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Executive Summary

The U.S. Agency for International Development (USAID) Office of Global Health
contracted RTI International to conduct a Programmatic Environmental Assessment
(PEA) to serve as an umbrella evaluation of environmental and human health issues
related to malaria vector control and to assist with the preparation of country- and
activity-specific Supplemental Environmental Assessments (SEAS) for malaria vector
control programs. This PEA provides USAID project managers with the policy,
procedural, and technical guidelines to choose appropriate interventions and insecticides
and develop and implement mitigation and monitoring and evaluation activities. This, in
turn, will allow Missions to design malaria vector control programs in more efficient and
cost-effective ways.

The integrated vector management (IVM) PEA is composed of the following sections:

e Section 1—Introduction. The introduction provides an overview of the purpose
and objectives of the PEA.

e Section 2—Background on Malariaand Malaria Vector Control.

e Section 3—Proposed Actions and Alter natives. This section discusses proposed
actions and alternatives, including indoor residual spraying (IRS), insecticide-
treated nets (ITNs) (limited evaluation), environmental management, and
larviciding, as well as alternatives that are not recommended (including the “no
action” alternative).

e Section 4—Affected Environment. This section provides an overview of issues
to be considered when discussing the intervention area environment in country
specific environmental assessments.

e Section 5—Human Health and Environmental Consequences. This section
discusses the Phase I screening risk assessment that was conducted for the
purpose of informing USAID on the human health risks of IRS, ITNs, and
larvicides.

e Section 6—Mitigation, Monitoring, and Evaluation.

e Section 7—Regulatory, Legal, and Institutional Setting. This section provides
an overview of regulatory, policy, and institutional capacity issues to be
considered during the preparation of country-specific environmental assessments.

e Section 8—Training and Institutional Capacity Building. In this section, the
PEA provides suggestions for training and institutional capacity building for
program quality and sustainability.

e Section 9—Cross-Cutting I ssues. Three cross-cutting issues are addressed in this
section, including interaction with the agricultural sector, hazardous waste
management, and prevention versus treatment of malaria.

Integrated Vector Management Programs for Malaria Control 1



e Section 10—Public Consultation Process. This section summarizes the public
consultation process that was conducted at the scoping stages and for various draft
versions of this PEA.

e Section 11—Bibliography.

A separate guidance document for preparing SEAs, entitled Guidance for Developing
SEAs for Malaria Vector Control Programs, can be found in Annex C.

The intended audience and users of this PEA, entitled Management Programs for
Malaria Control: Programmatic Environmental Assessment, include malaria control
program decision makers, designers, and implementers; USAID Washington Program
Officers, Mission Health Officers (MHOs), and Mission Environment Officers (MEOs);
host country health and environment officials; Office of Foreign Disaster Assistance
(OFDA) Officers; individuals preparing Initial Environmental Examinations (IEEs) and
SEAs; and the general public.

Key Recommendations

e Prohibit the use of interventions not supported by this PEA (Section 3.5).

e Ensure any intervention chosen complies with international treaties, as well as
host country and U.S. government laws, regulations and guidelines (Sections 7.1
and 9.2).

e Use entomological surveillance and disease surveillance to select appropriate
locations, interventions, and times for implementation. Location-specific criteria
that should be used to select an appropriate intervention include, but are not
limited to, climate, vector behavior, vector habitat, cost-effectiveness, pesticide—
target environment interactions, political and stakeholder commitment, financial
sustainability and human resources, and impacts on agricultural export markets
(Sections 6.1 and 9.1).

e Promote host country selection of pesticides based on criteria found in Section
6.1.

¢ Integrate environmental and human health concerns into the planning stages of
the intervention (Section 6.1).

e Determine intervention-specific mitigation, monitoring and evaluation activities
to be implemented based on recommendations in this PEA and the insecticide-
treated materials (ITM) PEA, as well as consultations with host country
stakeholders (Section 6.1).

e Promote host country compliance with requirements and recommendations for
dichloro-diphenyl-trichloroethane (DDT) use under the Stockholm Convention
(Section 6.1).

e Monitor the implementation and effectiveness of mitigation activities
(Section 6.1).

