in growth relative to control) to 1.0 (complete kill). The provided 
formatted spreadsheet will allow for data to be entered in two ways:  

• As raw replicate data (Table A.1) 
• As summary data (Table A.2) 

Data entered as raw data or summary data will result in the same statistical analysis. 
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Table A.1. Raw Data Input Table for Point Estimate Analysis. Format and hypothetical data in the 
formatted spreadsheet, user would enter data in yellow cells. If fewer than four replicates were used, extra 
cells are left blank. 

RAW DATA INPUT    
     
 REPLICATE Combined ChemA ChemB 
RATES  15+150 15 gm/ha 150 gm/ha 
RESPONSES 1 1 0.8 0.75 

 2 1 0.9 0.7 
 3 0.95 0.8 0.75 
 4 1 0.9 0.7 

 
 
Table A.2. Summary Data Input Table for Point Estimate Analysis. Format and hypothetical data in 
the formatted spreadsheet, user would enter data in yellow cells. All cells are required to be filled.  

SUMMARY DATA INPUT    
     
  Combined ChemA ChemB 
RATES  15+150 15 gm/ha 150 gm/ha 
RESPONSES mean 0.9875 0.85 0.725 

 variance 0.000625 0.0033 0.000833 
 n 4 4 4 

 
 
Using the notation above, �̅�𝑥,  mean for the Combined response, is calculated as 0.99. and its variance, 𝑠𝑠𝑥𝑥2, 
is 0.00063. 𝑦𝑦�, the estimated additive effect of each chemical, is calculated as 0.96, and its variance, 𝑠𝑠𝑦𝑦2, is 
0.00007. The resulting t-value and degrees of freedom for the one-sided t-test are 2.18 and 3.6, 
respectively. This results in a p-value of 0.058, suggesting that there was insufficient evidence of 
statistically significant greater than additive effects when an α-level of 0.05 was used.  
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Isobol-Based Approach for Statistical Analysis 
 
The second type of submission consists of data sets and statistical analyses utilizing multiple 
concentration-response4 experiments in which ICx values5 are estimated using probit (or other 
appropriate) regression for each experiment. Frequently used values for x are 5, 10, 25, and 50. 
For a isobol statistical analysis to be conducted, the data must meet the following criteria: 

• Three concentration-response experiments with each resulting in definitive ICx values 
obtained using probit (or other appropriate) regression: 

o ChemA alone,  
o ChemB alone, and 
o Combination of ChemA and ChemB at a fixed ratio. 

• Each concentration-response experiment must contain negative control data and have 
replications at each test concentration.  

• For each of the three concentration-response experiments, the ICx and its standard error 
must be estimable and the ICx must be bracketed by the tested concentrations.   

 
To conduct an isobol analysis, experimental data from three concentration-response experiments 
are needed. Figure A.2 provides a graphical view of experimental design space for all three 
experiments for a hypothetical patent application for which isobol analysis is appropriate; 
negative control data (not pictured) are included in each of the experiments.  
 
The ICx and standard error for ChemA are estimated from data utilizing ChemA alone (e.g., test 
concentrations for ChemA at the red triangles; Figure A.2). The ICx and standard error for 
ChemB are estimated from data utilizing ChemB alone (e.g., test concentrations for ChemB at 
the blue circles).  The ICx and standard error for the Combined ChemA and ChemB are 
estimated from data utilizing a constant fixed ratio of ChemA and ChemB concentrations (e.g., 
the black squares have a ratio of 0.67:0.33 for ChemA:ChemB). The regression for the mixture is 
calculated using the total concentration of active ingredient (A+B) as the regressor variable. In 
this notation scheme, when x is the same for all estimated ICx, the ICx for ChemA is noted as 
ICChemA, the ICx for ChemB is noted as ICChemB and the ICx for the Combined ChemA and 
ChemB is noted as ICComb (Figure A.3). 
  

                                                           
4 The phrase “concentration-response” is used to represent both concentration-response and dose-response 
experiments. The statistical analysis approach is the same regardless of exposure type.  
5 ICx (inhibition concentration) is used throughout this discussion; however, the same methodology could be 
applied using LDx,. LCx, or ECx estimates as well.  
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Figure A.2. Example of Experimental Design Space for an Isobol Analysis. To conduct an isobol 
analysis, experimental data from three concentration-response experiments are needed. The figure shows 
an example design space for all three experiments; negative control data (not pictured here) are included 
in each of the experiments. Design points for ChemA are represented by red triangles and fall on the x-
axis, design points for ChemB are represented by blue circles and fall on the y-axis, and design points for 
the Combined ChemA and ChemB are represented by black squares and fall on the dashed line that 
represents the fixed ratio between ChemA and ChemB. 

