GENERAL NPDES PERMIT FOR BIOLOGICAL AND RESIDUAL ORDER NO. 2011-0002-DWQ
PESTICIDE DISCHARGES FROM VECTOR CONTROL APPLICATIONS NPDES NO. CAG 990004

- ATTACHMENT G — NOTICE OF INTENT

WATER QUALITY ORDER NO. 2011-0002-DWQ
GENERAL PERMIT NO. CAG 990004

STATEWIDE NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM PERMIT
FOR BIOLOGICAL AND RESIDUAL PESTICIDE DISCHARGES
TO WATERS OF THE UNITED STATES
FROM VECTOR CONTROL APPLICATIONS

. NOTICE OF INTENT STATUS (see Instructions)

Mark only one item BIA. New Applicator LIB. Change of Information: WDID#

[(J0C. Change of ownership or responsibility: WDID#

Il. DISCHARGER INFORMATION

A. Name
NAPA COUNTY MOSQRQUITD ABATEMERT DISTRICT

B. Mailing Address
PO. Box 10053

C. City D. County E. State ' F. Zip Code
ANERZICAN € ANYON NAPA A Q4503

G. Contact Person H. Email address I. Title J. Phone
WESLEY MAFFEL bugsqdod@%hoo.cgr MANA 6 &2 707-S53-9L10
lll. BILLING ADDRESS (Enter Information only if different from Section Il above)

A. Name

B. Mailing Address

C. City ' D. County E. State F. Zip Code

G. Email address H. Title [. Phone
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GENERAL NPDES PERMIT FOR BIOLOGICAL AND RESIDUAL ORDER NO. 2011-0002-DWQ
PESTICIDE DISCHARGES FROM VECTOR CONTROL APPLICATIONS . NPDES NO. CAG 990004

IV. RECEIVING WATER INFORMATION

A. Biological and residual pesticides discharge to (check all that apply)*:

1.. Canals, ditches, or other constructed conveyance facilities owned and controlled by Discharger.
[] Name of the conveyance system:

2. Canals, ditches, or other constructed conveyance facilities owned and controlled by an entity other than
sz~ the Discharger. '
Owner's name;___ £ OUNTY of NaPA
Name of the conveyance system:

3. Directly to river, lake, creek, stream, bay, ocean, etc.
" Name of water body: _ AN YACo BAY AND SwsuN MagsH

* A map showing the affected areas for items 1 to 3 above may be included. (s=e a¥ra c)yed )

B. Regional Water Quality Control Board(s) where application areas are located
(REGION1,2,3,4,5,6,7,8,0or9):Region__ 72 Ao &
(List all regions where pesticide application is proposed.)

A map showing the locations of A1-A3 in each Regional Water Board shall be included.

V. PESTICIDE APPLICATION INFORMATION

A. Target Organisms: _ X Vector Larvae X Adult Vector

B. Pesticides Used: List name, active ingredients and, if known, degradation by-products

SEC ATTACUHED PRsTiciogs USBD LigT

C. Period of Application: Start Date_JAn |, 201] EndDate DB . 21, 2014,

D. Types of Adjuvants Added by the Discharger:
Nowe

VI. PESTICIDES APPLICATION PLAN

A. Has a Pesticides Application Plan been prepared?*
& Yes O No

If not, when will it be prepared?

* A copy of the PAP shall be included with the NOI. (s2= a¥Hkekhed 5

B. Is the applicator familiar with its contents?

S( Yes a No
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GENERAL NPDES PERMIT FOR BIOLOGICAL AND RESIDUAL ORDER NO. 2011-0002-DWQ
PESTICIDE DISCHARGES FROM VECTOR CONTROL APPLICATIONS NPDES NO. CAG 990004

VIl. NOTIFICATION

Have potentially affected governmental agencies been notified?
E\)(es n No

* |f yes, a copy of the notifications shall be attached tothe NOI.  ((s¢e aBached) '

VIil. FEE

Have you included payment of the filing fee (for first-time enrollees only) with this submittal?

&/Yes O NO 0 NA

IX. CERTIFICATION

“I certify under penalty of law that this document and all attachments were prepared under my direction and
supervision in accordance with a system designed to ensure that qualified personnel properly gather and evaluate
the information submitted. Based on my inquiry of the person or persons who manage the system, or those
persons directly responsible for gathering the information, the information submitted is, to the best of my
knowledge and belief, true, accurate, and complete. | am aware that there are significant penalties for submitting
false information, including the possibility of fine or imprisonment. Additionally, | certify that the provisions of the
General Permit, including developing and implementing a monitoring program, will be complied with.”

A. Printed Name: WwWesiteY A HAEee)

B. Signature: CA)%&&E:) A W\/mf\ — Date: _2%, HMAY Zo\y

H
C. Title:

X. FOR STATE WATER BOARD USE ONLY

WDID: Date NOI Received: Date NOI Processed:

Case Handler’s Initial: Fee Amount Received: . Check #:
$
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Pesticides Used, Napa County Mosquito Abatement District

Pesticide Name Common Name EPA #
Vectolex CG Biologic | Bacillus sphaericus 7.5% granule 275-77
Vectobac'12AS Bacillus thuringiensis israelensis 1.2% Liquid 275-66
Vectobac G Bacillus thuringiensis israelensis 0.2% granule 275-50
Vectobac TP Bacillus thuringiensis israelensis powder 100% 1 73049-13
Teknar HPD Bacillus thuringiensis israelensis 1.6% 73049-404
Vectolex WSP Bacillus sphaericus 7.5% granule in water soluble packets 73049-20

Bacillus sphaericus 2.7% and Bacillus thuringiensis
VectoMAX CG israelensis 4.5% granules 73049-429
Vectolex WDG Bacillus sphaericus 51.2% water dispersable granule 73049-57
FourStar 150 Bti Bacillus thuringiensis israelensis 7% 150 day briquet 69504-2
FourStar 45 Bti Bacillus thuringiensis israelensis 7% 45 day briquet 69504-2
FourStar 180 Bs Bacillus sphaericus 6% Bti 1% 180 day briquet 83362-3
Agnique MMF water soluable surface film 2302-14
: 2724-375-

Altosid Briquets methoprene 7.9% 30 day 64833

2724-421-
Altosid XR Briquets methoprene 2.1% 150 day- 64833

2724-446-
Altosid Liquid conc methoprene 20% liquid conc 64833

2724-448-
Altosid Pellets methoprene 4% pellet 30 days 50809
Altosid XR-G methoprene 1.5% granule 21 days 2724-451
Altosid WSP methoprene 4.25% granule in water soluble packs 30 days 2724-448
Altosid SBG methoprene 0.2% granule 5-10 days 2724-489
Skeeter Abate temephos 5% 8329-70
Natular XRT Spinosad 6.25% tablets 180 days 8329-82
Natular G30 Spinosad 2.5% granules 30 days 8329-83
Golden Bear Ol -Aliphatic Petroleum Hydrocarbons 8898-16
Bva 2 Refined Petroleum distillate 70589-1
Scourge 4% 4.14% Resmethrin 12.42% Piperonyl Butoxide 432-716
Scourge 18% 18% Resmethrin 54% Piperonyl Butoxide 432-667
Pyrenone 25-5 5% Pyrethrins 25% Piperonyl Butoxide 432-1050
MGK Pyrocide 5% Pyrethrins 25% Piperonyl Butoxide 1021-1569
Pyronyl Oil Cone. 525 | 5% Pyrethrins 25% Piperonyl Butoxide 655-471
Permanone 3.98% Permethrin 8.48% Piperonyl Butoxide 432-1277




Napa County Mosquito Abatement District Pesticide Application Plan

"

The Discharger shall develop a Pesticides Application Plan (PAP) that contains the followmg
elements:

1. Description of ALL target areas, if different from the water body of the target area, into
which larvicides and adulticides are being planned to be applied or may be applied to
control vectors. The description shall include adjacent areas, if different from the water
body of the target areas;

The District is responsible for all potential mosquito breeding sources within the boundaries
of Napa County.
Please see attached map.

2. Discussion of the factors influencing the decision to select pesticide appllcatlons for
mosquito control;

~ Please see the following attached documents:

a) Statement of Best Management Practices for Napa County MAD
b) 1999 Final Mitigated Negative Declaration of the lntegrated Mosquito Management
program of the Napa County MAD
c) CDPH and MVCAC 2010 Best Management Practices for Mosquito Control in California
d) CDPH and MVCAC 2010 California Mosquito-borne Virus Surveillance and Response Plan
e) MVCAC 2003 Integrated Mosquito Surveillance Program Guidelines for California
f) CDPH Operational Plan for Emergency Response to Mosquito-borne Disease Outbreaks

All of these documents are a key part of the Districts frequent program reviews ‘and overall
decision making process.

3. Pesticide products or types expected to be used and if known, their degradation by-
products, the method in which they are applied, and if applicable, the adjuvents and

surfactants used;

- Please see attached list of Pesticides Used by Napa County MAD. Products may be applied
by hand, truck, backpack, hand can, hellcopter or airplane according to label directions.

See also the following attached documents:
a) Statement of Best Management Practices for Napa County MAD

b) 1999 Final Mitigated Negative Declaration of the Integrated Mosquito Management
program of the Napa County MAD
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c) CDPH and MVCAC 2010 Best Management Practices for Mosquito Control in California
d) CDPH and MVCAC 2010 California Mosquito-borne Virus Surveillance and Response Plan
e) MVCAC 2003 Integrated Mosquito Surveillance Program Guidelines for California

f) CDPH Operational Plan for Emergency Response to Mosquito-borne Disease Outbreaks

4. Description of ALL the application areas” and the target areas in the system that are being
planned to applied or may be applied. Provide a map showing these areas;

There are potentially thousands of mosquito breeding sites within the boundaries of Napa
County ranging in size from a few square feet to thousands of acres. The number and size
of these sites varies from season to season due to a number of factors including but not
limited to water use, land use activity, frequency and amount of precipitation, wind,
temperature, etc. Therefore, any site that holds water for more than 96 hours (4 days) can
produce mosquitoes. Source reduction is the District’s preferred solution, and whenever
possible the District works with property owners to affect long-term solutions to reduce or
eliminate the need for continued applications as described in the Districts 1999 CEQA
document, the Statement of Best Management Practices for Napa County MAD and the
MVCAC/CDPH Best Management Practices for Mosquito Control in California. The typical
sources treated by this District include: :

a) Larvaciding:

Tidal marsh, freshwater marsh, reclaimed marsh, seasonal wetlands, freshwater seeps,
creeks, streams, diked marsh, canals, flood control, channels, ditches, storm water
detention basins, storm drains, waste water ponds, rainwater gutters, water troughs, water
gardens, and various manmade water containers.

b) Adulticiding:

Riparian corridors, oak woodland, tidal marsh, freshwater marsh, reclaimed marsh, seasonal
wetland, and diked marsh.

5. Other control methods used (alternatives) and their limitations;

With any source of mosquitoes or other vectors, the District’s first goal is to look for ways to
eliminate the source, or if that is not possible, for ways to reduce the potential for vectors.
The most commonly used methods and their limitations are included in the NCMAD 1999
CEQA document, Statement of Best Management Practices for Napa County MAD and the
MVCAC/CDPH Best Management Practices for Mosquito Control in California.

Specific methods used by the District include the use of mosquito fish (Gambusia affinis),
providing educational materials to residents on mosquito development in standing water
and encouraging removal of sources on their property, working with property owners to

*Asterisks indicate terms that are defined in Attachment A of the NPDES Permit for Vector Control
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find long-term water management strategies that meet their needs while minimizing the

need for public health pesticide applications. The District also works closely with other
agencies within the County in order to promote best management practices amongst those
who manage water resources and can have a direct impact on the reduction of mosquito
breeding without the use of pesticides.”

How much product is needed and how this amounts was determined;

The need to apply product is determined by surveillance. Actual use varies annually
depending on the mosquito activity. The pesticide amounts presented below were taken
from the NCMAD’s 2010 PUR as an estimate of pesticide use in 2011. Other public health
pesticides in addition to those listed below may be used as part of the District’s best
management practices.

Please see attached 2010 pesticide use report. Total annual amounts of materials used
determined from the summation of all 2010 monthly summary pesticide use reports
submitted to the Napa County Agricultural Commissioner's Office. Projected future usage
may vary depending on weather pattern (precipitation, wind, ambient temperatures, etc)
and management of water and vegetation by landowners.

Representative monitoring locations* and the justification for selecting these monitoring
locations
Please see the MVCAC NPDES Coalition Monitoring Plan

Evaluation of available BMPs to determine if there are feasible alternatives to the
selected pesticide application project that could reduce potential water quality impacts;
and

Please see the following attached documents:

a) Statement of Best Management Practices for Napa County MAD

b) 1999 Final Mitigated Negative Declaration of the Integrated Mosquito Management
program of the Napa County MAD -

c) CDPH and MVCAC 2010 Best Management Practices for Mosquito Control in California

d) CDPH and MVCAC 2010 California Mosquito-borne Virus Surveillance and Response Plan

e) MVCAC 2003 Integrated Mosquito Surveillance Program Guidelines for California -

f) CDPH Operational Plan for Emergency Response to Mosquito-borne Disease Outbreaks

NCMAD utilizes all of these documents in its decision making process in order to minimize
the environmental impacts of its activities.
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9. Description of the BMPs to be implemented. The BMPs shall include at a minimum:

The District’s BMPs are described in the NCMAD 1999 CEQA document, the Statement of
Best Management Practices for Napa County MAD, MVCAC/CDPH Best Management
Practices for Mosquito Control in California and in the California Mosquito-borne Virus
Surveillance and Response Plan. Specific elements have been highlighted below under
items a-f.

a.

measures to prevent pesticide spill;

All pesticide applicators receive quarterly spill prevention and response training.
District employees ensure daily that application equipment is in proper working
order. All vehicles and pesticide storage areas are equipped with spill mitigation and
cleanup equipment.

measures to ensure that only a minimum and consistent amount is used

District application equipment is calibrated quarterly; annual calibration is required
by the Department of Pesticide Regulations (DPR) and the terms of a cooperative
agreement with the California Department of Public Health (CDPH).

a plan to educate Coalition’s or Discharger’s staff and pesticide applicator on any
potential adverse effects to waters of the U.S. from the pesticide application;
This is part of NCMAD’s pesticide applicators quarterly pesticide application and
safety training, continuing education programs, and regional NPDES Permit training
programs. The District also conducts monthly safety meetings to remind all district
staff of the potential environmental effects of the various pesticides used.

. descriptions of specific BMPs for each application mode, e.g. aerial, truck, hand,

etc.;

The NCMAD calibrates truck-mounted and handheld larviciding equipment each
quarter to meet application specifications. Supervisors review application records
daily to ensure-appropriate amounts of material are being used and properly
applied. Ultra-low volume (ULV) application equipment is calibrated for output and
droplet size to meet label requirements. Aerial larviciding equipment is calibrated
by the Contractor. Aerial adulticide equipment is calibrated regularly and droplet
size is monitored by the District to ensure droplets meet label requirements.
Potential drift is closely monitored to ensure applications remain within the target
area and adhere to the Districts guidelines of minimizing non-target effects.

descriptions of specific BMPs for each pesticide product used; and
Please see the following attached documents for general pesticide application BMPs,

and the current approved pesticide labels for application BMPs for specific products.

a) Statement of Best Management Practices for Napa County MAD
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b) 1999 Final Mitigated Negative Declaration of the Integrated Mosquito

Management program of the Napa County MAD
c) CDPH and MVCAC 2010 Best Management Practices for Mosqulto Control in

California

d) CDPH and MVCAC 2010 California Mosquito-borne Virus Surveillance and
Response Plan

e) MVCAC 2003 Integrated Mosquito Surveillance Program Guidelines for California

f) CDPH Operational Plan for Emergency Response to Mosquito-borne Disease
Outbreaks

f. descriptions of specific BMPs for each type of environmental setting (agricultural,
urban, and wetland).

Please see the following attached documents:

a) Statement of Best Management Practices for Napa County MAD

b) 1999 Final Mitigated Negative Declaration of the Integrated Mosqwto
Management program of the Napa County MAD

c) CDPH and MVCAC 2010 Best Management Practices for Mosquito Control in
California

d) CDPH and MVCAC 2010 California Mosqwto -borne Virus Surveillance and
Response Plan ,

e) MVCAC 2003 Integrated Mosquito Surveillance Program Guidelines for California

f) CDPH Operational Plan for Emergency Response to Mosquito-borne Disease
Outbreaks

10. Identification of the problem. Prior to first pesticide application covered under this

General Permit that will result in a discharge of biological and residual besticides to
waters of the US, and at least once each calendar year thereafter prior to the first

pesticide application for that calendar year, the Discharger must do the following for each
vector management area: o

a. If applicable, establish densities for larval and adult vector populatlons to serve as
action threshold(s) for implementing pest management strategies;

The NCMAD staff only applies pesticides to sources of mosquitoes that represent
imminent threats to public health or quality of life. The presence of any mosquito
may necessitate treatment, however higher thresholds may be applied depending
on the District’s resources, disease activity, or local needs. Treatment thresholds are
based on a combination of one or more of the following criteria:

® Mosquito species present
* Mosquito stage of development
¢ Pest, nuisance, or disease potential
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s Disease activity

¢ Mosquito abundance

o Flight range

e Proximity to populated areas

e Size of source

e Presence/absence of natural enemies or predators

® Presence of sensitive/endangered species or habitats.

Pease see Statement of Best Management Practices for Napa County MAD and
NCMAD 1999 CEQA document for further specifics concerning monitoring and
treatment thresholds.

. ldentify target vector species to develop species-specific pest management
strategies based on developmental and behavioral considerations for each species;

Please see the following attached documents:

a) Statement of Best Management Practices for Napa County MAD

b) 1999 Final Mitigated Negative Declaration of the Integrated Mosquito
Management program of the Napa County MAD

c) CDPH and MVCAC 2010 Best Management Practices for Mosquito Control in
California

d) CDPH and MVCAC 2010 California Mosquito-borne Virus Surveillance and
Response Plan

e) MVCAC 2003 Integrated Mosquito Surveillance Program Guidelines for California

f) CDPH Operational Plan for Emergency Response to Mosquito-borne Disease
Outbreaks

Identify known breeding areas for source reduction, larval control program, and
habitat management; and

There are potentially thousands of mosquito breeding sites within the boundaries of
Napa County ranging in size from a few square feet to thousands of acres. The
number and size of these sites varies from season to season due to a number of
factors including but not limited to water use, land use activity, frequency and
amount of precipitation, wind temperature, etc. Therefore, any site that holds
water for more than 96 hours (4 days) can produce mosquitoes. Source reduction is
the District’s preferred solution, and whenever possible the District works with
property owners to affect long-term solutions to reduce or eliminate the need for
continued applications as described in the Districts 1999 CEQA document, the
Statement of Best Management Practices for Napa County MAD and Best
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Management Practices for Mosquito Control in California. The typical sources
treated by this District include:

a) Larvaciding: 7

Tidal marsh, freshwater marsh, reclaimed marsh, seasonal wetlands, freshwater
seeps, creeks, streams, diked marsh, canals, flood control, channels, ditches, storm
water detention basins, storm drains, waste water ponds, rainwater gutters, water
troughs, water gardens, and various manmade water containers.

Pease see Statement of Best Management Practices for Napa County MAD and
NCMAD 1999 CEQA document for further specifics concerning source reduction,
habitat management and larval control practices.

d. Analyze existing surveillance data to identify new or unidentified sources of vector
problems as well as areas that have recurring vector problems.

This is included in the Statement of Best Management Practices for Napa County
Mosquito Abatement District, Best Management Practices for Mosquito Control in
California and the California Mosquito-borne Virus Surveillance and Response Plan
that the Districts uses. The District continually collects adult and larval mosquito
surveillance data, dead bird reports, and sentinel chicken test results and uses these
data to guide mosquito control actlvmes

11. Examination of Alternatives. Dischargers shall continue to examine alternatives to
pesticide use in order to reduce the need for applying larvicides that contain temephos
and for spraying adulticides. Such methods include: ‘

a. Evaluating the following management options, in which the impact to water
quality, impact to non-target organisms, vector resistance, feasibility, and cost
effectiveness should be considered:

¢ No action
¢ Prevention
¢ Mechanical or physical methods
¢ Cultural methods
- o Biological control agents
¢ Pesticides

e

If there are no alternatives to pesticides, dischargers shall use the least amount of
pesticide necessary to effectively control the target pest.

The NCMAD uses the principles and practices of integrated vector management
(IVM) as described in the Statement of Best Management Practices for Napa County
MAD, the Districts 1999 CEQA document, and on pages 26 and 27 of Best
Management Practices for Mosquito Control in California. As stated in item #10
above, locations where vectors may exist are assessed, and the potential for using
alternatives to pesticides is determmed on a case-by-case basis. Commonly
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considered alternatives include: 1) Eliminate artificial sources of standing water; 2)
Ensure temporary sources of surface water drain within four days (96 hours) to
prevent adult mosquitoes from developing; 3) Control plant growth in ponds,
ditches, and shallow wetlands; 4) Design facilities and water conveyance and/or
holding structures to minimize the potential for producing mosquitoes; and 5) Use
appropriate biological control methods that are available. Additional alternatives to
using pesticides for managing mosquitoes are listed on pages 4-19 of the Best
Management Practices for Mosquito Control in California.

Implementing preferred alternatives depends a variety of factors including
availability of agency resources, cooperation with stakeholders, coordination with
other regulatory agencies, and the efficacy of the alternative. If a pesticide-free -
alternative does not sufficiently reduce the risk to public health, pesticides are
considered, beginning with the least toxic and amount necessary to effectively
control the target vector.

Please see the following attached documents:

a) Statement of Best Management Practices for Napa County MAD

b) 1999 Final Mitigated Negative Declaration of the Integrated Mosquito
Management program of the Napa County MAD

c) CDPH and MVCAC 2010 Best Management Practices for Mosquito Control in
California

d) CDPH and MVCAC 2010 California Mosquito-borne Virus Surveillance and
Response Plan

e) MVCAC 2003 Integrated Mosquito Surveillance Program Guidelines for California

f) CDPH Operational Plan for Emergency Response to Mosquito-borne Disease Outbreaks

. Applying pesticides only when vectors are present at a level that will constitute a
nuisance.

The NCMAD follows an existing integrated vector management (IVM) program which
includes practices described in the Districts 1999 CEQA document, Statement of Best
Management Practices for Napa County MAD, California Mosquito-borne Virus
Surveillance and Response Plan and the MVCAC/CDPH Best Management Practices
for Mosquito Control in California.

A “nuisance” is specifically,defined in California Health and Safety Code (HSC)
§2002(j). This definition allows vector control agencies to address situations where
even a low level of vectors may pose a substantial threat to public health. In
practice, the definition of a “nuisance” is generally only part of a decision to apply
pesticides to areas covered under this permit. As summarized in the California
Mosquito-borne Virus Surveillance and Response Plan, the overall risk to the public
when vectors and/or vector-borne disease are present is used to select an available
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12,

13.

and appropriate material, rate, and application method to address that risk in the
context of our IVM program. :

Please see the following attached documents:

a) Statement of Best Management Practices for Napa County MAD

b) 1999 Final Mitigated Negative Declaration of the Integrated Mosquito
Management program of the Napa County MAD

c) CDPH and MVCAC 2010 Best Management Practices for Mosquito Control in
California

d) CDPH and MVCAC 2010 California Mosquito-borne Virus Surveillance and
Response Plan

e) MVCAC 2003 Integrated Mosquito Surveillance Program Guidelines for California

f) CDPH Operational Plan for Emergency Response to Mosquito-borne Disease
Outbreaks

Correct Use of Pesticides

Coalition’s or Discharger’s use of pesticides must ensure that all reasonable precautions
are taken to minimize the impacts caused by pesticide applications. Reasonable
precautions include using the right spraying techniques and equipment, taking account of
weather conditions and the need to protect the environment.

This is an existing practice of the NCMAD, and is required to comply with the Department of
Pesticide Regulation’s (DPR) requirements and the terms of our California Department of
Public Health (CDPH) Cooperative Agreement. All pesticide applicators receive annual
safety and spill training in addition to their regular continuing education.

If applicable, specify a Website where public notices, required in Section VIiI.B, may be
found.

\

http://www.waterboards.ca.gov/
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a. Statement of Best Management Practices for the Napa County Mosquito Abatement District

b.

> @

Best Management Practices for Mosquito Control in California. 2010. Available by download from
the California Department of Public Health—Vector-Borne Disease Section at
http://www.cdph.ca.gov/Healthinfo/discond/Pages/MosquitoBorneDiseases.aspx or
http://www.westnile.ca.gov/resources.php under the heading Mosquito Control and Repellent
Information. Copies may be also requested by calling the California Department of Public Health—
Vector-Borne Disease Section at (916) 552-9730 or the Napa County Mosquito Abatement District at
707-553-9610.

California Mosquito-borne Virus Surveillance and Response Plan. 2010. [Note: this document is
updated annually by CDPH]. . Available by download from the California Department of Public
Health—Vector-Borne Disease Section at
http://www.cdph.ca.gov/Healthinfo/discond/Pages/MosquitoBorneDiseases.aspx or
http://www.westnile.ca.gov/resources.php under the heading Response Plans and Guidelines.
Copies may be also requested by calling the California Department of Public Health—Vector-Borne
Disease Section at (916) 552-9730 or the Napa County Mosquito Abatement District at 707-553-
9610. :

. California Department of Public Health: Operational Plan for Emergency Response to Mosquito-

borne Disease Outbreaks. A Supplement to the California Mosquito-Borne Virus Surveillance and
Response Plan.

. Overview of Mosquito Control Practices in California

EPA. 2000. Protecting Endangered Species in Napa County.
MVCAC. 2003. Integrated Mosquito Surveillance Program Guidelines for California

. ASTHO. 2004. Public Health Confronts the Mosquito: Developing Sustainable State and Local

Mosquito Control Programs.

