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ATTACHMENT 1 

REQUIRED ATTACHMENT CHECKLIST 

A complete proposal will consist of the items identified on the list below. 

Complete this checklist to confirm that all items are contained with your proposal. Place a check mark or “✓” next to 
each item that you are submitting to the State. For your proposal to be responsive, in addition to your proposal, all 
required attachments must be returned. This checklist should be returned along with your proposal. 

It is essential that the Cost Proposal be complete, thorough, and comply with content sequence requirements. The 
proposal must be typed and double-spaced on 8½ X 11 paper. All pages shall be consecutively numbered. All elements 
shall follow the sequence presented on the following checklist: 

✓ Check Attachment # Attachment Name/Description 
Form 

Provided 

Completion 

Required 

Attachment 1 Required Attachment Checklist YES YES 

Attachment 2 Cost Proposal/Budget Display Sheets YES YES 

Attachment 3 Budget Narrative Form and Explanation of 
Costs 

YES YES 

Attachment 4 Proposer’s References YES YES 

Attachment 5 Sample Agreement 
a) Project Summary and Scope of Work 

b) Schedule of Deliverables 
c) Key Personnel 

d) Authorized Representatives and Notices 

e) Use of Pre-existing Intellectual Property 

f) Current & Pending Support 
g) Third Party Confidential Information (if 

applicable) 
h) Budget Justification 

YES YES 

Attachment 6 Resumes (Curriculum Vitae) for Proposer, 

Proposer’s staff involved in project, and all 

Subcontractors 

NO YES 

Attachment 7 Narrative of Research Objectives, as 
described in Rating/Scoring Criteria 

NO YES 

Attachment 8 Narrative of Project Direction (Work Plan and 

Work Schedule), as described in 
Rating/Scoring Criteria 

NO YES 

Attachment 9 Narrative of Qualifications, as described in 
“Minimum Qualifications for Proposers” and 
Rating/Scoring Criteria 

NO YES 

Attachment 10 Copy of current business license, 

professional certificates, or other 
credentials 

NO YES 



ATTACHMENT 2 

COST PROPOSAL/BUDGET DISPLAY 
RESEARCH PROPOSAL 

YEAR 1 – (for first 12 months) 
Period of award 

(1/1/26 - 9/30/28) 

Use separate sheet for each year 

Period of award: 1/1/26 – 12/31/26__________________________________________ 

Contractor: ___Chow-Yang Lee, UC Riverside____________________________ 

Project Title/Description: Improving application of dusts and gel baits for control of insecticide-resistant German 
cockroaches, a major indoor pest of public health importance 

Description Hours Rate Total 
PERSONNEL SERVICES 

1. Post-Doc Researcher 626 34.29 $21,490 
2. SRA IV 418 44.78 $18,700 
3. 
4. 

Total Salaries $40,190 
Total Benefits $12,638 

Total Personnel Services (A) $52,828 
SUBCONTRACTOR SERVICES 

1. Classification 

Total Subcontractor Services (B) 
OTHER SERVICES 

1. Classification 

Total Other Services (C) 
OPERATING EXPENSES 

1. Supplies and Expense $1,000 
2. Travel In-State $500 
3. Travel Out-of-State 

4. Equipment 
5. Other Costs 

Total Operating Expenses (D) $1,500 

Total Personnel and Operating 
(Add A through D) 

$54,328 

Indirect Costs (detail) (35%) $19,015 

TOTAL COSTS – Year 1 
(for the first 12 months) 

$73,343 



ATTACHMENT 2 

COST PROPOSAL/BUDGET DISPLAY 
RESEARCH PROPOSAL 

YEAR 2 – (for months 13 thru 24) 

Period of award 

(1/1/26 - 9/30/28) 

Use separate sheet for each year 

Period of award: 1/1/27 – 12/31/27____________________________________________ 

Contractor: Chow-Yang Lee, UC Riverside _______________________________ 

Project Title/Description: Improving application of dusts and gel baits for control of insecticide-resistant German 
cockroaches, a major pest of public health importance. 

Description Hours Rate Total 
PERONNEL SERVICES 

1. Post-Doc Researcher 626 35.57 $22,285 
2. SRA IV 418 46.11 $19.261 
3. 
4. 

Total Salaries $41,546 
Total Benefits $13,045 

Total Personnel Services (A) $54,591 
SUBCONTRACTOR SERVICES 

1. Classification 

Total Subcontractor Services (B) 
OTHER SERVICES 

1. Classification 

Total Other Services (C) 
OPERATING EXPENSES 

1. Supplies and Expense $1,000 
2. Travel In-State $500 
3. Travel Out-of-State 

4. Equipment 
5. Other Costs 

Total Operating Expenses (D) $1,500 

Total Personnel and Operating 
(Add A through D) 

$56,091 

Indirect Costs (detail) $19,632 

TOTAL COSTS – Year 2 
(for 12 months) 

$75,723 



ATTACHMENT 2 

COST PROPOSAL/BUDGET DISPLAY 
RESEARCH PROPOSAL 

YEAR 3 – (for months 25 thru 36) 

Period of award 

(1/1/26 - 9/30/28) 

Use separate sheet for each year 

Period of award: 1/1/28 – 9/30/28________________________________________ 

Contractor: Chow-Yang Lee, UC Riverside ______________________________ 

Project Title/Description: Improving application of dusts and gel baits for control of insecticide-resistant German 
cockroaches, a major indoor pest of public health importance 

Description Hours Rate Total 
PERONNEL SERVICES 

1. Post-Doc Researcher 626 36.65 $22,953 
2. SRA IV 418 47.50 $19,838 
3. 
4. 

Total Salaries $42,791 
Total Benefits $13,436 

Total Personnel Services (A) $56,227 
SUBCONTRACTOR SERVICES 

1. Classification 

Total Subcontractor Services (B) 
OTHER SERVICES 

1. Classification 

Total Other Services (C) 
OPERATING EXPENSES 

1. Supplies and Expense $1,000 
2. Travel In-State $500 
3. Travel Out-of-State 

4. Equipment 
5. Other Costs 

Total Operating Expenses (D) $1,500 

Total Personnel and Operating 
(Add A through D) 

$57,727 

Indirect Costs (detail) $20,204 

TOTAL COSTS – Year 3 
(for final 12 months) 

$77,931 



ATTACHMENT 2 

COST PROPOSAL/BUDGET DISPLAY 
RESEARCH PROPOSAL 

COMBINED YEARS – (up to 3 years or 36 months) 

Period of award 

(1/1/26 - 9/30/285) 

Use separate sheet for each year 

Period of award: 1/1/26 - 9/30/28_____________________________________ 

Contractor: Chow-Yang Lee, UC Riverside _______________________________ 

Project Title/Description: Improving application of dusts and gel baits for control of insecticide-resistant German 
cockroaches, a major indoor pest of public health importance 

Description Hours Rate Total 
PERONNEL SERVICES 

1. Post-Doc Researcher 1878 $66,728 
2. SRA IV 1254 $57,799 
3. 
4. 

Total Salaries $124,527 
Total Benefits $39,119 

Total Personnel Services (A) $163,646 
SUBCONTRACTOR SERVICES 

1. Classification 

Total Subcontractor Services (B) 
OTHER SERVICES 

1. Classification 

Total Other Services (C) 
OPERATING EXPENSES 

1. Supplies and Expense $3,000 
2. Travel In-State $1,500 
3. Travel Out-of-State 

4. Equipment 
5. Other Costs 

Total Operating Expenses (D) $4,500 

Total Personnel and Operating 
(Add A through D) 

$168,146 

Indirect Costs (detail) $58,851 

TOTAL COSTS – GRAND TOTAL UP TO 3 YEARS 
(for up to 36 months) 

$226,997 



ATTACHMENT 3, 

BUDGET NARRATIVE FORM AND EXPLANATION OF COSTS: 

Explain the need for individual staff, budgeted travel, equipment, subcontracts and consultants: 
(Dennis) Shao-Hung Lee, postdoctoral Researcher, University of California, Riverside, 30% salaried time. 

The postdoctoral researcher will organize and carry out many of the research activities described in the proposal. 
The postdoctoral researcher will play a crucial role in the experimental design, data collection, and statistical 
analysis. He will also assist with the interim reports. 

Gregory Kund, Staff Research Associate, will work with the Postdoctoral Researcher and PI to set up 
experiments described in the proposal, and collect and analyze the data. He will also oversee the rearing 
operations and establishment of the cockroach colonies. 

Dr. Michael Rust is an advisor on this project and will provide technical expertise and guidance. He will not 
incur any costs but will assist with publishing and presenting the research findings as a conduit to support the pest 
control industry. 

The materials and supplies required for rearing insect colonies and completing the experiments for 
the 3-year project will cost $3,000. The supplies needed will be trash cans ($300) to house the roaches, dog food 
(14 bags/year x $50=$700), cotton for water wicks ($100 per case of 12 rolls each year=$300), and quart sized 
water jars (case of 12 $25). 

One-time material expenses: Annual expenses: 
4 -44-gal Trash cans $350 Dog food 14 bags x $50=700 
Water jars 1 quart (case) $25 Cotton wick rolls (1 case) $100 
Barrier double sided tape (5) $50 
Foil duct tape (5) $50 
9V batteries (5 packs) $125 
Subtotal=$600 Subtotal (3 years x $800) =$2,400 
Total material expenses=$3,000 

Travel expenses are minimal and will be $1,500 for the partial cost of a leased truck, which will be used for 
cockroach collection and routine trips for supplies and colony maintenance at different lab locations. These fees 
are equivalent to leasing a vehicle at 6% interest for $684.16/month or $ 8,209.92 annually, as stipulated 
by UC Riverside Fleet Services ($0.06 x $ 8,209.92 = $500 per year). 

No other direct costs are requested. 

Please explain how the costs were arrived at: 
Personnel costs were derived from approved UC Riverside rates for both personnel costs and fringe rates, with a cost-of-
living increase built in annually. Supplies were estimated on historical figures from similar projects and online pricing. 
Travel was estimated using the current mileage reimbursement rates, approved by the IRS and current UC Riverside 

vehicle lease rates. 