Integrated Vector Management Programs for Malaria Control



e Monitor the impacts of the intervention on the environment, livestock, workers,
and communities. (Environmental monitoring is required for support of DDT use
in IRS, and cholinesterase monitoring is required for support of organophosphate
use in IRS) (Section 6.1).

e Monitor the effectiveness of the intervention on malaria vector populations
(Section 6.1).

e Monitor the effectiveness of the intervention on malaria incidence (Section 6.1).

e Consolidate all monitoring results in a Human Health and Environmental
Evaluation report, containing elements listed in the PEA (Section 6.2).

e Adapt management of the malaria vector control program according to results
found in the Human Health and Environmental Evaluation Report (Section 6.2).

¢ Provide training to contractors on factors to consider in intervention and
insecticide selection, potential impacts of pesticides, best practices and mitigation
measures, adaptive management, and any other identified topics of concern
(Section 8.2).

e Provide capacity building activities for senior government officials on factors to
consider in intervention and insecticide selection, potential impacts of
insecticides, best practices and mitigation measures, appropriate timing and
logistics, adaptive management, and any other identified topics of concern
(Section 8.3).

e Provide capacity building activities for mid-level management on logistics, data
management, best practices and mitigation measures, monitoring and evaluation
(of all types mentioned in this PEA), surveillance systems, adaptive management,
and any other identified topics of concern (Section 8.4).

e Provide for capacity building of institutions outside the malaria sector to improve
intervention mitigation and monitoring capabilities in the host country (Section
8.6).

e Train intervention implementers according to the highest standards available (for
instance, WHO guidelines, PEA guidelines, United Nations Food and Agriculture
Organization guidelines, equipment manufacturer guidelines, pesticide industry
guidelines, ministry guidelines, etc.) (Section 8.5).

e When pesticides are used in an intervention, train pesticide storekeepers, medical
practitioners, individuals transporting pesticides, and communities on their roles
and responsibilities in preventing unwanted exposure of pesticides (or treating
exposure, in the case of medical practitioners) (Section 8.5).

e When hazardous waste or potential obsolete pesticide stocks are identified during
planning or implementation of an intervention, follow the protocol described in
Section 9.2 of this PEA.

Integrated Vector Management Programs for Malaria Control 3



Assist host countries with activities pertaining to DDT compliance requirements
of the Stockholm Convention, if they are using USAID-procured DDT for disease
vector control, are Parties to the Convention, and have a DDT use exemption
under Stockholm (Section 9.2.3).

Conduct SEAs to supplement this PEA in accordance with the Guidance for
Developing SEAs for Malaria Vector Control Programs in Annex C.

Integrated Vector Management Programs for Malaria Control



Introduction

The U.S. Agency for International Development (USAID) estimates 300 to 500 million
worldwide cases of malaria occur every year, resulting in up to 2.5 million deaths—
mostly among young children. Since the start of USAID’s Infectious Disease Initiative in
1998, the Agency has significantly increased its programs and funding to fight malaria,
particularly in Africa, where 90 percent of malaria deaths occur. USAID’s malaria
programs focus on assisting countries to develop the capacity to effectively prevent and
treat malaria through an integrated approach—integrated vector management (IVM)—
that uses a range of interventions designed to eliminate or greatly reduce malaria
transmission. On June 30, 2005, President Bush pledged to increase funding for malaria
prevention and treatment by more than $1.2 billion over 5 years, specifically in sub-
Saharan Africa. To launch the President’s Malaria Initiative, the United States will
significantly expand resources for malaria prevention and treatment in Angola, Tanzania,
and Uganda starting in 2006; expand to four more highly endemic African countries in
2007; and at least five more in 2008. This effort is expected to cover more than 175
million people in 15 or more of the most affected African countries.