NCMAD. 1999. Final Mitigated Negative Declaration: The Integrated Mosquito Management
Program of the Napa County Mosquito Abatement District.
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Napa County Mosquito Abatement District

P.O. Box 10053, American Canyon, CA 94503

WESLEY A. MAFFEI ' Phone (707) 553-9610
Manager ‘ Fax (707) 553-9611
WWwWWw.napamosquito.org

May 17, 2011

TO: ALL GOVERNMEN’I:‘ AGENCIES OF NAPA COUNTY

FROM: Napa County Mosﬁuito Abatement District

SUBJECT: Annual Statement of Intent to Apply Pesticides

On March 1, 2011 the State Water Board adopted a new Statewide National Pollutant Discharge

Elimination System Permit for Residual Pesticide Discharges to Waters of the United States from Vector
Control Applications.

The permit requires the District to provide an annual notice of our intent to discharge pesticides to
potentially affected governmental agencies. Since the Napa County Mosquito Abatement District
(NCMAD) may potentially treat anywhere within the boundary of Napa County on any given day during
the year we are notifying the @ounty, cities and all Special Districts within Napa County.

t :
NCMAD typically uses larvicides for the purpose of reducing mosquito populations. The larvicides can
be broken down into several groups, bacterial products, insect growth regulators and larviciding oils.
During certain times of the year it is necessary for the district to use adulticides to control treehole
mosquitoes or an unusual outbreak of mosquitoes. The adulticides typically used are natural pyrethrins.
On rare occasions, when natural pyrethrins are not available, synthetic pyrethroids may be used.
Sources treated with the pestici:ides used by the District require no additional restrictions or precautions
to be taken by your employee$ or the public.

A complete list of all pesticides used by the District along with the EPA registration numbers are listed
on the back of this page.

| - -
Any questions regarding this statement can be directed to the District Manager, Wesley A. Maffei at
(707) 553-9610. ‘

BOARD OF TRUSTEES

STEVEN ROSA - CHARLES CARBONE? CHARLES JOHNSON SHELBY VALENTINE FRANK CABRAL HERBERT LAMB

Youqtville Napa i American Canyon Calistoga ' County of Napa St. Helena
President Acting President | Secretary Acting Secretary .




Pesticide Name

‘Common Name

EPA #

Vectolex CG Biologic | Bacillus sphaericus 7.5% granule 275-77
Vectobac 12A8 Bacillus thuringiensis israelensis 1.2% Liquid 275-66
Vectobac G Bacillus thuringiensis israelensis 0.2% granule 275-50
Vectobac TP Bacillus thuringiensis israelensis powder 100% 73049-13
Teknar HPD Bacillus thuringiensis israelensis 1.6% 73049-404
Vectolex WSP Bacillus sphaericus 7.5% granule in water soluble packets 73049-20
B%cilius sphaericus 2.7% and Bacillus thuringiensis
VectoMAX CG istaelensis 4.5% granules 73049-429
Vectolex WDG Bacillus sphaericus 51.2% water dispersable granule 73049-57
FourStar 150 Bti Bacillus thuringiensis israelensis 7% 150 day briquet 69504-2
FourStar 45 Bti Bacillus thuringiensis israelensis 7% 45 day briquet 69504-2
FourStar 180 Bs Bacillus sphaericus 6% Bti 1% 180 day briquet 83362-3
| Agnigue MMF water soluable surface film 2302-14
2724-375-
Altosid Briguets methoprene 7.9% 30 day 64833
2724-421-
Altosid XR Briquets methoprene 2.1% 150 day 64833
2724-446-
Altosid Liguid conc methoprene 20% liquid conc 64833
2724-448-
Altosid Pellets methoprene 4% pellet 30 days 50809
Altosid XR-G methoprene 1.5% granule 21 days 2724-451
Altosid WSP methoprene 4.25% granule in water soluble packs 30 days 2724-448
Altosid SBG méthoprene 0.2% granule 5-10 days 2724-489
Skeeter Abate temephos 5% 8329-70
Natular XRT Spinosad 6.25% tablets 180 days 8329-82
Natular G30 Spinosad 2.5% granules 30 days 8329-83
Golden Bear Oil Aliphatic Petroleum Hydrocarbons 8898-16
Bva 2 Refined Petroleum distillate 70589-1
Scourge 4% 4.14% Resmethrin 12.42% Piperonyl Butoxide 432-716
Scourge 18% 18% Resmethrin 54% Piperonyl Butoxide 432-667
Pyrenone 25-5 5% Pyrethrins 25% Piperonyl Butoxide 432-1050
MGK Pyrocide 5% Pyrethrins 25% Piperonyl Butoxide 1021-1569
Pyronyl Qil Conc. 525 | 5% Pyrethrins 25% Piperonyl Butoxide 655-471
Permanone 3.98% Permethrin 8.48% Piperonyl Butoxide 432-1277




NPDES ANNUAL STATEMENT OF INTENT TO APPLY PESTICIDES SENT TO THE

FOLLOWING AGENCIES

Congress Valley Water District

Circle Oaks County Water District
American Canyon Fire Protection District
Town of Yountville -

City of St. Helena

City of Napa

City of Calistoga

Napa County Board of Supervisors

City of American Canyon

Lake Berryessa Resort Improvement District
Los Carneros Water District

Monticello Public Cemetery District
Napa-Berryessa Resort Improvement District
Napa County-Resource Conservation District
Napa County Regional Park & Open Space
Napa County Flood Control

Silverado Community Services District

Pope Valley Cemetery District

. Napa River Reclamation District #2109

Napa Sanitation District

St. Helena Unified School District

Calistoga Joint Unified School District

Napa Valley Unified School District

Napa Valley College

U.S. Dept. of Interior, Bureau of Reclamation
Forestry & Fire Protection Department
California Dept. of Fish and Game

Spanish Flat Water District

San Pablo Bay National Wildlife Refuge




State of California—Health and Human Services Agency

California Department of Public Health

MARK B HORTON, MD, MSPH ARNOLD SCHWARZENEGGER
Director Govemor

~ October 26, 2010

TO: Agencies Signatory to the Cooperative Agreement with the California Department
, of Public Health

SUBJECT:  COOPERATIVE AGREEMENT WITH THE DEPARTMENT OF PUBLIC HEALTH

Thank you for submitting a 2011 Cooperative Agreement. The California Department of Public
Health (CDPH) has reviewed and signed this Cooperative Agreement with your agency. Please
note Certified Vector Control Technicians must maintain their certification by paying annual
recertification dues and attending required continuing education courses in order for the
Cooperative Agreement to remain valid.

The Cooperative Agreement may be canceled for cause by either party by giving 30 days
advance notice in writing, setting forth the reasons for the termination.

If you should require additional information or clarification, please contact your VBDS regional
office or the Sacramento headquarters at (916) 552-9730.

Jonathan Kwan, MS

Senior Public Health Biologist
Vector-Borne Disease Section

Enclosure

ECEIVE]

0CcT 28 2010

NAPA COUNTY
MOSQUITO ABATEMENT DISTRICT

Vector-Borne Disease Section, 1616 Capitol Ave., MS 7307, P.O. Box 997377, Sacramento, CA 95899-7377
Main (916) 552-9730 Fax (916) 552-9725
Internet Address: www.cdph.ca.gov




: CUUPERATIVE AGREEMENT
(PURSUANT TO SECTION 116180, HEALTH AND SAFETY CODE)
- Date 1™ O<T” 245Q

This Agreement between the California Department of Public Health and

Haes Loun gy Mssauim Aspreriensr Dismiet, P.o. Box /o053, Antericans Lonyou, (7 74503
(name and address of local vector control agency)

is effective on January 1, 2011 or on the subsequent date shown above, and expires December 31, 2011. It is subject to renewal by mutual
consent thereafter.

Operator ID and/or license number to be listed on Monthly Summary Pesticide Use Reports (PR-ENF-060) for 2011:
Operator ID#_25-08-28 \/ (. 039 License #

This agreement may be canceled for cause by either party by giving 30 days advance notice in writing, setting forth the reasons for the
termination. :

Part1. Pesticides
The vector control agency named herein agrees:

1. To calibrate all application equipment using acceptable techniques before using, and to maintain calibration records for review by
the County Agricultural Commissioner. :

2. To seek the assistance of the County Agricultural Commissioner in the interpretation of pesticidé labeling.
3. To maintain for at least two years for review by the County Agricultural Commissioner a record of each pesticide application

showing the target vector, the specific location treated,-the rsize.,o.f. the source, the formulations and amount of pesticide used, the
method and equipment used, the type of habitat treated, the date of;; hesapplication, and the name of the applicator(s).

4. To submit to the County Agricultural‘Corhmissioner each month a Pes 01de Use Report, on Department of Pesticide Regulation
form PR-ENF-060. The report shall include the manufacturer and pr;’éc;‘luép name, the EPA registration number from the label, the
amount of each pesticide used, the number of applications of each peﬁ‘stiici'de;, and the total number of applications, per county, per

5. To report to the County Agricultural Commi$sioner gnd-the_Galifdr,-nia Department of Public Health, in a manner specified, any
conspicuous or suspected adverse effects upon humans, domestic anifals and other non-target organisms, or property from
pesticide applications. '

6. To require appropriate certification of its employees by the California Department of Public Health in order to verify their
competence in using pesticides to control pest and vector organisms, and to maintain continuing education unit information for

those employees participating in continuing education.

7. To be inspected by the County Agricultural Commissioner on a regular basis to ensure that local agency activities are in
* compliance with state laws and regulations relating to pesticide use.

Part I1. Environmental Modification

The vector control agency named herein agrees:

To comply with requirements, as specified, of any general permit issued to the California Department of Public Health as the lead agency,
pertaining to physical environmental modification to achieve pest and vector prevention.

For California Department of Public Health For Local Agency
~ o . ’? x o
%A&b ) W V\/QS 1{’-\1' /;3‘ ) W’ V\FJC €Y MNan AQ {’fﬁq’\‘
Vicki Kramer, Ph. 5, - Print Name and”Title ' ’ o ,

Chief, Vector-Borne Disease Section { S
' Oale s \5&2\) A In r,\,j yfm o

Signature




Napa County Mosquito Abatement District

P.O. Box 10053, American Canyon, CA 94503

WESLEY A. MAFFEI | ’ Phone (707) 553-9610
Manager Fax (707) 553-9611
WWww.napamosguito.org

27 May 2011

Mr. Philip Isorena

Attn: Trinh Pham

Division of Water Quality, 15th Floor
P.O. Box 100 '
Sacramento, CA 95812-1000

, Subj ect: 2010 Pesticide Use Summary for Inclusion in Vector NPDES NOI Applications for the
Napa County Mosquito Abatement District..

Dear Mr. Isorena:

The following 2010 pesticide use summary sheets were inadvertently left out of the Napa County
Mosquito Abatement District's NOI submittal package that was sent out May 25,2011, Two
copies of NCMAD's 2010 pesticide use summaries have been included. Please include these
documents with our submittal and accept our apologies for any inconvenience this may have
caused your staff as they begin their review process of our submitted materials.

Please feel free to contact me at 707-553-9610 if I can be of any further assistance.

Respectfully,

Wesley A. Maffei
enclosures

BOARD OF TRUSTEES

STEVEN ROSA CHARLES CARBONE CHARLES JOHNSON SHELBY VALENTINE FRANK CABRAL HERBERT LAMB
Yountville Napa American Canyon Calistoga County of Napa St. Helena
President Acting President Secretary Acting Secretary
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Napa County Mosquito Abatement District
Pesticide Use Summary
(Active Ingredient)
2010 GB1111] BVA | A.L.L. | Teknar | A Pellets | Briquets | Abate | Vectolex | Tech pwdr | Permanone Pyrenone | Pyrocide | Pyronyl
January 17.3 0.18 0.24 24.7 0.54 227
February 81.38 0.49 0.68 22.8 1.86 7.6 45.02
March 122.96f 13.03 0.99 1.3 43.8 49 25.44 126.56
April 42.53 242 0.58 0.94 14.46 2.67 5.52 56.28 0.09 0.12
May 7.06 0.51 0.17 0.21 63.84 2.18| 11.52 15.94 0.82 0.73 0.68
June 8.82 0.26 0.34 70.14 5.6 15.92 45.96 1.08 0.14
July 3.38 0.24 0.37 26.34 10.52 8.16 51.12 0.45 0.07 0.98 0.45
August 15.9 0.34 0.52 16.9 6 4.56 77.8 0.14
September 9.13 0.29 0.15 0.18 20.16 7.92 4.16 74.02 0.65 0.05
October 0.49 0.02 0.03 222 0.11 3.92 3.72
November 9.6 1 0.06 0.07 12.42 0.26 2.96
December 18 0.5 0.06 0.08 16.64 0.96 4.4 2.05
336.55| 17.75 3.54 4.96 334.42 43.52| 116.86| 496.42 4.11 0.12 2.88 0.45 0.94
galions gallons gallons gallons ounces ounces| ounces pounds pounds gallons gallons gallons gallons




Napa County Mosquito Abatement District

Pesticide Use Summary
(Active Ingredient)

Teknar

2010 GB1111] BVA | ALL.L. A Pellets | Briquets | Abate | Vectolex | Tech pwdr | Permanone | Pyrenone | Pyrocide | Pyronyl
January 17.3 0.18 0.24 247 0.54 227
February 81.38 0.49 0.68 22.8 1.86 7.6 45.02
March 122.96 13.03 0.99 1.3 43.8 . 4.9 25.44 126.56
April 42.53 2.42 0.58 0.94 14.46 2.67 5.52 56.28 0.09 0.12
May 7.06 0.51 0.17 0.21 63.84 2.18 11.52 15.94 0.82 0.73 0.68].
June 8.82 0.26 0.34 70.14 56 15.92 45.96 1.08 0.14
July 3.38 0.24 0.37 26.34 10.52 8.16 51.12 0.45 0.07 0.98 0.45
August 15.9 0.34 0.52 16.9 6 4.56 77.8 0.14
September 9.13 0.29 0.15 0.18 20.16 7.92 4.16 74.02 0.65 0.05
October 0.49 0.02 0.03 2.22 0.11 3.92 3.72
November 9.6 1 0.06 0.07 12.42 0.26 2.96
December 18 0.5 0.06 0.08 16.64 0.96 4.4 2.05
336.55 17.75 3.54 4.96 334.42 43.52| 116.86 496.42 4.11 0.12 2.88 0.45 0.94
gallons gallons gallons gallons ounces ounces| ounces pounds pounds gallons gallons gallons gallons
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Statement of Best Management Practices for
Napa County Mosquito Abatement District

INTRODUCTION

The Napa County Mosquito Abatement District NCMAD) is one of the oldest organized programs
of mosquito control in California and has been in existence since 1925. The District was formed
(pursuant to California Health and Safety Code Sections 2200-2280) by local citizens and
governments to reduce the risk of vector-borne disease or discomfort to the residents of Napa
County. This includes vector-borne diseases such as mosquito-borne encephalitides and malaria.
NCMAD is indirectly regulated by the Department of Pesticide Regulation (DPR). District staff
and applicators are licensed by the California Department of Public Health (CDPH). Pesticide use
by NCMAD is reported to the County Agricultural Commission (CAC) in accordance with annual
Memoranda of Understanding among DPR, CDPH, and the CACs for the Protection of Human
Health from the Adverse Effects of Pesticides and with cooperative agreement entered into between
DPH and NCMAD, pursuant to Health and Safety Code section 116180.

NCMAD has implemented Best Management Practices (BMP)s based on the philosophy of
integrated pest management (IPM). The basic components of the programs are: (1) surveillance of
pest populations, (2) determination of treatment thresholds, (3) selection from a variety of control
options including physical, cultural, biological and chemical teéchniques, (4) training and
certification of applicators and (5) public education. :

MOSQUITO SURVEILLANCE

Surveillance of pest populations is essential for assessing the necessity, location, timing and choice
of appropriate control measures. It reduces the areal extent and duration of pesticide use, by
restricting treatments to areas where mosquito populations exceed established thresholds. The 20
mosquito species known in Napa County differ in their biology, nuisance and disease potential and
susceptibility to insecticides. Information on the species, density, and stages present is used to
select an appropriate control strategy from integrated pest management alternatives.

A. Larval Mosquito Surveillance

Surveillance of immature mosquitoes is conducted by NCMAD staff assigned to zones within the
District. These technicians maintain a list of known mosquito developmental sites and visit them
on a regular basis. When a site is surveyed, water is sampled with a 1 pint dipper to check for the
presence of mosquitoes. Samples are examined in the field or laboratory to determine the
abundance, species, and life-stage of mosquitoes present. This information is compared to
historical records and used as a basis for treatment decisions




B. Adult Mosquito Surveillance

Although larval mosquito control is preferred, it is not possible to identify all larval sources.
Therefore, adult mosquito surveillance is needed to pinpoint problem areas and locate previously
unrecognized or new larval developmental sites. Adult mosquitoes are sampled using standardized
trapping techniques (i.e., New Jersey light traps, carbon dioxide-baited traps and oviposition traps).

Mosquitoes collected by these techniques are counted and identified to species. The spatial and
seasonal abundance of adult mosquitoes is monitored on a regular basis and compared to historical
data.

C. Service Requests

Information on adult mosquito abundance from traps is augmented by tracking mosquito
complaints from residents. Analysis of service requests allows district staff to gauge the success of
control efforts and locate undetected sources of mosquito development. NCMAD conducts public
outreach programs and encourages local residents to contact the District to request services. When
such requests are received, technicians visit the area, interview residents and search for sources that
may have been missed. Residents are asked to provide a sample of the insect causing the problem.
Identification of these samples provides information on the species present and can be helpful in
locating the source of the complaint.

PRE-TREATMENT DECISION MAKING
A. Thresholds

Treatment thresholds are established for mosquito developmental sites where potential disease
vector and/or nuisance risks are evident. Therefore, only those sources that represent imminent
threats to public health or quality of life are treated. Treatment thresholds are based on the
following criteria: :

- Mosquito species present

- Mosquito stage of development

- Nuisance or disease potential

- Mosquito abundance

- Flight range

- Proximity to populated areas

- Size of source

- Presence/absence of natural enemies or predators
- Presence of sensitive/endangered species




LARVAL SOURCE TREATMENT CRITERIA

SPECIES DISTANCE TO POPULATED | TOTAL L/P DENSITY OTHER
AREA FACTORS
Ae. dorsalis 0 yards — 8 miles 1 per 10 dips and source 1/10 acre or
Ae. sierrensis 0 — 500 yards 1 per “slurp” with turkey baster
Ae. squamiger 0 — 8 miles 1 per 10 dips and source 1/10 acre or
more
Ae. washinoi 0 — 500 yards 1 per 10 dips
500 yards — 2 miles 1 per dip and source % acre or more
Cx. erythrothorax 0 — 500 yards 1 per dip
Cx. pipiens 0— 500 yards 1 per.10 dips
500 yards — 1 mile 3-5 per dip and source ¥ acre or more
Cx. stigmatosoma 0 — 500 yards 1 per 10 dips '
Cx. tarsalis 0 — 500 yards 1 per 10 dips
500 yards — 1 mile 1 per dip
1 mile — 5 miles 3-5 per dip and source Y acre or more
Cs. incidens 0 —500 yards 1 per dip

500 yards — 1 mile

5+ per dip source ¥4 acre or more

Cs. inornata

0 yards — 2 miles

1-3 per dip source 1/10 acre or more

Cs. particeps

0 —500 yards

1-2 per dip

An. freeborni

0 yards — 1 mile

2-3 per dip source ¥ acre or more

An. occidentalis

0 yards — 1 mile

2-3 per dip source Y4 acre or more

An. punctipennis

0 — 500 yards

500 yards — 1 mile

1-2 per dip _
3-5 per dip source Y4 acre or more

B. Selection of Control Strategy

When thresholds are exceeded an appropriate control strategy is implemented. Control strategies
are selected to minimize potential environmental impacts while maximizing efficacy. The method
of control is based on the above threshold criteria but also:

- Habitat type

- Water conditions and quality

- Weather conditions

- Cost

- Site accessibility

- Size of site and number of other developmental sites
- Presence of sensitive species

CONTROL STRATEGIES

A. Source Reduction

Source reduction includes elements such as, physical control, habitat manipulation and water
management, and forms an important component of the NCMAD IPM program. The goal of source

reduction is to eliminate or reduce mosquito production at a particular site through alteration of
habitat. Source reduction is usually the most effective mosquito control technique because it




provides a long-term solution by reducing or eliminating mosquito developmental sites and
ultimately reduces the need for chemical applications.

Historically (circa 1903), the first physical control efforts were projects undertaken to reduce the
populations of salt marsh mosquitoes in marshes near San Rafael. Two years later, similar work
was undertaken in the marshes near San Mateo. Networks of ditches were created by hand to
enhance drainage and promote tidal circulation. Since then, various types of machinery have been
used to create ditches necessary to promote water circulation. In recent years, a number of
environmental modification projects have been undertaken in collaboration with the U.S. Fish and
Wildlife Service (USFWS) to reduce potential mosquito developmental sites and enhance wildlife
habitat. Re-circulation ditches allow tidewater to enter the marsh at high tide and drain off at low
tide. Water remaining in the ditch bottoms at low tide provides habitat for mosquito-eating fish.
These projects have reduced the need to apply chemicals on thousands of acres of salt marsh in the
San Francisco Bay.. Similar projects have been undertaken in Napa County. Source reduction
programs conducted by the NCMAD may be categorized into three areas: "maintenance", "new
construction", and "cultural practices" such as vegetation management and water management.

Maintenance activities are conducted within tidal, managed tidal and non-tidal marshes, seasonal
wetlands, diked, historic baylands and in some creeks adjacent to these wetlands. The following
activities are classified as maintenance:

* Removal of sediments from existing water circulation ditches

* Repair of existing water control structures

* Removal of debris, weeds and emergent vegetation in natural channels

* Clearance of brush for access to streams tributary to wetland areas

* Filling of existing, non-functional water circulation ditches to achieve required water circulation
dynamics and restore ditched wetlands.

The préceding activities are included within the permits required by U.S. Army Corps of Engineers
(USACE) and San Francisco Regional Water Quality Control Board (SFRQWB) (Waste
Discharge) and coordinated by the California DPH. Additional agencies involved include the
Coastal Conservancy, San Francisco Bay Conservation and Development Commission, and the
California Department of Fish and Game.

New projects, such as wetland restoration, excavation of new ditches, construction of new water
control structures, all require application by NCMAD directly to the USACE. In addition,
NCMAD staff work with landowners to manage their lands in a manner that does not promote
mosquito development. NCMAD staff also review proposals for wetlands construction to assess
their impact on mosquito production. The District then submits recommendations on hydrological
design and maintenance that will reduce the production of mosquitoes and other vectors. This
proactive approach involves a collaborative effort between landowners and NCMAD.
Implementation of these standards may include cultural practices such as water management and
aquatic vegetation control.




B. Biological control

Biological control agents of mosquito larvae include predatory fish, predatory aquatic invertebrates
and mosquito pathogens. Of these, only mosquitofish are available in sufficient quantity for use in
mosquito control programs. Natural predators may sometimes be present in numbers sufficient to
reduce larval mosquito populations. Biological control is sometimes used in conjunction with
selective bacterial or chemical insecticides.

Mosquitofish (Gambusia affinis)

The mosquitofish, Gambusia affinis, is a natural predator of mosquito larvae used throughout the
world as a biological control agent for mosquitoes. Although not native to California, mosquitofish
are now ubiquitous throughout most of the State's waterways and tributaries, where they have
become an integral part of aquatic food chains. They can be stocked in mosquito larval sources by
trained district technicians or distributed to the public for stocking in backyard ornamental ponds
and other artificial containers. '

NCMAD Mosquitofish Stocking Policy

In an effort to minimize unwanted environmental impacts mosquitofish are not placed in sources
known or thought to be habitats for endangered, threatened or rare species. Care must be taken when
introducing mosquitofish into sources where they can migrate to habitats used by endangered,
threatened or rare species. Mosquitofish can still be used in ornamental fish ponds, water gardens and
abandoned swimming pools in urban and suburban areas without worrying about endangered species
conflicts. ?

It is against California Department of Fish and Game regulations for private citizens to plant
mosquitofish in waters of the State without a permit (Title 14 CCR, Fish and Game Code, Sections
1.63, 238.5 and 6400). '

Mosquitofish provided by Napa County Mosquito Abatement District are intended for mosquito
control purposes only and should not be introduced in potential mosquito breeding sources by anyone
other than certified mosquito control technicians or Fish and Game personnel.

Advantages: The use of mosquitofish as a component of an IPM program may be environmentally
and economically preferable to habitat modification or the exclusive use of pesticides, particularly
in altered or artificial aquatic habitats. Mosquitofish are self-propagating, have a high reproductive
potential and thrive in shallow, vegetated waters preferred by many mosquito species. They prefer
to feed at the surface where mosquito larvae concentrate. These fish can be readily mass-reared for
stocking or collected seasonally from sources with established populations for redistribution.

Barriers to Use: Water quality conditions, including temperature, dissolved oxygen, pH and
pollutants may reduce or prevent survival and/or reproduction of mosquitofish in certain habitats.
Mosquitofish may be preyed upon by other predators. They are opportunistic feeders and may
prefer alternative prey when available. Introduction of mosquitofish may modify food chains in
small contained pools and have potential impacts on endemic fish and shrimp in such situations.




Some wildlife agencies suspect mosquitofish may impact survival of amphibian larvae through
predation. Recent research has shown no significant impact on survival of the threatened
California red-legged frog (Lawler et al. 1999), but mosquitofish have been shown to negatively
impact the survival of the California tiger salamander (Leyse and Lawler 2000). In light of these
findings, the NCMAD restricts introduction of mosquitofish to sources where natural ecosystems
will not be impacted.