Please explain why the rates are considered reasonable and/or appropriate in your opinion: 
Personnel costs were estimated at the UC Riverside’s approved rates, by title. These costs are set by the University. 
At UC Riverside, we purchase materials, supplies, and other services (gene sequencing) through approved vendors, 

providing reasonable pricing to the University. Travel was estimated using currently approved federal rates. 

Are costs based on industry standard or other basis of measurement? Please explain: 
Personnel costs are based on UC Riverside’s approved rates by pay title, with the recommended cost of living 
adjustments. Materials/Supplies are based in industry standards for the University of California system. Travel is based 

on approved federal reimbursement rates. 



ATTACHMENT 4 
PROPOSER REFERENCES 

1. Please attach three letters of reference on company letterhead. 

2. List below three references of similar types of services performed, as described in the description of services, 
within the last five years. If three references cannot be provided, please explain why on an attached sheet of paper. 

REFERENCE 1 

Name of Firm Rentokil Terminix 

Address 305 N Crescent Way, Anaheim, CA 92801 

Contact Person Claudio Salem – DVM – BCE 

Telephone Number 800-968-2440 

Dates of Service N/A 

Value or Cost of Service N/A 
Brief Description of Service Provided: Rentokil helped to collect field German cockroaches for us in this project:   Resistance 

monitoring of an isoxazoline compound in Blattella germanica in the United States. The project is still presently undergoing. 

REFERENCE 2 

Name of Firm IPM4You 

Address 9830 Via Leslie, Santee, CA 92071 

Contact Person James Panknin 

Telephone Number 844-476-4968 

Dates of Service N/A 

Value or Cost of Service N/A 
Brief Description of Service Provided: We collaborated with Mr. Jim Panknin in a project where he assisted with the 

collection of field populations of the German cockroach. The work resulted in two peer-reviewed papers, where Mr. 
Panknin’s help was acknowledged. 
Lee SH, DH Choe, MK Rust & CY Lee. 2022. Reduced susceptibility towards commercial bait insecticides in field German 

cockroach (Blattodea: Ectobiidae) populations from California. Journal of Economic Entomology 115: 259–265. 
Lee SH, DH Choe, ME Scharf, MK Rust, & CY Lee. 2022. Combined metabolic and target-site resistance mechanisms confer 

fipronil and deltamethrin resistance in field-collected German cockroaches (Blattodea: Ectobiidae). Pesticide 
Biochemistry and Physiology 184: 105123. 

REFERENCE 3 

Name of Firm Thrasher Pest Control 

Address 8957 Complex Dr, San Diego, CA 92123, United States 

Contact Person Garrett Thrasher 

Telephone Number 619-955-5121 

Dates of Service N/A 

Value or Cost of Service N/A 
Brief Description of Service Provided: We collaborated with Mr. Garrett Thrasher in a project where he assisted with the 
collection of Formosan subterranean termites. The work resulted in a peer-reviewed paper where Mr Thrasher’s help was 
mentioned in the acknowledgment. 
Tseng SP, S Taravati, DH Choe, MK Rust, & CY Lee. 2022. Genetic evidence for multiple invasions of Coptotermes 

formosanus (Blattodea: Rhinotermitidae) in California. Journal of Economic Entomology 115: 1251–1256. 

https://www.google.com/search?client=safari&rls=en&q=thrasher+pest+control+san+diego&ie=UTF-8&oe=UTF-8


STANDARD AGREEMENT                                                                                                   
STD 213 (Rev 06/03) AGREEMENT NUMBER 

REGISTRATION NUMBER 

1. This Agreement is entered into between the State Agency and the Contractor named below: 
STATE AGENCY’S NAME 

Department of Consumer Affairs, Structural Pest Control Board 
CONTRACTOR’S NAME 

TBD 

2. The term of this 
Agreement is: July 1, 2025 (or upon approval, whichever is later) through    TBD 

3. The maximum amount $ 
of this Agreement is: 

4. The parties agree to comply with the terms and conditions of the following exhibits which are by this reference made a 
part of the Agreement. 

Exhibit A – A7: A–Scope of Work; A1–Deliverables; A2–Key Personnel; A3–Authorized 
Representatives; A4–Use of Intellectual Property; A5–Resumes; A6–Current & Pending Support; 
A7-Third Party Confidential Information (if applicable) 

page(s) 

Exhibit B – B–Budget; B1–Budget Justification; B2– Subawardee Budgets (if applicable); B3– 
Invoice Elements 

page(s) 

Exhibit C* – University Terms and Conditions UTC-220 
Check mark additional Exhibits below, and attach applicable Exhibits or provide internet link: 

Exhibit D – Additional Requirements Associated with Funding Sources page(s) 

Exhibit E – Special Conditions for Security of Confidential Information page(s) 

Exhibit F – Access to State Facilities or Computing Resources page(s) 

Exhibit G – Negotiated Alternate UTC Terms page(s) 
Items shown with an Asterisk (*), are hereby incorporated by reference and made part of this agreement as if attached hereto. 
These documents can be viewed at http://www.dgs.ca.gov/ols/Resources/ModelContractLanguageUniversities.aspx. 

IN WITNESS WHEREOF, this Agreement has been executed by the parties hereto. 

CONTRACTOR California Department of General 
Services Use Only 

CONTRACTOR’S NAME (if other than an individual, state whether a corporation, partnership, etc.) 

BY (Authorized Signature) 



DATE SIGNED (Do not type) 

PRINTED NAME AND TITLE OF PERSON SIGNING 

ADDRESS 

STATE OF CALIFORNIA 
AGENCY NAME 

Department of Consumer Affairs, Structural Pest Control Board 
BY (Authorized Signature) 



DATE SIGNED (Do not type) 

PRINTED NAME AND TITLE OF PERSON SIGNING 

ATTACHMENT 5 – SAMPLE AGREEMENT 

http://www.dgs.ca.gov/ols/Resources/ModelContractLanguageUniversities.aspx


ADDRESS 

1625 N. Market Blvd., Suite S-103 
Sacramento, CA  95834 

Exhibit A – Scope of Work 

Project Summary & Scope of Work 

Contract Grant 

PI Name: Chow-Yang Lee, UC Riverside                                         . 

Project Title:   Improving application of dusts and gel baits for control of insecticide resistant German 

cockroaches, an important indoor pest of public health importance 

Project Summary/Abstract 

The German cockroach, Blattella germanica (L.), is a significant indoor public health pest that could mechanically 

transmits pathogens and produces allergens that cause chronic asthma. Insecticides are the main tool used to control this 

species, with pyrethroid sprays and gel baits making up most of the formulations used. However, widespread pyrethroid 

resistance challenges the sustainability of residual sprays, and growing resistance to gel baits over the past decade 
discourages the overreliance on such formulations as well. Dust insecticides are promising alternatives that possess 
advantages such as a diverse range of active ingredients (desiccant, contact, oral, etc.), unique modes of action that are 
effective against resistant cockroaches (e.g., silica gel, boric acid), and long-lasting applications when undisturbed. 

However, almost no modern information exists on the efficacy of dust products, especially on their repellency, 

compatibility with gel baits, and effectiveness against resistant cockroach strains. These questions must be answered to 

responsibly incorporate dusts into IPM programs. Our project aims to address all these shortfalls. 

The first step of our project involves screening a representative range of dust products against both insecticide-resistant 

and susceptible German cockroaches to identify effective treatments under forced exposure (no choice) and choice 

experiments. We will select seven dust products with active registrations in California that cover all major active 

ingredient categories: desiccants (e.g., silica gel), oral toxicants (e.g., boric acid, indoxacarb), contact toxicants (e.g., 

pyrethroid), and combinations (more than one category). Three field-collected resistant cockroach strains and one 

susceptible strain will be tested. Forced exposure experiments will involve confining adult male cockroaches to dust at 

label rates in petri dishes without access to food and water, enabling us to measure the maximum toxicity of each 

treatment. Choice experiments will be conducted in Ebeling choice boxes, which assess efficacy and repellency 

simultaneously, predicting how treatments perform under field conditions where cockroaches can avoid dust deposits in 

dark areas. Treatment performance will be compared using Kaplan-Meier survivorship analyses and performance indices 

(PI), a metric unique to Ebeling choice boxes that combines efficacy with repellency. 



Similar to gel baits, dusts are applied under appliances, behind cabinets, in voids, and other less disturbed areas, which 

means the two formulations may physically overlap when present in the same site. Therefore, understanding their 

interactions is crucial when using dusts in IPM programs. The next experiments will assess the compatibility of dust and 

gel bait insecticides when applied together and determine the proper application sequence for both. Up to two of the best-

performing dusts from previous experiments and gel baits with common active ingredients (e.g., fipronil and indoxacarb) 

will be selected for testing. The following treatment combinations will be applied to adult male cockroaches and evaluated 

in Ebeling choice boxes: (1) dust on top of gel bait, (2) gel bait on top of dust, (3) dust alone, and (4) gel bait alone. The 

most effective treatment combination(s) will be identified using a proportional hazards model that assesses the 

contribution of dusts, gel baits, and application order, both separately and together. Once determined, the best 

combination(s) will be tested against mixed stages and sexes of German cockroaches in choice boxes, and efficacy will be 

compared across strains using Kaplan-Meier survivorship analyses and PIs. 

Finally, the behavioral response of susceptible and resistant German cockroaches to dusts will be examined using video 

monitoring assays. Individual cockroaches will be placed into arenas with half-treated filter paper covering the bottom. 

Their position and movement between treated and untreated sides will be tracked with EthoVision XT software and 
analyzed using F-tests followed by post-hoc analysis. 

If Third-Party Confidential Information is to be provided by the State: 

Performance of the Scope of Work is anticipated to involve use of third-party 

Confidential Information and is subject to the terms of this Agreement; OR 

A separate CNDA between the University and third-party is required by the 
third-party and is incorporated in this Agreement as Exhibit A7, Third Party 

Confidential Information. 

