
Bt Plant-Incorporated Protectants October 15,  2001 Biopesticides Registration Action Document 

V. Bt Corn Confirmatory Data and Terms and Conditions of the Amendment 

A. Bt Corn Confirmatory Data 

The Agency has considered the database available on Cry1Ab and Cry1F PIP expressed in corn in 
light of our scientific review, the Scientific Advisory Panel (SAP) report of March 2001, and the 
public comments received. The Agency has made the determination that some additional data are 
needed to better characterize certain potential impacts from the continued use of this product. 
The following describes the data needed and the time frame for submission of these data. 
Requests for timeline extensions will be considered if there are EPA delays in reviewing 
protocols or other circumstances beyond the control of the registrant(s). 

1. Residue Analytical Methods 

Analytical methods and method validation are not typically required for active ingredients where 
a tolerance exemption has been granted. However, these data are useful for determining whether 
or not the protein is expressed in the corn plant and international bodies such as the Codex 
Alimentarius Commission (Codex) are gathering the validated methods for products of 
biotechnology that can be found in food. The Agency and the Federal Food and Drug 
Administration have also recently found value in having validated analytical methods for Plant-
incorporated Protectants. EPA has guidelines for producing and validating analytical methods 
(under OPPTS Guidelines OPPTS 860.1340). These guidelines call for development of the 
method, validation by an independent laboratory, and validation by EPA before being accepted. 
For each registered Cry1Ab and Cry 1F active ingredient, an analytical method for detection of 
the protein in corn grain and a thorough characterization of the antisera used in the method(s) is 
required. The analytical method for each registered Cry1Ab protein and for the Cry 1F protein 
expressed in corn and independent laboratory validations for each active ingredient must be 
submitted to EPA by June 1, 2002. EPA intends to complete its validation within one year of the 
registrant submission. 

2. Protein Expression Data 

EPA requested guidance from the SAP in December 1999 on the appropriate method to test for 
and report the amount of pesticidal protein in PIPs. Their recommendation to EPA was that the 
amount of pesticidal protein in a tissue be provided as either total protein or dry weight of the 
plant tissue and indicating the value of each type of data. The Panel went on to explain the value 
of collecting these data at different plant growth states in order to do appropriate toxicological 
testing. (SAP Report No. 99-06. February 4, 2000.) [Characterization and Non-Target Organism 
Data Requirements for Protein Plant-Pesticides. SAP Report No. 99-06. February 4, 2000. 49 
pp.] 

The Agency has received protein expression data for Cry1Ab and Cry1F and found it acceptable 
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for the initial registration. However, data are not available for all types of tissues and the Agency 
agrees with the SAP that all of the expression data should be in a consistent format for all of the 
Bt crop products. These supplementary data must be determined and presented, in terms of dry 
weight, as the amount of protein present in the given tissue. Tissues for which expression data 
must be provided include: leaf, root, pollen, seed, and whole plant. In addition, data for each of 
these tissues should be provided for young plants in rapid growth, during flowering, and mature 
plants before harvest when that part of the plant is present. Data are due on or before March 15, 
2003. 

3. Amino Acid Sequence Data 

Amino acid sequence bioinformatics data have been submitted for Bt11 and Mon810. These data 
were found acceptable, but since the time of initial registration, the value of comparing the amino 
acid sequence to known toxins and allergens has been highlighted and generally supported by the 
Scientific Advisory Panel. Data for Bt11 Cry1Ab protein which compares the amino acid 
sequence of the Cry1Ab protein expressed in field corn and sweet corn with known toxins and 
allergens must be submitted to the Agency for evaluation. For allergens, these data must also 
include a stepwise 8 amino acid analysis of the subject protein against available allergen sequence 
databases. These additional data are required to augment the health effects database for Cry1Ab 
expressed in corn. These data must be submitted on or before March 15, 2003. 

For Mon810 Cry1Ab protein expressed in field corn, an additional amino acid sequencing 
analysis using required are for a stepwise 8 amino acid analysis of the subject protein against 
newly available known allergen sequence databases must be submitted to EPA for evaluation. In 
addition, a processing and/or heat stability study must also be conducted. These additional data 
are required to augment the health effects database for Cry1Ab expressed in corn. These data 
must be submitted on or before March 15, 2003. In addition, for Mon810, a processing and/or 
heat stability study is required and must also be submitted on or before March 15, 2003. 