Solutions to Barriers: Strict stocking guidelines adopted by NCMAD restrict the use of
mosquitofish to habitats such as artificial containers, ornamental ponds, abandoned swimming
pools, cattle troughs, stock ponds, etc. . . . where water quality is suitable for survival and sensitive
or endangered aquatic organisms are not present. Fish are generally stocked at population densities
lower than those required for effective mosquito control and allowed to reproduce naturally
commensurate with the availability of mosquito larvae and other prey. District guidelines prevent
seasonal stocking in seasonal and natural habitats where amphibian larvae or other sensitive
species/life stages may be present.

Impact on water quality: Mosquitofish populations are unlikely to impact water quality.
Natural predators: aquatic invertebrates

Many aquatic invertebrates, including diving beetles, dragonfly and damselfly naiads,
backswimmers, water bugs and hydra are natural predators of mosquito larvae.

Advantages: In situations where natural predators are sufficiently abundant, additional mosquito
control measures including application of pesticides may be deemed unnecessary.

Barriers to Use: Predatory aquatic invertebrates are frequently not sufficiently abundant to achieve
effective larval control, particularly in disturbed habitats. Most are generalist feeders and may .
prefer alternative prey over mosquito larvae if available and more accessible. Seasonal abundance
and developmental rates often lag behind mosquito populations. Introduction or augmentation of
natural predators has been suggested as a means of biological control, however there are currently
no commercial sources since suitable mass-rearing techniques are not available.

Solutions to Barriers: The presence and abundance of natural predators is noted and taken into
account during the larval surveillance process. Conservation of natural predators, whenever
possible, is achieved through use of highly . target-specific pesticides including bacterial
insecticides, with minimal impacts on non-target taxa.

Impact on water quality: As predatory invertebrates represent a natural part of aquatic ecosystems,
they are unlikely to impact water quality. There are no established standards, tolerance, or EPA
approved tests for aquatic invertebrate populations.




C. Bacterial insecticides

Bacterial insecticides contain naturally produced bacterial proteins that are toxic to mosquito larvae
when ingested in sufficient quantity. Although they are biological agents, such products are labeled
and registered by the Environmental Protection Agency as pesticides and are considered by some to
be a form of Chemical Control.

Bacillus thuringiensis var. israelensis (BTI)

Product names: FourStar 150 Bti, FourStar 45 Bti, Teknar HP-D, Vectobac 12AS, Vectobac G,
Vectobac TP.

Advantages: BTI is highly target-specific and has been found to have significant effects only on
mosquito larvae, and closely related insects such as blackflies and some species of midges (Glare
and O'Callaghan, 1998). It is available in a variety of liquid, granular and pelleted formulations
which provide some flexibility in application methods and equipment. BTI has no measurable
toxicity to vertebrates and is classified by the EPA as "Practically Non-Toxic" (Caution). BTI
formulations contain a combination of five different proteins within a larger crystal. These proteins
have varying modes of action and synergistically act to reduce the likelihood of resistance
developing in larval mosquito populations. This mosquito larvicide also does not persist or
accumulate in the environment.

Barriers to Use: Bacterial insecticides must be fed upon by larvae in sufficient quantity to be
effective. Therefore applications must be carefully timed to coincide with periods in the life cycle
when larvae are actively feeding. Pupae and late 4th stage larvae do not feed and therefore will not
be controlled by BTI. Low water temperature inhibits larval feeding behavior, reducing the
effectiveness of BTI during the cooler months. High organic conditions also reduce the
effectiveness of BTI. Cost per acre treated is generally higher than surfactants or organophosphate
insecticides.

Solutions to Barriers: An increased frequency of surveillance of larvae ensures that bacterial
insecticides can be applied during the appropriate stages of larval development to prevent adult
mosqu1to emergence. '

Impact on water quality: BTI contains naturally produced bacterial proteins generally regarded as
environmentally safe. It leaves no residues and is quickly biodegraded. At the application rates
used in mosquito control programs, BTI is unlikely to have any measurable effect on water quality.
There are no established standards, tolerances or EPA approved tests. Other naturally occurring
strains of this bacterium are commonly found in aquatic habitats. '

Formulations and dosages: There are five basic BTI formulations available for use: liquids,
powders, granules, pellets, and briquets. Liquids, produced directly from a concentrated
fermentation slurry, tend to have uniformly small (2-10 micron) particle sizes, which are suitable
for ingestion by mosquito larvae. Powders, in contrast to liquids, may not always have a uniformly
small particle size. Clumping, resulting in larger sizes and heavier weights, can cause particles to
settle out of the feeding zone of some target mosquito larvae, preventing their ingestion as a food




item. Powders must be mixed with an inert carrier before application to the larval habitat, and it
may be necessary to mix them thoroughly to achieve a uniformly small consistency. BTI. granules,
pellets, and briquets are formulated from BTI primary powders and an inert carrier. BTI. labels
contain the signal word “CAUTION".

BTI is applied by NCMAD as a liquid or sometimes bonded to an inert substrate (e.g. corn cob or
sand granules) to assist penetration of vegetation. Application can be by hand, ATV, or aircraft.
Persistence is low in the environment, usually lasting three to five days. Mosquito mortality
usually occurs within 48 hours of toxin ingestion.

BTI LIQUIDS. Currently, three commercial brands of BTI liquids are available: Aquabac XT,
Teknar HP-D, and Vectobac 12AS. Labels for all three products recommend using 4 to 16 liquid
oz/acre in unpolluted, low organic water with low populations of early instar larvae (collectively
referred to below as clean water situations). The Aquabac XT and Vectobac 12 AS (but not Teknar
HP-D) labels also recommend increasing the range from 16 to 32 liquid oz/acre when late 3™ or
early 4™ instar larvae predominate, larval populations are high, water is heavily polluted, and/or
algae are abundant. The recommendation to increase dosages in these instances (collectively
referred to below as dirty water situations) also is seen in various combinations on the labels for all
other BTI. formulations discussed below.

- BTI liquid may also be combined with the Altosid Liquid Larvicide discussed earlier. This mixture

is known as Duplex. Because BTI is a stomach toxin and lethal dosages are somewhat proportional
to a mosquito larvae’s body size, earlier instars need to eat fewer toxic crystals to be adversely
affected. Combining BTI with methoprene (which is most effective when larvae are the oldest and
largest or when you have various, asynchronous stages of one or more species) allows a district to
use less of each product than they normally would if they would use one or the other. Financially,
most savings are realized for treatments of mosquitoes with long larval development periods,
asynchronous broods or areas with multiple species of mosquitoes.

BTI CORNCOB GRANULES, There are currently two popular corncob granule sizes used in
commercial formulations. Aquabac 200G, Bactimos G, and Vectobac G are made with 5/8 grit
crushed cob, while Aquabac 200 CG (Custom Granules) and Vectobac CG are made with 10/14
grit cob. Aquabac 200 CG is available by special request. The 5/8 grit is much larger and contains

fewer granules per pound. The current labels on BTI granules recommend using 2.5 to 10 Ib./acre

in “cleaner” water and 10 to 20 Ib./acre in “organic” or polluted waters.
Bacillus sphaericus (BS)
Product names: Vectolex CG, Vectolex WSP, Vectolex WDG, VectoMAX CG, FourStar 180 Bs

Advantages: BS is another bacterial pesticide with attributes similar to those of BTI. The efficacy
of this bacterium is not affected by the degree of organic pollution in larval development sites and
it may actually cycle in habitats containing high densities of mosquitoes, reducing the need for
repeated applications.

Barriers to Use: Like BTI, BS must be consumed by mosquito larvae and is therefore not effective
against non-feeding stages such as late 4th instar larvae or pupae. BS is also ineffective against




certain mosquito species such as those developing in saltmarshes, seasonal forest pools or
trecholes. Toxicity of BS to mosquitoes is due to a single toxin rather than a complex of several
molecules as is the case with BTL.  Development of resistance has been reported in Brazil. Thailand
and France in sites where BS was the sole material applied to control mosquitoes for extended
periods of time.

Solutions to Barriers: Information obtained from larval surveillance on the stage and species[ of
mosquitoes present can increase the effectiveness of this material. Restricting it use to sources
containing susceptible mosquitoes further enhances its effectiveness. Development of resistance
can be delayed by rotating BS with other mosquitocidal agents.

Impact on water quality: BS is a naturally occurring bacterium and is environmentally safe. It
leaves no residues and is quickly biodegraded. At the application rates used in mosquito control
programs, BS is unlikely to have any measurable effect on water quality. There are no established
standards, tolerances or EPA approved tests. Other naturally occurring strains of this bacterium are
commonly found in aquatic habitats.

Formulations and dosages: VECTOLEX CG. VectoLex-CG is the trade name for the granular
formulation of B. sphaericus (strain 2362). The product has a potency of 50 BSITU/mg (Bacillus
sphaericus International Units/mg) and is formulated on a 10/14 mesh ground corn cob carrier. The
VectoLex-CG label carries the “CAUTION” hazard classification. VectoLex-CG is intended for use
in mosquito breading sites that are polluted or highly organic in nature, such as dairy waste lagoons,
sewage lagoons, septic ditches, tires, and storm sewer catch basins. VectoLex-CG is designed to be
applied by ground (by hand or truck-mounted blower) or aerially at rates of 5-10 lb./acre. Best results
are obtained when applications are made to larvae in the 1% to 3™ instars. Use of the highest rate is
recommended for dense larval populations

Saccharopolyspora spinosa (Spinosad)
Product names: Natular XRT, Natular G30

Advantages: Spinosad is a fermentation product of the naturally occurring soil bacterium
Saccharopolyspora spinosa. It has very low vertebrate non-target toxicity and is classified by the EPA
as a reduced risk larvicide, with a category III “Caution” label and is also a recipient of the Presidential
Green Chemistry award. Spinosad has a unique mode of action by causing excitation of the insect
nervous system (activation of the nicotinic acetycholine receptors) which ultimately leads to paralysis
and death. This mode of action makes this pesticide a good option for rotational use in the prevention
of resistance. This product does not persist in the environment and has very low potential for
accumulation in soil or groundwater contamination.

Barriers to Use: Spinosad is affected by exposure to sunlight which can cause it to break down more
rapidly. Its action on the target organism is either by contact or ingestion, and as with other bacterial
larvicides, activity can be reduced in highly organic water. This insecticide is only effective against
larval mosquitoes and will not control pupae.




Solutions to Barriers: Use in water sources that are not high in organic matter. An increased
frequency of surveillance of larvae ensures that bacterial insecticides can be applied during the
appropriate stages of larval development to prevent adult mosquito emergence.

Impact on Water Quality: Spinosad is a fermentation product of a naturally occurring bacterium
and is generally regarded as environmentally safe. It leaves no residues and is quickly
biodegraded. At the application rates used in mosquito control programs, Spinosad is unlikely to
have any measurable effect on water quality.

Formulations and dosages: Natular XRT and Natular G30 are multiple brood extended release tablets.
Both of these formulations carry a “Caution” label requiring only protective eyewear PPE and can be
applied using standard application protocol depending on the source. The dosage rate of extended
release tablets is one tablet per 100 square feet of treatment area.

D. Cultural Practices

Wetland design criteria were developed and endorsed by DPH and the San Francisco Bay
Conservation and Development Commission in 1978 as part of the Suisun Marsh Protection Plan
under California State Assembly Bill 1717. These criteria have been sent to various governmental
agencies and private parties involved in the planning process for projects having the potential of
creating mosquito breeding problems. Guidelines for the following source types are included in the
above marsh protection plan and may be considered cultural control techniques:

* Drainage way construction and maintenance practices
* Dredge material disposal sites

* Trrigated pastures

* Permanent ponds used as waterfowl habitat

* Permanent Water impoundments

* Salt matsh restoration of exterior levee lands

* Sedimentation ponds and retention basins

* Tidal marshes

* Utility construction practices

The NCMAD also provide literature and education programs for homeowners and contractors on
elimination of mosquito developmental sites from residential property. These sources include rain
gutters, artificial containers, ornamental ponds, abandoned swimming pools, tree holes, septic
tanks, and other impounded waters.

Water management consists of techniques to control the timing, quantity and flow rate of water
circulation in managed wetlands to minimize mosquito development. The NCMAD has established
guidelines for water management based on information from University of California Agricultural
Extension Service (UCAES). The District provides these guidelines to property owners to promote
proper irrigation techniques for wetlands to reduce mosquito development. The operation of
structures such as tide gates that control water levels in marshes also minimize mosquito
production.
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E. Vegetation Management

Vegetation management consists of the removal of vegetation within mosquito developmental sites
to promote water circulation, increase access of natural predators such as fish or providle NCMAD
staff access for surveillance and treatment operations. Vegetation management is achieved either
through recommendations to the landowner or by the use of hand tools and other equipment.

Vegetation management, one aspect of physical mosquito control, is an effective long-term control
strategy that is occasionally employed by NCMAD. This methodology utilizes water management,
burning, and physical removal to manage vegetation within mosquito developmental sites. The
presence of vegetation provides harborage for immature and adult mosquitoes by protecting them
from potential predators as well as the effects of wind and wave action, which readily cause
mortality. Vegetation reduction not only enhances the effects of predators and abiotic factors, but
also reduces the need for chemical control. Several factors can limit the utilization of vegetation
management. These include: sensitivity of the habitat, presence of special status species, size of the
site, density and type of vegetation, species of mosquito and weather.

Burning

This technique is used to achieve effective mosquito control where the density of unwanted
vegetation precludes the use of other methodologies. Burning requires a permit, and coordination
with local fire agencies and the Bay Area Air Quality Management District. Factors limiting the
use of this technique include weather, the limited number of approved burn days, and proximity of
human habitation. As a general rule, burning is a last resort and not a primary method.

Physical Removal/Mowing/Trimming

Physical removal of vegetation is used to clear obstructed channels and ditches to promote water
circulation, effectiveness of predators and improve access for mosquito control personnel to enter
mosquito developmental sites. Ditches and channels can be cleared with a variety of tools ranging
from shovels and small pruners to weed whackers and large mechanized equipment. Most removal
activities performed by NCMAD utilize small hand tools. This is the most frequently employed
management technique once all necessary permits have been obtained and it is performed in all
types of habitats. Unfortunately, its effectiveness is temporary and labor intensive, and therefore
requires routine maintenance on an annual or at least biennial basis. Other limiting factors include
cost, the presence of sensitive species or habitats and the limited time period that NCMAD staff are
allowed to perform the activity for many types of mosquito developmental sites.

Chemical control of vegetation

Chemical control of vegetation occurs only in man-made habitats such as terminal water bodies and
access roads. Both pre- and post-emergent herbicides are used, with strict attention given to label
requirements, weather conditions, potential for runoff and drift, and proximity of sensitive
receptors such as special-status species, sensitive habitats, livestock, crops, and people. Routine
intensive surveys are conducted to address these factors.
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Chemical name: Glyphosate
Product names: Roundup, Rodeo, Aquamaster

Advantages: Glyphosate based herbicides are not applied directly to water, but along the levee tops
and margins of wastewater ponds, and access roads as post-emergence herbicides. These are non-
selective, low-residual herbicides used to control weeds and low-growing brush. These materials
come in a variety of formulations, allowing for flexibility of use and application. NCMAD in
recent years has only used the Roundup, Rodeo and Aquamaster formulations (Aquamaster being
the registered replacement for Rodeo). Glyphosate acts in plants by inhibiting amino acid
synthesis. Roundup (41% of the isopropylamine salt of glyphosate with surfactants) and
Aquamaster (53% of the isopropylamine salt of glyphosate without surfactants) are applied from
March through October for spot control of weed growth. Both of these materials are also
occasionally used to control growth of poison oak and blackberry vines that would prevent access
or out-compete native vegetation in sensitive habitats.

Barriers to using: Landowners are notified before glyphosate is applied to any site and applications
are timed with their operations. Furthermore, to prevent large, tall stands of dead vegetative
material, applications must be timed so that weed growth is minimal. Weather conditions,
specifically wind and rainfall, also affect timing and application of glyphosate based products. The
proximity of food crops and sensitive habitats must also be considered.

Solutions to barriers: Intensive surveillance in and around target sites ensures that nontargets are
not affected. Coordination with landowners and appropriate regulatory authorities verifies that
reasonable and acceptable applications occur.

Impact on water quality: In water, glyphosate is strongly adsorbed to suspended organic and
mineral matter and is broken down primarily by microorganisms. Its half life in pond water ranges
from 12 days to 10 weeks (Extoxnet). Therefore, its use is closely monitored to minimize potential
impacts on water quality.

F. Chemical Control of Immature Mosquitoes (larviciding and pupaciding)
Methoprene

Product Names: Altosid briquets, Altosid liquid concentrate, Altosid pellets, A1t051d SBG, Altosid
XR briquets, Altosid XR-G, Altosid WSP

Advantages.

Methoprene is a larvicide that mimics the natural growth regulator used by insects. Methoprene
can be applied as liquid or solid formulation or combined with BTI or BS to form a "duplex"
application. Methoprene is a desirable IPM control strategy since affected larvae remain available
as prey items for predators and the rest of the food chain. This material breaks down quickly in
sunlight and when applied as a liquid formulation is effective for only 3 to 5 days. Methoprene has
been impregnated into inert, charcoal-based carriers such as pellets and briquettes to meter out a
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consistent amount that ranges up to 150 days. The availability of different formulations provides
options for treatment under a wide range of environmental conditions. Studies on nontarget
organisms have found methoprene to be nontoxic to vertebrates and most invertebrates when
exposed to the label concentrations used by mosquito control.

Barriers to Use: Methoprene products must be applied to larval stage mosquitoes since it is not
effective against the other life stages. Monitoring for effectiveness is difficult since mortality is
delayed. Methoprene is more expensive than most other mosquitocidal agents. Methoprene use is
avoided in vernal pools. There may be toxicity to certain nontarget crustacean and insect species
(Glare and O'Callaghan, 1999).

Solutions to Barriers: Surveillance and monitoring can provide information on mosquito larval
stage present, timing for applications and efficacy of the treatments.

Impact on Water Quality: Methoprene does not have a significant impact on water quality. It is
rapidly degraded in the environment and is not known to have persistent or toxic breakdown
products. It is applied and has been shown to be effective against mosquitoes at levels far below
those that can be detected by any currently available test. Methoprene has been approved by the
World Health Organization for use in drinking water containers.

Formulations and dosages: s-Methoprene is a very short-lived material in nature, with a half-life of
about two days in water, two days in plants, and ten days in soil (Wright 1976, Glare & O’Callaghan
1999). The manufacturer has developed a number of formulations to maintain an effective level of the
active material in the mosquito habitat (0.5-3.0 parts per billion = ppb'; (Scientific Peer Review Panel
1996) for a practical duration, thus minimizing the cost and potential impacts associated with high-
frequency repeat applications. Currently, eight s-methoprene formulations are. sold under the trade
name of Altosid. These include Altosid Liquid Larvicide (A.L.L.) and Altosid Liquid Larvicide
Concentrate, Altosid Briquets, Altosid XR Briquets, Altosid Pellets, Altosid XRG, Altosid WSP, and
Altosid SBG (the last three formulations are currently not used by NCMAD). Altosid labels contain
the signal word “CAUTION”.

"ALTOSID LIQUID LARVICIDE (A.LL) & ALL. CONCENTRATE. ' These two

microencapsulated liquid formulations have identical components and only differ in their
concentrations of active ingredients (AI). A.L.L. contains 5% (wt./wt.) s-Methoprene while A.L.L.
Concentrate contains 20% (wt./wt.) s-Methoprene. The balance consists of inert ingredients that
encapsulate the s-Methoprene, causing its slow release and retarding its ultraviolet light degradation.
Maximum labeled use rates are 4 ounces of A.LL. and 1 ounce of A.L.L. Concentrate (both
equivalent to 0.0125 Ib. AI) per acre, mixed in water as a carrier and dispensed by spraying with
conventional ground and aerial equipment. In sites which average a foot deep, these application rates
are equivalent to a maximum active ingredient concentrations of 4.8 ppb, although the actual
concentration is substantially lower because the encapsulation does not allow instantaneous dissolution
of all of the active ingredient into the water.

"Note that this concentration is measured in parts per billion, and is equivalent to 0.0005 to 0.003 ppm
(parts per million) when comparing application rates and toxicity studies. ,




Because the specific gravity of Altosid Liquid is about that of water, it tends to stay near the target
surface. Therefore, no adjustment to the application rate is necessary in varying water depths when
treating species that breathe air at the surface. Cold, cloudy weather and cool water slow the release
and degradation of the active ingredient as well as the development of the mosquito larvae.

ALTOSID BRIQUETS. Altosid Briquets consist of 4.125% s-methoprene (.000458 1b. Al/briquet),
4.125% (wt./wt.) r-methoprene (an inactive isomer), and plaster (calcium sulfate) and charcoal to
retard ultra violet light degradation. Altosid Briquets release methoprene for about 30 days under
normal weather conditions and, as noted earlier, this means that the concentration of Al in the
environment at any time is much lower than the value calculated from the weight of material applied.
The recommended application rate is 1 Briquet per 100 sq. ft. in non-flowing or low-flowing water
up to 2 feet deep.  Small sites with any mosquito genera may be treated with this formulation.
Typical treatment sites include storm drains, catch basins, roadside ditches, ornamental ponds and
fountains, cesspools and septic tanks, waste treatment and settlement ponds, transformer vaults,
abandoned swimming pools, and construction and other man-made depressions. -

ALTOSID XR BRIQUETS. This formulation consists of 2.1% (wt./wt.) s-methoprene (.00145 Ib.
Al/briquet) embedded in hard dental plaster (calcium sulfate) and charcoal. Despite containing only 3
times the AI as the “30-day briquet”, the comparatively harder plaster and larger size of the XR
Briquet change the erosion rate allowing sustained s-methoprene release for up to 150 days in normal
weather. The recommended application rate is 1 to 2 briquets per 200 sq. ft. in no-flow or low-flow
water conditions, depending on the target species. Many applications are similar to those with the
smaller briquets, although the longer duration of material release can also make this formulation
economical in small cattail swamps and marshes, water hyacinth beds, meadows, freshwater swamps
and marshes, woodland pools, flood plains and dredge spoil sites.

ALTOSID PELLETS. Altosid Pellets contain 4.25% (wt./wt.) s-methoprene (0.04 1b. Al/lb.), dental
plaster (calcium sulfate), and charcoal in a small, hard pellet. Like the Briquets discussed above,
Altosid Pellets are designed to slowly release s-methoprene as they erode. Under normal weather
conditions, control can be achieved for up to 30 days of constant submersion or much longer in
episodically flooded sites (Kramer 1991). Label application rates range from 2.5 Ibs. to 10.0 lbs. per
acre (0.1 to 0.4 Ib. Al/acre), depending on the target species and/or habitat. At maximum label
application rates, as with the Briquets, the slow release of material means that the actual concentration
of active ingredient in the water never exceeds a few parts per billion.

The target species are the same as those listed for the briquet and liquid formulations. Listed target
sites include pastures, meadows, rice fields, freshwater swamps and marshes, salt and tidal marshes,
woodland pools, flood plains, tires and other artificial water holding containers, dredge spoil sites,
waste treatment ponds, ditches, and other man-made depressions, ornamental pond and fountains,
flooded crypts, transformer vaults, abandoned swimming pools, construction and other man-made
depressions, tree holes, storm drains, catch basins, and waste water treatment settling ponds.

ALTOSID XR-G. Altosid XR-G contains 1.5% (wt./wt.) s-methoprene. Granules are designed to
slowly release s-methoprene as they erode. Under normal weather conditions, control can be achieved
for up to 21 days. Label application rates range from 5 Ibs. to 20.0 lbs. per acre, depending on the
target species and/or habitat. The species are the same as listed for the briquet formulations. Listed
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target sites include meadows, rice fields, freshwater swamps and marshes, salt and tidal marshes,
woodland pools, tires and other artificial water holding containers, dredge spo11 sites, waste treatment
ponds, ditches, and other natural and man-made depressions.

Surfactants
Product Names: Golden Bear 1111, Agnique MMF, BVA2 \

Surfactants are "surface-acting agents" that are either petroleum or isostearyl alcohol-based
materials that form a thin layer on the water surface. These materials typically kill surface-
breathing insects by mechanically blocking the respiratory mechanism.

Advantages: These materials are the only materials efficacious for reducing mosquito pupae since
other larviciding strategies (i.e., methoprene, BTI and BS) are ineffective to that life stage.
Agnique forms an invisible monomolecular film that is visually undetectable. Treatments are
simplified due to the spreading action of the surfactant across the water surface and into
inaccessible areas. These surfactants are considered "practically nontoxic" by the EPA. Agnique is
labeled "safe for use" in drinking water. '

Barriers to Using: The drawback of using oils in habitats where natural enemies are established is
that surface-breathing insects, particularly mosquito predators, are similarly affected. GB1111
forms a visible film on the water surface.

Solutions to Barriers: As a general rule, surfactant use is considered after alternate control
strategies have been ruled out or in habitats that are not supporting a rich macro-invertebrate
community.

Formulations and dosages:

MOSQUITO LARVICIDE GB-1111 (GOLDEN BEAR 1111). This product, generally referred to
as Golden Bear 1111 or simply GB-1111, is a highly-refined petroleum based “napthenic oil” with
very low phytotoxicity and no detectible residual products within days after application. Volatility
is very low (“non-volatile” according to the MSDS), and environmental breakdown presumably
results primarily from natural microbial degradation into simple organic compounds. The label for
GB-1111 contains the signal word “CAUTION”. GB-1111 contains 99% (wt./wt.) oil and 1%
(wt./wt.) inert ingredients including an emulsifier. The nominal dosage rate is 3 gallons per acre or
less. Under special circumstances, such as when treating areas with high organic content, up to 5
gallons per acre may be used. -

GB-1111 provides effective control on a wide range of mosquito species. Low dosages (1 gallon per
acre) of oil work slowly, especially in cold water, and can take 4 to 7 days to give a complete Kill.
Higher dosage rates are sometimes used (up to 5 gallons per acre) to lower the kill time. It is typically
applied by hand, ATV, or truck. Aerial application is possible for large areas, but is not routine.