Scope of Work 

Describe the goals and specific objectives of the proposed project and summarize the expected outcomes. If applicable, 

describe the overall strategy, methodology, and analyses to be used. Include how the data will be collected, analyzed, 

and interpreted as well as any resource sharing plans as appropriate. Discuss potential problems, alternative strategies, 
and benchmarks for success anticipated to achieve the goals and objectives.   

This information is fully provided in the Attachment 7 (Research Objectives) and Attachment 8 (Project Direction) 



Exhibit A1 – Deliverables 

SCHEDULE OF DELIVERABLES 

List all items that will be delivered to the State under the proposed Scope of Work. Include all reports, 
including draft reports for State review, and any other Deliverables, if requested by the State and agreed 
to by the Parties. 

If use of any Deliverable is restricted or is anticipated to contain preexisting Intellectual Property with any 

restricted use, it will be clearly identified in Exhibit A4, Use of Preexisting Intellectual Property. 

Unless otherwise directed by the State, the University Principal Investigator shall submit all Deliverables to 

the State Contract Project Manager, identified in Exhibit A3, Authorized Representatives. 

Deliverable Description Due Date 

Interim progress report Provide a brief (2-3 pages) written interim progress report to 
address progress made, findings to date, and problems 
encountered. 

06/30/2026 

Interim progress report Provide a brief (2-3 pages) written interim progress report to 
address progress made, findings to date, and problems 
encountered. 

12/31/2026 

Present a progress report Present a progress report at one Board Meeting TBD (2026) 

Interim progress report Provide a brief (2-3 pages) written interim progress report to 
address progress made, findings to date, and problems 
encountered. 

06/30/2027 

Interim progress report Provide a brief (2-3 pages) written interim progress report to 
address progress made, findings to date, and problems 
encountered. 

12/31/2027 

Present a progress report Present a progress report at one Board Meeting TBD (2027) 

Final report Provide a comprehensive written Final Report 09/30/2028 

Present a final report Present a final report at one Board Meeting TBD 

The following Deliverables are subject to Section 19. Copyrights, paragraph B of Exhibit C 



Exhibit A2 – Key Personnel 

KEY PERSONNEL 

List Key Personnel as defined in the Agreement starting with the PI, by last name, first name followed by Co-Pis. Then list 
all other Key Personnel in alphabetical order by last name. For each individual listed include his/her name, institutional 
affiliation, and role on the proposed project. Use additional consecutively numbered pages as necessary. 

Last Name, First Name Institutional Affiliation Role on Project 

PI: 

Lee, Chow-Yang Department of Entomology 

University of California 

Riverside 

As a principal investigator of the 
project, Lee will be overseeing the 
project plan, execution, and progress. 
Lee will be also advising the project 
team members who will be carrying 
out the proposed research. 

Co-PI(s) – if applicable: 

Choe, Dong-Hwan Department of Entomology 

University of California 

Riverside 

As a co-PI, Choe will be providing his 
expertise in cockroach biology and 
management for the current project. 

Other Key Personnel (if 

applicable): 

Rust, Michael Department of Entomology 

University of California 

Riverside 

As a collaborator, Rust will be 
providing his expertise in cockroach 
control using dusts and baits for the 
current project. He will also provide 
support for the publishing and 
presentation of the research findings. 

Lee, Shao-Hung Department of Entomology 

University of California 

Riverside 

The postdoctoral researcher will be 
organizing and carrying out much of 
the research activities described in 
the proposal. The postdoctoral 
researcher will be integral to the 
experimental design and data 
collection for the project under the 
guidance of PI (Lee) and other project 
team members. 

Kund, Gregory Department of Entomology 

University of California 

Riverside 

As a Staff Research Associate IV, 
Kund will work with the Postdoctoral 
Researcher (Lee) and PI to set up 
experiments described in the 
proposal and collect and analyze the 
data. 



Exhibit A3 – Authorized Representatives 

AUTHORIZED REPRESENTATIVES AND NOTICES 

The following individuals are the authorized representatives for the State and the University under this Agreement.  Any 

official Notices issued under the terms of this Agreement shall be addressed to the Authorized Official identified below, 

unless otherwise identified in the Agreement. 

State Agency Contacts 

Agency Name: <Agency Name> 

University Contacts 

University Name: The Regents of the University of 
California (UC), Riverside 

Contract Project Manager (Technical) 
Name: <Name> 

<Title> 
Address: <Department> 

<Address> 
<City,State,Zip> 

Telephone: <Telephone#> 
Fax: <Fax#, if available> 
Email: <EmailAddress> 

Principal Investigator 
Name: Chow-Yang Lee / Professor in Urban 

Entomology 

Address: Department of Entomology 
University of California 
Riverside, CA 92508 

Telephone: 951-827-2626 
Fax: 951-827-3086 
Email: chowyang.lee@ucr.edu 
Designees to certify invoices under Section 14 of Exhibit C 
on behalf of PI: N/A 

Authorized Official (contract officer) 
Name: <Name> 

<Title> 
Address: <Department> 

<Address> 
<City,State,Zip> 

Telephone: <Telephone#> 
Fax: <Fax#, if available> 
Email: <EmailAddress> 

Send notices to (if different): 
Name: <Name> 

<Title> 
Address: <Department> 

<Address> 
<City,State,Zip> 

Telephone: <Telephone#> 
Email: <EmailAddress> 

Authorized Official 
Name: Lauren Green 
Address: Sponsored Programs Administration 

University of California, Riverside 
245 University Office Bldg. 

Riverside, CA 92521-0217 
Telephone: 951-827-3815 
Fax: 951-827-4483 
Email: Lauren.Green@UCR.EDU, awards@ucr.edu 

Send notices to (if different): 

Administrative Contact 
Name: <Name> 

<Title> 
Address: <Department> 

<Address> 
<City,State,Zip> 

Name: Lauren Green 
Address: Sponsored Programs Administration 

University of California, Riverside 
245 University Office Bldg. 

Riverside, CA 92521-0217 
Telephone: 951-827-3815 

mailto:chowyang.lee@ucr.edu
mailto:Lauren.Green@UCR.EDU
mailto:awards@ucr.edu


Telephone: <Telephone#> 
Fax: <Fax#, if available> 
Email: <EmailAddress> 

Fax: 951-827-4483 
Email: Lauren.Green@UCR.EDU

Financial Contact/Accounting 
Name: <Name> 

<Title> 
Address: <Department> 

<Address> 
<City,State,Zip> 

Telephone: <Telephone#> 
Fax: <Fax#, if available> 
Email: <EmailAddress> 

Authorized Financial Contact/Invoicing 
Name: Kimberly Gala 
Post Award Accounting Manager 
Address: Extramural Funding 

900 University Ave. 
Riverside, CA 92521 
Telephone: 951-827-1953 
Fax: 

Email: EMF@UCR.EDU 

Designees for invoice certification in accordance with 

Section 14 of Exhibit C on behalf of the Financial Contact: 

1. Patrice Delgado, EMF Accountant 3, 
patrice.delgado@ucr.edu 

2. <Name>, <Title>, <EmailAddress> 
3. <Name>, <Title>, <EmailAddress> 

mailto:patrice.delgado@ucr.edu
mailto:EMF@UCR.EDU
mailto:Lauren.Green@UCR.EDU


Exhibit A4 – Use of Intellectual Property 

USE OF INTELLECTUAL PROPERTY 

If either Party will be using any third-party or pre-existing intellectual property (including, but not limited to data, 
copyrighted works, known patents, trademarks, service marks and trade secrets) “IP” with restrictions on use, 
then list all such IP and the nature of the restriction below. If no third-party or pre-existing IP will be used, check 
“none” in this section. 

A. State: Preexisting IP to be provided to the University from the State or a third party for use in the 

performance in the Scope of Work. 

None or  List: 

Owner 
(Name of State Agency 

or 3rd Party) 
Description Nature of restriction: 

B. University: Restrictions in Preexisting IP included in Deliverables identified in Exhibit A1, 

Deliverables. 

None or  List: 

Owner 
(Name of University or 

3rd Party) 

Description Nature of restriction: 

C. Anticipated restrictions on use of Project Data. 
If the University PI anticipates that any of the Project Data generated during the performance of the Scope of 
Work will have a restriction on use (such as subject identifying information in a data set) then list all such 
anticipated restrictions below. If there are no restrictions anticipated in the Project Data, then check “None” in this 
section. 

None or  List: 

Owner 
(University or 3rd Party) 

Description Nature of Restriction: 



Exhibit A5 – RÉSUMÉ/BIOSKETCH 

RÉSUMÉ/BIOSKETCH 

Attach Resume/Biosketch for the PI and other Key Personnel listed in Exhibit A2, Key Personnel. 

These items are provided in Attachment 6. 



Exhibit A6 – Current & Pending Support 

CURRENT & PENDING SUPPORT 

University will provide current & pending support information for Key Personnel identified in Exhibit A2 at time of 

proposal and upon request from State agency. The “Proposed Project” is this application that is submitted to the 
State. Add pages as needed. 