Given this recent expansion of USAID malaria control programs and the Agency’s
prominent role as a key member of the Roll Back Malaria (RBM) Partnership,' it decided
to prepare a PEA to evaluate potential generic environmental and human health effects of
the various methods composing IVM. As a federal government agency, USAID is subject
to U.S. environmental laws and regulations, which are applicable to all its programs,
projects, and activities. Implementation of these through environmental impact
assessment ensures that USAID development programs are not only economically
sustainable but protect the host country’s residents, malaria control workers, and
environment. Title 22, Code of Federal Regulations, Part 216 (22 CFR 216)—Regulation
216, defines USAID’s environmental impact assessment procedures.” Regulation 216,
Section 216.6 (d) states that “Program Assessments may be appropriate in order to: assess
the environmental effects of a number of individual actions and their cumulative
environmental impact in a given country or geographic area; or the environmental
impacts that are generic or common to a class of agency actions; or other activities which
are not country-specific.”

! The Roll Back Malaria Partnership, launched in 1998 by the WHO, United Nations Development Program,

UNICEF, and the World Bank, aims to provide a coordinated global approach to fighting malaria and halving its

burden by 2010.

2 The complete text of USAID environmental procedures, including pesticides procedures, can be found in Annex B

of this PEA.
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Developing a PEA for IVM is appropriate, as the environmental and human health
impacts are, in some respects, generic. The World Health Organization (WHO) only
supports the use of twelve pesticides for IRS, and countries generally do not use
pesticides that are not supported by WHO for this activity. The potential effects of these
IVM chemicals on humans and the environment are similar regardless of location. This
PEA addresses the environmental and human health effects of [VM activities that are not
country specific. The information contained in this PEA, as indicated by the Code of
Federal Regulations, will serve to expedite future USAID environmental documentation
processes by providing reference material for Initial Environmental Examinations (IEEs),

SEAs, Pesticide Evaluation Reports and
Safer Use Action Plans (PERSUAPs),
or other individual environmental
assessments that address country-
specific USAID support for [IVM
activities.

A preliminary PEA for IVM was
prepared in mid-2004. The initial draft
was revised in 2005 and 2006, and was
vetted with a broad spectrum of
stakeholders in Washington, DC, and
overseas.

1.1  Objective of the PEA

The objective of this PEA, as stated in
the Scoping Statement (Annex A), is to
“assist with the preparation of country
and activity-specific Supplemental
Environmental Assessments (SEAs) and
Pesticide Evaluation Reports and Safer
Use Action Plans (PERSUAPs) for
malaria control projects employing [IVM
strategies. The intent is that this PEA
will serve as an umbrella evaluation of
environmental and human health issues
related to IVM implementation. The

Regulation §216.3(b)—Pesticide Procedures

Factors to be considered when assessing the use

of pesticides in project activities:
EPA registration status of the requested
pesticide
Basis for selection of the requested pesticide
Extent to which the proposed pesticide use is
part of an integrated pest management
program
Proposed method or methods of application,
including availability of appropriate
application and safety equipment
Acute and long-term toxicological hazards,
either human or environmental, associated
with the proposed use and measures
available to minimize such hazards
Effectiveness of the requested pesticide for
the proposed use
Compatibility of the proposed pesticide with
target and nontarget ecosystems
Conditions under which the pesticide is used,
including climate, flora, fauna, geography,
hydrology, and soils
Availability and effectiveness of other
pesticides or nonchemical control methods
Requesting country’s ability to regulate or
control the distribution, storage, use, and
disposal of the requested pesticide
Provisions made for training of users and
applicators
Provisions made for monitoring the use and
effectiveness of the pesticide

PEA will provide project managers with a technical, policy, and procedural guide for the
preparation of environmental assessments of individual projects. Together, the PEA and
project assessments are intended to provide a clear basis for deciding, for each project,

whether USAID can promote the use of [IVM components, and if so, how that should be
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done so as to comply with the letter and the spirit of the Agency’s environmental
regulations.”

The intended audience and users of this PEA are USAID Washington Program Officers,
Mission Health, and Environment Officers; cooperating country health and environment
officials; USAID partners implementing malaria control programs; Office of Foreign
Disaster Assistance (OFDA) Officers; consultants preparing Initial Environmental
Examinations (IEEs), SEAs, and PERSUAPs; and the general public.