AGNIQUE: Agnique is the trade name for a recently reissued surface film larvicide, domprised of

ethoxylated alcohol. According to the label, Agnique has very low vertebrate toxicity; an average
persistence in the environment of 5-14 days at label application rates; and no toxic breakdown
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products, skin irritation, carcinogenicity, mutagenicity, or teratogenicity has been reported.
Because of its similar mode of action and effectiveness against pupae, Agnique can be used as an
alternative to Golden Bear 1111, especially in sites where the moderate temporary sheen associated

- with GB-1111 might be objectionable. Because the application rate of Agnique is much lower than

that of Golden Bear, this potential shift would not include an increase in volume of materials
applied. ‘

BVA 2: This is a relatively new larviciding product that contains 97% petroleum distillate
formulated from a structurally modified mineral oil and 3% inert ingredient. It is designed to work
quickly and effectively against a wide range of mosquito species controlling both larvae and pupae.
The manufacturers recommended dosage is 3-5 gallons of product per acre, depending on the
presence and density of vegetation. Lower dosage rates can be used in sources with little or no
vegetation but higher rates may be required in sources where vegetation is dense. This product can
be applied using backpack or truck mounted sprayers. BVA 2 has been shown to be as effective as
Golden Bear 1111 at controlling immature mosquitoes and so is an effective alternative. BVA 2
carries an EPA CAUTION label and has a residual period lasting 1 to 3 days.

G. Chemical Control of Adult Mosquitoes (Adulticiding)

Adult mosquito control is the least preferred method utilized by the District to manage mosquito
populations and potential mosquito-borne disease. This last resort methodology is employed when
physical, biological and chemical control of immature mosquitoes fails or is otherwise insufficient or a
public health emergency has been declared by County or State public health officials.

District staff use hand held or truck mounted ULV (Ultra Low Volume) sprayers to generate aerosol
mists of microscopic insecticide droplets (8 - 15 microns in size), which are allowed to drift into and
across areas harboring the target species. Insecticides for control of adult mosquitoes are known as
adulticides, and the District can select from a wide range of materials registered for this purpose. The
adulticide routinely used by the District is Pyrethrum (Pyrethrins). When Pyrethrum is not available
the District may use the synthetic pyrethroids Permethrin and Resmethrin.

The effectiveness and efficiency of adulticiding depends on a number of related factors. First, the
mosquito species to be treated must be susceptible to the insecticide applied. Thus their tolerance or
resistance affects the selection of chemical. Second, insecticide applications must be made during
periods of adult mosquito activity, which varies between species. Some mosquito species are diurnal
(biting in the daytime), others are crepuscular (biting at dawn or dusk), and still others are nocturnal
(biting at night). Aerosol applications should be made when the target mosquitoes are active and can
be maximally exposed to the aerosol mist. District criteria emphasize adulticiding as a technique to
reduce populations of the Western Treehole Mosquito, Aedes sierrensis, (the primary vector of Dog
Heartworm) due to the sheer number of treeholes and the concomitant access and worker safety issues
associated with the oak woodland and riparian habitats utilized by this mosquito. The large number of
residences that exist within Napa County's oak woodlands and along its riparian corridors makes this
mosquito a species of concern to its residents and therefore the District. Since this mosquito is
primarily a crepuscular species, adulticiding activity primarily takes place at dawn and dusk and is
limited to two treatments per site each year between the months of April and August.
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Additionally, technical considerations can influence adulticide effectiveness. First, the application
must generate a pesticide concentration in the air that is lethal to the target insect. Second, since the
aerosol mist must move from the sprayer to the target mosquitoes; the size of the pesticide droplets is
critical to ensure proper movement without rapid evaporation, settling to the ground, or drift away
from the target site. Third, sufficient insecticide must be distributed to cover the target site with an
effective dose. Densely vegetated habitats may require a higher application rate than open areas to
allow the wind to sufficiently carry the droplets through the foliage.

Finally, environmental conditions may also affect the results of adulticiding. Wind determines how
the ULV droplets will be moved from the sprayer to and within the treatment area. Conditions of no
wind will result in the material not moving from the application point. High wind can inhibit mosquito
activity and will quickly disperse the insecticide too widely to be effective. Light wind conditions (1-6
mph) are the most desirable both because mosquitoes are most likely to be active and because the
aerosol is most likely to maintain the proper concentration as it moves through the target area. Also,
ULYV applications are generally avoided during hot daylight hours because thermal conditions will
cause small droplets to rise, moving them away from mosquito habitats and flight zones. Preferred
conditions include the presence of a thermal inversion near the ground, which can trap the aerosol in a
mist in the lower ten or twenty feet of the atmosphere, maintaining the proper control dose with
minimal material use. Ideal conditions of wind and temperature are generally found around sunrise or
sunset, and adulticiding is usually conducted during these times. This practice minimizes exposure of
non-target diurnal species such as bees and butterflies. Control of adults of some mosquito species
may require modifications of this schedule to accommodate the species flight activity pattern (e.g.
Summer Salt Marsh Mosquitoes, Aedes dorsalis). .

Pyrethrin
Product Names: Pyrenone 25-5, MGK Pyrocide, Pyronyl Oil Concentrate 525

Advantages: Pyrethrin (Pyrethrum) is a natural insecticide extracted from certain varieties of the
flower Chrysanthemum cinerariaefolium and consists of six active ingredients collectively known as
pyrethrins. This insecticide provides effective control of adult mosquitoes and other insect pests at
very low dosage and has little residual activity (persistence) due to its sensitivity to sunlight. Pyrethrin
is readily oxidized in sunlight and rapidly hydrolyzed by alkali. The lack of persistence allows some
formulations of this insecticide to be safely used in and near crops as well as livestock. Napa County
is largely agricultural with vast expanses of vineyards, a few small orchards, some organic farms and
limited livestock. The lack of persistence also allows for rapid re-colonization of the treated area by
non-target organisms without adverse impacts.

Barriers to Use: Pyrethrins are a broad spectrum insecticide that is highly toxic to most insects,
especially bees, and moderately toxic to fish and some birds. Pyrethrins must be applied to adult
mosquitoes under ideal environmental conditions that maximize its effectiveness for controlling
mosquitoes and minimize the amount of insecticide used. Temperature, wind speed, humidity, amount
of vegetative cover and the timing of the application during adult mosquito activity are key factors
when utilizing this insecticide. Proper droplet size and amount of material applied to the target area is
also important. There may also be members of the public that are chemically sensitive or concerned
about any form of adulticiding in their areas. ’
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Solutions to Barriers: Surveillance and monitoring can provide information on maximal adult
mosquito activity thus limiting the number of applications, the size of the target area required for
effective control, total pesticide load and exposure of non-target organisms. The District's current
policy is a maximum of two treatments in any one area per season for the Western Treehole Mosquito
(Aedes sierrensis). Adult mosquito control for the other species of mosquitoes present in Napa County
is limited to an unusually high adult emergence posing a clear threat to the health and comfort to a
large portion of a nearby population center or the declaration of a public health emergency by the
County's public health officer or State public health officials. Assessing vegetative cover and enlisting
the aid of the property owner in reducing the density of vegetation helps reduce the amount of
pyrethrins required for effective mosquito control. Proper advance notification and education of
citizens prior to implementation of adulticiding in their areas minimizes risks to chemically sensitive
individuals and addresses the issues of those individuals concerned about adult mosquito control
activities. The District does not perform adult mosquito control on private properties unless requested
by the owner. However, education of the property owner on water management to minimize
mosquitoes and District initiated larval mosquito control activities when possible does still occur. The
District also regularly calibrates its application equipment to verify droplet size and that the application
rate does not exceed 0.87 ounces per acre. District policies also include restrictions concerning
applications occurring during less than optimal conditions. Applications can only occur when wind
speeds are less than 6 mph, there is an adequate temperature inversion or ambient temperatures are less
than 72 degrees Fahrenheit, and no fog or potential precipitation occurring either during or within 24
hours of the treatment. Additionally, most applications occur between the hours of 2 AM and 7 AM
for treatments of crepuscular mosquitoes, therefore impacts to bees and other diurnal insects such as
butterflies is significantly minimized. Treatments for diurnal mosquitoes (e.g. the Summer Salt Marsh
Mosquito, Aedes dorsalis, are exceedingly rare, having occurred twice in the last 14 years. The
District makes every effort to minimize having to perform adult mosquito control after 7 AM. All
personnel who apply pesticides also receive retraining at least four times per year. This retraining
includes reviews of all aspects of the pesticides the applicator will be handling and proper use and
calibration of the equipment. Additionally, applicators must also undergo a minimum of 20 hours of
formal continuing education each year to maintain their State certification.

Impact on Water Quality: In some instances there is a risk of pyrethrin and its synergist piperonyl
butoxide (PBO) being deposited onto the surface of nearby water bodies following a treatment.
Adequately translating field application rates into a toxicological risk assessment for water bodies and
non-target organisms in natural settings poses some challenges. The District applies a maximum of
0.87 ounces of 5% pyrethrin and 25% PBO per acre for adult mosquito control operations. This
translates to 0.0435 ounces of the active ingredient pyrethrin and 0.2175 ounces of PBO per acre. The
potential amounts of these materials deposited onto the receiving waters of California is affected by
the density of vegetative cover, average droplet size and deposition rate of the pesticide during
application, rate of drift of the pesticide, temperature at time of application, volume and surface area of
the water body affected, and population density of the target organisms. Coupled with the fact that
there may potentially be a significant background level already present due to the widespread use of
this pesticide by private citizens and commercial businesses makes accurately assessing the specific
impacts of the District's use of this pesticide for mosquito control problematic.
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Permethrin

Product Names: Permanone )

Advantages: Permethrin is a second-generation synthetic pyrethroid with a broad spectrum of activity
against all mosquito species. Permethrin is also effective against a wide range of animal ectoparasites
and provides good residual control in stables, livestock areas and animal housing. It exhibits fast
action, low volatility, good photostability, low solubility in water and low mammalian toxicity. Its
photostability means that permethrin provides some residual activity when applied directly to surfaces.
Permethrin has a reported half life in sunlight of 4.6 days. It is also strongly absorbed to soil with a
reported half life of 43days.

Barriers to Use: Permethrin's photostability and residual activity when applied to surfaces could
become problematic if levels of the insecticide deposited on surfaces from repeated mosquito control
activities reaches a threshold toxic to non-target organisms (e.g. bees and butterflies visiting flowers).
Permethrin also has a limited label for crops which precludes its use in many agricultural areas. This
insecticide is also highly toxic to fish and aquatic invertebrates. Permethrin must be applied to adult
mosquitoes under ideal environmental conditions that maximize its effectiveness for controlling
mosquitoes and minimize the amount of insecticide used. Temperature, wind speed, humidity, amount
of vegetative cover and the timing of the application during adult mosquito activity are key factors
when utilizing this insecticide. Proper droplet size and amount of material applied to the target area is
also important. There may also be members of the public that are chemically sensitive or concerned
about any form of adulticiding in their areas. »

Solutions to Barriers: Permethrin is rarely utilized (five times in the last 14 years) by the District due
to its restriction in and around crop areas and its high toxicity to aquatic organisms. This insecticide is
a last resort material utilized in those areas that strictly meet this insecticides label requirements.
Additionally, the limited use of permethrin helps reduce the risk of permethrin accumulation on plants
surfaces that could affect visiting non-target invertebrates (e.g. bees). Surveillance and monitoring can

- provide information on maximal adult mosquito activity thus limiting the number of applications, the

size of the target area required for effective control, total pesticide load and exposure of non-target
organisms. The District's current policy is a maximum of two treatments in any one area per season
for the Western Treehole Mosquito (dedes sierrensis). Adult mosquito control for the other species of
mosquitoes present in Napa County is limited to an unusually high adult emergence posing a clear
threat to the health and comfort to a large portion of a nearby population center or the declaration of a
public health emergency by the County's public health officer or State public health officials.
Assessing vegetative cover and enlisting the aid of the property owner in reducing the density of
vegetation helps reduce the amount of permethrln required for effective mosquito control. Proper
advance notification and education of citizens prior to implementation of adulticiding in their areas
minimizes risks to chemically sensitive individuals and addresses the issues of those individuals
concerned about adult mosquito control activities. The District does not perform adult mosquito
control on private properties unless requested by the owner. However, education of the property
owner on water management to minimize mosquitoes and District initiated larval mosquito control
activities when possible does still occur. The District also regularly calibrates its application
equipment to verify droplet size and that the application rate does not exceed 0.87 ounces per acre.
District policies also include restrictions concerning applications occurring during less than optimal
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conditions. Applications can only occur when wind speeds are less than 6 mph, there is an adequate
temperature inversion or ambient temperatures are less than 72 degrees Fahrenheit, and no fog or
potential precipitation occurring either during or within 24 hours of the treatment. Additionally, most
applications occur between the hours of 2 AM and 7 AM for treatments of crepuscular mosquitoes,
therefore impacts to bees and other diurnal insects such as butterflies is significantly minimized.
Treatments for diurnal mosquitoes have not occurred with this material. All personnel who apply
pesticides also receive retraining at least four times per year. This retraining includes reviews of all
aspects of the pesticides the applicator will be handling and proper use and calibration of the
equipment. Additionally, applicators must also undergo a minimum of 20 hours of formal continuing
education each year to maintain their State certification.

Impact on Water Quality: The possibility of permethrin and its synergist piperonyl butoxide (PBO)
being deposited onto the surface of nearby water bodies following a treatment is minimal. ,
Nevertheless, adequately translating field application rates into a toxicological risk assessment for
water bodies and non-target organisms in natural settings should still be considered even though it
poses some challenges. The District applies a maximum of 0.87 ounces of 3.98% permethrin and
8.48% PBO per acre for adult mosquito control operations. This translates to 0.0346 ounces of the
active ingredient permethrin and 0.0738 ounces of PBO per acre. The potential amounts of these
materials deposited onto the receiving waters of California is affected by the density of vegetative
cover, average droplet size and deposition rate of the pesticide during application, rate of drift of the
pesticide, temperature at time of application, volume and surface area of the water body affected, and
population density of the target organisms. Coupled with the fact that there may potentially be a
significant background level already present due to the widespread use of this pesticide by local
citizens makes accurately assessing the specific impacts of the District's use of this pesticide for
mosquito control problematic.

Resmethrin
Product Names: Scourge

Advantages: Resmethrin is a first generation synthetic pyrethroid that provides rapid knockdown and
quick kill of all species of adult mosquitoes. This insecticide is also effective against many other
flying insects although it is slower acting than natural pyrethrins. Resmethrin exhibits very low
mammalian toxicity, is considered slightly toxic to humans and is rated USEPA toxicity class III (1 =
most toxic, IV = least toxic). This insecticide degrades very rapidly in sunlight (reported half life of 15
minutes) and provides little or no residual activity.

Barriers to Use: Resmethrin is highly toxic to fish and aquatic invertebrates. Resmethrin must be
applied to adult mosquitoes under ideal environmental conditions that maximize its effectiveness for
controlling mosquitoes and minimize the amount of insecticide used. Temperature, wind speed,
humidity, amount of vegetative cover and the timing of the application during adult mosquito activity
are key factors when utilizing this insecticide. Proper droplet size and amount of material applied to

 the target area is also important. There may also be members of the public that are chemically
sensitive or concerned about any form of adulticiding in their areas. Resmethrin's label restricts its use
in and around crop areas.
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Solutions to Barriers: Resmethrin has not been used by the District in more than 20 years due to its
restriction in and around crop areas and its high toxicity to aquatic organisms. This insecticide is a last
resort material utilized in those areas that strictly meet this insecticides label requirements. This
insecticide's rapid degrada‘uon in sunlight makes it a reasonable alternative to the use of permethrin as
it does not persist in the environment like permethrin. Surveillance and monitoring can provide
information on maximal adult mosquito activity thus limiting the number of applications, the size of
the target area required for effective control, total pesticide load and exposure of non-target organisms.
The District's current policy is a maximum of two treatments in any one area per season for the
Western Treehole Mosquito (4edes sierrensis). Adult mosquito control for the other species of
mosquitoes present in Napa County is limited to an unusually high adult emergence posing a clear
threat to the health and comfort to a large portion of a nearby population center or the declaration of a
public health emergency by the County's public health officer or State public health officials.
Assessing vegetative cover and enlisting the aid of the property owner in reducing the density of
vegetation helps reduce the amount of resmethrin required for effective mosquito control. Proper
advance notification and education of citizens prior to implementation of adulticiding in their areas
minimizes risks to chemically sensitive individuals and addresses the issues of those individuals
concerned about adult mosquito control activities. The District does not perform adult mosquito
control on private properties unless requested by the owner. However, education of the property
owner on water management to minimize mosquitoes and District initiated larval mosquito control
activities when possible does still occur. The District also regularly calibrates its application
equipment to verify droplet size and that the application rate does not exceed 0.70 ounces per acre.
District policies also include restrictions concerning applications occurring during less than optimal
conditions. Applications can only occur when wind speeds are less than 6 mph, there is an adequate
temperature inversion or ambient temperatures are less than 72 degrees Fahrenheit, and no fog or
potential precipitation occurring either during or within 24 hours of the treatment. Additionally, most
applications occur between the hours of 2 AM and 7 AM for treatments of crepuscular mosquitoes,
therefore impacts to bees and other diurnal insects such as bees and butterflies is significantly
minimized. Treatments for diurnal mosquitoes with this material has not occurred with this insecticide
in more than 20 years. The District makes every effort to minimize having to perform adult mosquito
control after 7 AM. All personnel who apply pesticides also receive retraining at least four times per
year. This retraining includes reviews of all aspects of the pesticides the applicator will be handling
and proper use and calibration of the equipment. Additionally, applicators must also undergo a
minimum of 20 hours of formal continuing education each year to maintain their State certification.

Impact on Water Quality: The possibility of Resmethrin -and its synergist piperonyl butoxide (PBO)
being deposited onto the surface of nearby water bodies following a treatment is minimal.
Nevertheless, adequately translating field application rates into a toxicological risk assessment for
water bodies and non-target organisms in natural settings should still be considered even though it
poses some challenges. The District applies a maximum of 0.70 ounces of 18% Resmethrin and 54%
PBO per acre for adult mosquito control operations. This translates to 0.126 ounces of the active -
ingredient Resmethrin and 0.378 ounces of PBO per acre. The potential amounts of these materials
deposited on the receiving waters of California is affected by the density of vegetative cover, average
droplet size and deposition rate of the pesticide during application, rate of drift of the pesticide,
temperature at time of application, volume and surface area of the water body affected, and population
density of the target organisms. Coupled with the fact that this insecticide can be used by licensed pest
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control professionals (other than mosquito control personnel) makes accurately assessing the specific
impacts of the District's use of this pesticide for mosquito control problematic.

PROTECTION OF ENDANGERED AND THREATENED SPECIES

Napa County has a diverse environment that encompasses many habitat types such as tidal
marshes, vernal pools and riparian areas, some of which may be habitat to species of special
concern. It has long been the goal of the District to avoid negative impact on sensitive species. In
order to insure that the Districts mosquito control activities do not adversely impact sensitive
species, NCMAD maintains a list of endangered and threatened species that occur within the
County. NCMAD staff keep informed as to which activities may negatively impact endangered or
threatened species and conducts mosquito control efforts in such a way as to minimize impact not
only on species of special concern but on any non-target organism which may occur in or around a
mosquito breeding source. The District also works in cooperation with state and federal agencies to
insure that the Districts mosquito control activities do not impact sensitive species which may occur
within state or federal wildlife habit. The following table is a listing of those special status
organisms known to occur within Napa County.

Special Status Plants and Animals of Napa County

Common Name Scientific Name Status
" Plants .
Suisun Marsh Aster Symphyotrichum lentum SR
Clara Hunt’s Milk Vetch Astragalus clarianus FE, ST
| San Joaquin Salt Bush Atriplex joaquiniana SR .

Mt. St. Helena Morning Glory Calystegia collina oxyphylla SR
Tiburon Indian Paintbrush Castilleja affinis neglecta FE, ST
Rincon Ridge Ceanothus - Ceanothus confuses FSC
Calistoga Ceanothus Ceanothus divergens FSC
Sonoma Ceanothus Ceanothus sonomensis SR
Soft Bird’s Beak Cordylanthus mollis mollis FE, SR
Adobe Lily Fritillaria pluriflora FSC
Two carpellate Western Flax Hesperolinon bicarpellatum SR .
Brewer’s Western Dwarf Flax Hesperolinon breweri FSC
Drymaria-Like Western Dwarf flax Hesperolinon drymarioides FSC
Northern California Black Walnut Juglans hindsii SR
Contra Costa Goldfields Lasthenia conjugans FE
Delta Tule Pea Lathyrus jepsonii jepsonii SR
Legenere Legenere limosa FSC
Mason’t lilacopsis Lilaeopsis masonii FSC, SR
Sebastopol Meadowfoam Limnanthes vinculans FE, SE
Hall’s Madia Harmonia hallii SR
Few Flowered Navarretia Navarretia leucocephala pauciflora FE, ST
Calistoga Popcorn Flower Plagiobothrys strictus FE, ST
Napa Blue Grass Poa napensis FE, SE
Marin Knotweed Polygonium marinense FSC
Marin Checkerbloom Sidalcea hickmanii viridis SR
Socrates Mine Jewel-Flower Streptanthus brachiatus brachiatus FSC
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Showy Indian Clover Trifolium amoenum FE
Invertebrates

California Freshwater Shrimp Syncaris pacifica _ FE, SE
Valley Elderberry Longhorn Beetle Desmocerus californicus dimorphus FT
Vertebrates

California Red-Legged Frog Rana aurora draytonii FT
Foothill Yellow-Legged Frog Rana boylii FSC
Northwestern Pond Turtle Emys marmorata marmorata FSC
Tricolored Blackbird Agelaius tricolor FSC
Burrowing Owl Athene (=Speotyto) canicularia FSC
Western Snowy Plover Charadrius alexandrines nivosus FT
Saltmarsh Common Yellowthroat Gleothypis trichas FSC
Bald Eagle Haliaeetus leucocephalus FSC, SE
California Black Rail Laterallus jamaicensis coturniculus FSC, ST
California Clapper Rail Rallus longirostris obsoletus FE, SE
Northern Spotted Owl Strix occidentalis cauring FT
Townsend’s Western Big-Eared Bat Plecotus townsendii FSC
Salt Marsh Harvest Mouse Reithrodontomys raviventris raviventris FE, SE
Suisun Shrew Sorex ornatus sinuosus SR

FE = Federally Endangered
SE = State Endangered

FT = Federally Threatened ¥SC =Federal Species of Concern
ST = State Threatened SR = State Rare

TRAINING AND CERTIFICATION

All NCMAD applicators must be certified to apply public health pesticides. The CDPH Vector-
Borne Disease Section administers certification training and testing. All mosquito control
personnel applying pesticides or overseeing the application of pesticides must obtain and maintain
a Vector Control Technician certificate. The Mosquito and Vector Control Association of
California provides training materials and exams that are conducted by the CDPH. All certificate
holders must maintain continuing education credit in at least two and as many as four
subcategories. Category A (Laws and Regulations) and category B (Mosquito Biology) is
mandatory for all certificate holders and requires 12 and 8 continuing education units (CEU)
respectively, in a two year period. Category C (Terrestrial Invertebrate Control) and Category D
(Vertebrate Vector Control) are optional and both require 8 hours of CEU per two-year cycle.

The District also conducts a number of in-house educational and safety programs to increase the
expertise of the operational staff. Ultimate decisions regarding the need for and application of
pesticides rest on the field staff based on information acquired from surveillance data. Decisions to
apply a particular product are made in accordance to California Environmental Quality Act
(CEQA) documentation including threshold levels and other information regarding habitat type,
distance from populated areas, and water quality data. Training opportunities to accumulate CEU
credits are made available by the MVCAC regional committees that develop training programs
fine-tuned to the local ecology and unique problems of the region. Training programs are
submitted to the MVCAC state training coordinator for approval and then to the California
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Department of Health Services for final approval. Thirty-six hours of CEU credits are offered each
two-year cycle.

OVERSIGHT

The NCMAD operates under the California Health and Safety Code and the California Government
Code (reference Division 1, Administration of Public Health, Chapter 2, Powers and Duties; also
Part 2, Local Administration, Chapter 8, State Aid for Local Health Administration; Division 3,
Pest Abatement, Chapter 5, Mosquito Abatement Districts or Vector Control Districts, Sections
2200 - 2910). In addition, the District is signatory to the California Department of Health Services
Cooperative Agreement (Pursuant to Section 116180, Health and Safety Code) and is required to
comply with the following:

1. Calibrate all application equipment using acceptable techniques before using; maintain

" calibration records for review by the County Agricultural Commissioner (CAC).

2. Maintain for at least two years, pesticide use data for review by the CAC including a record of
each pesticide application showing the target vector, the specific location treated, the size of the
source, the formulations and amount of pesticides used, the method and equipment used, the type of
habitat treated, the date of the application, and the name of the applicator.

3. Submit to the CAC each month a Pesticide Use Report on Department of Pesticide Regulation
form PR-ENF-060. The report shall include the manufacturer and product name, the EPA
registration number from the label, the amount of pesticide used, the number of applications of
each pesticide, and the total number of applications, per county, per month.

4. Report to the CAC and the CDPH, in a manner specified any conspicuous or suspected adverse
effects upon humans, domestic animals and other non-target organisms, or property from pesticide
applications.

5. Require appropriate certification of its employees by CDPH in order to verify their competence
in using pesticides to control pest and vector organisms, and to maintain continuing education unit
information for those employees participating in continuing education.

6. Be inspected by the CAC on a regular basis to ensure that local activities are in compliance W1th
state laws and regulations relatmg to pesticide use.