 
Figure A.3. Example of Calculated ICx’s for an Isobol Analysis. For a given x, ICx’s for 
ChemA alone (red triangle, ICChemA) and ChemB alone (blue circle; ICChemB) are calculated. Data 
from the mixture experiment are statistically analyzed to obtain an ICx estimate (black square, 
ICComb). Estimation of the ICx for the additive effect (green star, ICAdd) is accomplished using 
the using the ICx estimates for ChemA and ChemB and the known fixed ratio.  
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Probit (or other appropriate) regression is used to estimate the ICx’s for ChemA alone (red 
triangle noted as ICChemA) and ChemB alone (blue circle noted as ICChemB) (Figure A.3). Data 
from the mixture are statistically analyzed to obtain an ICx estimate (black square noted as 
ICComb); regression is conducted using the sum of both chemicals (A plus B) as the regressor 
variable). Individual concentrations of ChemA and ChemB for the mixture at the ICComb are 
calculated using the known fixed ratio and the estimated ICComb. The estimated ICComb could be 
graphically represented by plotting the concentrations of ChemA and ChemB at the ICComb and 
would appear on the dashed line representing the design space of the mixture experiment.  
 
From the estimated ICChemA and ICChemB values and the proportions of ChemA and ChemB used 
in the Combined experiment, an additive ICx is calculated (noted as ICAdd). This ICAdd is 
calculated assuming no interactions and/or synergistic effects between ChemA and ChemB. It is 
the intersection point between the design space for the Combined experiment (i.e., dashed line in 
Figures A.2 and A.3) and the straight line connecting ICChemA and ICChemB (i.e., green line in 
Figure A.3. Formulae for the calculation of ICAdd and its standard error (seAdd) are below.  
 
 

𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴 = estimated ICx for the additive effect of ChemA and ChemB 

where: 𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴 = 𝐼𝐼𝐼𝐼𝐶𝐶ℎ𝑒𝑒𝑒𝑒𝐴𝐴

𝑝𝑝𝐶𝐶ℎ𝑒𝑒𝑒𝑒𝐴𝐴+�
𝐼𝐼𝐶𝐶𝐶𝐶ℎ𝑒𝑒𝑒𝑒𝐴𝐴
𝐼𝐼𝐶𝐶𝐶𝐶ℎ𝑒𝑒𝑒𝑒𝐵𝐵

×𝑝𝑝𝐶𝐶ℎ𝑒𝑒𝑒𝑒𝐵𝐵�
 

𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐴𝐴 = ICx for treatment containing only ChemA 
 

𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵  = ICx for treatment containing only ChemB 
𝑝𝑝𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐴𝐴  = proportion of test material in Combined experiment that is ChemA 
𝑝𝑝𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵  = proportion of test material in Combined experiment that is ChemB 

(note  𝑝𝑝𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐴𝐴 +𝑝𝑝𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵  = 1.0 and is fixed for all test concentrations) 
 

 
𝑠𝑠𝑠𝑠𝐴𝐴𝐴𝐴𝐴𝐴 = estimated standard error of 𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴  

where: 𝑠𝑠𝑠𝑠𝐴𝐴𝐴𝐴𝐴𝐴 =  �𝑑𝑑2 × 𝑠𝑠𝑠𝑠𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐴𝐴
2 + (1 − 𝑑𝑑)2 × 𝑠𝑠𝑠𝑠𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵

2  

 

𝑑𝑑 =
𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴 − 𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵

𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐴𝐴 − 𝐼𝐼𝐼𝐼𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵
 

 
𝑠𝑠𝑠𝑠𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐴𝐴 = standard error of the ICx for ChemA 
𝑠𝑠𝑠𝑠𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵 = standard error of the ICx for ChemB 
 
𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴 = min (𝑛𝑛𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐴𝐴,𝑛𝑛𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵) 

where: 𝑛𝑛𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐴𝐴 = total sample size for the experiment containing only ChemA 
𝑛𝑛𝐼𝐼ℎ𝑒𝑒𝑒𝑒𝐵𝐵 = total sample size for the experiment containing only ChemB 
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If the ICAdd is statistically significantly greater than the ICComb that was calculated from the 
mixture experiment containing both ChemA and ChemB, then a Greater Than Additive (GTA) 
Effect between ChemA and ChemB is presumed.   
 