Although this PEA primarily focuses on USAID’s malaria control programs, many of the
proposed prevention and mitigation measures are relevant to other vector-borne disease
control programs, such as dengue fever.

While providing a basis for the development of PEAs, the Code of Federal Regulations
also gives specific instructions on what information to consider in developing an
environmental assessment (EA) when USAID activities involve the procurement or use
of pesticides. These Pesticide Procedures are described in the Code of Federal
Regulations §216.3(b), which is located in Annex B. It is important to note that the term
“use” is interpreted broadly by USAID to include direct or actual acquisition, handling,
transport, storage, mixing, loading, application, cleanup, or disposal of pesticides, as well
as the indirect support of use, such as provision of fuel for transport of pesticides and
providing technical assistance in pesticide management operations. Because countries’
IVM strategies typically incorporate methods that use pesticides, the vast majority of EAs
conducted for USAID support of IVM must follow these Pesticide Procedures.

Although this PEA fulfills the legal requirement of assessing environmental and health
impacts of IVM, a second and perhaps more important aspect of the PEA is its value as a
tool for designing and implementing safe, environmentally and socially sound IVM
activities. Sound environmental design requires that the human health and environmental
impacts associated with various IVM strategies are identified during the design phase and
that preventative and mitigation measures are incorporated into the project bidding
documents, contracts, and project work plans. Implementation of preventative and
mitigation measures should be monitored and evaluated as part of performance progress
reports and regular project evaluations.

This PEA provides guidelines and cautions for developing an IVM program. It
encourages flexibility within the regulatory bounds of this PEA. Country-specific IVM
SEAs and PERSUAPs will provide the level of detail required to define specific IVM
options and activities. SEAs and PERSUAPs will more fully compare combinations of
IVM tactics to be employed, based on local conditions and risks. This PEA cannot
anticipate all combinations of conditions to be encountered in all countries; however, it
can identify for closer attention or restrict some of the riskier technology choices, and
streamline SEA procedures for lower-risk alternatives.

3 PEA objective quoted from the PEA Scoping Statement—January 2004.
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It should be noted that this PEA does not take the place of technical guidelines for
designing and implementing IVM methods.

1.2 PEA Scoping Statement

In January 2004, USAID developed a Scoping Statement, summarized below, for the
IVM PEA. The full text of the Scoping Statement and public comment on the statement
can be found in Annex A.

In the Scoping Statement, USAID states that this PEA should serve as an umbrella
evaluation of environmental and human health issues related to IVM implementation.
The PEA is meant to provide project managers with a technical, policy, and procedural
guide for the preparation of SEAs that will allow missions to proceed with IVM programs
in country. The key issues to be analyzed in detail in the PEA, as defined in the Scoping
Statement, are presented in the table below.

Table 1. Key Issues to Be Analyzed in the PEA

Key Issues to Be
Addressed Specific Aspects

Risks to humans from the e  Mortality
use of no IVM actions
e Morbidity
e Social disruption
e Impact of economic losses
e  Shift in focus away from prevention to reaction
e Human risks in sum

e Uncertainties

e Mitigation opportunities

Potential risks to humans e Relatively small quantities of pesticides used with IVM chemical group and
from the use of IVM formulations available; human risks; uncertainties; mitigation opportunities;
pesticides toxicity of IVM chemicals to humans, acute and chronic; potential human

exposure, oral, dermal, and inhalation; externalities associated with pesticide use
and exposure; regulatory and legal issues related to pesticides and health; and
enforcement issues related to pesticides and health

e Logistics: choice, selection, and availability of least toxic pesticide; labeling
toxicity categories by hazard indicator; quality of pesticide and pesticide supplier;
proper pesticide labels and training materials in local languages; pesticide
distribution from labeled containers to unlabelled containers; pesticide pilferage
for unauthorized use or sale; improper pesticide storage; improper pesticide
container transport; improper pesticide handling, formulation and use; prohibited
empty pesticide container re-use; proper disposal of empty pesticide containers;
proper disposal of left-over unusable pesticides; and proper use of safety
equipment
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Key Issues to Be
Addressed