Other agencies such as local fire departments, California Department of Fish and Game, U.S. Fish
and Wildlife Service, U.S. Army Corps of Engineers, Bay Conservation and Development
Commission, San Francisco Regional Water Quality Control Board, and others have jurisdiction
and -oversight over the District's activities. NCMAD works closely with these agencies to comply
with their requirements.
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PUBLIC EDUCATION

An integral part of the NCMAD BMP is to provide information to the public to assist them in
resolving their pest problems and concerns. Specialized staff at the District provide public outreach
in the form of presentations to schools, utility districts, homeowner associations, county fairs, home
and garden shows, as well as through the media such as newspaper and radio. Information is
provided on biological, physical and cultural control methods (i.e., BMPs) that property owner and
managers can use to preclude or reduce mosquitoes and other disease and nuisance pests within
their jurisdictions.

CLIMATE AND SEASONALITY

The NCMAD is located in the San Francisco Bay Area which has a mild, Mediterranean climate,
with the preponderance of rain deposited during winter months (November through May). The
climate and seasonal patterns of rainfall in this area influence the distribution of mosquitoes and
hence the timing and location of pesticide applications. The mild climate of this area allows
mosquitoes to develop throughout the year. However, the mosquito species and type of source
targeted varies seasonally. For example, creeks and waterways that have substantial flow during
winter months are only treated in summer after the water has receded into scattered, isolated pools.
Similarly, mosquitoes are generally flushed out of storm drains during winter months. These
sources are typically treated only during the summer. In contrast, seasonal wetlands such as
saltmarshes, require treatment from fall through spring. In summer months the rainwater deposited
in low areas evaporates and mosquitoes are no longer able to survive.

EVALUATION OF LESS-TOXIC CONTROL METHODS

Pesticide use by NCMAD is only one aspect of the Districts Integrated Pest Management (IPM)
strategy. This strategy includes the use of physical and biological control techniques whenever
possible and is based on a program of continuous monitoring of both adult and immature mosquito
populations. Nonchemical control methods, barriers to their use, and solutions to those barriers are
briefly summarized below:

Physical éontrol

Cost: High, requires specialized equipment and expertise, may be labor intensive.

Barriers: High cost; lack of specialized equipment; problems with disturbing habitats of endangered
species; wetlands are sensitive habitats and highly regulated; requires extensive and lengthy permit
process.

Solutions to barriers: Encourage landowners to do this work; work with agencies who have
personnel with expertise in wetlands restoration; work with restoration agencies.

Relative usefulness of this technique: Used whenever possible; first choice because it is a long-term
solution that reduces the pesticide load in the environment. If physical control is not feasible, or while
working toward a physical control solution, NCMAD will use biological or chemical control
techniques.
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Water management

Cost: Cost of equipment and engineering can be very high initially; may be labor 1ntens1ve
requiring someone on hand at all times to monitor water levels and operate gates.

Barriers: Most land NCMAD treats is not under the District's control and it is sometimes difficult to
get landowners to cooperate; the District does not always have adequate staff or budget to install and
operate floodgates; there can be conflicts with other uses of wetlands such as waterfowl conservation,
recreation (hunting).

Solutions to barriers: Work with land owners as much as possible to encourage good water
management; treat only when necessary.

Relative usefulness of this technique: Used whenever possible; first choice because it is an excellent
non-pesticide solution. When water management fails NCMAD uses biological or chemical control.

Biological control

Mosquito fish

Cost: low

Barriers: Release of non native fish into mosquito breeding sources is controversial and under certain
circumstances prohibited; may compete with native fish; requires facilities and personnel to rear and
maintain fish.

Solutions to barriers: Use only in appropnate sources; have to get fish from other districts and can
only keep a small supply on hand.

Relative usefulness of Mosquito fish: Use of fish is considered when physical control is out of the
question. Can be very useful but only under a very restricted set of conditions. If a source is suitable
for fish and fish will not impact native species NCMAD will use this strategy.

Bacterial pesticides: The primary larvicides (Bti and Bs) used by NCMAD may be considered a form
of biological control.

Bacillus sphaericus and B. thuringiensis var. israelensis

Cost: These materials can be expensive but are cheaper than the initial short term costs of physical
control.

Barriers: Requires more careful monitoring of mosquito populations and more thorough knowledge
of their ecology. Not effective against some species or some stages or in some types of sources. Very
short duration of control; requires frequent retreating. Reliance on a single product may result in
development of resistance.

Solutions to barriers: Monitoring pro gram for mosquitoes; training for district staff; rotate products.
Relative usefulness of this technique: These agents are considered when physical control is out of
the question and fish cannot be stocked or maintained. Sometimes used in conjunction with stocking
fish since these materials have been shown not to adversely affect fish. In this case, fish may be a long
term solution but the larvicides Bti and Bs are needed to initially bring down mosquito populations.
Also need to consider possibility of development of resistance, therefore the need to rotate products
used.
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Chemical Control using methoprene and surface oils

Cost: "These materials can be expensive but cheaper in the short term than physical control.

Barriers: Requires more careful monitoring of mosquito populations and more thorough knowledge
of their ecology, resistance.

Solutions to barriers: Monitoring program for mosqu1toes training for technicians, biologists and
staff; rotate materials, investigate new materials.

Relative usefulness of this technique: Like biological pesticides these materials are considered when
physical control is out of the question and fish cannot be stocked or maintained. Sometimes used in
conjunction with stocking fish since these materials have been shown not to adversely affect fish.
Decisions on whether to use these materials or bacterial pesticides are based on: stage and species of
mosquito present, quality of water, size and number of other sites breeding mosquitoes at the same
time, prevailing weather conditions, and access. Also need to consider possibility of development of
resistance, therefore the need to rotate products used.

EVALUATION OF THE EFFECTIVENESS OF BMP’S TO REDUCE DISCHARGES AND
MINIMIZE AREA AND DURATION OF IMPACTS

Our Best Management Practices insure that all available least-toxic control methods are considered
and that new methods are evaluated on an ongoing basis and, if effective, incorporated into the
District’s mosquito control program. Implementation of BMPs resulted in the elimination of the
routine use of organophosphates and a concomitant increase in the use of least toxic methods
including bacterial insecticides and insect growth regulators. This practice has been in effect now

~ for more than twenty years.
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Perspectives

Pesticides and Public Health:
Integrated Methods of
Mosquito Management

~ Robert 1. Rose
U.S. Environmental Protection Agency, Washington, DC, USA

Pesticides have a role in public health as part of sustainable integrated mosquito
management. Other components of such management include surveillance, source
reduction or prevention, biological control, repellents, traps, and pesticide-resistance
management. We assess the future use of mosquito control pesticides in view of niche
markets, incentives for new product development, Environmental Protection Agency
registration, the Food Quality Protection Act, and improved pest management strategies

for mosquito control.

Vector-borne diseases (including a number
that are mosquito-borne) are a major public
health problem internationally. In the United
States, dengue and malaria are frequently
brought back from tropical and subtropical
countries by travelers or migrant laborers, and
autochthonous transmission of malaria and
dengue occasionally occurs. In 1998, 90 con-
firmed cases of dengue and 1,611 cases of malaria
were reported in the USA (1) and dengue
transmission has occurred in Texas (2). Other
vector-borne diseases continue to pose a public
health threat. Even though the reported
incidence of most of these diseases is low (in 1997,
10 cases of eastern equine encephalitis, 115 of
LaCrosse, and 14 of St. Louis encephalitis [SLE]),
occasional epidemics, e.g., of SLE (1,967 cases in
1975 and 247 cases in 1990, mostly in Florida [3])
have resulted in aerial applications of insecti-
cides, primarily malathion. In addition, new
vector-borne threats continue to emerge. In 1999,
West Nile virus, an Old World flavivirus related
to Saint Louis encephalitis virus, was first
recorded in New York (4). The virus, which is
transmitted by anthropophilic mosquitoes, caused
a serious outbreak (62 cases, 7 deaths) and
signaled the potential for similar outbreaks in
. the Western Hemisphere. Pesticides, which
traditionally have been used in response to

Address for correspondence: Robert I. Rose, USDA, APHIS,
PPQ, Unit 147, 4700 River Road, Riverdale, MD 20737, USA;
fax: 301-734-8669; e-mail: Bob.l.Rose@usda.gov.

Vol. 7, No. 1, January-February 2001

epidemics, have a role in public health as part of
sustainable integrated mosquito management
for the prevention of vector-borne diseases. We
assess the future use of pesticides in view of
existing niche markets, incentives for new
product development, Environment Protection
Agency (EPA) registration, the Food Quality
Protection Act (FQPA), and improved pest
management strategies for mosquito control.

Sustainable Integrated Mosquito
Management and Public Health

Mosquito control in the United States has
evolved from reliance on insecticide application
for control of adult mosquitoes (adulticide) to
integrated pest management programs that
include surveillance, source reduction, larvicide,
and biological control, as well as public relations
and education. The major principles of integrated
mosquito management are available at a new
Public Health Pest Control Manual internet
website (5). Adulticides still play a vital role when
flooding causes extreme numbers of nuisance
mosquitoes or when outbreaks of diseases such
as SLE occur.

Surveillance programs track diseases har-
bored by wild birds and sentinel chicken flocks;
vector-borne pathogens in mosquitoes; adult and
larval mosquitoes and larval habitats (by aerial
photographs, topographic maps); mosquito traps;
biting counts; and follow-up on complaints and
reports by the public. When established mosquito
larval and adult threshold populations are
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exceeded, control activities are initiated. Sea--

sonal records are kept in concurrence with
weather data to predict seasonal mosquito larval
occurrence and adult flights.

Source reduction consists of elimination of
larval habitats or rendering of such habitats
unsuitable for larval development. Public
education is an important component of source
reduction. Many county or state mosquito control
agencies have public school education programs
that teach children what they and their families
can do to prevent mosquito proliferation. Other
forms of source reduction include open marsh
water management, in which mosquito-produc-
ing areas on the marsh are connected by shallow
ditches to deep water habitats to allow drainage
or fish access; and rotational impoundment
management, in which the marsh is minimally
flooded during summer but is flap-gated to
reintegrate impoundments to the estuary for the
rest of the year. ’

Biological control includes use of many
predators (dragonfly nymphs and other indige-
nous aquatic invertebrate predators such as
Toxorhynchites spp. predacious mosquitoes) that
eat larvae and pupae; however, the most commonly
used biological control adjuncts are mosquito fish,
Gambusia affinis and G. holbrooki. Naturally
occurring Fundulus spp. and possibly Rivulus spp.,
killifish, also play an important role in mosquito

-control in open marsh water management and

rotational impoundment management. Like
many fish, mosquito fish are indiscriminate
feeders that may eat tadpoles, zooplankton,
aquatic insects, and other fish eggs and fry (6).
However, since they are easily reared, they have
become the most common supplemental biologi-
cal control agent used in mosquito control. The
entomopathogenic fungus, Laginidium gigan-
teum, has been registered for mosquito control by
EPA under the trade name Liginex, but products
have not become readily available. The pathogen-
ic protozoon, Nosema algerce, has also not
become available for technical reasons. Ento-
moparasitic nematodes such as Romanomermis
culicivorax and R. iyengari are effective and do
not require EPA registration but are not easily
produced and have storage viability limitations. A
predacious copepod, Mesocyclops longisetus, preys
on mosquito larvae and is a candidate for local
rearing with Paramecium spp. for food.
Mosquito traps (such as the New Jersey and
the Centers for Disease Control and Prevention

Emerging Infectious Diseases

designs) have been used for monitoring mosquito
populations for years. New designs using
mechanical control to capture adult mosquitoes
have now become available. These designs use
compressed carbon dioxide, burning propane,
and octenol to attract mosquitoes and fans to
control air flow. The new technology is expensive:
these traps may cost well over $1,000 each.
Electric high-voltage insect traps (“bug zappers”)
with “black” or ultraviolet light sources do not
provide satisfactory adult mosquito control and
kill insects indiscriminately. '

Pesticides :
Pesticides used by state or local agencies to
control nuisance or public health pests have
warning labels and directions to minimize risks
to human health and the environment. These
pesticides are applied by public health employees

‘who are specifically trained to follow proper

safety precautions and directions for use. State or
local mosquito control programs are funded by
taxes and subject to public scrutiny. The
environmental hazards precautionary state-
ments on many mosquito insecticide labels state
that insecticides are toxic to birds, fish, wildlife,
aquaticinvertebratés, and honeybees. Because of
the low rates of application used to control
mosquitoes and the special public health pest
control training of most applicators, hazard to
nontargeted organisms is limited. However,
honeybees may be killed if exposed when
foraging, so proper precautions are warranted.
Human exposure in residential areas is also
uncommon because of the very low application
rates, ultra low-volume methods (ULV), treat-
ment at night when people are indoors, pesticide
applicator training, and public prenotification
before application. Pesticide applicators who
mix, load, and apply the concentrated insecti-
cides use personal protective equipment to avoid
exposure and closed systems to pump insecti-
cides from storage to spray equipment.

The Federal Food Drug and Cosmetic Act
(FFDCA) 21 USC 9§406 is the regulation that
limits the quantity of any poisonous or
deleterious substance added to food. A pesticide
residue is the pesticide or its metabolites in or on

raw agricultural commodities or processed food

and feed. A tolerance is the maximum limit of a
pesticide residue considered safe. Tolerances are
relevant to adult mosquito control because wind
drift may carry the pesticide over agricultural
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crops where residues subject to legal tolerance
requirements may occur. Crop tolerances are
listed in the Code of Federal Regulations (7).

Larvicides

Detection of large numbers of immature
mosquitoes in areas where source reduction or
biological control is not feasible may require
larvicide treatment to prevent the emergence of

adult mosquitoes. Use of larvicides is less
controversial than use of adulticides, although
use of larvicides may lead to public concern about
their effects on untargeted beneficial aquatic
arthropods and vertebrates (Table).

Adulticides
Effective sustainable integrated mosquito
management programs strive to prevent large

Table. Pesticides used for mosquito control in the United States

Name Trade name _ Formulation Application Advantage Limitation
Temephos Abate G, EC Larvae Usually lowest  Nontarget
cost effects, some
resistance
Methoprene Altosid G,B,P,LC Larvae |, Residual Cannot be
briquets, non- certain of per-
target safety formance until
too late to
retreat
Oils BVA, Oil Larvae, pupae  Acts on pupae Oil film, subsur-
, Golden Bear face larvae
Monomolecular film Agnique Liquid Larvae, pupae  Acts on pupae Subsurface larvae
Bacillus thuringiensis  Aquabac, WDG, AS, Larvae Nontarget Short window of
israelensis (Bti) Bactimos, P,G,B safety, treatment
LarvX, Briquets con- opportunity.
Teknar, trol 30+ days pupae
Dunks
Bacillus sphaericus VectoLex G, WDG Larvae Nontarget Pupae, only
(Bs) safety works in fresh
water
Malathion Fyfanon, ULV, Adults Tolerances OP, some
Atrapa, thermal fog resistance
. Prentox
Naled Dibrom, ULV, EC, Adults Tolerances OP, corrosive
Trumpet thermal fog
Fenthion Batex ULV Adults None specified  OP, Florida
only, RUP,
tolerances
Permethrin Permanone, ULV, Adults, Low vertebrate  None specified
AquaResilin, thermal fog, clothing treat-  toxicity
Biomist, clothing ment for ticks
Mosquito- treatment and mosquitoes
Beater
Resmethrin Scourge ULV, Adults Low vertebrate RUP, no
thermal fog toxicity tolerance for
residue on crops
Sumithrin Anvil ULV, Adults Low vertebrate  No tolerance
thermal fog toxicity
Pyrethrins Pyrenone, ULV, EC Adults, larvae  Natural May be costly
Pyronyl pyrethrum,
tolerances

AS = Aqueous Suspension; B = Briquets; EC = Emulsifiable Concentrate; G = Granules; LC = Liquid Concentrate; P = Pellets;
ULV = Ultra Low Volume; WDG = Water-Dispersible Granule; OP = Organophospate insecticide; RUP = Restricted Use

Product
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flights or swarms of mosquitoes through all the
measures described above, but heavy precipita-
tion, flooding, high tides, environmental con-
straints, inaccessible larval habitats, missed
breeding sites, human disease outbreaks, as well
as budget shortfalls, absent employees, or
equipment failures, may necessitate use of
adulticides (Table). Some local mosquito control
programs would use an integrated program if
they had adequate resources, but may be so
limited in funding and personnel that adulticiding
trucks are the only means of mosquito
intervention.

Effective adult mosquito control with insecti-
cides requires small droplets that drift through
areas where mosquitoes are flying. The droplets
that impinge on mosquitoes provide the contact
activity necessary to kill them. Large droplets
that settle on the ground or vegetation without
contacting mosquitoes waste material and may
cause undesirable effects on nontargeted organ-
isms. To achieve small droplets, special aerial
and ground application ULV equipment is used.
Insecticides are applied in a concentrated form or
technical grade and at very low volumes such as 1
oz (29.6 mL) per acre. Typically, aerial
applications produce spray droplets of 30 to
50 microns measured as mass median diameter,
with <2.5% of the droplets exceeding 100
microns. Ground ULV applicators produce
droplets of 8 to 30 microns, with none >50
microns mass median diameter. Large droplets
of malathion, naled, and fenthion in excess of 50
to 100 microns can damage automotive or similar
paint finishes.

Adulticide applications, particularly aerial
applications and thermal fogging, are quite
visible and contribute to public apprehension.
Ground ULV application may be less alarming

than aerial application but is not effective over "

large or inaccessible areas. Preferable air
currents for ground applications are 3.2 kph to
12.9 kph and not in excess of 16.1 kph. Excessive
wind and updrafts reduce control, but light wind

is necessary for drifting spray droplets. With

insecticide application by air using high-pressure
pumps of 2,500 Ibs psi, special nozzles, proper
aerial application altitude and wind drift,
mosquito control is achievable for several miles
downwind with minimal spray deposit below the
aircraft, as a result of improved atomization of
the insecticide. This technology is being
developed and needs validation under different
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conditions with different mosquito species before
it can be universally used. Thermal fogging,
which was commonly used before ULV applica-
tions became prevalent, continues to be used in a
few areas in the United States and is still widely
used in other countries. The insecticide is diluted
with petroleum oil and vaporized with heat into a
dense, highly visible fog of very small uniform
droplets, which allows tracking the plume
downwind to target areas. Although this fog
reduces visibility, it may also penetrate
vegetation better than a ULV application. Small
electric or propane thermal foggers are available
for consumer use in retail stores at a cost of

- approximately $60.00.

Adult mosquitoes are easily controlled with
insecticides applied at extremely low rates. For
example, malathion is applied at 8 fl oz per acre
(219.8 m1/ha) for mosquitoes, while the rate for
agriculture is as much as 16 {1 oz per acre (1,172
mL/ha).

Insecticide Resistance

Vector resistance to certain larvicides and
adulticides has occurred periodically. Failure of
mosquito control indicating resistance must be
verified by laboratory analysis or use of test kits
because other factors (improper equipment
calibration, dilution, timing and other applica-
tion errors, off-specification products, climatic
factors) can prevent insecticides from providing
satisfactory control in the field. Resistance may
occur between insecticides within a class or could
be passed from immature to adult stages subject
to the same insecticidal mode of action.
Additionally, different species of mosquitoes may
inherently vary in susceptibility to different
larvicides and adulticides. Insecticides with
different modes of action can be alternated to
prevent resistance. Even though source reduc-
tion and use of predators such as larvivorous fish
are also used for sustainable integrated mosquito
management, only two chemical classes of
adulticides (organophosphates and pyrethroids)
with different modes of action are available.
Biological controls (including birds and bats) may
be present, but often not in sufficient numbers to
provide satisfactory alternative control, particu-
larly in coastal areas where salt-marsh mosqui-
toes are abundant or when human disease
outbreaks occur. Therefore, sustained integrated
mosquito management requires alternative use
of different classes of insecticides, in conjunction
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with resistance monitoring, source reduction,
biological control, and public education.

Repellents

Insect repellents, primarily N,N-diethyl-
metatoluamide (DEET), are used to prevent
nuisance bites from mosquitoes (as well as ticks,
biting flies, and mites) and may aid in lowering
disease transmission from these pests. However,
they should not be relied upon to prevent disease
transmission, particularly where Lyme disease
or encephalitis are endemic or malaria, yellow
fever, or other vector-borne diseases are
prevalent. Repellents, mosquito coils, and
permethrin clothing treatment products are
subject to EPA pesticide registration perfor-
mance requirements (8). Information on safe use
of repellents is located at the EPA Office of
Pesticide Programs website (9). Citronella and its
oil for mosquitoes and 30 other active ingredients
are exempted from EPA pesticide registration
(10). However, some of these products may not be
efficacious.

Future of Public Health Pesticides

The past decade has seen a sharp rise in
public apprehension concerning the use of
pesticides, although state and federal regula-
tions are well established for the assessment and
mitigation of their human and environmental
risks. Response to public concern over safety of
pesticides prompted the FQPA, which includes
provisions to protect availability of public health
pesticides. However, public health pesticides are
in jeopardy for the following reasons: In the
United States, mosquito control programs are
often for nuisance rather than disease vector
control and not many insecticides are registered
for this use. None of the mosquito adulticides
commonly used were developed recently; their
registrations are up to 44 years old. Mosquito
control is only a niche market compared with
agricultural pest control, which includes pesti-
cides for use on corn, soybeans, and cotton, as
well as the high-profit home, garden, and
structural pest control markets. As pesticide
companies have merged to form multinational
conglomerates, the most profitable markets are
those that drive corporate decisions. At present,
it may require $50 million or more to develop and
register a new pesticide with EPA. Furthermore,
several years of the patent life elapse before costs
are recouped and profits acerue.
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Vector control uses of existing pesticides,
particularly adulticides, often follow agricultural
registration and commercialization as a means of
expanding sales into new markets. Performance
data are not usually required for registration of
agricultural pesticides, but these data are
required for registration of public health
pesticides. For mosquito control, these data are
often obtained under an experimental use
permit, which requires application to EPA,
submission or reference to a portion of the
pesticide registration requirements according to
CFR 40 § 158 Data Requirements for Registra-
tion and Reporting (7,8). Testing for mosquito
adulticides or larvicides is typically done by
universities and mosquito control or abatement
districts, although it may be done by companies
or state or federal research organizations, such as
the Department of Defense or the U.S.
Department of Agriculture. In addition to
defining dose rates, formulations, environmental
variables, and effects that must be accommo-
dated, testing under an experimental use permit
provides a means of market introduction through
user and customer experience, presentations at
professional society meetings, and journal
publications.

Pesticide marketing often involves distribu-
tors or dealers who specialize in the market if the
manufacturers do not deal directly. Profit
margins that add to price are required by
distribution chains. Public agencies solicit
competitive bids for pesticides, which squeeze
margins further, thus affecting marketing
incentives. Mosquito adulticides are used at very
low rates of active ingredient per acre, which
limits sales volumes and margins. Some seasons
have few mosquitoes, so sales are low. Product
liability also plays an important role in reducing
incentives because of possible personal and class-
action lawsuits or court injunctions against
pesticides applied over populated areas.

The Federal Insecticide, Fungicide,
and Rodenticide Act and FQPA

The Federal Insecticide, Fungicide, and
Rodenticide Act 7 USC 136 and FFDCA were
amended by the FQPA of 1996. Amendments
pertinent to mosquito nuisance and vector
control include the following: review of a
pesticide’s registration every 15 years; expedit-
ing minor use registrations; special provisions for
public health pesticides; aggregate (all modes of
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exposure from a single pesticide) and cumulative
(all pesticides with the same mode of action) risk
assessments; an additional safety factor of up to
10 X for children; collection of pesticide use
information; and integrated pest management.
Special provisions for public health pesticides
include the following: risks and benefits
considered separately from those of other
pesticides; exemption from fees under certain
circumstances; development and implementa-
tion of programs to control public health pests;
Department of Health and Human Services
(DHHS)-supported studies required for
reregistration when needed; and appropriations
of $12 million for the first year after enactment

and similar funding as needed in succeeding

years to carry out public health pesticide
provisions of the Act. The Act describes a
consultation process between EPA and DHHS
before any public health pesticide registration is
suspended or canceled and allows additional time
for submission of data. The first group of
pesticides under review are the organophosphate
cholinesterase inhibitors, including temephos,
fenthion, naled, chlorpyrifos, and malathion.
Should risk assessments result in detection of
risk of concern to the Agency, cancellation or
mitigations of use may follow, as exemplified by
recent chlorpyrifos and diazinon use cancella-
tions. Risk assessments may be based on data
from acute and chronic toxicology and exposure
studies, models that simulate exposure sce-
narios, reports of adverse incidents to humans
and wildlife, extrapolation, maximum label use
rate assumption, and worst-case exposure
scenarios. '

Even though the FQPA provisions were
intended by Congress to ensure that existing
public health pesticide uses are not lost without
economically effective alternatives, the provi-
sions may not be adequate. If FQPA results in
cancellation of major agricultural uses of a
pesticide thatis also used in public health, it may
become no longer profitable for the manufacturer
to produce small quantities for mosquito control,
thus ending production of the pesticide. Since
adulticides used for mosquito control were
registered decades ago, the data supporting their
registrations may be insufficient to meet current
requirements. The substantial cost involved in
updating the data required for reregistration will
have to be paid by pesticide registrants or the
Federal government though the authorized and
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appropriated funding in FQPA. Data to support
reregistration done at public expense are not
proprietary. Registrants need proprietary data to
protect their market shares from generic
pesticide competition from overseas manufactur-
ers that can use public data to support their own
registrations; therefore, they may not consider
requesting public funds to pay for new data to
support existing registrations. However, if
generic safety studies applicable to several public
health pesticides are required by EPA for all
reregistrations, the data could be generated by a
task force of registrants and county, state, and
Federal public health agencies, which would then

request public funding under the provisions of -

the Act.