Finally, the registrants are encouraged to use new methods (e.g. MALDI-TOFF), as they are 
validated to confirm amino acid sequence of the expressed proteins more precisely. 

4. Determination of Cry Protein Levels in Soils Following Several Years of Bt PIPs 

In the March 12, 2001 SAP Report No. 2000-07 on Bt Plant-Pesticides Risk and Benefit 
Assessment, the October 2000 Scientific Advisory Panel (SAP) concluded that published data at 
that time did not adequately address the persistence of Cry proteins from Bt crops in the soil. 
Since it is difficult to correlate the relevance of the published laboratory studies to field situations, 
the SAP recommended field studies be conducted in established Bt fields in a variety of soil types 
and climatic conditions. The SAP suggested the determination of the amount, concentration, and 
persistence of biological activity of Cry proteins in the soil are areas that should be investigated. 
The EPA agrees with the SAP that actual field data on Cry protein levels in soil will yield 
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relevant data on persistence and natural variation of plant-produced Bt proteins in soil. If high 
levels of Cry proteins are found in field soils, reevaluation of the risks to certain non-target 
organisms might be required. Therefore, EPA is requiring additional supplementary studies 
regarding Cry protein in soil. 

The Agency is requiring testing of Cry1Ab and Cry1F protein under a range of conditions typical 
of Bt corn cultivation. EPA requires each registrant or the registrants in cooperation to submit 
test protocols before the studies are actually conducted. In general, the Agency anticipates that 
soils would be sampled from fields where Bt corn has been grown continuously for at least 3 
years compared with fields where no Bt crop has been grown. These paired fields would include 
several locations throughout the corn growing area of the US representing different soil and 
climatic variations. The Agency anticipates that samples would need to be taken 2 or 3 times 
during the growing season. Each registrant is required to submit a protocol on or before March 
15, 2002. For Cry1Ab, an interim report is due 12 months after the protocol is approved and a 
final report is due 24 months after the final protocol is approved. For Cry1F, due dates for any 
interim reports will be determined at the time the protocol is approved. The final data for Cry1F 
will be submitted no later than March 15, 2008, but may be due earlier depending upon the final 
approved protocol. 

5. Non-target Insects 

In the February 7, 2000 report from the Scientific Advisory Panel meeting of December 8, 1999, 
the SAP responded to a question from EPA on field scouting to supplement acute testing of a few 
indicator insect species. The SAP stated: 

Field scouting is an important tool to risk assessment, but should not replace Tier 1 
testing. Only a limited number of species can be tested in laboratory bioassays, but field 
studies can be used to detail the impacts on species appropriate for the [PIP] being tested 
and in a manner that is relevant to determining ecological impacts. It is important that the 
conclusions drawn from the field studies be scientifically sound and not just correlative 
and that it reflect actual exposure to the [PIP]. . . Since ecological effects are critical to 
safety issues addressed by the Agency proposed rules, it would appear that field studies be 
included in the decision packet. 

Ecological field studies were not required by EPA for the original registration decision for 
Cry1Ab in 1995 and Cry1F in 2001. EPA is now requiring confirmatory field data for possible 
impacts on non-target insects. Either existing studies must be submitted or the registrants must 
submit a protocol for field survey studies on or before March 15, 2002 with an interim report 
submitted 12 months after approval of the protocol and a final report submitted 36 months after 
approval of the protocol. 