PI:  Chow-Yang Lee 

Status 
(currently 
active or 
pending 
approval) 

Award # 
(if available) 

Source 
(name of the sponsor) 

Project   
Title 

Start Date End Date 

Proposed 
Project 

N/A Structural Pest Control Board Improving application of dusts and 
gel baits for control of insecticide-

resistant German cockroaches, a 
major pest of public health 
importance (as PI) 

Jan 2026 Jun 2028 

Proposed 
Project 

N/A Structural Pest Control Board Impact of High Temperature and 
Chitin Synthesis Inhibitors on Gut 

Microbial Symbiont Community 
and Desiccation Tolerance in 

Western Drywood Termite (as co-

PI) 

Jan 2026 Jun 2028 

PENDING N/A (TBD) 

California Department of 

Pesticide Regulation 

Improvement of silica gel dust and 
dust mixtures as safer alternatives, 

and development of a lethal 
harborage for German cockroach 

control (as PI) 

2025 (exact 

date TBD) 
Jun 2028 

PENDING N/A (TBD) California Department of 

Pesticide Regulation 
Reinventing Integrated Pest 

Management System for Wood 
Destroying Insects (as co-PI) 

2025 (exact 

date TBD) 
TBD 

CURRENT 
PROJECT 

Syngenta Crop Protection, NC Resistance monitoring of an 

isoxazoline compound in Blattella 
germanica in United States 

Jan 2022 Dec 2025 

CURRENT 
PROJECT 

California Celery Research 

Advisory Board 

Insecticide resistance of celery 
pests focusing on the Lygus bug, 

Lygus hesperus 
Oct 2022 Sep 2025 

Dong-Hwan Choe 

Status Award # Source 

Project   
Title 

Start Date End Date 

Proposed 
Project 

N/A Structural Pest Control Board Impact of High Temperature and 
Chitin Synthesis Inhibitors on Gut 

Microbial Symbiont Community 
and Desiccation Tolerance in 

Western Drywood Termite (as PI) 

Jan 2026 June 2028 

Proposed 
Project 

N/A Structural Pest Control Board Improving application of dusts and 
gel baits for control of insecticide-

resistant German cockroaches, a 

Jan 2026 June 2028 



major pest of public health 

importance (as Co-PI) 

PENDING N/A (TBD) California Department of 

Pesticide Regulation 
Reinventing Integrated Pest 
Management System for Wood 
Destroying Insects (as PI) 

2025 (exact 

date TBD) 
TBD 

PENDING N/A (TBD) 

California Department of 

Pesticide Regulation 

Improvement of silica gel dust and 
dust mixtures as safer alternatives, 

and development of a lethal 
harborage for German cockroach 

control (as Co-PI) 

2025 (exact 

date TBD) 
Jun 2028 

Exhibit A6 – Current & Pending Support 

CURRENT & PENDING SUPPORT 

University will provide current & pending support information for Key Personnel identified in Exhibit A2 at time of 

proposal and upon request from State agency. The “Proposed Project” is this application that is submitted to the 
State. Add pages as needed. 

Personnel:  Michael Rust 

Status 
(currently 
active or 
pending 
approval) 

Award # 
(if available) 

Source 
(name of the sponsor) 

Project   
Title 

Start Date End Date 

Proposed 
Project 

N/A Structural Pest Control Board Improving application of dusts and 
gel baits for control of insecticide-

resistant German cockroaches, a 
major pest of public health 
importance (as PI) 

Jan 2026 Jun 2028 

Proposed 
Project 

N/A Structural Pest Control Board Impact of High Temperature and 
Chitin Synthesis Inhibitors on Gut 

Microbial Symbiont Community 
and Desiccation Tolerance in 

Western Drywood Termite (as co-

PI) 

Jan 2026 Jun 2028 

PENDING N/A (TBD) 

California Department of 

Pesticide Regulation 

Improvement of silica gel dust and 
dust mixtures as safer alternatives, 

and development of a lethal 
harborage for German cockroach 

control (as PI) 

2025 (exact 

date TBD) 
Jun 2028 

PENDING N/A (TBD) California Department of 

Pesticide Regulation 
Reinventing Integrated Pest 

Management System for Wood 
Destroying Insects (as co-PI) 

2025 (exact 

date TBD) 
TBD 

CURRENT 
PROJECT 

Syngenta Crop Protection, NC Resistance monitoring of an 

isoxazoline compound in Blattella 
germanica in United States 

Jan 2022 Dec 2025 



Exhibit A6 – Current & Pending Support 

CURRENT & PENDING SUPPORT 

University will provide current & pending support information for Key Personnel identified in Exhibit A2 at time of 

proposal and upon request from State agency. The “Proposed Project” is this application that is submitted to the 
State. Add pages as needed. 

Personnel:  Shao-Hung Lee 

Status 
(currently 
active or 
pending 
approval) 

Award # 
(if available) 

Source 
(name of the sponsor) 

Project   
Title 

Start Date End Date 

Proposed 
Project 

N/A Structural Pest Control Board Improving application of dusts and 
gel baits for control of insecticide-

resistant German cockroaches, a 
major pest of public health 
importance (as PI) 

Jan 2026 Jun 2028 

Proposed 
Project 

N/A Structural Pest Control Board Impact of High Temperature and 
Chitin Synthesis Inhibitors on Gut 

Microbial Symbiont Community 
and Desiccation Tolerance in 

Western Drywood Termite (as co-

PI) 

Jan 2026 Jun 2028 

PENDING N/A (TBD) 

California Department of 

Pesticide Regulation 

Improvement of silica gel dust and 
dust mixtures as safer alternatives, 

and development of a lethal 
harborage for German cockroach 

control (as PI) 

2025 (exact 

date TBD) 
Jun 2028 

PENDING N/A (TBD) California Department of 

Pesticide Regulation 
Reinventing Integrated Pest 

Management System for Wood 
Destroying Insects (as co-PI) 

2025 (exact 

date TBD) 
TBD 

CURRENT 
PROJECT 

Syngenta Crop Protection, NC Resistance monitoring of an 

isoxazoline compound in Blattella 
germanica in United States 

Jan 2022 Dec 2025 



Exhibit A6 – Current & Pending Support 

CURRENT & PENDING SUPPORT 

University will provide current & pending support information for Key Personnel identified in Exhibit A2 at time of 

proposal and upon request from State agency. The “Proposed Project” is this application that is submitted to the 
State. Add pages as needed. 

Personnel:  Gregory Kund 

Status 
(currently 
active or 
pending 
approval) 

Award # 
(if available) 

Source 
(name of the sponsor) 

Project   
Title 

Start Date End Date 

Proposed 
Project 

N/A Structural Pest Control Board Improving application of dusts and 
gel baits for control of insecticide-

resistant German cockroaches, a 
major pest of public health 
importance (as PI) 

Jan 2026 Jun 2028 

Proposed 
Project 

N/A Structural Pest Control Board Impact of High Temperature and 
Chitin Synthesis Inhibitors on Gut 

Microbial Symbiont Community 
and Desiccation Tolerance in 

Western Drywood Termite (as co-

PI) 

Jan 2026 Jun 2028 

PENDING N/A (TBD) 

California Department of 

Pesticide Regulation 

Improvement of silica gel dust and 
dust mixtures as safer alternatives, 

and development of a lethal 
harborage for German cockroach 

control (as PI) 

2025 (exact 

date TBD) 
Jun 2028 

PENDING N/A (TBD) California Department of 

Pesticide Regulation 
Reinventing Integrated Pest 

Management System for Wood 
Destroying Insects (as co-PI) 

2025 (exact 

date TBD) 
TBD 

CURRENT 
PROJECT 

Syngenta Crop Protection, NC Resistance monitoring of an 

isoxazoline compound in Blattella 
germanica in United States 

Jan 2022 Dec 2025 

CURRENT 
PROJECT 

California Celery Research 

Advisory Board 

Insecticide resistance of celery 
pests focusing on the Lygus bug, 

Lygus hesperus 
Oct 2022 Sep 2025 



Exhibit A7 

Third Party Confidential Information 

Confidential Nondisclosure Agreement 

(Identified in Exhibit A, Scope of Work – will be incorporated, if applicable) 

If the Scope of Work requires the provision of third-party confidential information to either the State or the 
Universities, then any requirement of the third party in the use and disposition of the confidential information will be 
listed below. The third party may require a separate Confidential Nondisclosure Agreement (CNDA) as a 
requirement to use the confidential information. Any CNDA will be identified in this Exhibit A7. 

Not applicable 



SAMPLE AGREEMENT 

EXHIBIT B 

BUDGET FOR PROJECT PERIOD 
(Cost Proposal/Budget Display from selected proposer will be inserted here) 



EXHIBIT B-1 

BUDGET JUSTIFICATION 

The Budget Justification will include the following items in this format. 

Personnel 

Name. Starting with the Principal Investigator list the names of all known personnel who will be involved on the project for 
each year of the proposed project period. Include all collaborating investigators, individuals in training, technical and support 
staff or include as “to be determined” (TBD).  

Chow-Yang Lee, PI 

Dong-Hwan Choe, Co-PI 

Michael Rust 

Shao-Hung (Dennis) Lee 

Gregory Kund 

Role on Project. For all personnel by name, position, function, and a percentage level of effort (as appropriate), including 

“to-bedetermined” positions.  

Chow-Yang Lee, PI, Professor & Endowed Presidential Chair in Urban Entomology, University of California, Riverside. 

5% effort in-kind, no salary requested. Will serve as the PI during the entire project period, and will develop experimental 

designs, coordinate with co-PI and other project members, and provide academic oversight and guidance. 

Dong-Hwan Choe, co-PI, Cooperative Extension Specialist / Professor in Urban Entomology, University of California, 

Riverside. 1% effort in-kind, no salary requested. Will serve as the co-PI during the entire project period, collaborating with 

the PI, Chow-Yang Lee 

Michael Rust, Distinguished Professor of Entomology, Emeritus, University of California, Riverside. 1% effort in-kind, no 

salary requested. Will serve as a collaborator during the entire project period, providing advice and useful insights for the PI 
and co-PI. 

Shao-Hung (Dennis) Lee, Postdoctoral Researcher (30% effort). will be organizing and carrying out much of the research 

activities described in the proposal. The postdoctoral researcher will be integral to the experimental design and data 
collection for the project under the guidance of PI (Lee) and other project team members. 

Gregory Kund, Staff Research Associate IV (20% effort). Kund will work with the Postdoctoral Researcher (Lee) and PI to 

set up experiments described in the proposal and collect and analyze the data. 

Salary. For all personnel, including “to-be-determined” positions, list the salary per year and the total salary. Additionally, 

note any in-kind salary contributions. 

Chow-Yang Lee – Year 1 - $0; in-kind; Year 2 - $0; in-kind; Year 3 - $0; in-kind; Total: $0; in-kind 

Dong-Hwan Choe – Year 1 - $0; in-kind; Year 2 - $0; in-kind; Year 3 - $0; in-kind; Total: $0; in-kind 

Michael Rust – Year 1 - $0; in-kind; Year 2 - $0; in-kind; Year 3 - $0; in-kind; Total: $0; in-kind 

Shao-Hung (Dennis) Lee – Year 1 - $21,490; Year 2 - $22,285; Year 3 - $22,953; Total: $66,728 

Gregory Kund – Year 1 - $18,700; Year 2 - $19,261; Year 3 - $19,838; Total: $ 57,799 



Fringe Benefits. 