Although the development of new mosquito
insecticides, particularly adulticides, is not
expected to accelerate in the near future,
integrated pest management tools and tech-
niques should improve as a result of FQPA
funding and the need to control continued vector-
borne disease outbreaks. Integrated pest man-
agement tools have strengths and weaknesses,
and continued availability of adulticides is
critical. Therefore, implementation of the public
health pesticide provisions of FQPA must include
substantial comparative risk-benefit analyses of
the significance of vector-borne disease impacts
versus potential human and environmental toxic
effects of pesticides used to control public health

- pests, both in the USA and other countries

22

affected by EPA pesticide regulatory decisions.
Public information and legislative campaigns
have also become necessary to preserve the
availability and use of pesticides for disease
vector control as FQPA has been implemented
and with the concurrent spread of West Nile
virus.

Dr. Rose is an arthropod biotechnologist with the
Animal and Plant Health Inspection Service of the U.S.
Department of Agriculture,
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- &EPA Questions & Answers

Pesticides and Mosquito Control

Mosquito-borne diseases affect millions of people worldwide each year. In the United States, some
species of mosquitoes can transmit diseases such as encephalitis, dengue fever, and malaria to humans,
and a variety of diseases to wildlife and domestic animals. To combat mosquitoes and the public health
hazards they present, many states and localities have established mosquito control programs. These
programs, which are based on surveillance, can include nonchemical forms of prevention and control
as well as ground and aerial application of chemical and biological pesticides.

The mission of the Environmental Protection Agency (EPA) is to protect human health and the
environment. EPA reviews and approves pesticides and their labeling to ensure that the pesticides
used to protect public health are applied by methods which minimize the risk of human exposure and
adverse health and environmental effects. In relation to mosquito control, the Agency also serves as a
source of information about pesticide and non-pesticide controls to address the concerns of the
general public, news media, and the state and local agencies dealing with outbreaks of infectious
diseases or heavy infestations of mosquitoes. The following questions and answers provide some basic
information on mosquito control, safety precautions, and information on insecticides used for
mosquito control programs.

1. How does EPA ensure the safest possible use of pesticides?

EPA must evaluate and register pesticides before they may be sold, distributed or used in the
United States. The Agency is also in the process of reassessing and when appropriate, reregistering all

older pesticides (registered prior to 1984) to ensure that they meet current scientific standards. To

evaluate a pesticide for either registration or re-registration, EPA assesses a wide variety of potential
human health and environmental effects associated with use of the product. The producer of the
pesticide must provide data from tests done according to EPA guidelines. These tests determine
whether a pesticide has the potential to cause adverse effects on humans, wildlife, fish and plants,
including endangered species and non-target organisms. Other tests help to assess the risks of
contaminating surface water or groundwater from leaching, runoff or spray drift. If a pesticide meets
EPA requirements, the pesticide is approved for use in accordance with label directions. However, no
pesticide is 100 percent safe and care must be exercised in the use of any pesticide.
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2. How are mosquitoes controlled with pesticides and other methods?

The first step in mosquito control is surveillance. Mosquito specialists conduct surveillance for
diseases harbored by domestic and non-native birds, including sentinel chickens, and mosquitoes.
Surveillance for larval habitats are conducted using maps, aerial photographs, and by evaluating larval
populations. Other techniques include various light traps, biting counts; and analyzing reports by the
public. Mosquito control programs also put high priority on trying to prevent a large population of

Key Tools in Combating Mosquitoes

Public education and prevention around
the home - eliminating mosquito breeding
habitats (any standing water) around the
home. Proper use of mosquito repellants
and common sense measures to reduce
exposure to insecticides.

Larvicide — insecticide designed to kill
mosquitoes during its larval stage.
Larvicides are applied to known mosquito
breeding areas to kill larvae.

Adulticide — insecticide designed to kill
adult mosquitoes. Mosquito control
professionals apply adulticides with ultra
low volume (ULV) spray equipment which
releases tiny particles of insecticide solution
into the air. The amount of pesticide
released is typically a few ounces per acre
of treated area. Adulticides may be applied
from aircraft, vehicles on the ground, or by
professional applicators on foot.

adult mosquitoes from developing, so that
additional controls may not be necessary.
Since mosquitoes must have water to breed,
methods of prevention may include
controlling water levels in lakes, marshes,
ditches, or other mosquito breeding sites,
eliminating small breeding sites if possible, and
stocking bodies of water with fish species that
feed on larvae. Both chemical and biological
measures may be employed to kill immature
mosquitoes during larval stages. Larvicides
target larvae in the breeding habitat before
they can mature into adult mosquitoes and
disperse. Larvicides include the bacterial
insecticides Bacillus thuringiensis israelensis
and Bacillus sphaericus, the insect growth
inhibitor methoprene, and the
organophosphate insecticide temephos.
Mineral oils and other materials form a thin
film on the surface of the water which cause
larvae and pupae to drown. Liquid larvicide
products are applied directly to water using
back-pack sprayers and truck or aircraft-
mounted sprayers. Tablet, pellet, granular and
briquet formulations of larvicides are also
applied by mosquito controllers to breeding
areas.

Adult mosquito control may be undertaken to combat an outbreak of mosquito-borne disease, or a
very heavy nuisance infestation of mosquitoes in a community. Pesticides registered for this use are
adulticides and are applied either by aircraft or on the ground employing truck-mounted sprayers.
State and local agencies commonly use the organophosphate insecticides malathion and naled, and the
synthetic pyrethroid insecticides permethrin, resmethrin and sumithrin for adult mosquito control.

Mosquito adulticides are applied as ultra-low volume (ULV) sprays. ULV sprayers dispense very
fine aerosol droplets that stay aloft and kill flying mosquitoes on contact. ULV applications involve
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small quantities of pesticide active ingredient in relation to the size of the area treated, typically less
than three ounces per acre, which minimizes exposure and risks to people and the environment.

‘3. What can I do to reduce the number of mosquitoes in and around my home?

The most important step is to eliminate potential breeding habitats for mosquitoes. Get rid of any

 standing water around the home, including water in potted plant dishes, garbage cans, old tires,

gutters, ditches, wheelbarrows, bird baths, hollow trees, and wading pools. Any standing water should
be drained, including abandoned or unused swimming pools. Mosquitoes can breed in any puddle that
lasts more than four days. Make sure windows and screen doors are "bug tight." Replace outdoor
lights with yellow "bug" lights. Wear headnets, long sleeve shirts, and long pants if venturing into areas
with high mosquito populations, such as salt marshes or wooded areas. Use mosquito repellants when
necessary, always following label instructions.

4. Should I take steps to reduce exposure to pesticides during mosquito control spraying?

Generally, there is no need to relocate during mosquito control spraying. The pesticides have been
evaluated for this use and found to pose minimal risks to hiuman health and the environment when used
according to label directions. For example, EPA has estimated the exposure and risks to both adults
and children posed by ULV aerial and ground applications of the insecticides malathion and naled. For
all the exposure scenarios considered, exposures ranged from 100 to 10,000 times below an amount of
pesticide that might pose a health concern. These estimates assumed several spraying events over a
period of weeks, and also assumed that a toddler would ingest some soil and grass in addition to
dermal exposure. Other mosquito control pesticides pose similarly low risks. (For more details on
health and environmental risk considerations, see the separate EPA fact sheets on the specific mosquito
control pesticides).

Although mosquito control pesticides pose low risks, some people may prefer to avoid or further

minimize exposure. Some common sense steps to help reduce possible exposure to pesticides include:
* Listen and watch for announcements about spraying in the local media and remain indoors during
the application to the immediate area.

* People who suffer from chemical sensitivities or feel spraying may aggravate a preexisting health
condition, may consult their physician or local health department and take special measures to avoid

€Xposure.

* Close windows and turn off window-unit air conditioners when spraying is taking place in the
immediate area. '

* Do not let children play near or behind truck-mounted applicators when they are in use.




5. Where can I get more information?

For more information about mosquito control in your area, contact your state or local health
department. The federal Centers for Disease Control and Prevention is also a source of information on
disease control, and their Internet web site includes a listing of state health departments. To contact
the Centers for Disease Control and Prevention (CDC):

Telephone: 970-221-6400 ————— —
Fax: 970-221-6476 I
Other Helpful EPA Publications

E-mail: dvbid@cdc.gov P ! :

web site: http:/www.cde.gov For Your Information - How to Use
Insect Repellents Safely (735-F-93-

Information on pesticides used in mosquito 052R)

control can be obtained from the state agency

which regulates pesticides, or from the For Your Information - Mosquitoes:

National Pesticide Telecommunications How to Control Them (735-F-98-

Network (NPTN). The NPTN web site 003)

includes links to all state pesticid t

:;;cieez o all state pesticide regulatory For Your Information - Larvicides for

Toll-fre¢ hotline: 1-800-858-7378 (9:30 am, _[[| MoSAuito Control (735-F-00-002) —f

to 7:30 p.m. EST) daily except holidays. For Your Information - Naled for

Callers outside normal hours can leave a voice Mosquito Control (735-F-00-003)

mail message, and NPTN returns these calls

the next business day. For Your Information - Malathion for

E-mail: nptn@ace.orst.edu Mosquito Control (735-F-00-001)

web site: http://ace.orst.edu/info/nptn
For Your Information - Synthetic

Information on mosqujto control programs Pyreth roids for Mosquito Control i

can also be obtained from the American

Mosquito Control Association (AMCA)
web site: http://www.mosquite.org

This site also lists many county mosquito agencies.

For more information regarding the federal pesticide regulatory programs, contact:
EPA Office of Pesticide Programs

Telephone: 703-305-5017

Fax: 703-305-5558

E-mail: opp-web-comments@epa.gov

web site: http://www.epa.gov/pesticides



EPA Regional Offices

Region I - CT, MA, ME, NH, RI, VT
888-372-7341
www.epa.gov/region01

Region IT - NJ, NY, PR, VI
212-637-3660
www.epa.gov/region(2

Region Il - DE, DC, MD, PA, VA, WV
800-438-2474 or 215-814-5000
www.epa.gov/region(03

Region IV - AL, FL, GA, KY, MS, NC,
SC, TN
800-241-1754
www.epa.gov/region4

Region V - IL, IN, MI, MN, OH, WI
800-621-8431 (Region V only)
or 312-353-2000
Www.epa.gov/region5s

Region VI- AR, LA, NM, OK, TX
800-887-6063 (Region VI only)
or 214-665-6444
www.epa.gov/region6

Region VII - IA, KS, MO, NE
800-223-0425 or 303-312-6312
www.epa.gov/region7

Region VIII - CO, MT, ND, SD, UT, WY
800-227-8917 (Region VIII only)
or 303-312-6312
www.epa.gov/region08

Region IX - AZ, CA, HI, NV, AS, GU
415-744-1500
www.epa.gov/region09

Region X - AK, ID, OR, WA
800-424-4372 (Region X only)
or 206-553-1200
www.epa.gov/r1Oearth
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ZEPA FOR YOUR INFORMATION

Larvicides for Mosquito Control

(Licenses) pesticides to ensure they can be used safely. These pesticides

include products used in the mosquito control programs which states and

communities have established. To evaluate any pesticide, EPA assesses a
wide variety of'tests to determine whether a pesticide has the potential to cause
adverse effects on humans, wildlife, fish and plants, including endangered species

and non-target organisms.

The Environmental Protection Agency (EPA) evaluates and registers

Officials responsible for mosquito control programs make decisions to use
pesticides based on an evaluation of the risks to the general public from diseases
transmitted by mosquitoes or on an evaluation of the nuisance level that
communities can tolerate from a mosquito infestation. Based on surveillance and
monitoring, mosquito control officials select specific pesticides and other control
measures that best suit local conditions in order to achieve effective control of
mosquitoes with the least impact on human health and the environment. Tt is
especially important to conduct effective mosquito prevention programs by
eliminating breeding habitats or applying pesticides to control the early life stages
of the mosquito. Prevention programs, such as elimination of any standing water
that could serve as a breeding site, help reduce the adult mosquito population and
the need to apply other pesticides for adult mosquito control. Since no pesticide
can be considered 100% safe, pesticide applicators and the general public should
always exercise care and follow specified safety precautions during use to reduce
risks. This fact sheet provides basic information on larvicides, a type of pesticide
used in mosquito control programs.

What are Larvicides?

The mosquito goes through four distinct stages during its life cycle: egg, larva,
pupa, and adult (see box). Larvicides kill insect larvae. Larvicides include



larvicides are used as
one of several tools
in mosquito control

microbial larvicides
are bacteria that are
registered as
pesticides

biological insecticides, such as the microbial larvicides Bacillus sphaericus and
Bacillus thuringiensis israelensis. Larvicides include other chemicals used for
controlling mosquito larvae, such as temephos, methoprene, oils, and
monomolecular films. Larvicide treatment of breeding habitats help reduce the
adult mosquito population in nearby areas.

How are Larvicides Used in Mosquito Control?

State and local agencies in charge of mosquito control typically employ a variety
of techniques in an Integrated Pest Management (IPM) approach, which include
surveillance, source reduction, larviciding and adulticiding, to control mosquito
populations. Since mosquitoes must have water to breed, source reduction aims
to cut down opportunities for breeding, and can be as simple as turning over
trapped water in a container to large-scale engineering and management of marsh
water. Larviciding involves applying chemicals to habitats to kill pre-adult
mosquitoes. Larviciding can reduce overall pesticide usage in a control program
by reducing or eliminating the need for ground or aerial application of chemicals

to kill adult mosquitoes.
What are Microbial Larvicides?

Microbial larvicides are bacteria that
are registered as pesticides for control
of mosquito larvae in outdoor areas
such as irrigation ditches, flood water,
standing ponds, woodland pools,
pastures, tidal water, fresh or
saltwater marshes, and storm water
retention areas. Duration of -
effectiveness depends primarily on the
mosquito species, the environmental
conditions, the formulation of the
product, and water quality. Microbial
larvicides may be used along with
other mosquito control measures in an
integrated pest management (IPM)
program. The microbial larvicides
used for mosquito control are Bacillus

Mosquito Life Cycle

egg - hatch when exposed to
water;

larva - (pl. - larvae) lives in the
water; molts several times; most
species surface to breathe air;

pupa - (pl. - pupae) non-feeding
stage just prior to emerging as
adult;

adult - flies short time after
emerging and after its body
parts have hardened.

thuringiensis israelensis (Bti) and Bacillus sphaericus (Bs).
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> Bacillus thuringiensis israelensis (Bti) is a naturally occurring soil bacterium
registered for control of mosquito larvae. Bti was first registered by EPA as
an insecticide in 1983. Mosquito larvae eat the B#i product which is made up
of the dormant spore form of the bacterium and an associated pure toxin. The
toxin disrupts the gut in the mosquito by binding to receptor cells present in
insects, but not in mammals. There are 25 Bfi products registered for use in
the United States. Aquabac, Teknar, Vectobac, and LarvX are examples of
common trade names for the mosquito control products.

> Bacillus sphaericus is a naturally occurring bacterium that is found
throughout the world. Bacillus sphaericus was initially registered by EPA in
1991 for use against various kinds of mosquito larvae. Mosquito larvae
ingest the bacteria, and as with B, the toxin disrupts the gut in the mosquito
by binding to receptor cells present in insects, but not in mammals. VectoLex
CG and WDG are registered B. sphaericus products, and are effective for
approximately one to four weeks after application.

Do Microbial Larvicides Pose Risks to Human Health?

The microbial pesticides have undergone extensive testing prior to registration.
They are essentially nontoxic to humans, so there are no concerns for human
health effects with B#, or B. sphaericus, when they are used according to label
directions.

Do Microbial Larvicides Pose Risks to Wildlife or the Environment?

Extensive testing shows that microbial larvicides do not pose risks to wildlife,
non-target species or the environment.

What is Methoprene?

Methoprene is a compound first registered by EPA in 1975 that mimics the action
of an insect growth regulating hormone and prevents the normal maturation of
insect larvae. It is applied to water to kill mosquito larvae and it may be used
along with other mosquito control measures in an IPM program. Altosid is the
name of the methoprene product used in mosquito control and is applied as
briquets (similar in form to charcoal briquets), pellets, sand granules, and liquids.
The liquid and pelletized formulations can be applied by helicopter and fixed-wing
aircraft.
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Does Methoprene Pose Risks to Human Health?

Methoprene, used for mosquito control according to its label directions, does not
pose unreasonable risks to human health. In addition to posing low toxicity to
mammals, there is little opportunity for human exposure, since the material is
applied directly to ditches, ponds, marshes or flooded areas which are not
drinking water sources.

Does Methoprene Pose Risks to Wildlife or the Environment?
Methoprene used in mosquito control programs does not pose unreasonable risks

to wildlife or the environment. Toxicity of methoprene to birds and fish is low,
and it is nontoxic to bees. Methoprene breaks down quickly in water and soil, and

- will not leach into groundwater. Methoprene is highly toxic to some species of

freshwater, estuarine, and marine invertebrates if misused. For that reason, EPA
has established specific precautions on the label to reduce such risks.

What is Temephos?

Temephos is an organophosphate (OP) pesticide registered by EPA in 1965, to
control mosquito larvae, and is the only organophosphate with larvicidal use. It is
an important resistance management tool for mosquito control programs; its use
helps prevent mosquitoes from developing resistance to the bacterial larvicides,
Temephos is used in areas of standing water, shallow ponds, swamps, marshes,
and intertidal zones. It may be used along with other mosquito control measures
in an integrated pest management (IPM) program. Abate is the trade name of the
temephos product used for mosquito control. Temephos is applied most
commonly by helicopter, but can be applied by backpack sprayers, fixed-wing
aircraft, and right-of-way sprayers in either liquid or granular forms.

Does Temephos Pose Risks to Human Health?

Temephos, applied according to the label for mosquito control, does not pose
unreasonable risks of human health effects. It is applied to water, and the amount
of temephos is very small in relation to the area covered, less than one ounce of
active ingredient per acre for the liquid and eight ounces per acre for

the granular formulations. Temephos breaks down within a few days in water
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and post application exposure is minimal. However, at high dosages, temephos,
like other OPs, can overstimulate the nervous system causing nausea, dizziness,
confusion.

Does Temephos Pose Risks to Wildlife or the Environment?

Because temephos is applied directly to water, it is not expected to have a direct
impact on terrestrial animals, but temephos can be highly toxic to some bird
species and aquatic organisms if misused, and it is toxic to bees. For that reason,
EPA has established specific precautions on the label to reduce such risks. The
registrant of temephos has submitted studies on toxicity to aquatic invertebrates,
which are being reviewed by EPA.

What is the Current Regulatory Status of Temephos?

As part of its responsibility to reassess all older pesticides registered before 1984,
EPA is currently reviewing temephos as part of its reregistration process. The
review of temephos is scheduled for completion this calendar year. A risk
assessment covering all uses of temephos is available to the public on the EPA
web site. From the pesticide program home page (see address below), select
“OPs,” then select “OP Schedule and Documents.”

What are Monomolecular Films?

Monomolecular films are chemicals that spread a thin film on the surface of the
water that makes it difficult for mosquito larvae, pupae and emerging adults to
attach to the water’s surface, causing them to drown. Films may remain active for
typically 10-14 days on standing water, and have been used in the United States in
floodwaters, brackish waters, and ponds. They may be used along with other
mosquito control measures in an IPM program. They are also known under the
trade names Arosurf MSF and Agnique MMF.

Do Monomolecular Films Pose Risks to Human Health?

Monomolecular films, used according to label directions for larva and pupa
control, do not pose a risk to human health. In addition to low toxicity, there is
little opportunity for human exposure, since the material is applied directly to
ditches, ponds, marshes or flooded areas which are not drinking water sources.
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Do Monomolecular Films Pose Risks to Wildlife or the Environment?

Monomolecular films, used according to label directions for larva and pupa
control, pose minimal risks to the environment. They do not last in the
environment for a long time, and are usually applied only to standing water, such
as roadside ditches, woodland pools, or containers which contain few non-target
organisms.

‘What are Oils?

Oils, like films, are used to form a coating on top of water to drown larvae, pupae
and emerging adult mosquitoes. They are specially derived from petroleum
distillates and have been used for many years in the U.S. to kill aphids on crops
and orchard trees, and to control mosquitoes. They may be used along with other
mosquito control measures in an IPM program. Trade names for oils used in
mosquito control are Bonide, BVA2, and Golden Bear-1111 (GB-1111).

Do Oils Pose Risks to Human Health?

Oils, used according to label directions for larva and pupa control, do not pose a
risk to human health. In addition to low toxicity, there is little opportunity for
human exposure, since the material is applied directly to ditches, ponds, marshes
or flooded areas which are not drinking water sources.

Do Oils Pose Risks to Wildlife or the Environment?

Oils, if misapplied, may be toxic to fish and other aquatic organisms. For that
reason, EPA has established specific precautions on the label to reduce such risks.

Where Can I get More Information About Larvicides
and Mosquito Control?

For more information about mosquito control in your area, contact your state or
local health department. The federal Centers for Disease Control and Prevention
is also a source of information on disease control, and their Internet web site
includes a listing of state health departments. To contact the

Centers for Disease Control and Prevention (CDC):

Call: 970-221-6400 Fax: 970-221-6476

E-mail: dvbid@cdc.gov web site: http://www.cdc.gov
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Information on pesticides used in mosquito control can be obtained from the state
agency which regulates pesticides, or from the National Pesticide
Telecommunications Network (NPTN). The NPTN web site includes links to
all state pesticide regulatory agencies.

Toll-free hotline: 1-800-858-7378 (9:30 a.m. to 7:30 p.m. EST) daily except
holidays. Callers outside normal hours can leave a voice mail message, and
NPTN returns these calls the next business day.

E-mail: nptn@ace.orst.edu

web site: http://ace.orst.edu/info/nptn

Information on mosquito control programs can also be obtained from the
American Mosquito Control Association (AMCA) web site at:
http://www.mosquito.org. This site also lists many county mosquito agencies.

For more information regarding the federal pesticide regulatory programs,
contact:

EPA Office of Pesticide Programs (OPP)

Telephone: 703-305-5017

Fax: 703-305-5558

E-mail: opp-web-comments@epa.gov

web site: http://www.epa.gov/pesticides

EPA’s 10 Regional Offices are also a source of pesticide information, as well as
on pesticide program activities in the individual regions.

EPA Region I - CT, MA, ME, NH, RI, VT
888-372-7341
www.epa.gov/region01

EPA Region II - NJ, NY, PR, VI
732-321-4391
www.epa.gov/region(2

EPA Region ITI - DE, DC, MD, PA, VA, WV
800-438-2474

EPA Region IV - AL, FL, GA, KY, MS, NC, SC, TN
800-241-1754
www.epa.gov/regiond

EPA Region V - IL, IN, MI, MN, OH, WI
800-621-8431 (Region V only) or 312-353-2000
www.epa.gov/regions




EPA Region VI - AR, LA, NM, OK, TX
800-887-6063 (Region VI only) or 214-665-6444
www.epa.gov/region6

EPA Region VII - IA, KS, MO, NE
800-223-0425 or 913-551-7020
www.epa.gov/region7

EPA Region VIII - CO, MT, ND, SD, UT, WY
800-227-8917 (Region VIII only) or 303-551-7020
www.epa.gov/region08

EPA Region IX - AZ, CA, HI, NV, AS, GU
415-744-1500
www.epa.gov/region09

EPA Region X - AK, ID, OR, WA
800-424-4372 (Region X only) or 206-553-1200
www.epa.gov/r10earth

*ﬂ——_—_—
Other Helpful EPA Publications

For Your Information - How to Use Insect Repellents Safely
(735-F-93-052R)

For Your Information - Mosquitoes: How to Control Them
(735-F-98-003)

For Your Information - Naled for Mosquito Control
(735-F-00-003)

For Your Information - Malathion for Mosquito Control
(735-F-00-001)

For Your Information - Synthetic Pyrethroids for Mosquito Control
(735-F-00-004) . '

Questions and Answers - Pesticides and Mosquito Control
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EPA evaluates and
licenses pesticides

mosquito officials select
control measures that
best suit local conditions

synthetic pyrethroids are
commonly used for
mosquito control

Synthetic Pyrethroids for
IMosquito Control

he Environmental Protection Agency (EPA) evaluates and registers
(licenses) pesticides to ensure they can be used safely. These pesticides
include products used in the mosquito control programs which states
and communities have established. To evaluate any pesticide, EPA
assesses a wide variety of tests to determine whether a pesticide has the
potential to cause adverse effects on humans, wildlife, fish and plants,

including endangered species and non-target organisms.

Officials responsible for mosquito control programs make decisions to use
pesticides based on an evaluation of the risks to the general public from
diseases transmitted by mosquitoes or on an evaluation of the nuisance level
that communities can tolerate from a mosquito infestation. Based on
surveillance and monitoring, mosquito control officials select specific
pesticides and other control measures that best suit local conditions in order
to achieve effective control of mosquitoes with the least impact on human
health and the environment. It is especially important to conduct effective
mosquito prevention programs by eliminating breeding habitats or applying
pesticides to control the early life stages of the'mosquito. Prevention
programs, such as elimination of any standing water that could serve as a
breeding site, help reduce the adult mosquito population and the need to
apply other pesticides for adult mosquito control. Since no pesticide can be
considered 100% safe, pesticide applicators and the general public should
always exercise care and follow specified safety precautions during use to
reduce risks. This fact sheet provides basic information on synthetic
pyrethroids, a class of insecticides used in mosquito control programs.

What are Synthetic Pyrethroids?

Pyrethroids are synthetic chemical insecticides that act in a similar manner to
pyrethrins, which are derived from chrysanthemum flowers. Pyrethroids are
widely used for controlling various insects. Permethrin, resmethrin and
sumithrin are synthetic pyrethroids commonly used in mosquito control
programs to kill adult mosquitoes.



tiny ultra-low volume
(ULV) droplets kill
mosquitoes

on contact

> Permethrin has been registered by EPA since 1977. It is currently
. registered and sold in a number of products such as household insect
foggers and sprays, tick and flea sprays for yards, flea dips and sprays
for cats and dogs, termite treatments, agricultural and livestock
products, and mosquito abatement products.