Specific Aspects

Training: training on proper use of safety equipment; training on proper
calibration of sprayers; presence of pesticide antidotes; proper first aid for
pesticide overexposure/poisoning/intoxications; and use of botanical compounds
for mosquito treatment

New technologies: use of bacteriological agents for mosquito management;
mosquito repellents; mosquito traps containing pesticides; and experimental
vaccines

Procedural issue: co-mingling of USAID resources with Ministry of Health (MOH)
or other donor pesticides

Potential environmental risks
from the use of IVM
pesticides, introduction of
exotic fish, and water
management strategies

Toxicity of pesticides to nontarget organisms (other than mosquitoes), acute and
chronic; invasive species issues with introduction of nonnative fish;
environmental consequences; issues of environmental modification of
waterways; environmental risks; uncertainties; mitigation opportunities

Toxicity to economically important insects such as crop pollinators; ecosystem
disruption through water management strategies; ecosystem disruption through
fish introduction; potential soil exposure to pesticides; potential surface and
ground water exposure to pesticides; potential protected area and forest
resource exposure to pesticides; reduction in biodiversity related to pesticide
exposure; potential fishery losses related to pesticide exposure; potential bird
losses related to pesticide exposure; pesticide drift from spraying; pesticide
bioaccumulation (especially related to dichloro-diphenyl-trichloroethane [DDT]);
pesticide wash entering waterways and water resources; disruption of natural
predator and pathogen mosquito controls; mosquito resistance to insecticides;
resurgence of mosquito populations after predator poisoning; and environmental
externalities related to pesticide exposure

New technology: environmental effects of mosquito traps and repellents; and
environmental effects of mosquito pheromones

Alternatives to
recommended IVM options
for malaria control

Comparison of environmental and health risks and human benefits of different
alternatives

Chemical control methods available other than those recommended in this PEA,
and risks associated with each

Single tactic approach with and without the use of chemical control methods
(e.g., insecticide-treated next [ITN] use alone), efficacy of alternatives in
comparison with IVM recommendations, no action, cost comparison of alternative
malaria control approaches

Risk mitigation

What mechanisms are available for reducing adverse effects from IVM pesticide
and nonpesticide methods? How effective are they? How reliable?

Decision making

What criteria should USAID use to decide on whether, when, and how to use
various IVM options?

Utilization of WHO guidelines and recommended pesticides

Consideration of the information requirements of the Stockholm Convention
before a decision is made to use DDT in an IRS program
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Key Issues to Be
Addressed Specific Aspects

e  Comparison of WHO guidelines with EPA regulations

e Selection of appropriate pesticides and application methods for use in IVM
programs. What criteria to use?

e Risks, costs, and efficacy? At discretion of program manager? Availability of
effective mitigation? Is this important, or are the benefits overwhelming in all
cases?

o How adequate are local pesticide regulations, infrastructure, and the institutional
settings?

e  Monitoring: how much is required? For how long? What is a “significant” effect?
How to compare risks with benefits?

e  What would happen in the absence of USAID support for IVM options?

e  What are the local MOH and larger international (WHO) contexts and frameworks
in which programs will operate?

Monitoring mechanisms e For adverse effects from ITN use and treatment, what mechanisms are

available? How effective are they? How reliable?

Components of the Pesticide e  The information components to be included in PERSUAPSs, which will be part of

Evaluation Reports and the the SEAs, will be listed in the PEA along with the information, analysis, and
Safe Use Action Plans mitigation measures that would be needed for any project using IVM options.
1.3 Limitations of the PEA

The Scoping Statement also identified areas that will not be covered by this PEA. These
include the following:

Insecticide-treated nets (ITNs) that require retreatment with insecticides have
already been covered in an earlier environmental review, entitled Programmatic
Environmental Assessment for Insecticide-Treated Materialsin USAID Activities
in Sub-Saharan Africa. According to the insecticide-treated materials (ITM) PEA,
follow-up should be conducted on “continuing research into the potential effects
of I'TM pesticides” and “better evaluation of the real-life impacts of ITM pesticide
use” (p. 52). A risk assessment on malaria control interventions that was
conducted for this PEA provides this follow-up with an updated characterization
of risks posed to humans through the net-retreatment process. However, this is the
only way in which this PEA addresses ITNs, and the reader should refer to the
ITM PEA for details on all other aspects of ITN programs, such as environmental
consequences, monitoring, and mitigation. Like the interventions addressed in this
PEA, USAID is highly supportive of ITN use for malaria vector control.