In accordance with University policy, explain the costs included in the budgeted fringe benefit percentages used, which 

could include tuition/fee remission for qualifying personnel to the extent that such costs are provided for by University 
policy, to estimate the fringe benefit expenses on Exhibit B. 

Dong-Hwan Choe – Year 1 - $0; in-kind; Year 2 - $0; in-kind; Year 3 - $0; in-kind; Total: $0; in-kind 

Chow-Yang Lee – Year 1 - $0; in-kind; Year 2 - $0; in-kind; Year 3 - $0; in-kind; Total: $0; in-kind 

Michael Rust – Year 1 - $0; in-kind; Year 2 - $0; in-kind; Year 3 - $0; in-kind; Total: $0; in-kind 

Shao-Hung (Dennis) Lee – Year 1 - $4,148; Year 2 - $4,301; Year 3 - $4,430; Total: $12,879 

Gregory Kund – Year 1 - $8,490; Year 2 - $8,744; Year 3 - $9,006; Total: $ 26,240 

Travel  

Itemize all travel requests separately by trip and justify in Exhibit B1, in accordance with University travel guidelines. Provide 
the purpose, destination, travelers (name or position/role), and duration of each trip. Include detail on airfare, lodging and 

mileage expenses, if applicable. Should the application include a request for travel outside of the state of California, justify the 
need for those out-of-state trips separately and completely. 

Travel expenses are minimal and will be $1,500 for the partial cost of a leased truck, which will be used for cockroach collection 
and routine trips for supplies and colony maintenance at different lab locations. These fees are equivalent to leasing a vehicle at 

6% interest for $684.16/month or $ 8,209.92 annually, as stipulated by UC Riverside Fleet Services ($0.06 x $ 8,209.92 = $500 
per year). 

Materials and Supplies 
Itemize materials supplies in separate categories. Include a complete justification of the project’s need for these items. Theft 
sensitive equipment (under $5,000) must be justified and tracked separately in accordance with State Contracting Manual 
Section 7.29. 

The materials and supplies required for rearing insect colonies and completing the experiments for the 3-year project will cost 

$3,000. The supplies needed will be trash cans ($300) to house the roaches, dog food (14 bags/year x $50=$700), cotton for 
water wicks ($100 per case of 12 rolls each year=$300), and quart sized water jars (case of 12 $25).  

One-time material expenses: Annual expenses: 

4 -44-gal Trash cans $350 Dog food 14 bags x $50=700 

Water jars 1 quart (case) $25 Cotton wick rolls (1 case) $100 

Barrier double sided tape (5) $50 

Foil duct tape (5) $50 

9V batteries (5 packs) $125 

Subtotal=$600 Subtotal (3 years x $800) =$2,400 

Total material expenses=$3,000 

Equipment 
List each item of equipment (greater than or equal to $5,000 with a useful life of more than one year) with amount requested 

separately and justify each. 

N/A 

Consultant Costs 
Consultants are individuals/organizations who provide expert advisory or other services for brief or limited periods and do not 
provide a percentage of effort to the project or program. Consultants are not involved in the scientific or technical direction of 
the project as a whole. 



Provide the names and organizational affiliations of all consultants. Describe the services to be performed, and include the 
number of days of anticipated consultation, the expected rate of compensation, travel, per diem, and other related costs. 

Subawardee (Consortium/Subrecipient) Costs 
Each participating consortium organization must submit a separate detailed budget for every year in the project period in 

Exhibit B2 Subcontracts. Include a complete justification for the need for any subawardee listed in the application. 

N/A 

Other Direct Costs 
Itemize any other expenses by category and cost. Specifically justify costs that may typically be treated as indirect costs. For 
example, if insurance, telecommunication, or IT costs are charged as a direct expense, explain reason and methodology. 

N/A 

Rent 
If the Scope of Work will be performed in an off-campus facility rented from a third party for a specific project or projects, 
then rent may be charged as a direct expense to the award. 

N/A 

Indirect (F&A) Costs 
Indirect costs are calculated in accordance with the budgeted indirect cost rate in Exhibit B. 

Total: $58,851 (IDC rate: 35%) 



Exhibit B2 – Subawardee Budgets 

Budget Pertaining to Subawardee(s) (when applicable) 

Subawardee Name: Exhibit B2 
Principal Investigator (Last, First): 

COMPOSITE SUBAWARDEE BUDGET FOR ENTIRE PROPOSED PROJECT PERIOD 

07/01/2025 to 06/30/2028 

* MTDC = Modified Total Direct Cost 
JUSTIFICATION. See Exhibit B1 - Follow the budget justification instructions. 

Project Period Budget Flexibility (lesser of % or Amount) 

Prior approval required for budget changes between approved budget categories above the thresholds % 10.00or 

% identified. Amount $10,000 



Exhibit B3 – Invoice Elements 
Invoice and Detailed Transaction Ledger Elements 

In accordance with Section 14 of Exhibit C – Payment and Invoicing, the invoice, summary report and/or 
transaction/payroll ledger shall be certified by the University’s Financial Contact and the PI (or their respective 
designees). 

Summary Invoice – includes either on the invoice or in a separate summary document – by approved budget 
category (Exhibit B) – expenditures for the invoice period, approved budget, cumulative expenditures and budget 
balance available1 

• Personnel 

• Equipment 

• Travel 

• Subawardee – Consultants 

• Subawardee – Subcontract/Subrecipients 

• Materials & Supplies 

• Other Direct Costs o TOTAL DIRECT COSTS (if available from system) 

• Indirect Costs 
o TOTAL 

Detailed transaction ledger and/or payroll ledger for the invoice period 2 

• Univ Fund OR Agency Award # (to connect to invoice summary) 
• Invoice/Report Period (matching invoice summary) 
• GL Account/Object Code 

• Doc Type (or subledger reference) 
• Transaction Reference# 
• Transaction Description, Vendor and/or Employee Name 

• Transaction Posting Date 

• Time Worked  

• Transaction Amount 

1 If this information is not on the invoice or summary attachment, it may be included in a detailed transaction ledger. 

2 For salaries and wages, these elements are anticipated to be included in the detailed transaction ledger.  If all elements are 

not contained in the transaction ledger, then a separate payroll ledger may be provided with the required elements. 



Exhibit C – University Terms and Conditions 

CMA (AB20) State/University Model Agreement Terms & Conditions 220 
https://www.ucop.edu/research-policy-analysis-coordination/_files/cma_documents/exhibit-

c_utc220_feb_2020.pdf 

https://www.ucop.edu/research-policy-analysis-coordination/_files/cma_documents/exhibit-c_utc-220_feb_2020.pdf
https://www.ucop.edu/research-policy-analysis-coordination/_files/cma_documents/exhibit-c_utc-220_feb_2020.pdf
https://www.ucop.edu/research-policy-analysis-coordination/_files/cma_documents/exhibit-c_utc-220_feb_2020.pdf
https://www.ucop.edu/research-policy-analysis-coordination/_files/cma_documents/exhibit-c_utc-220_feb_2020.pdf


Attachment 6 – RÉSUMÉ/BIOSKETCH 

RÉSUMÉ/BIOSKETCH 

Attach Resume/Biosketch for the PI and other Key Personnel listed in Exhibit A2, Key Personnel. 

Chow-Yang Lee 

AFFILIATION: Department of Entomology, University of California, Riverside, CA 92521. 

POSITION TITLE: Professor & Endowed Presidential Chair in Urban Entomology 

EDUCATION/TRAINING 

INSTITUTION AND LOCATION 

DEGREE 

(if applicable) 

Start Date 

MM/YYY 

Y 

Completion 

Date 

MM/YYYY 

FIELD OF STUDY 

Universiti Sains Malaysia, Penang B.Sc. 

Ph.D. 

07/1989 

09/1993 

08/1993 

09/1996 

Biology (Zoology) 

Entomology (Insect Toxicology) 

Entomological Society of America Board Certified 

Entomologist (BCE) 

07/1997 Specialization: Urban & Industrial 

(No. B2452) 

Personal Statement 

My research direction centers around the behavioral, ecological, and physiological adaptations of urban insect pests, especially 

understanding how these adaptations help them to thrive in the urban environment and their biological trade-offs. I am also interested 

in the roles of human activities and propagule pressure in invasion history of urban insect pests. Using the research findings obtained, 

my students and I design, evaluate, and integrate multiple management tactics to provide a system-level approach towards urban pest 

management. Our recent research activities focus on morphological and biological traits, insecticide resistance and its underlying 

mechanisms, endosymbiont roles, phylogenetics, population genetics, and environmental physiology of bed bugs, termites, 

cockroaches, pest ants, and mosquitoes. 

PROFESSIONAL APPOINTMENTS (1996–Present) 

2019–present: Professor & Endowed Presidential Chair in Urban Entomology, University of California, Riverside (75% 
Professor of Entomology, 25% Entomologist) 

2006–2019: Professor of Entomology, School of Biological Sciences, Universiti Sains Malaysia (50% Research, 50% 
Teaching) 

2010: Acting Dean of Life Science, Universiti Sains Malaysia. 

2002–2006: Associate Professor of Entomology, School of Biological Sciences, Universiti Sains Malaysia (50% Research, 

50% Teaching) 

1996–2002: Lecturer, School of Biological Sciences, Universiti Sains Malaysia (50% Research, 50% Teaching) 

SELECTED HONORS AND AWARDS (2000 – 2025) 

2025 Entomology Team Work Award, Pacific Branch, Entomological Society of America 

2024 Fellow, Entomological Society of America 

2022 Recognition Award in Medical, Urban & Veterinary Entomology, Entomological Society of America 



2022 Distinguished Achievement Award in Urban Entomology, National Conference on Urban Entomology 

2021 Medical, Urban & Veterinary Entomol. Award, Pacific Branch, Entomological Society of America 

2012 Top Research Scientists Malaysia Award, awarded by the Academy of Sciences, Malaysia. 

2008 The Outstanding Young Malaysian Awards 2008, Junior Chamber International Malaysia. 

2003 MSPTM Silver Medal 2003, Malaysian Society of Parasitology and Tropical Medicine. 

2002 Fulbright Scholarship 2002, Malaysian-American Commission of Educational Exchange. 

2000 National Young Scientist Award 2000. Ministry of Science and Technology, Malaysia. 

PUBLICATIONS AND MENTORING (1993 – 2025) 

Total peer-reviewed journal articles: 239 

Total edited books: 7 

Total books: 4 

Total book chapters: 38 

Total number of graduate students mentored: 17 Ph.D. and 33 M.S. 