6. Monarch Butterflies 

V 3




Bt Plant-Incorporated Protectants October 15,  2001 Biopesticides Registration Action Document 

Based upon research recently published in the Proceedings of the National Academy of Sciences 
and upon the response of the Agricultural Biotechnology Stewardship Technical Committee to the 
December 1999 Bt corn Data Call-in Notice, EPA has concluded that the weight of scientific data 
indicate that Bt corn poses no unreasonable adverse impact on monarch butterfly populations. 
However, it has been identified in one of these papers, (Stanley-Horne, et al, 2001) that the 
published data only cover acute exposure and longer term exposure to Bt corn pollen should be 
considered. EPA is aware that studies are underway to assess the potential for longer-term 
exposure to Bt corn pollen to adversely impact monarch populations. The registrants for MON 
810 and Bt11 must report the results of these studies to EPA as soon as the results are available 
publicly or the registrants must provide valid scientific studies to address this issue by January 31, 
2003. The report must be able to be made available to the public at the time it is submitted to 
EPA. 

7. Chronic Avian Dietary Exposure 

Submitted avian toxicity data on Cry1Ab and Cry1F protein containing corn were scientifically 
sound and no treatment mortality or behavior change was observed between the dosed and control 
replicates. These data show no adverse effects to avian wildlife from incidental field exposure to 
Cry1Ab or Cry1F expressed in corn. However, data from repeated exposure(s) to higher doses of 
Bt corn are needed to make a hazard assessment. A supplemental study is required. The study 
must be of appropriate duration to represent the start and growing periods of the test species such 
as six weeks in meat-type chickens. Balanced diets should be formulated according to the 
National Research Council guidelines (“Nutrient Requirements of Poultry,” Ninth Revised 
Edition, 1994) with the energy requirements of the test species being met by the inclusion of corn 
in the diet to assess hazards from chronic exposure of wild or domesticated fowl. A protocol for 
poultry studies must be submitted on or before March 15, 2002 with a final report submitted 18 
months after approval of the protocol. 

8. Insect Resistance Management 

a. North/South Movement of Helicoverpa zea 

Helicoverpa zea is known as cotton bollworm when attacking cotton and corn earworm when 
attacking corn. It has other common names for some of its other host plants. Helicoverpa zea can 
have several generations per year and frequently the insect moves from corn to cotton. There is 
not a high dose of the Cry proteins for Helicoverpa zea in either Bt corn or Bt cotton. If 
Helicoverpa zea survives exposure to Bt corn and then moves to Bt cotton, the chances of 
resistance development are increased through the added exposure. 

The October 2000 SAP indicated there was more evidence of corn earworm (Helicoverpa zea) 
migration from the north to the south than evidence against this migration pattern. The Panel 
went on to discuss how the movement of corn earworm from the north to the south could impact 
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insect resistance management, specifically refuge size. The Panel stated that as long as the 
amount of Bt corn in a (northern) region did not exceed 50%, then the refuge size was adequate. 
However, there are several areas in the Corn Belt where market penetration of Bt corn exceeds 
50%. The registrants are required to evaluate the impacts of north-south movement of 
Helicoverpa zea  from corn-growing regions to cotton-growing regions on the resistance 
management of corn earworm, including field studies, as needed, to determine the adequacy of 
the current resistance management program. Either existing studies must be submitted or submit 
a protocol for field studies must be submitted on or before March 15, 2002 with an interim report 
submitted 12 months after approval of the protocol and a final report submitted 24 months after 
approval of the protocol. 

b. Impact of Insecticidal Sprays of Refuge Effectiveness 

Both the USDA NC-205 group and the 2000 Scientific Advisory Panel have indicated that corn-
growing areas regularly treated with insecticides (i.e., the High Plains region for southwestern 
corn borer or spider mites) may pose an additional risk for insect resistance. This is because 
highly effective insecticides applied to refuges and not to Bt corn may significantly reduce the 
number of susceptible adults emerging from the refuge, possibly reducing the overall refuge 
efficacy. For example, a 20% refuge treated with an insecticide with high efficacy (>90% kill) 
might be equivalent to a 2% unsprayed refuge because the insecticide kills susceptible insects and 
reduces the goal of 500 susceptible insects for every 1 resistant insect. Along these lines, the NC-
205 has initiated a research project to determine the implications for IRM. 