Statistical analysis consists of conducting a one-sided two-sample t-test assuming unequal 
variances. Degrees of freedom for the t-test are based on Satterthwaite’s approximation and an α-
level of 0.05 was used. Formulae are presented below: 

 
 

t-statistic formula:  𝑡𝑡 = 𝐼𝐼𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴−𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝑒𝑒𝐶𝐶

�𝑠𝑠𝑒𝑒𝐴𝐴𝐴𝐴𝐴𝐴
2 +𝑠𝑠𝑒𝑒𝐶𝐶𝐶𝐶𝑒𝑒𝐶𝐶

2
 

 

degrees of freedom:  𝑑𝑑𝑑𝑑 =  �𝑠𝑠𝑒𝑒𝐴𝐴𝐴𝐴𝐴𝐴
2 +𝑠𝑠𝑒𝑒𝐶𝐶𝐶𝐶𝑒𝑒𝐶𝐶

2 �
2

𝑠𝑠𝑒𝑒𝐴𝐴𝐴𝐴𝐴𝐴
4

�𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴�−2
+

𝑠𝑠𝑒𝑒𝐶𝐶𝐶𝐶𝑒𝑒𝐶𝐶
4

�𝑛𝑛𝐶𝐶𝐶𝐶𝑒𝑒𝐶𝐶�−2

 

 
𝐼𝐼𝐼𝐼𝐼𝐼𝐶𝐶𝑒𝑒𝑏𝑏 = ICx for the Combination experiment (ChemA and ChemB) 
𝑠𝑠𝑠𝑠𝐼𝐼𝐶𝐶𝑒𝑒𝑏𝑏 = standard error of the ICx for the Combination experiment (ChemA and ChemB) 
𝑛𝑛𝐼𝐼𝐶𝐶𝑒𝑒𝑏𝑏 = total sample size for the Combination experiment (ChemA and ChemB) 
 
 
 

In this hypothetical example below, a patent was submitted for the combination of two 
chemicals, ChemA and ChemB, to produce a greater than additive herbicidal effect on a given 
plant species. Concentration-response growth experiments were conducted for ChemA alone 
(rates ranging from 0 to 0.7 lbs ai/acre) and ChemB alone (rates ranging from 0 to 0.7 lbs 
ai/acre). A concentration-response experiment was also conducted for the combination of 
ChemA and ChemB where at each of the test concentrations the ratio of the active ingredients 
was held at 0.67:0.33 for ChemA:ChemB. The concentrations of the combined active ingredients 
(ChemA + ChemB) ranged from 0 to 1.0 lbs ai/acre. The IC25’s for these hypothetical 
experiments were 0.09. 0.1622, and 0.1598 lbs ai/acre for the combined, ChemA, and ChemB 
experiments, for respectively. These IC25’s, as well as their standard errors and the number of 
experimental units in each of the three experiments are entered into the formatted spreadsheet 
(see Docket)6. Finally, the relative ratio of ChemA to ChemB in the ‘combined study’ is also 
entered such that the two ratios sum to 1.0. This set of example data is provided in Table A.3. 
 
  

                                                           
6 The provided spreadsheet does not conduct the probit regression (or other appropriate regression for the 
estimation of the ICx values. It is assumed the user will calculate those outside this spreadsheet and provide 
appropriate documentation of raw data and statistical analysis in the summary report.  
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Table A.3. Example Summary Data Input Table for Isobol Analysis 
SUMMARY DATA INPUT     
      
 x (of ICx) = 25 Combined ChemA ChemB 
VALUES ICx  0.09 0.1622 0.1598 

 stderr  0.03 0.02 0.005 
 total # obs  25 25 25 
 ratio ChemA  0.67   

 ratio ChemB  0.33   
 
The calculations detailed above and performed in the spreadsheet result in an estimated additive 
IC25 (ICAdd) of 0.1614 with a standard error of 0.0134. This estimated additive effect is 
compared to the IC25 resulting from the combined effect in the fixed ratio mixture experiment 
(ICComb = 0.09). The resulting t-value and degrees of freedom for the one-sided t-test are 6.38 
and 31.9, respectively. This results in a p-value of 0.019, suggesting that there was evidence of a 
statistically significant greater than additive effect for the combined effect of ChemA and 
ChemB at the 25% effect level when an α-level of 0.05 was used (Table A.4).  
 
Table A.4. Example Spreadsheet Output Table from Isobol Analysis 

estimated 
additive 
effect(ICadd) 

f-
function 

stderr of 
ICadd  t-value df p-value 

       
0.16140007 0.666696 0.013438  2.17 31.87203 0.0188 

        
 
 
The formatted spreadsheet available in the docket also contains summary data and statistical 
calculations for two additional effects levels (IC10 and IC50) for the same hypothetical 
experiment. The underlying calculations and statistical analysis for the test of the presence of a 
GTA effect of the chemical combination are identical.  
 
In the case where the data follow this scenario, but there is inadequate replication or data are not 
suitable for concentration-response regression and estimation of ICx values, other lines of 
evidence should be considered when evaluating the data. These other lines of evidence to be 
determined by the Agency may include biochemical evidence, or comparison of mixture 
outcomes with historical data on single chemical effects variability. 
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