Present number of graduate students mentored: 4 Ph.D. 

Total number of postdoctoral scholars mentored: 6 

PEER-REVIEWED PUBLICATIONS (2019 – 2025) 

Feng X, DH Choe, MK Rust, CY Lee. 2025. Toxicant translocation and colony impact in the Pharaoh ant (Monomorium pharaonis) (Hymenoptera: Formicidae) after 

consumption of gel bait-killed German cockroach (Blattella germanica) (Blattodea: Ectobiidae) cadavers. Journal of Economic Entomology. 

https://doi.org/10.1093/jee/toaf199 

Feng X, DH Choe, CY Lee. 2025. Effects of over-the-counter aerosol products on sociotomy of the Pharaoh ant, Monomorium pharaonis (Hymenoptera: Formicidae). 

Journal of Economic Entomology. https://doi.org/10.1093/jee/toaf185 

Lum JY, R Chungsawat, EL Ta, DH Choe, CY Lee. 2025. Differential toxicological responses to commercial gel baits in the brownbanded cockroach and the German 
cockroach (Blattodea: Ectobiidae). Journal of Medical Entomology. https://doi.org/10.1093/jme/tjaf071 

Chen JTC, L Nelson, PF Rugman-Jones, SP Tseng, AM Sutherland, DH Choe, MI Haverty, CY Lee. 2025. Description of a new species of subterranean termite in the 

genus Reticulitermes (Blattodea: Heterotermitidae) from Southern California. Annals of the Entomological Society of America 118: 315–330. 

Lee SHD, M Zhao, CY Lee. 2025. Changes in insecticide susceptibility after sublethal exposure to deltamethrin in the German cockroach (Blattodae: Ectobiidae). 

Journal of Economic Entomology. https://doi.org/10.1093/jee/toaf124 

Lee CY, SH Lee. 2025. Termite baiting – how it changed the landscape of the pest management industry and termite research in Southeast Asia. Journal of Economic 

Entomology. https://doi.org/10.1093/jee/toaf081 

Lee CY. 2025. Global perspective of insecticide resistance in bed bugs and management options. Entomological Research 55: e70038. 

Yu JJ, SH Lee, CY Lee, C Wang. 2025. Multiple mechanisms associated with deltamethrin and imidacloprid resistance in field-collected common bed bug, Cimex 

lectularius L. Pesticide Biochemistry and Physiology. https://doi.org/10.1016/j.pestbp.2025.106357 

Poulos NA, CY Lee, MK Rust, DH Choe. 2025. Toxicity and horizontal transfer of chitin synthesis inhibitors in the western drywood termite (Blattodea: 

Kalotermitidae). Journal of Economic Entomology. https://doi.org/10.1093/jee/toaf064 

Kruaysawat P, ME Chen, SH Lee, CY Lee, KB Neoh. 2025. Characterization of insecticide resistance and their mechanisms in field populations of the German 
cockroach (Blattodea: Ectobiidae) in Taiwan under different treatment regimes. Journal of Economic Entomology 118: 307–319. 

Ng WK, KT Koay, CY Lee. 2025. Nutrient-enriched live lobster cockroach, Nauphoeta cinerea, enhances growth and pigmentation of the pearl arowana, Scleropages 

jardini. Journal of Insects as Food and Feed 11: 581–591. 

DOI:10.1163/23524588-00001294 

Hellemans S, MM Rocha, M Wang, JR Arias, DK Aanen, A-G Bagnères, A Buček, TF Carrijo, T Chouvenc, C Cuezzo, JP Constantini, R Constantino, F Dedeine, J 
Deligne, P Eggleton, TA Evans, C Jouault, R Hanus, MC Harrison, M Harry, G Josens, CM Kalleshwaraswamy, E Kaymak, J Korb, CY Lee, F Legendre, HF Li, N Lo, 

T Lu, K Matsuura, K Maekawa, DP McMahon, N Mizumoto, DE Oliveira, M Poulsen, D Sillam-Dussès, NY Su, G Tokuda, EL Vargo, JL Ware, J Šobotník, RH 
Scheffrahn, E Cancello, Y Roisin, MS Engel, T Bourguignon. 2024. Genomic data provide insights into the classification of extant termites. 2024. Nature 

Communications 15:6724. 

Le B, K Campbell, H Park, S-P Tseng, R Pandey, GS Simmons, R Henderson, C Gispert, MK Rust, CY Lee, R Karimzadeh, YL Park, DH Choe. 2024. Field 

evaluations of biodegradable boric acid hydrogel baits for the control of Argentine ants: Promising results in vineyards and citrus orchards. California Agriculture. 
Doi: 10.3733/001c.120496. 

https://doi.org/10.1093/jee/toaf199
https://doi.org/10.1093/jee/toaf185
https://doi.org/10.1093/jme/tjaf071
https://doi.org/10.1093/jee/toaf124
http://www.chowyang.com/uploads/2/4/3/5/24359966/300.pdf
https://doi.org/10.1016/j.pestbp.2025.106357
https://doi.org/10.1093/jee/toaf064


Poulos NA, CY Lee, MK Rust, DH Choe. 2024. Potential use of pinenes to improve localized insecticide injections targeting the western drywood termite (Blattodea: 

Kalotermitidae). Journal of Economic Entomology 117: 1628–1635. 

Lee SH, J So, GS Kund, JY Lum, E Trinh, EL Ta, R Chungsawat, DH Choe, DL Cox, MK Rust, CY Lee. 2024. Toxicity of isocycloseram, an isooxazoline insecticide, 

against laboratory and field-collected German cockroaches (Blattodea: Ectobiidae). Journal of Economic Entomology 117: 1086–1094. 

Tseng SP, SH Lee, DH Choe, CY Lee. 2024. Overexpression of cytochrome P450 gene CYP6K1 is associated with pyrethroid resistance in German cockroaches 
(Blattodea: Ectobiidae) from California. Journal of Economic Entomology 117: 1071–1076. 

Lee CY, ME Scharf. 2024. Editorial overview: Insecticide resistance mechanisms — from behavior and physiology to microbiome science. Current Opinion in Insect 

Science 63: 101204. 

Scharf ME, CY Lee. 2024. Insecticide resistance in social insects: assumptions, realities, and possibilities. Current Opinion in Insect Science 62: 101161. 

Lee SH, DH Choe, MK Rust, CY Lee. 2024. Oral toxicity of an artificial sweetener sucralose on the German cockroach (Blattodea: Ectobiidae) and its impact on water 

balance and gut microbiome. Journal of Economic Entomology 117: 268–279. 

Rust MK, CY Lee, GW Bennett, WH Robinson. 2024. The emergence and sustainability of urban entomology. Annual Review of Entomology 69: 59–79. 

Kamimura Y, CY Lee. 2023. Subcortical life, evolution of flattened body, and constrained mating posture in the earwig Platylabia major (Insecta: Dermaptera: 

“Anisolabididae”). PloS One 18: e0293701. 
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ATTACHMENT 7. NARRATIVE OF RESEARCH OBJECTIVES 

Improving application of dusts and gel baits for control of insecticide resistant German cockroaches, a major 

indoor pest of public health importance 

A. Background 

The German cockroach, Blattella germanica (L.), is one of the most common indoor pest species of major public health 

concern (Wang et al. 2021). Severe infestations are a key source of pathogens, allergens, and chronic childhood asthma 

(Schal and DeVries 2021). Although they are primarily controlled by insecticides, insecticide resistance often prevents 

effective management. Pest management professionals (PMPs) can combat resistance by integrating multiple insecticides 

in rotation and mixture programs to slow down their development; however, this is only possible if PMPs have an 

adequate selection of viable and registered insecticides. 

Two common methods for controlling German cockroaches are the use of sprays and gel baits. Pyrethroids 

comprise the majority of the active ingredients in spray formulations; however, widespread pyrethroid resistance in 

California raises concerns about their future effectiveness (Lee et al. 2022b). In contrast, gel baits have proven to be 

effective and reliable because they are easy to apply, have lower toxicity, and introduce less insecticide into the 

environment. However, resistance to these formulations is also increasing, and relying solely on one type of control, 

regardless of its initial success, can lead to resistance (Lee et al. 2022a). 

The decline of pyrethroid sprays and the increasing challenges to gel baits underscore the importance of finding 

alternative control options, particularly those that can support the use of gel baits. Dusts are a different formulation 

category, applied as dry powders into harborage sites, cracks, crevices, and other hard-to-reach areas. Unlike sprays and 

gel baits, modern dust products are rarely used, with a 2025 survey showing less than 2% of PMP use (pctonline.com). 

However, dusts provide a versatile range of active ingredients, including desiccants, oral toxicants, and contact toxicants. 

No resistance has been observed to inorganic dust ingredients like silica gel and boric acid, and new neurotoxic 

insecticides have been introduced recently in dry flowable bait dusts, designed for faster kills. Dusts can also last a long 

time if applied correctly and left undisturbed. 

Despite their versatility and potential to address resistance issues, there is a significant lack of research supporting 

the implementation of dusts into German cockroach IPM. With the increased pressure on existing tools and the recent 

innovations in dust technologies, we believe it is time to conduct a thorough examination of their toxicity, behavioral 

https://pctonline.com


effects, and compatibility with gel baits against insecticide resistant German cockroaches to determine how they can 

improve existing IPM programs. 