Research on the impacts of insecticidal sprays on the effectiveness of the refuge are required. 
EPA understands that the NC-205 group is about to begin such research. Each registrant must 
submit either a copy of the NC-205 protocol or a protocol of its own to the Agency by March 15, 
2002. An interim report is due in 12 months after submitting the NC-205 protocol or approval of 
the registrant’s protocol and a final report is due 24 months after submitting the NC-205 protocol 
or approval of the registrant’s protocol. 

c. Development of a Discriminating Concentration for Cry1F 

The registrants of Cry1F protein expressed in corn must develop a discriminating concentration 
(diagnostic concentration) assay for field resistance (field screening) for European corn borer, 
corn earworm, and southwestern corn borer. Studies must be submitted on or before March 15, 
2003. 

B. Bt Corn Terms and Conditions of the Amended Registrations 

1. Expiration Date 

The Cry1Ab registrations for Bt11 and MON 810 and the Cry1F registrations will automatically 
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expire on midnight October 15, 2008. 

2. Required Data 

The protocols and data described in section V. A. above must be submitted to the Agency as part 
of the terms and conditions of the amendment to the Cry1Ab protein and Cry1F protein product 
registrations. The following table outlines the protocols and data as well as the due dates for 
these. 

Data Description Due Date 

Residue Analytical 
Methods 

Analytical method including 
characterization of the antisera 
and independent laboratory 
validation required 

June 1, 2002 

Protein Expression Expression data provided for 
initial registration; 
confirmatory data required to 
provide consistency across Bt 
crops 

March 15, 2003 

For Bt11: Amino Acid 
Sequencing 

Comparison of AA sequence to 
known toxins and allergens 
Stepwise 8 amino acid analysis 

March 15, 2003 

For MON810: Amino 
Acid Sequencing and 
heat stability 

Stepwise 8 amino acid analysis 
and processing and/or heat 
stability study 

March 15, 2003 

Cry1Ab Protein Levels 
in Soil 

Supplemental studies; protocol 
to be submitted before studies 
are initiated 

Protocol by March 15, 2002; 
interim report 12 months after 
protocol approved; final report 
24 months after protocol 
approved 

Cry1F Protein Levels in 
Soil 

Supplemental studies; protocol 
to be submitted before studies 
are initiated 

Protocol by March 15, 2002; 
final report due no later than 
March 15, 2008 

V 6




Bt Plant-Incorporated Protectants October 15,  2001 Biopesticides Registration Action Document 

Non-target Insects Either existing studies or 
protocol and studies 

Existing studies or protocol by 
March 15, 2002; interim report 
12 months after protocol 
approved; final report 36 months 
after protocol approved 

Monarch Long-Term 
Exposure for Cry1Ab 

Examine fitness and 
reproductive costs to monarchs 
from subchronic exposure to Bt 
corn 

January 31, 2003 or earlier. 

Chronic Avian Study Test a diet for chronic exposure 
to high levels of Bt corn that 
may occur in the field 

Existing studies or protocol by 
March 15, 2003; final report 18 
months after approval of 
protocol. 

IRM–North/South 
Movement of Corn 
Earworm 

Potential for north to south 
movement of corn earworm 

Protocol by March 15 2002; 
interim report 12 months after 
protocol approved; final report 
24 months after protocol 
approved 

IRM–Insecticide Impact 
on Effectiveness of 
Refuge 

Studies in areas where the 
refuge is commonly treated 
with insecticides 

Protocol March 15, 2002; 
interim report in 12 months; 
final report in 24 months after 
protocol submitted or approved 

IRM–Discriminating 
Concentration for Cry1F 

Development of discriminating 
concentration for ECB, CEW, 
SWCB 

Studies must be submitted on or 
before March 15, 2003 

3. Insect Resistance Management (IRM) Program 

The Agency has determined that the unrestricted use of Cry1Ab and/or Cry1F in corn is likely to 
lead to the emergence of resistance in one or more of the target insect pests unless measures are 
used to delay or halt the development of resistant insects. Because some corn pests also attack 
other crops, not only would the emergence of resistance affect the benefits of Bt corn, such insect 
resistance could also affect the efficacy of Bt cotton products and microbial formulations of Bt. 
The loss of Bt as an effective pest management tool – in field corn, sweet corn, or other crops – 
could potentially have serious adverse consequences for the environment to the extent that 
growers might shift to the use of more toxic pesticides and a valuable tool for organic farmers 
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might be lost. The emergence of resistance in corn pests could also have significant economic 
consequences for corn growers. Therefore, EPA continues to require the registrants to implement 
an Insect Resistance Management (IRM) program to mitigate the possibility that pest resistance 
will occur. 