> Resmethrin has been registered by EPA since 1971, and is used to
control flying and crawling insects in the home, lawn, garden, and at
industrial sites. It can also be used to control insects on ormamental
plants (outdoor and greenhouse use), on pets and horses, and as a
mosquitocide. Resmethrin is a Restricted Use Pesticide (RUP) which
is available for use only by certified pesticide applicators or persons
under their direct supervision because of its toxicity to fish.

> Sumithrin has been registered by EPA since 1975, and is used to
control adult mosquitoes and used as an insecticide in transport
vehicles such as aircraft, ships, railroad cars, and truck trailers. It is
also used as an insecticide and miticide in commercial, industrial, and
institutional non-food areas, in homes and gardens, in greenhouses,
and in pet quarters and on pets. '

How are Synthetic Pyrethroids Used in Mosquito Control?

Most pyrethroid mosquito control

products can be applied only by . .

public health officials and trained Mosquito Life Cycle

personnel of mosquito control

districts. Mosquito control egg -'hatch when exposed to

professionals apply pyrethroids as water;

an ultra low volme (ULV) spray. larva - (pl. - larvae) lives in the

ULV sprayers dispense very fine water; molts several times; most

acrosol droplets that stay aloftand | species surface to breathe air;

kill mosquitoes on contact.

Pyrethroids used in mosquito pupa - (pl. - pupae) non-feeding

control are typically mixed with a stage just prior to emerging as

synergist compound called adult;

piperonyl butoxide, which

enhances the effectiveness of the adult - flies short time after

active ingredient. The product is emerging and after its body

applied at rates of between 0.003 parts have hardened.

and 0.007 pounds of active ~ _ :J_J
2




pyrethroids do not
pose unreasonable
risks to human health

pyrethroids do not pose
unreasonable risks to
wildlife or the
environment, but are
toxic to fish

EPA wiill review
pyrethroids in
approximately 2002

Centers for Disease
Control and Prevention

ingredient per acre which is equivalent to 2 to 3.5 fluid ounces of the mixed
formulation per acre.

Do Pyrethroids Pose Risks to Human Health?

Pyrethroids can be used for public health mosquito control programs without
posing unreasonable risks to human health when applied according to the
label. Pyrethroids are considered to pose slight risks of acute toxicity to
humans, but at high doses, pyrethroids can affect the nervous system.

Do pyrethroids pose risks to wildlife or the environment?

Pyrethroids used in mosquito control programs do not pose unreasonable
risks to wildlife or the environment. Pyrethroids are low in toxicity to
mammals, and are practically non-toxic to birds. Mosquito control
formulations of permethrin quickly break down in the environment, and high
temperatures and sunlight accelerate this process. However, pyrethroids are
toxic to fish and to bees. For that reason, EPA has established specific
precautions on the label to reduce such risks, including restrictions that
prohibit the direct application of products to open water or within 100 feet of
lakes, streams, rivers or bays.

What is The Current Regulatory Status of Pyrethroids?

As part of its responsibility to reassess all older pesticides registered before
1984, EPA has given highest priority to reviewing more acutely toxic
pesticides such as organophosphates and carbamates. Organophosphates are
currently under review. Comprehensive reviews of the synthetic pyrethroids
are scheduled for approximately 2002.

Where Can I get More Information About Pyrethroids and
Mosquito Control?

For more information about mosquito control in your area, contact your state
or local health department. The federal Centers for Disease Control and
Prevention is also a source of information on disease control, and their
Internet web site includes a listing of state health departments. To contact the
Centers for Disease Control and Prevention (CDC):

Call: 970-221-6400

Fax: 970-221-6476

E-mail: dvbid@ecdc.gov

web site: http://www.cde.gov
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Information on pesticides used in mosquito control can be obtained from the
state agency which regulates pesticides, or from the National Pesticide
Telecommunications Network (NPTN). The NPTN web site includes links
to all state pesticide regulatory agencies. '
Toll-free hotline: 1-800-858-7378 (9:30 a.m. to 7:30 p.m. EST) daily
except holidays. Callers outside normal hours can leave a voice mail
message, and NPTN returns these calls the next business day.

E-mail: nptn@ace.orst.edu

web site: http://ace.orst.edu/info/nptn

Information on mosquito control programs can also be obtained from the
American Mosquito Control Association (AMCA) web site at:
http://www.mosquito.org. This site also lists many county mosquito agencies.

For more information regarding the federal pesticide regulatory programs,
contact:

EPA Office of Pesticide Programs (OPP)

Telephone: 703-305-5017

Fax: 703-305-5558

E-mail: opp-web-comments@epa.gov

web site: http://www.epa.gov/pesticides

EPA’s 10 Regional Offices are also a source of pesticide information, as well
as on pesticide program activities in the individual regions.

EPA Region I - CT, MA, ME, NH, RI, VT
888-372-7341
www.epa.gov/region(1

EPA Region II - NJ, NY, PR, VI
732-321-4391
www.epa.gov/region02

EPA Region III - DE, DC, MD, PA, VA, WV
800-438-2474
www.epa.gov/region03

EPA Region IV - AL, FL, GA, KY, MS, NC, SC, TN
800-241-1754
www.epa.gov/regiond

EPA Region V - IL, IN, MI, MN, OH, WI
* 800-621-8431 (Region V only) or 312-353-2000
www.epa.gov/regions




EPA Region VI - AR, LA, NM, OK, TX
800-887-6063 (Region VI only) or 214-665-6444
www.epa.gov/region6

EPA Region VII - IA, XS, MO, NE
800-223-0425 or 913-551-7020
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A Human-Health Risk Assessment for West Nile VirUs and Insecticides Used

in Mosquito Management

Robert K.D. Peterson, Paula A. Macedo, and Ryan S. Davis
Agricultural and Biological Risk Assessment, Department of Land Resources and Environmental Sciences, Montana State University,

Bozeman, Montana, USA

West Nile virus (WNV) has been a major public health concern in North America since 1999, when
the first outbreak in the Western Hemisphere occurred in New York City. As a result of this ongoing
disease outbreak, management of mosquitoes that vector WNV throughout the United States and
Canada has necessitated using insecticides in areas where they traditionally have not been used or
have been used less frequently. This has resulted in concerns by the public about the risks from
insecticide use. The objective of this study was to use reasonable worst-case risk assessment method-
ologies to evaluate human-health risks for WNV and the insecticides most commonly used to control
adult mosquitoes. We evaluated documented health effects from WNV infection and determined
potential population risks based on reported frequencies. We determined potential acute (1-day) and
subchronic (90-day) multiroute residential exposures from each insecticide for several human sub-
groups during a WNV disease outbreak scenario. We then compared potential insecticide exposures
to toxicologic and regulatory effect levels, Risk quotients (RQs, the ratio of exposure to toxicologic
effect) were < 1.0 for all subgroups, Acute RQs ranged from 0.0004 to 0.4726, and subchronic RQs
ranged from 0.00014 to 0.2074. Results from our risk assessment and the current weight of scien-
tific evidence indicate that human-health risks from residential exposure to mosquito insecticides are
low and are not likcly to exceed levels of concern. Further, our results indicate that, based on human-
health criteria, the risks from WNYV exceed the risks from exposure to mosquito insecticides.
Key words: comparative risk assessment, mosquito control, organophosphates, pesticide exposure,
pyrethroids, risk analysis, vectorborne disease, Envirén Health Perspect 114:366-372 (2006),
doi:10.1289/ehp.8667 available via bep://dx.doi.org/ [Online 28 October 2005]

West Nile virus (WNV) has become a major
public health concern in North America since
1999, when the firsc oucbreak in the Western
Hemisphere occurred in New York City,
causing 62 cases of human encephalitis and
7 deaths [Centers for Disease Control and
Prevention (CDC) 1999]. The inirial out-
break in New York City is thought to have
affected 2.6% of the population (Hubalek
2001). In 2000, WNYV spread to three states,
with 21 human cases of WNV infecdon and
2 deachs. In 2001, 66 human cases and
9 deaths were reported in 10 staces, before
WNYV spread westward, affecting all but
6 states in 2002 .and causing the largest
arboviral encephalicis epidemic in U.S. history
(Huhn ecal. 2003). A tocal of 4,156 human
cases were documenced, with 284 deachs
reporced (CDC 2003), and numbers contin-
ued o grow in 2003, when 46 states reported
9,862 human cases with 264 deachs (CDC
2004a). In 2004, 2,539 human cases and
100 deaths were reported in 41 states (Hayes
er al. 2005). Since che first appearance of

WNV in che United Scates in 1999, the CDC -

has reported 16,706 documented human cases
and 666 deaths (CDC 2004b; Hayes et al.
2005); however, large numbers of human
infections may not be detected because of sig-
nificant underreporting of milder cases of
West Nile fever (Hubalek 2001; Huhn er al.
2003). Given the infection rate observed for
previous years, Peleman (2004) estimated cthat
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1.5 million people were infected with the
virus in 2003.

As a result of this ongoing disease out-
break, management of mosquitoes that vector
WNV throughout the United States and
Canada has necessicated using insecticides in
areas where they tradirionally have not been
used or have been used less frequencly. This
practice has raised concerns by the public
abouc risks from insecticide use. In a survey by
Hinten (2000), 54% of 880 people surveyed
were either equally afraid of WNV and pesti-
cides or were more afraid of the insecricides.
Since 1999, numerous concerns have been
raised by the public regarding the safety of
using insecticides to control mosquicoes
(Cohen 2003; Fehr-Snyder 2004; Fiz 2003).
Some of those concerned have even suggested
chat the health risks from the insecticides
exceed those of WNV (Cohen 2003; Ziem

2005). These concerns by the public are nor.

exclusive to the WNV issue, but reflect long-
standing perceptions of risk from pesticides
(Peterson and Higley 1993; Slovic 1987).

Risk assessment is a formalized basis for the
objective evaluation of risk in which assump-
tions and uncertainties are clearly considered
and presented [National Research Council
(NRC) 1983, 1996]. Human-health and eco-
logic risk can be described in quantitative terms
as a function of effect (also termed “hazard” or
“toxicity”) and exposure (NRC 1983). Risk
assessment typically uses a tiered modeling

approach extending from deterministic models

* (tier 1) based on conservative assumptions to

probabilistic models (tier 4) using refined
assumptions [Society for Environmental
Toxicology and Chemistry (SETAC) 1994]. In
risk assessment, conservative assumptions in
lower-tier assessments represent overestimates
of effect and exposure; therefore, the resulting
quantirative risk values typically are conserva-
tive and err on the side of safery.

Unfortunately, few, if any, science-based

considerations of the risks of insecticide use
versus the risks from vectorborne diseases have
been examined. An understanding of the
human-health risks for both vectorborne dis-

* eases and associated vector controls would aid

greatly in decision making by all stakeholders.
Therefore, the objective of this study was to
use risk assessment methodologies to evaluate
human-health risks from WNV and from the
insecricides used to conrol adult mosquitoes.

Materials and Methods

Problem formulation. Although WNV has
important effects on horses and birds, our
assessmenc of health risks from WNV focused
only on humans. Currently, effect and expo-
sure factors for WNYV are poorly understood
(Loeb et al. 2005), making quantitative mod-
eling of risk difficult. Therefore, we evaluated
documented health effects from WNV infec-
tion and determined potential population
risks based on reported frequencies. Because
of the relacively recent emergence of WNV in
North America, information on prevalence of
various effects of the disease should be
regarded as tencative.

Our tier-1 quanticacive assessment of
human-health risks associated with insecticides
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used in mosquito control focused on acuce and
subchronic residential exposures after truck-
mounted ultra-low-volume (ULV) spraying of
mosquito adulticides. The dissemination of
mosquito adulticides by ULV application gen-
erates fine aeroso! droplets that remain aloft
and cargec flying mosquitoes (U.S. Environ-
mental Protection Agency (EPA) 2002b].
Acure exposures were defined as single-day
exposures immediately after a spray event.
Subchronic exposures were defined as expo-
sures per day over a 90-day seasonal mulcispray
event. A total of 10 spray events were assumed
to occur on days 1, 4, 14, 17, 27, 30, 40, 43,
53, and 56. This design represents a reasonable
worst-case mosquito insecticide seasonal appli-
caton scenario, including during a human epi-
demic of WNYV [Karpari et al. 2004; New
York City Department of Health (NYCDOH)
2001]. Chronic exposures (> 6 months) to
mosquito adulricides are unlikely. Additionally,
extrapolation of subchronic exposures to
chronic exposure time frames would result in
lower risks than with subchronic risks (NYC-
DOH 2001). Therefore, chronic risks were not
assessed in chis study.

Exposures to several population subgroups
were estimaced to account for potential age-
related differences in exposure. Groups
included adult males, adult females, infants
(0.5~1.5 years of age), and children (2-3, 5-6,
and 10~12 years of age). Adult males were
assumed to weigh 71.8 kg, which represents
the mean body weight for all males > 18 years
of age, and adult reproductive females were
assumed to weigh 60 kg, which represents che

mean body weight for females between 13 and
54 years of age (U.S. EPA 1996). Children 5-6
and 10~12 years of age were assumed to weigh
21.1 and 40.9 kg, respectively. Infants
(0.5-1.5 years of age) and toddlers (2-3 years
of age) were assumed to weigh 9.4 and
14.3 kg, respectively. All weights for children
were derived from mean body weight values
for male and female children within their
respecrive age groups (U.S. EPA 1996).

Hazard identification. We conducted
human-health risk assessments for six insecti-
cide active ingredients (permethrin, pyrethrins,
resmethrin, phenothrin, malathion, and naled)
and one synergist (piperonyl buroxide).
Malathion and naled are in the organophos-
phate class of insecticides, and permethrin,
pyrethrins, resmethrin, and phenothrin are in
the pyrethroid class. The synergist, piperonyl
buroxide, is present in many formulations with
pyrethroids. All compounds are currently regis-
tered by the U.S. EPA for adult mosquito
management in the United Staces.

Toxicity end poiats. Toxicity and dose-
response information for each compound were
reviewed for acute and subchronic exposure
durarions. Toxicity end points in this assess-
ment were chosen based on U.S. EPA regula-
tory end points,.We used inhalation, dermal,
and ingestion toxicity end poincs for each
respective exposure route and duration,
Ingestion reference doses (RfDs) were ‘used as
the toxicity end points (acceptable daily expo-
sures) and were compared with total estimated
exposures (total body burden). Acute and
subchronic ingestion RfDs were ¢calculated by

Table 1. Toxicologic effects and regulatory end points for the active ingredients.

dividing the most sensitive toxic effect [typically
the no observed adverse effect level (NOAEL)]
by a series of uncertainty factors (typically a fac-
tor of 100 to account for intraspecies-and inter-
species uncertainty) (Table 1).

Environmental concentrations and fate of
insecticides. We used the AERMOD, version
1.0 tier 1 air dispersion model (U.S. EPA
1999) to predict the 7.6 m (25 fo) and 91.4 m
(300 fr) air concentrations (micrograms per
cubic meter) of each insecticide within 1- and
6-hr time ranges after ULV application by a
truck-mounted sprayer. Estimates of environ-
mental concentrations are presented only for
truck-mounted ULV applications because our
modeling suggested that delivery of ULV
applications by aircraft resulted in substan-
tially less aerial and surface deposition (and
therefore less human exposure and risk). This
was also observed by the NYCDOH (2001).

We used the following conservarive
assumptions: #) each chemical had a 24-hr
half-life in air except for naled, which was
given a 18-hr half-life; 4) the insecticides were
applied at the maximum application rate as
stated on each label; ¢) all of the insecticides
were susceptible to the same weather condi-
tions using standardized weather data from
Albany, New York, in 1988; 4) all spray events
occurred ac 2100 hr; and ¢) each spray release
was at 1.5 m. The chemical properties, appli-
cation rates, and predicted environmental con-
centrations for each active ingredient are listed
in Table 2.

Receprors were established within che
model on a Cartesian grid ac five intervals of

Subchronic

Study and toxicologic effects

End point

Study and toxicologic effects

Based on inhibition of blood enzyme activity at

Based on reduction in maternal bw gain in

a study with pregnant rabbits?

Based on inhibition of blood and brain
enzymes in a 28-day study in rats?

Acute neurotoxicity study in rats

LOEL = 75 mg/kg based on observations
of clinical signs such as aggression,
abnormal/decreased mavement, and

increased body temperature®

Based on liver weight increases in a

6-month study in dogs?

13-week study in rats

LOEL = 216 mg/kg-day based on

increases in

liver weights and decreases in cholesteral

in both male and female rats?
Acute neurotoxicity study in rats

LOAEL = 63 mg/kg/day based on tremors

Developmental toxicity study in rats

Acute

Compound End point

Malathion NOAEL = 50 mg/kg/day?
RfD = 0.5-mg/kg/day
UF=100

Naled NOAEL = 1.0 mg/kg/day?
RfD = 0.01 mg/kg/day
UF=100

Permathrin NOAEL = 25 mg/kg/day®
RfD = 0.25 mg/kg/day
UF =100

Resmethrin NOEL = 10 mg/kg/day?
RfD = 0.1 mg/kg/day
UF =100

Phenothrin NOEL = 70 mg/kg/day®
RD = 0.7 mg/kg/day
UF=100

Pyrethrins NOAEL = 20 mg/kg/day’
RfD = 0.07 mg/kg/day
UF =300 in females’

Piperanyl NOAEL = 630 mg/kg/dayd

butoxide RfD = 8.3 mg/kg/day

UF=100

LOAEL = 1,065 mg/kg/day based on decreases

in maternal bw gain?

NOAEL = 2.4 mg/kg/day?
RfD = 0.024 mg/kg/day
UF=100

NOAEL = 1.0 mg/kg/day?
RfD = 0.01 mg/kg/day
UF =100

NOAEL = 25 mg/kg/day®
RfD = 0.25 mg/kg/day
UF =100 '

NOEL = 10 mg/kg/day?
RfD = 0.1 mg/kg/day
UF=100

NOEL = 70 mg/kg/day®
RfD = 0.7 mg/kg/day
UF =100

NOAEL = 4,37 mg/kg/day!
RfD = 0.044 mg/kg/day
UF=100

NOAEL = 89 mg/kg/day?
RfD = 0.89 mg/kg/day
UF=100

50 ppm malathion in the diet in a 24-month
study in rats®

Based on inhibition of blood and brain enzymes
in a 28-day study in rats?

Acute neurotoxicity study in rats

LOEL = 75 mg/kg based on observations of
clinical signs such as aggression,
abnormal/decreased movement, and
increased body temperature®

Based on liver weight increases in a 6-month
study in dogs?

13-week study in rats

LOEL = 216 mg/kg-day based on increases in
liver weights and decreases in cholesterol
in both male and female rats®

Rat chronic toxicity study

LOAEL = 42.9 mg/kg/day based on increased
incidence of thyroid follicular cell hyperplasia
in males.

Two generation reproduction study in rats

LOAEL = 469 mg/kg/day based on decrease in
bw gain of F; and F, pups at postnatal day 29

Abbreviations: bw, body weight; LOAEL, fowest obsarved adverse effect level, LOEL, lowest observed effect ievel; NOEL, no observed effact level: UF, uncertainty factor used to determine

the RfD.

#U.S. EPA 2000c. 2U.8. EPA 2002a. °U.S. EPA 2005c¢. 9U.S. EPA 2000a. #U.S. EPA 2000b. {U.S. EPA 2005b, 9U.8. EPA 2005a.
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25 mac7.6.m and 91.4 m from the edge of
the spray emission area. The receptors were at a
height of 1.5 m. Each receptor estimarted the 1-
and 6-hr average air concentracions for eich
insecticide. An average was then taken of the
estimates from the six receptors at 7.6 m thac
were not at the edges of the spray zone. The
following data were obrained using this net-
work of receptors: the 1-hr average concentra-
tion at 7.6 m, the G-hr average at 7.6 m, and
che peak value ac 91.4 m.

We used che screening Industrial Source
Complex Short-Term (ISCST3) model (U.S.
EPA 1995) to estimate particle deposition
(milligrams per square meter) at 7.6 m and
91.4 m from the spray area at a 1-kir average.
The following assumprions were made in
addition to those from AERMOD: 4) all of
the insecticides were susceprible to the same
weather conditions using standardized weather
data from Salem, Massachuserrs; 4) the ULV
particle size applications had 3% of the emit-
ted parricles greater than the allowable parricle
size as stated on the label; and ¢) the particles
were assigned a density in accordance with the
specific gravity of each insecticide.

A Carresian grid was used for ISCST3 thar
was similar to that used in AERMOD.
Receprors were added at 15.24-m intervals

- between 7.6 m and 91.4 m from the spray

source to obrain a more accurate estimate of
che average deposition within 91.4 m of the
source. The receptors were also at the same
height of 1.5 m. All of the same methods were
used to calculate the average deposition at
7.6 m and 91.4 m. The middle receprors were
included to calculate an average deposition
within 91.4 m. The following dara were
obeained from chis information: deposition ar
7.6 m, deposition at 91.4 m, and the average
deposition within 91.4 m of the spray source.
For estimating subchronic exposures, we
used the estimated deposition values within
91.4 m for each insecticide in an exponential
decay model 1o characterize their persistence
on surfaces such as soil within a spray program
that included 10 sprays on days 1, 4, 14, 17,
27. 30, 40, 43, 53, and 56. Insecricide con-
centrations for each spray evenc were followed

through day 90 using the following multiple
degradacion model:

LT
D=3 perh, (1]

=i

where D is the sum of the deposition over one
spray, P is the peak deposition after a spray
event, 7; is the rate of decay calculated by using
the aerobic soil half-life of each active ingredi-
ent, rzis the rate of decay calculated by using
the soil phorolysis half-life of each active ingre-
dient, zis the time in hours, and j is the spray
day. The average daily exposure was then derer-
mined by dividing the deposition sum by 90,

The same deposition and degradation
model was used to characterize deposition and
persistence on garden produce by using a
Kenaga nomogram to estimate the deposition
(milligrams per kilogram dry weight) of each
insecticide on respective plant parts. Because
the nomogram represents a linear relationship
between application rate and maximum
residues, it can be used to estimare the maxi-
mum residues on plant surfaces for a given
application rate (Fletcher et al. 1994). For this
analysis, maximum application rates were used
for each insecticide, and each estimated con-
centration was then applied to the model
above, using the surface phorolysis half-life to
estimate the rate of degradation.

Acute exposure. We assumed that multi-
route exposures immediately after a single-spray
event were limited to 24 hr. Routes of insecti-
cide exposure included inhalation, dermal con-
tact with spray, hand-to-mouth ingestion by
infants and toddlers from spray deposition on
hands, and ingestion of garden produce. We
also assumed that residents did nothing to limit
their exposure to the spray. In its assessment of
acute and subchronic exposures from several
mosquito adulricides, the NYCDOH (2001)
concluded that exposures from potable wacer
and swimming were negligible. Using environ-
mental fate models, we also concluded that the
chemical properties of the insecricides result in
negligible concentrations in water, Therefore,
we did nor include these exposures in our
assessment.

Acute inhalation exposure. Acute inhala-
tion exposures were estimated as

PE=(EECx RRXDX CF) + bw, [2]

where PE is potential exposure [milligrams per
kilogram body weight (bw)], EEC is the 6-hr
average estimated environmental concentration
of an acrive ingredient in the air 1.5 m high ac
7.6 m from the spray source (micrograms per
cubic meter), RR is the respiratory rate under
moderate activity (cubic meters per hour), D is
the duration of exposure (hours), CFis the
conversion factor to account for the conversion
of units from micrograms per cubic meter to
milligrams per cubic meter, and 6w is body
weight (kilograms).

RRs were assumed to be 1.6 m3/hr for
adults and 1.2 m¥/hr for children, including
infants. These rates are indicative of moderace
physical activity (U.S. EPA 1996). The dura-
tion of exposure was 6 hr. Therefore, the
assumption was that the person was outside and
7.6 m from the spray truck when it passed him
or her, Moreover, the person remained outside,
7.6 m from the emission, for the following
6 hr, respiring as if under moderate physical
activity during the entire time. Body weight for
the different age groups is discussed above.

Acute dermal exposure from spray deposi-
tion. Acute dermal exposures from deposition
of spray drift on skin were estimated as

PE=(TDEX AB) + buw, (3]

where PE is potential exposure (milligrams per
kilogram bw), TDE is total dermal exposure
(milligrams), AB is dermal absorprion rate,
and 6w is body weight (kilograms), There is
no publicly available information on dermal
deposition immediately after truck-mounted
ULV sprays. Therefore, we used the U.S. EPA
Pesticide Handler Exposure Database (PHED;
U.S. EPA 1998) as a conservative surrogate.
The PHED contains pesticide-handler scenar-
ios derived from field studies and exposure
estimares based on physical factors such as
application rare, hectares treated per day, type
of cloching worn, methods of application, and

Table 2. Application rates, chemical properties, and predicted environmental concentrations of active ingredients.