B. Existing Knowledge and Knowledge Gaps 

There are over a dozen insecticide dust products registered in California, each with different active ingredients. These 

include desiccants such as silica gel and diatomaceous earth, oral toxicants like boric acid, indoxacarb, and 

neonicotinoids, and contact toxicants like pyrethroids and pyrethrin. Despite recent market additions, such as Advion 

Microflow [0.22% indoxacarb], registered in 2022, only one peer-reviewed study in the past decade has involved any dust 

treatment (boric acid) on German cockroaches (Wang et al. 2019), and none have been conducted with the newer organic 

bait dusts. 

It is often believed that inorganic dusts, such as silica gel and boric acid, are effective against insecticide-resistant 

cockroaches due to their different modes of action and the lack of documented resistance to their active ingredients 

(Gondhalekar et al. 2021). However, these formulations have not been recently tested, despite some evidence of decreased 

boric acid effectiveness in the field (Fardisi et al. 2019). There is also a similar lack of studies on neurotoxic dusts 

(indoxacarb, pyrethroids, etc.) regarding resistant German cockroaches, but resistance issues in strains collected from 

California (Lee et al. 2022a) highlight the need for further evaluation of this topic. 

Repellency is a critical factor impacting dust performance, but repellency studies have only been conducted on 

historical inorganic formulations containing silica gel or boric acid (Ebeling et al. 1967, Appel et al. 2004). Minimal 

information exists on newer formulations containing organic insecticides or mixtures, despite the presence of pyrethroids 

in several modern products that potentially elicit irritancy/repellency behaviors similar to those of residual sprays (Gaire 

et al. 2024). The impact of other dust products on behavior is virtually unknown. 

German cockroach IPM programs often involve the concurrent application of different insecticide formulations. 

Gel baits are the most common formulation for cockroach control, and they share comparable application targets with 

dusts, despite their different physical characteristics. Both are applied behind/under appliances and cabinets, in cracks and 

crevices, voids, and other areas that may harbor cockroaches. An IPM program utilizing both gel baits and dusts must 

consider physically overlapping applications that risk co-contamination. Interactions between dusts and gel baits, whether 

synergistic or antagonistic, have the potential to completely alter how both insecticides are applied. As with the other 



aforementioned issues, there are no studies examining these mechanisms; however, this must be addressed in order to 

responsibly consider dusts as IPM tools. 

C. Intended Accomplishments and Research Questions 

We have highlighted the following gaps in German cockroach dust research: Gap #1: lack of resistance studies, Gap #2: 

unknown repellency and behavioral effects, and Gap #3: unknown interaction between dusts and gel baits. The three main 

objectives of our project are designed to fill these gaps. 

Objective 1 – Determining the most effective dust treatments under forced exposure or choice conditions. 

Seven registered dust products (Table 1) covering major active ingredient categories are selected for evaluation. Field-

collected German cockroach strains pre-evaluated for insecticide resistance and a susceptible strain are treated with dust 

products under choice and no-choice conditions. 

Table 1. Dust products to be evaluated in this project. 

Category Trade Name Active Ingredient(s) 

Desiccant CimeXa 92.1% silicon dioxide 

Oral BorActin 99% boric acid 

Avert DF 0.05% abamectin 

Advion MicroFlow 0.22% indoxacarb 

Contact D-fense dust 0.05% deltamethrin 

Mixture Alpine Dust 0.25% dinotefuran, 95% diatomaceous earth 

Tri-Die Aerosol 0.6% pyrethrin, 4.8% PBO, 8% silica gel 

Addresses Gap #1 and #2 

• Resistant strains studied 

• Choice assay measures degree of repellency 

Objective 2 – Performance and repellency of dust insecticides in the presence of gel baits. 

Effective products from Objective 1 are selected to be tested against insecticide resistant and susceptible German 

cockroaches along with gel baits in a choice assay. 

Addresses Gap #1, #2, #3 



• Resistant strains studied 

• Choice assay measures degree of repellency 

• Combining dusts and gel baits in experiment 

Objective 3 – Behavioral response of cockroaches 

Effective products and product combinations from Objectives 1 & 2 are provided to susceptible and resistant cockroaches 

in half-treated, half-untreated arenas. Position, movement, and other behaviors are monitored and quantified with 

EthoVision XT video tracking software. 

Addresses Gap #1 and #2 

• Resistant strains studied 

• Direct quantification of behavioral response 

The objectives will provide data that directly improve German cockroach IPM: 

• Identification of dust treatments effective against resistant German cockroaches 

• Repellency data on all dust products 

• Proper application methods when dusts and gel baits are used together 

Completion of our study will be followed by publication of all relevant materials and dissemination to PMPs under 

appropriate educational venues. 

D. Relevance to the Solicitation Notice Criteria 

The proposed project directly addresses the solicitation criteria described in solicitation notice SPCB-25-01 by improving 

treatment decision-making and application methodology for German cockroach IPM. 

“Proposals should focus on new studies, treatments, or technology methods within the framework of integrated pest 

management (IPM) for the following structural pests: ants, cockroaches, termites, and rodents.” 



References 

Appel AG, Gehret MJ, Tanley MJ. 2004. Effects of moisture on the toxicity of inorganic and organic insecticidal dust 

formulations to German cockroaches (Blattodea: Blattellidae). J. Econ. Entomol. 97(3). 

Ebeling W, Reierson DA, Wagner RE. 1967. Influence of repellency on the efficacy of blatticides. II. Laboratory 

experiments with German cockroaches. J. Econ. Entomol. 60(5):1375–1390. https://doi.org/10.1093/jee/60.5.1375 

Fardisi M, Gondhalekar AD, Ashbrook AR, et al. 2019. Rapid evolutionary responses to insecticide resistance 

management interventions by the German cockroach (Blattella germanica L.). Sci. Rep. 9(1):8292. 

https://doi.org/10.1038/s41598-019-44296-y 

Gaire S, Sierras A, Morgan HL, et al. 2024. Behavioral responses of field‐collected German cockroaches to pyrethroids 

and pyrethroid-formulated insecticides. Pest Manag. Sci. 80:433–441. 

Gondhalekar AD, Appel AG, Thomas GM, et al. 2021. A review of alternative management tactics employed for the 

control of various cockroach species (Order: Blattodea) in the USA. Insects. 12(6):550. 

https://doi.org/10.3390/insects12060550 

Lee S-H, Choe D-H, Rust MK, et al. 2022a. Reduced susceptibility towards commercial bait insecticides in field German 

cockroach (Blattodea: Ectobiidae) populations from California. J. Econ. Entomol. 115(1):259–265. 

https://doi.org/10.1093/jee/toab244 

Lee S-H, Choe D-H, Scharf ME, et al. 2022b. Combined metabolic and target-site resistance mechanisms confer fipronil 

and deltamethrin resistance in field-collected German cockroaches (Blattodea: Ectobiidae). Pestic. Biochem. Physiol. 

184:105123. https://doi.org/10.1016/j.pestbp.2022.105123 

Schal C, DeVries ZC. 2021. Public health and veterinary importance. In: Wang C, Lee C-Y, Rust MK, editors. Biology 

and management of the German cockroach. Boston, MA: CABI. p. 17–52. 

Wang C, Eiden A, Cooper R, et al. 2019. Changes in indoor insecticide residue levels after adopting an integrated pest 

management program to control German cockroach infestations in an apartment building. Insects. 10(9):304. 

https://doi.org/10.3390/insects10090304 

Wang C, C-Y Lee, MK Rust. 2021. Biology and Management of the German cockroach. CABI, Oxford. 

https://doi.org/10.3390/insects10090304
https://doi.org/10.1016/j.pestbp.2022.105123
https://doi.org/10.1093/jee/toab244
https://doi.org/10.3390/insects12060550
https://doi.org/10.1038/s41598-019-44296-y
https://doi.org/10.1093/jee/60.5.1375


ATTACHMENT 8. NARRATIVE OF PROJECT DIRECTION 

Improving application of dusts and gel baits for control of insecticide-resistant German cockroaches, a major 

indoor pest of public health importance 

OBJECTIVE 1 – DETERMINING THE MOST EFFECTIVE DUST TREATMENTS UNDER FORCED 

EXPOSURE OR CHOICE CONDITIONS. 

Insecticides 

Seven products with active ingredients including desiccants, oral toxicants, contact toxicants, and mixtures are 

selected for testing (Table 1). All products were confirmed to have an active registration in California. 

Table 1. Dust products to be evaluated in this project. 

Category Trade Name Active Ingredient(s) 

Desiccant CimeXa 92.1% silicon dioxide 

Oral BorActin 99% boric acid 

Avert DF 0.05% abamectin 

Advion MicroFlow 0.22% indoxacarb 

Contact D-fense dust 0.05% deltamethrin 

Mixture Alpine Dust 0.25% dinotefuran, 95% diatomaceous earth 

Tri-Die Aerosol 0.6% pyrethrin, 4.8% PBO, 8% silica gel 

Cockroach Strains 

The German cockroach strains N97, N93, and BIN were collected from residential areas in 2023 and maintained 

in the laboratory under ambient conditions (24 ± 2°C, 30–50% RH, and 12:12 h L:D) with dog food (Purina Dog Chow, 

Nestle Purina Petcare, St. Louis, MO), cardboard harborages, and water provided ad libitum. The UCR strain is a 

susceptible strain reared in laboratory ambient conditions without exposure to insecticides for >40 years. All strains were 

tested for resistance using topical diagnostic doses of deltamethrin, abamectin, indoxacarb, and dinotefuran. 



Table 2. German cockroach strains that will be used in this project. 

Strain Collection Date 
Mortality of adult males treated with diagnostic dose* 

deltamethrin abamectin indoxacarb dinotefuran 

UCR - 100.0% 100.0% 100.0% 100.0% 

N97 2023 30.0% 83.3% 66.7% 50.0% 

N93 2023 6.7% 90.0% 56.7% 60.0% 

BIN 2023 13.3% 96.7% 40.0% 60.0% 

* Topical 3 d 2 x LD95 of the UCR strain. 

All strain colonies will be expanded at the start of the project to ensure an adequate number of insects available 

for testing. For baseline toxicity screening experiments, adult male cockroaches will be used because they are the most 

physiologically homogeneous group (Abd-Elghafar and Appel 1992). 