The required IRM program for Bt corn has the following elements: 

1] Requirements relating to creation of a non-Bt corn refuge in conjunction with the planting of 
any acreage of Bt field corn; 

2] Requirements for the registrants to prepare and require Bt corn users to sign “grower 
agreements” which impose binding contractual obligations on the grower to comply with the 
refuge requirements; 

3] Requirements for the registrants to develop, implement, and report to EPA on programs to 
educate growers about IRM requirements; 

4] Requirements for the registrants to develop, implement, and report to EPA on programs to 
evaluate and promote growers’ compliance with IRM requirements; 

5] Requirements for the registrants to develop, implement, and report to EPA on programs to 
evaluate whether there are statistically significant and biologically relevant changes in target 
insect susceptibility to Cry1Ab protein and/or Cry1F in the target insects; 

6] Requirements for the registrants to develop, and if triggered, to implement a “remedial action 
plan” which would contain measures the registrants would take in the event that any insect 
resistance was detected as well as to report on activity under the plan to EPA; 

7] Submit annual reports on sales, IRM grower agreements results, compliance, and educational 
program on or before January 31st each year. 

a. Refuge Requirements 

1) Field Corn 

a) Corn-Belt Refuge Requirements 

For Cry1Ab and Cry1F Bt field corn grown outside cotton-growing areas (e.g., the Corn Belt), 
grower agreements (also known as stewardship agreements) will specify that growers must adhere 
to the refuge requirements as described in the grower guide/product use guide and/or in 
supplements to the grower guide/product use guide. 
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•	 Specifically, growers must plant a structured refuge of at least 20% non-Bt corn that may 
be treated with insecticides as needed to control lepidopteran stalk-boring and other pests. 

•	 Refuge planting options include: separate fields, blocks within fields (e.g., along the 
edges or headlands), and strips across the field. 

• External refuges must be planted within ½ mile (1/4 mile or closer preferred). 

•	 When planting the refuge in strips across the field, refuges must be at least 4 rows wide, 
preferably 6 rows wide. 

•	 Insecticide treatments for control of ECB, CEW and Southwestern corn borer (SWCB) 
[Cry1Ab or Cry1F corn hybrids] and/or fall armyworm (FAW) and black cutworm (BCW) 
[Cry1F corn hybrids only] may be applied only if economic thresholds are reached for one 
or more of these target pests. Economic thresholds will be determined using methods 
recommended by local or regional professionals (e.g., Extension Service agents, crop 
consultants). Instructions to growers will specify that microbial Bt insecticides must not 
be applied to non-Bt corn refuges. 

b) Cotton-Growing Area Refuge Requirements for Bt Corn 

For Cry 1Ab and Cry1F Bt field corn grown in cotton-growing areas, grower agreements (also 
known as stewardship agreements) will specify that growers must adhere to the refuge 
requirements as described in the grower guide/product use guide and/or in supplements to the 
grower guide/product use guide. 

•	 Specifically, growers in these areas must plant a structured refuge of at least 50% non-Bt 
corn that may be treated with insecticides applied as needed to control lepidopteran stalk-
boring and other pests. 

•	 Refuge planting options include: separate fields, blocks within fields (e.g., along the 
edges or headlands), and strips across the field. 

• External refuges must be planted within ½ mile (1/4 mile or closer preferred). 

•	 When planting the refuge in strips across the field, refuges must be at least 4 rows wide, 
preferably 6 rows wide. 

•	 Insecticide treatments for control of ECB, CEW and Southwestern corn borer (SWCB) 
[Cry1Ab or Cry1F corn hybrids] and/or fall armyworm (FAW) and black cutworm (BCW) 
[Cry1F corn hybrids only] may be applied only if economic thresholds are reached for 
one or more of these target pests. Economic thresholds will be determined using methods 
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