Active ingredient

Property Piperonyl butoxide ~ Phenothrin Permethrin Resmethrin Malathion Naled Pyrethrins
Application rate (kg ai/ha) 0.0392 0.004 0.0078 0.0078 0.0639 0.0224 0.008
Density {g/ml) 0.8982 0.8982 088578 0.87¢ 1.239 1.67¢ 0.81/
Surface photolysis half-life (days) NA? 6¢ 23h : 0,147 8.5/ 2.4 0.5
Soil aerobic half-life (days) 147 7 37% 30* 1" 1 1
Acute air concentration {pg/m3)! 7.38 0B 1.55 1.61 8.76 1.68 1.7
1-Day acute produce concentration (mg/kg dry wt) 0.525 0.054 0.105 0.105 0.855 03 0.12
90-Day mean surface concentration (mg/m2)™ 15.42 0.43 - 4.14 0.22 2.8 - 065 0.54
90-Day mean produce concentration (mg/kg dry wt) 2.88 0.055 0.086 0.012 0.73 ' 0.13 0.21

Abbreviations: ai/ha, active ingredient per hectare; NA, not available; wt, weight,
*Clarke Mosquito Control Products (1399b}. ®Clarke Mosquilo Control Products (1999a). Bayer Environmental Science (2004). “Griffin (2001}, AMVAC {2003). McLaughlin Gormley King Co.
(2004). #Surface and produce concentrations determined from soil aerobic hall-lifs only, .S, Department of Agriculture (USDA 2005). 'NYCDOH (2001). Food and Agricultural Organization

{2000). *U.S. EPA {2005¢). 6-Hr mean concentration at 7.6 m from spray source.
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formulation type. We used the PHED sce-
nario in which a flagger (person marking che
location for pesticide application while the
application is occurring) was exposed to 2 lig-
uid application. We assumed that the person
was not wearing clothing and thart the expo-
sure was 10 times greater than the flagger sce-
nario. We believe this scenario conservatively
estimated residential dermal exposure for two
reasons: 4) we added a 10-fold increase in
exposure, and 4) the U.S, EPA has not consid-
ered acute dermal contact from ULV applica-
tions for pyrethrins, piperonyl butoxide, and
permethrin because it was believed to be negli-
gible (U.S. EPA 20052, 2005b, ZOQSC)‘ The
values for percent dermal absorption were
0.22% for pyrechrins (U.S. EPA 2005b), 2%
for piperonyl butoxide (U.S. EPA 2005a),
10% for malathion and resmechrin (U.S. EPA
20002, 2000c), 15% for permethrin (U.S.
EPA 2005¢), 70% for phenothrin (U.S. EPA
2000b), and 100% for naled (U.S. EPA
2002a).

Acute hand-to-mouth exposure from
spray deposition on hands. Acute hand-to-
mouth exposures were estimated for only two
subgroups (toddlers and infants), because
young children are more likely than adults to
be exposed to pesticides as a result of hand-to-
mouth contact (Cohen Hubal et al. 2000).
Exposures were calculated as

PE=((THD + HSA) x AHSx SEF] + bw, [4]

where PL is potential exposure (milligrams per
kilogram bw), THD is total hand dermal expo-
sure (milligrams), HSA4 is adult hand surface
area (square meters), AHS is adjusted hand sur-
face area for each subgroup (square meters),
SEF is saliva extraction factor, and bw is body
weight (kilograms). Tocal hand dermal expo-
sure was determined using the PHED darabase
and the assumptions discussed above. The
hand surface area of toddlers (2-3 years of age)
was assumed to be 0.035 m?, which represents
the 50ch percentile total surface area values for
males and females in the 2-3 and 3-4 year age
groups, muldplied by the mean percentage of
the total body represented by hands for males
and females of that age (U.S. EPA 1996). The
hand surface area for infants was assumed ro be
0.007 m? and was also calculated as a percent
of total body surface area for infants (U.S. EPA
1996). We calculated the total body surface
area of infants using the formula by Current
(1998). We assumed thar, on: the day of appli-
cation, 50% of che insecticide deposited on the
hand was available through saliva excraction
(U.S. EPA 2005a, 2005¢).

Acute ingestion of garden produce. We
assumed thac the insecricide sertled onto a
tomato garden and chat the resident picked,
processed, and ate tomatoes the next day. The
estimated maximum insecticide residue

deposited on tomatoes is discussed above. We
assumed thac che resident did not wash the
tomaroes after picking. The residue concentra-
tion also did not change with processing of the
tomacoes. The amount of insecticide ingested
was estimated as the product of the residue con-
centration and the quantity of food consumed.
Tomato consumption patterns were deter-
mined using the Dietary Exposure Evaluation
Model [(DEEM)-Food Commodity Intake
Database (FCID) version 2.04; Exponent,
Washington, DC]. The model determines
dietary consumption for the U.S. population
and several subgroups by using individual
food consumption records collected by the
U.S. Department of Agriculture (USDA)
Continuing Surveys for Food Intake by
Individuals for 1994-1998. Translation fac-
tors used to convert foods-as-eaten to com-
modities are based on a U.S. EPA/USDA
FCID recipe set. For this assessment, we
determined the acute food consumption pac-
terns by subgroup using che 95¢h percentile
t-day consumption values for tomatoes,
tomato baby food, tomato paste, tomato paste
baby food, tomato puree, tomato puree baby
food, dried tomato, dried tomato baby food,
and tomato juice. Therefore, the respective
individuals in these subgroups ate all of these
tomato food products within 1 day of applica-
tion at the 95th percentile of U.S. national
consumption.

Subchronic exposure. We assumed mulci-
route exposures per day over 90 days after
multispray events. Routes of insecticide expo-
sure included inhalation, dermal contact wich
spray, ingestion of garden produce, hand-to-
mouth ingestion by infants and toddlers from
spray deposition on hands, hand-to-mouth
ingestion by infants and toddlers from deposi-
tion on surfaces, dermal concact with soil and
other surfaces, and soil ingestion.

Subchronic inhalation, dermal, and
hand-to-mouth exposures. Exposures for each
exposure rype were estimated as

PE= (PEamfr, gv;zex SE) + D, [5]

where PE is the potential exposure (milligrams
per kilogram bw per day), PEu, gype is the
acute exposure type (e.g., acute inhalation)
from each spray event (milligrams per kilo-
gram bw), SE is the number of spray events,
and D is the duration of éxposure (days), We
assumed that the insecticides were sprayed on
days 1, 4, 14, 17, 27, 30, 40, 43, 53, and 56
(10 spray events per season) in any given area,
The exposure duration was 90 days.

Subchronic hand-to-mouth exposure
from deposition on surfaces. Subchronic
hand-to-mouch exposures were estimated for
only ewo subgroups (toddlers and infants)
based on the rationale discussed above.
Exposures were calculated as
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PE = (EECx SEFx SAX DRx FAx D)
+ bw, (6]

where PE is potential exposure (milligrams per
kilogram bw per day), £ECis the 90-day aver-
age environmental concentration of the active
ingredient deposiced on soil or turf within
91.4 m from the spray source (milligrams per
square meter), SEF is saliva extraction factor,
SA is surface area for three fingers (square
meters), DR is dislodgeable residue, FA is fre-
quency of activity (events per hour), D is
exposure duration (hours), and bw is body
weight (kilograms). Assumptions for estimat-
ing subchronic environmental concentrations
are discussed above. The saliva extraction fac-
tor was assumed to be 50% (U.S. EPA 20054,
2005¢), and the palmar surface area for three
fingers was assumed to be 20 cm? (U.S. EPA
2005¢). Dislodgeable insecticide residue from
soil or turf grass was assumed to be 20% (U.S.
EPA 1997). The frequency of hand-to-mouth
activity in children was assumed to be
20.5 events/hr and is based on the maximum
frequency observed (Freeman et al. 2005).
The duration of exposure was assumed to be
4 hr/day. Therefore, the toddler or infant was
assumed to be engaging in hand-to-mouth
activities outside each day for 4 hr over 90 days.

Subchronic ingestion of garden produce.
Our assumptions for subchronic ingestion of
garden produce were the same as for acuce
ingestion of produce, with the following differ-
ences: 4) the insecticide was deposited onto
both tomatoes and head- and leaf-letruce, 4) all
tomato and lectuce consumption by the resi-
dents over the 90 days was from the garden,
and ¢) tomato and lettuce consumption pat-
terns were determined using chronic food con-
sumption patterns (3-day average).

Subchronic dermal contact with soil and
other surfaces. Exposures from contace with
soil, turf, and other outdoor surfaces were
calculaced as

PE=(EECx SAXSSxABx DRx CF)
+ bw, (71

where PE is potential exposure (milligrams per
kilogram bw per day), EEC'is the 90-day aver-
age environmental concentration of the active
ingredient deposited on soil or cturf within
91.4 m from the spray source (milligrams per
square meter), SA is body surface area in con-
tact with surface (square centimeters), SS is
weight of soil adhered to skin (milligrams per
square centimeter), AB is dermal absorption
rate, DR is dislodgeable residue, CFis the con-
version factor to account for square meters to
square centimeters, and bw is body weight
(kilograms). The body surface area in contact
with che surface was assumed to be the sum of
surface areas for face (head + 2), hands, arms,
legs, and feer (U.S. EPA 1996). Therefore, we
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assumed residencs were minimally cloched
while outside. Contact with surfaces was asso-
ciated with certain human accivities. The activ-

ities were assumed to be gardening for adules:

(0.55 mg soil/em? skin) and soccer for chil-
dren, including infants (0.164 mg soil/cm?
skin) (U.S. EPA 1996). We assumed chat these
activities occurred each day over che 90 days.
The assumptions for dermal absorption rate
and dislodgeable residues are discussed above.
Subchronic soil ingestion. Exposures from

- incidental ingestion of soil were calculated as

PE=[(EEC+ SW) x 81 + buw, (8]

where PLis potential exposure (milligrams per
kilogram bw per day), EEC is the 90-day aver-
age environmental concentration of the active
ingredient deposited on soil or curf within
91.4 m from the spray source (milligrams per
square meter), SW is soil weight (milligrams
per cubic meter), S/ is soil ingestion (mil-
ligrams per day), and bw is body weight (kilo-

"grams). Because the insecticide would only be

surface-deposited on soil, we assumed chac che
concencration (milligrams per-square merer)
would be the same for a cubic mecer of soil.
Soil weight was assumed to be 3.86 kg/m?
based on reported densities for Scorts lawn soil
(The Scotts Company, Marysville, OH), Soil
ingestion rates were assumed to be 100 mg/day
for children and 50 mg/day for adules (U.S.
EPA 1996). We assumed chat all soil ingestion
each day was from soil containing residues of
the active ingredients,

Risk characterization. Human-healch risks
in this study were assessed by integrating toxic-
ity and exposure. We assessed risks using the
risk quotient (RQ) method. For each popula-
tion subgroup, an RQ was calculated by divid-
ing the PE by the appropriate toxicicy end
point (e.g., the RfD), Therefore, the RQ is the
ratio of exposure to effecc. RQs < 1 are typi-
cally below regularory levels of concern.

Exposures by similar route of exposure and

fever, and approximarely 2.6% of the popula-
tion in outbreak areas in New York were
infected during the epidemic of 1999. Loeb
et al. {2005) reported a 3.1% outbreak infec-
tion rate in Qakville, Onrario, Canada, in
2002, Unfortunately, the seroprevalence of
WNV antibodies across larger time and geo-
graphic scales has not been determined.
Overall, 20% of infected persons develop mild
febrile illness (Mostashari ec al, 2001), and
0.67% develop neurologic disease (Fratkin
et al. 2004). A rotal of 0.43% develop
encephalitis, and 0.24% develop meningitis
(Asnis et al..2001; Brilla et al. 2004; Emig and
Apple 2003; Klee ec al. 2004; Sejvar et al.
20032; Weiss ec al, 2001).

Case-fatality rates in che Uniced States
ranged from 4 to 18%.among hospitalized
patients (Brilla e al. 2004; Emig and Apple
2003; Nash et al. 2001b; Pepperelf ec al. 2003;
Sejvar et al 2003a; Weiss et al, 2001) and from
2.7 to 14% among cases reported to the CDC
(CDC 2004b).

No difference in distribution of WNV
infection among age groups and berween sexes
is apparent (Nash et al. 2001a, 2001b; Tyler
2001), bur for unknown reasons, males seem
to be ac higher risk for WN neuroinvasive ill-
ness (O’Leary et al. 2004; Petersen and Marfin
2002). Children infected with WNV usually
show no symprtoms or have only a mild fever
(Hayes and O’Leary 2004). The incidence of
encephalitis and death increases with age (Nash
ec al. 2001a, 2001b; O’Leary et al, 2004; Tsai
er al, 1998; Weinberger er al. 2001). Weiss
et al. (2001) reported that persons 2 50 years
of age were more likely to present meningo-
encephalitis and had increased mortalicy rates;
other reports show that the incidence of neuro-
logic symptoms and death may increase 10- to
20-fold among persons 2 50 years of age (Nash
et al. 2001a; Sampathkumar 2003; Tyler

2001). The risk increases 43 cimes for persons
2 80 years of age (Sampathkumar 2003).

Few data exist regarding long-term mor-
bidity after WNV infection. Substantial mor-
bidity may follow hospiralization for WNV
infection (Petersen et al. 2003) and is observed
in patients with WN fever (Watson et al.
2004). Encephalitis cases seem to have more
variable outcomes than meningitis cases, which
tend to recover well (Granwehr et al. 2004). A
poor prognosis and very limited recovery have
been observed in acute flaccid paralysis cases
(Saad et al. 2005; Sejvar e al. 20032, 2003b).

Although patients with WN fever tend to.

recover well, median recovery time was 60 days
for patiencs in Illinois in 2002 (Watson et al.
2004). The disease also has a significanc effect
on the lifestyle of parients with WN fever. Of
98 respondents with WN fever, 57 (58%)
missed work/school, 82 (84%) had houschold
activities limited, 47 (49%) had difficulcy
walking, and 89 (91%) had outside-of-home
activities limited (Watson et al. 2004).

In a long-term follow-up study on 42 WN
encephalicis survivors 1 year after illness onset,

only 37% presented full physical, functional,"
y p phy

and cognitive recoveries, and there was a sub-
stancially higher prevalence of impairment
compared with baseline (Nash et al. 2001a),
Similarly, only 2 of 8 patients in a study in
New York presented full recovery after 1 year;
3 patients had neurologic sequelae, and
1 patient had minimal impairment after
18 months (Asnis et al. 2001),

Acute risks from insecticides. Table 3 shows
the calculaced RQs for each active ingredienc in
terms of total acute PE. Exposures and risks
also were determined for each exposure route.
Potential acute inhalation exposures of the six
human subgroups to the adulticides ranged

from 0.00011 to0 0.0075 mg/kg bw, and the

environmental concentrations were lower chan

" Table 3. Acute RQs for the active ingredients for each subgroup.?

- . .. Piperonyl
duration (¢.g., subchronic dermal conta.c: with Subgroup Malathion Naled Permethrin  Resmethrin  Phenothrin ~ Pyrethrins  butoxide
spray and surfaces) were compared with che
appropriate RED (e.g., subchronic dermal  AGult males 00076  0.14% 00020 00052 00004 00081 0.0004
RM). Multiroute exposures (dermal + inges- Adylt females 0.0079 . 0.1576 0.0021 0.0055 0.0004 0.0085 0.0004

) X . | Children{10-12 years)  0.0105 0.2123 0.0028 0.0072 0.0006 0.0113 0.0006
tion + inhalation) were compared with the  ghiigren 5-6years) 00177 03631 00043 00123 00010 00180 0,009
ingestion RID. The ingestion RfD provided 2 Togdlers (2-3 years) ~ 0.0225 04726 °  0.0063 0.0158 0.0013 0.0245 0.0012
conservative toxicity end point because it rypi-  Infants {0.5-1.5 years)  0.0188 0.4485 0.0058 0.0147 0.0012 0.0218 0.0010
cally was based on the most sensitive NOAEL. g0 0o oo
Therefore, it represented the largest dose in
which no adverse effects on human healch  Table 4. Subchronic RQs for the adulticides for each subgroup.?
would occur during the relevant exposure Piperonyl
duration. Subgroup Malathion Naled Permethrin  Resmethrin  Phenothrin  Pyrethrins  butoxide
Results Adult males 0.0360 0.0259 0.0007 0.0004 0.0001 0.0056 0.0032

, . . , . Adult females 0.0363 0.0269 0.0007 0.0004 0.0001 - 0.0056 0.0032
West Nile virus risks. According to a sero-  Children (10-12years) 00470 0.0290 0.0008 0.0005 0.0001 0.0074 0.0043
epidemiologic survey conducted by Mostashari ~ Children (5-6 years) 0.0676 0.0447 0.0012 0.0009 0.0002 0.0104 0.0059
et al. (2001), for every diagnosed case of West  Toddlers(2-3years) 01815 01294 00204 00037 00009 00270  0.0262

Infants (0.5-1.5years)  0.2074 0.1661 0.0301 0.0054 0.0013 0.0292 0.0325

Nile (WN) meningoencephalitis, there were

approximately 30 additional people with WN  #Ra = total subchronic PE + RID.
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the inhalation reference concentrations for all
active ingredients evaluated. Potential acute
dermal exposures to the adulicides ranged
from 0.0000001 to 0.0011 mg/kg bw, with
RQs ranging from 0.0000005 to 0.0113. For
acute exposure due to ingestion (hand-to-
mouth exposure from spray deposition on
hands and ingestion of produce), total PEs
ranged from 0.0001 to 0.0061 mg/kg bw, wich
RQs ranging from 0.00014 to 0.2142. Toral
acuce RQs ranged from 0.0004 to 0.4726.
Subchronic risks from fnsecticides. Table 4
shows the calculated RQs for each active
ingredient in terms of total subchronic PE.
Potential subchronic inhalation exposures of
che six subgroups to the adulticides ranged
from 0.000012 to 0.00083 mg/kg bw. For

subchronic dermal exposures to the adulticides -

{dermal and contact with soil), tocal PEs
ranged from 0.00000006 to 0.00015 mg/kg,
with RQs ranging from 0.0000001 to 0.0015.
Pocential subchronic exposures due to inges-
tion (ingestion of produce and soil, hand-to-
mouth activity after contact with surfaces,
and hand-to-mouch activity after contact
with spray drift) ranged from 0.00001 to
0.0283 mg/kg bw, with RQs ranging from
0.00007 to 0.1709. Total subchronic RQs
ranged from 0.00014 to 0.2074.

None of the subgroups had RQs 2 1.0
(i.e., PEs did not equal or exceed the RfDs) for
any of the active ingredients evaluated. The
lowest acute RQs were to phenothrin and
piperonyl butoxide for adules and the highest
acute RQ was to naled for toddlers (Table 3).
The lowest and highest subchronic RQs were
to phenothrin for adults and malachion for
infants, respectively (Table 4).

Discussion

Conservatism. Based on the exposure and toxi-
city assumptions above, we believe our
assumptions were sufficiently conservative and
most likely overestimated risk. For example,
assuming an acute RR of 0.8 m3/hr for 2 hr
and no dermal or ingestion exposures [which

were the U.S. EPA assumptions for mosquito -

control uses of permethrin (U.S. EPA 2005¢)],
there would be a 90% reduction in exposure
for toddlers compared with our value, Indeed,
draft dier 1 risk assessments recently conducted
for malachion, piperonyl butoxide, pyrechrins,
and permethrin by the U.S. EPA also suggest
that our resules are sufficiencly conservative
(U.S. EPA 2000c, 20052, 2005b, 2005¢).
Because of che conservative exposure assump-
tions used, we believe higher-tiered risk assess-
ments using more realistic exposures would
resule in risk values significantly lower than
those presented here.

The conservatism of our risk assessments
for insecticides used in adult mosquito con-
trol is supported by residential biomonitoring
and epidemiologic scudies. Currier ec al.

(2005) assessed human exposure to ULV-
applied naled, permethrin, and phenothrin in
Mississippi, North Carolina, and Virginia as
a result of emergency large-scale mosquito
abatement. Using biomonitoring of urine,
they did noc observe an increase in insecti-
cide merabolite concentrations among
exposed residents. Karpati et al. (2004) and
Q’'Sullivan er al. (2005) did not observe
increases in hospital emergency department
visits for asthma after wide-scale spraying of
residential neighborhoods.

Uncertainties. Despite the conservatism of
our risk assessment, uncertainties were

revealed. Many of the uncertainties associated -

with residential exposure estimates are dis-
cussed above. The principal uncertainty was
for environmental concentrations of the active
ingredients. Data for actual aerial concentra-
tions and surface deposition of active ingredi-
ents need to be generated to more accurately
characterize risks. Because of the nature of
ULYV application methods, it is likely that con-
centrations of active ingredients are much
lower than those predicted using the AER-
MOD and ISCST3 tier 1 models. Toxicologic
uncerwinties include mammalian toxicities to
combinations of piperonyl butoxide and adul-
ticides and to inert ingredients in the formu-
lated products..The addition of piperonyl
buroxide to the adulticides increases the mos-
quito toxicity of the pyrethroids approxi-
mately 10-fold, but mammalian toxicicy is not
likely to be proportionally increased (Knowles
1991). Even if mammalian toxicity were
increased 10-fold co the pyrethroids, RQs
would still be well below levels of concern.
Human exposures to solvents and other inert
ingredients are likely co be low, resulting in
low risks (NYCDOH 2001). Future research
should be directed toward reducing toxicity
and exposure uncertainties associated with
mosquito adulticides. In addition, future
assessments should address ecologic risks.
Comparing risks. Although it is difficult ©o
compare the risks directly, several conclusions
can be drawn by considering both human
risks from exposure to WNV and insecticides
used to control adult mosquitoes. In a sicua-
tion where application of mosquito adulticides
occurs because of known human cases of
WNYV, an adult human female may have at
least 2 3% probability of being infected by
WNV. An adulc female in that same area con-
servatively may have a 100% probability of
being exposed to a particular mosquito adulti-
cide. Her probability of exposure to the insec-
ticide may be greater than WNV infection,
but the consequences (i.e., the risks) of the
exposures would be very different. Once
infected with WNV, an adulc human female
has approximately a 20% probability of
expressing clinical signs of illness (WN fever)
and, depending on age, a 0.67% probabilicy of
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expressing neurologic disease. Depending on
the insecticide, her acute exposure would be
0.0415-15.76% of the RID (0.0004-0.1576%
of the NOAEL). Consequently, her acute risks
from the insecticide would be lower than her
acute risks from WINV. Subchronic insecticide
risks would also be negligible (Table 4),
whereas subchronic and chronic WNV risks
(disease sequelae) would be greater. Therefore,
once exposed to the insecticide (based on the
tier 1 exposure assumptions from this study),
the risk of any adverse health effects to the
adult female would be negligible,

Results from our risk assessment and the
current weighe of scientific evidence (Currier
et al. 2005; Karpati et al. 2004; NYCDOH
2001; O’Sullivan et al. 2005; U.S. EPA 2000c,
2005a, 2005b, 2005¢) indicate that human-
health risks from residential exposure to mos-
quito adulticides are very low and are not likely
to exceed levels of concern. Further, by virtu-
ally any current human-health measure, the
risks from infection by WNV exceed the risks
from exposure to mosquito insecticides.
Therefore, perceptions that human-health risks
from the insecticides used to control adult
mosquitoes are greater than the risks from
WNYV currently cannot be supported by cur-
rent scientific evidence. Our results, and the
results from other studies, should be used by
the U.S. EPA, public health officials, and the
general public to make better-informed deci-
sions about risk—risk tradeoffs.

CORRECTION

In the original manuscript published
online, the acute air concentration for naled
in Table 2 and the RQ ranges for acute
inhalation exposures and acute subchronic
dermal exposures were incorrect. These
have been corrected here.
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Pyrethroid pesticides were applied via ground spraying to residential neighborhoods in New York
City during July-September 2000 to control mosquito vectors of West Nile virus (WNV). Case
. reports link pyrethroid exposure to asthma exacerbations, but population-level effects on asthma
from large-scale mosquito control programs have not been assessed. We conducted this analysis to
determine whether widespread urban pyrethroid pesticide use was associated with increased rates

of emergency department (ED) visits for asthma. We recorded the dates and locations of -

pyrethroid spraying during the 2000 WNV season in New York City and tabulated all ED visits
for asthma to public hospirals from October 1999 through November 2000 by date and ZIP code
of patients’ residences. The association berween pesticide application and-asthma-related emer-
gency visits was evaluated across date and ZIPcode, adjusting for season, day of week, and daily
temperature, precipitation, particulate, and ozone levels, There were 62,827 ED visits: for asthma

during the 14-month study period, across 162 ZIP codes. The number of asthma Visits was similar

in the 3-day periods before and after spraying (510 vs. 501, p = 0.78). In multivariate analyses,
“daily rates of asthma visits were not associated with pesticide spraying (rate ratio = 0.92; 95% con-
fidence interval, 0.80-1.07). Secondary analyses among children and for chronic obstructive pul-
monary disease yielded similar null results. This analysis shows that spraying pyrethiroids for
WNV control in New York City was not followed by population-level increases in public hospital
ED visit rates for asthma, Key words: asthma, obstructive airway disease, ozone, particulates, pesti-
cides, pollutants, pyrethroids, West Nile virus. Environ Health Perspect 112:1183-1187 (2004).

doi:10.1289/ehp.6946 available via hep://dx.doi.org/ [Online 8 July 2004]

Outbreaks of encephalitis caused by West Nile
virus (WNV) have occurred in the late sum-
mer and early autumn months yearly in New
York City since 1999. Birds are the reservoirs
for WNV, and transmission to humans occurs
via mosquito vectors (Roehrig et al. 2002).
One component of the New York Cicy
Department of Heelth and Mental Hygiene's
(DOHMH) response to the emergence of
WNV was to initiate a citywide adulc mos-
quito control program, which included the
application of aerosolized pesticides via truck
spraying to residendal and commercial neigh-
borhoods and to other areas such as parks and
cemeteries. Beginning in 2000, the dates and
ZIP codes of pesticide spraying were guided by
the results of WNV testing of trapped mosqui-
toes and dead birds and by surveillance for

human cases of WNV infection.

The active ingrediencs in the brand of

. pesticide used in 2000 were sumichrin

(10%), a pyrethroid, and piperonyl butoxide
(10%), a benzodioxole, which acts as a
microsomal enzyme inhibitor, Exposure to
pyrethroid pesticides or their synergists can
cause respiratory irritation, hypersensitivicy
pneumonitcis, exacerbation of aschma, and

‘death (Carlson and Villaveces 1977; He

et al. 1988; Kolmodin-Hedman et al, 1982;
Lessenger 1992; Moretro 1991; Newton
and Breslin 1983; Wax and Hoffman
1994); however, we could find no data on
population-level respiratory effects of large-
scale mosquito control programs using
pyrechroids. Exacerbations of exis