• Expected time needed for strain expansion: January–June 2026 

Experiment 1.1: Toxicity of dust products in forced exposure assays 

Dust is applied to a circular piece of filter paper at label rates using a bulb duster or other application equipment 

suitable for each product. The filter paper is placed on the bottom of a plastic petri dish (95 mm diameter). Ten adult male 

cockroaches are introduced to the petri dish and the cover is placed on the dish to prevent escape. Controls are introduced 

to a petri dish with no dust. Mortality is recorded at regular intervals (e.g., every hr for 6 hr, then daily up to 7 d) until 

control mortality > 20%. Each of the seven treatments and controls are replicated four times across four cockroach strains, 

requiring a total of 112 replications and n = 1,120 cockroaches to complete this experiment. Treatment performance is 

compared between treatments and strains using Kaplan Meier survivorship analysis and logrank tests. 

• Expected completion: September 2026 

Experiment 1.2: Performance of dust products in Ebeling choice box assays 

The seven dust products from Table 1 are evaluated using the Ebeling choice box (Fig. 1), which is an arena 

designed to measure insecticide efficacy under simulated field conditions where (1) the treatment is located in a dark 

“void” and (2) the cockroaches can access food and water while avoiding the insecticide deposit (Ebeling et al. 1966). It 

simultaneously measures efficacy and repellency, and has been adopted to predict treatment performance against field-

collected cockroaches (Lee et al. 2022). 



Ebeling choice boxes are constructed from white pine drawer siding (30.5 by 9.5 cm) and are divided into equal 

sized compartments: light and dark. Cockroaches can move freely between compartments through a hole in the divider. 

The dark side is covered with a Masonite panel during the experiment to prevent light from entering, while the light side 

is covered with a translucent panel. 

Figure 1. Ebeling choice box. 

Dust is applied to rectangular panels of unpainted plywood (30.8 by 15.2 by 0.8 cm) using a bulb duster or other 

equipment suitable for each dust product. The panel is placed into the dark side, and food and water are placed into the 

light side. Controls receive an untreated panel. Twenty adult male cockroaches are introduced into the light side and 

allowed to explore freely. Mortality and position (light or dark) of each cockroach is recorded daily for 14 d. Each of the 

seven treatments and controls are replicated four times across four cockroach strains, requiring a total of 112 replications 

and n = 2,240 cockroaches to complete this experiment. 

Treatment performance is compared among treatments and between strains using Kaplan-Meier survivorship 

analysis and log-rank tests. The performance index (PI), which combines mortality and repellency to predict performance, 

is calculated for each treatment using the following equation: 

𝑃𝐼 = 1 − ( 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑎𝑙𝑖𝑣𝑒 + 𝑁𝑢𝑚𝑏𝑒𝑟 𝑎𝑙𝑖𝑣𝑒 𝑖𝑛 𝑙𝑖𝑔ℎ𝑡 𝑠𝑖𝑑𝑒 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑑𝑒𝑎𝑑 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 
) × 100 

Complete repellency and no mortality: a PI of -100. Complete mortality and no repellency: a PI of +100. No mortality and 

no repellency: a PI of 0.  

• Expected completion: March 2027 



OBJECTIVE 2 – PERFORMANCE OF DUST INSECTICIDES IN THE PRESENCE OF GEL BAITS. 

Experiment 2.1: Determining the best treatment combination and application sequence 

The best performing dusts from Objective 1 are selected based on the lowest mean survival times in the choice 

assays (Experiment 1.2). Up to two gel bait products containing common active ingredients (e.g., fipronil and indoxacarb) 

are tested together with the dusts in Ebeling choice boxes described in Experiment 1.2. 

Rectangular panels of unpainted plywood are treated with one of the following treatment combinations: 

(1) Dust applied on top of gel bait 

(2) Gel bait applied on top of dust 

(3) Dust only 

(4) Gel bait only 

(5) Untreated control 

*The total number of treatment combinations is equivalent to: 

𝑁𝑜. 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑠 = 2(𝑁𝑜. 𝑜𝑓 𝑑𝑢𝑠𝑡 × 𝑁𝑜. 𝑜𝑓 𝑔𝑒𝑙 𝑏𝑎𝑖𝑡) + 𝑁𝑜. 𝑜𝑓 𝑑𝑢𝑠𝑡 + 𝑁𝑜. 𝑜𝑓 𝑔𝑒𝑙 𝑏𝑎𝑖𝑡 + 1 

For example, an experiment with two dust products and two gel bait products would result in 13 total treatments 

combinations: 

𝑁𝑜. 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑠 = 2(2 × 2) + 2 + 2 + 1 = 𝟏𝟑 𝒕𝒐𝒕𝒂𝒍 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕𝒔 

Because each treatment combination is replicated four times across four cockroach strains with twenty cockroaches per 

replication, this gives us a total of 208 replications and n = 4,160 cockroaches to complete this experiment. 

Dust is applied using a bulb duster or other equipment suitable for each dust product, and gel bait is applied to the 

center of the panel according to label amounts. The untreated control panel does not have any insecticide application. The 

panel is placed into the dark side of an Ebeling choice box, and food and water are placed into the light side. Twenty adult 

male cockroaches are introduced to the light side and allowed to explore freely. Mortality and position of each cockroach 

is recorded daily for 14 d. 

The performance index (PI) is calculated, and mean survival times are generated for each treatment combination 

with Kaplan Meier analysis. Hazard ratios will be calculated with a proportional hazards model for each of the following 

factors: 

Factor 1: Dust product 



E.g., Dust A, Dust B, None 

Factor 2: Gel bait product 

E.g., Bait A, Bait B, None 

Factor 3: Application sequence 

Dust on top of gel bait, bait on top of dust 

The hazard ratios will determine which of the factors contribute the most to performance, which dust and gel baits 

performed the best, and which combination of dust + gel bait + application sequence performed the best. 

• Expected completion: December 2027 

Experiment 2.2: Performance against mixed populations 

The most effective treatment combination(s) from Experiment 2.1 are selected based on hazard ratios. 

Rectangular panels of unpainted plywood are treated with the treatment combination(s) in the same manner as Experiment 

2.1. The panel is placed into the dark side of an Ebeling choice box. Ten adult males, ten adult females, and ten mid-instar 

nymphs are introduced into the light side containing food and water. The mortality and position of each cockroach is 

monitored daily for 14 d. Four replicates are performed for each strain. Performance indices (PI) and Kaplan Meier 

survivorship estimates are used to compare between strains and sex/stage. 

• Expected completion: June 2028 

OBJECTIVE 3 – BEHAVIORAL RESPONSE OF COCKROACHES TO DUST INSECTICIDES 

Experiment 3.3: Behavioral response of cockroaches to combined treatment 

The best treatment combination(s) from Experiment 2.1 are chosen for detailed behavioral analysis. The UCR 

susceptible strain and the most resistant strain from Objective 2 serve as models to represent baseline and field-adapted 

cockroach populations. 

Arenas with half-treated and half-untreated filter paper at the bottom are prepared. An adult male cockroach is placed 

on the untreated side and allowed to move freely for an appropriate period (e.g., 30 min). The position and movement are 

tracked using EthoVision XT software and analyzed with F-tests followed by post-hoc tests (e.g., ANOVA and Tukey’s). 

• Expected completion: June 2028 



Time allocation and monitoring system 

The principal investigator (Chow-Yang Lee) will dedicate 5% of his time to the project. The postdoctoral scholar and staff 

research associate will dedicate 30% and 20% of their time, respectively, to the project. The principal investigator will 

oversee all aspects of the project, and the postdoctoral scholar and staff research associate will present their progress 

during bi-weekly laboratory meetings to discuss short-term and long-term goals. 

Timeline of the proposed research 
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ATTACHMENT 9.  NARRATIVE OF QUALIFICATIONS 

PI of the project, Chow-Yang Lee, has many years of prior scientific research working with IPM techniques to control 

German cockroaches and has over 300 publications in the field of entomology. The co-PI, Dong-Hwan Choe, and key 

participants have all collaborated on multiple projects that have led to numerous publications in structural pest control. 

The findings are communicated annually at the UC Riverside Urban Pest Conference, which attracts over 150 pest 

control operators.  All these projects were completed on time, and the reprints of the publications are attached. 

1. Publication: 
Lee SH, DH Choe, MK Rust, CY Lee. 2024. Oral toxicity of an artificial sweetener sucralose on the German 
cockroach (Blattodea: Ectobiidae) and its impact on water balance and gut microbiome. Journal of Economic 
Entomology 117: 268–279. 

Project: 
Evaluation of an artificial sweetener as a potential bait toxicant and an insecticide synergist against 
German cockroaches, an important indoor pest of public health, funded by the California Department of 
Pesticide Regulation, project duration: July 1, 2021–June 30, 2023. PI: Chow-Yang Lee, Co-PI: Dong-Hwan Choe. 

2. Publication: 
Lee SH, J So, GS Kund, JY Lum, E Trinh, EL Ta, R Chungsawat, DH Choe, DL Cox, MK Rust, CY Lee. 2024. Toxicity of 
isocycloseram, an isoxazoline insecticide, against laboratory and field-collected German cockroaches (Blattodea: 

Ectobiidae). Journal of Economic Entomology 117: 1086–1094. 

Project: 
Resistance monitoring of an isoxazoline compound in Blattella germanica in the United States, funded by 

Syngenta Crop Protection (US), project duration: September 1, 2022–December 31, 2026. PI: Chow-Yang Lee 

3. Publication: 
Lee SHD, Z Man, CY Lee. 2025. Increase in insecticide susceptibility after sublethal exposure to deltamethrin in 
the German cockroach (Blattodea: Ectobiiidae). Journal of Economic 
Entomology. https://doi.org/10.1093/jee/toaf124 

Project: 

UC Riverside Urban Entomology Endowed Chair Research Fund, funded by UC Riverside, project duration: 

January 1, 2020–present. PI: Chow-Yang Lee 

https://doi.org/10.1093/jee/toaf124
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