10
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e Long-lasting insecticidal nets (LLINs), another intervention that USAID
supports, will be covered in a revised version of Programmatic Environmental
Assessment for Insecticide-Treated Materialsin USAID Activitiesin Sub-Saharan
Africa.

¢ Environmental impacts of new technologies under development such as neem,
natural pyrethrum, nightshade extracts, copepods, fungi, flatworms, nematodes,
diatoms and brown algae, microsporidia and protozoans, predatory bugs and
predatory mosquitoes are not covered in this PEA. As these technologies become
feasible, economically viable, and commercially available, this PEA should be
amended to include them.

e Future scientific findings regarding pesticide safety, for example, pyrethroid
insecticides, which comprise the majority of those recommended for mosquito
control, may cause human endocrine disruption. This is a poorly understood issue,
and in the face of little scientific consensus will not be discussed in depth in this
PEA.

e Community small-scale water management (elimination of mosquito breeding
sites) enforcement through use of fines, and/or incentives is not addressed in this
PEA.

14 Assessment Methodology

This PEA was prepared using the numerous secondary sources found in professional
journals and in publications by environmental and public health organizations, such as
WHO, U.S. Environmental Protection Agency (EPA), the United Nations Food and
Agriculture Organization, the United Nations Children’s Fund, the World Bank, and
others. Public consultation and review was invited at several stages during the PEA
process, including review of the scoping statement; review of the initial draft of the PEA;
an online discussion of chemicals to be considered by the PEA; a principals meeting held
in Washington (March 2006) to comment on the final version of the PEA; and written
comments from USAID Mission personnel and interested stakeholders.

* LLINs have been developed in response to low retreatment rates of conventional insecticide-treated mosquito nets,
especially in Africa. An LLIN is a ready-to-use pretreated mosquito net that requires no further treatment during its
expected life span (average 4 to 5 years) (WHO 2002).
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Background on Malaria and Malaria Vector
Control

Malaria acutely infects 300 to 500 million people worldwide, and 1 to 2.5 million people
die annually because of the disease. Forty percent of the world’s population is at risk of
malaria infection. Most of these people live in the world’s poorest countries in Africa,
Asia, and Latin America. The disease was once present in temperate climates during the
mid—twentieth century, but was successfully eliminated. The virulent form of the disease
is thought to have been evolving for the past 10,000 years. Malaria is caused by
protozoans of the genus Plasmodium and is transmitted to humans by mosquitoes of the
Anopheles genus.

There are four species of human malaria: Plasmodium vivax, P. malariae, P. ovale, and
P. falciparum. The most common species are P. vivax and P. falciparum, and the most

deadly type of malaria is caused by the latter species. P. falciparum is most common in
sub-Saharan Africa, which accounts for the exceptionally high malaria mortality rate in
this region.

In the late nineteenth century, scientists discovered that the malaria parasite is transmitted
from person to person through the bite of female Anopheles mosquitoes, which require
blood meals to nurture their eggs. Anopheles mosquito eggs are deposited individually in
slow moving and standing water, where they take several days to mature into adults. One
female can produce several hundred eggs over several broods. Adult female mosquitoes
bite people from early evening to early morning and, if infected, can transmit the
Plasmodium parasite to humans. There are between 50 and 60 species of Anopheles
mosquitoes that transmit malaria worldwide.

When a Plasmodium-infected Anopheles mosquito takes a blood meal, the parasite enters
the human host via the blood system. In the blood stream of the human host, the parasite
undergoes a series of changes as part of its complex life cycle. It enters the liver and red
blood cells, and finally develops into male and female gametocytes that infect mosquitoes
that bite the infected person. Inside the mosquito, the gametocytes mate and form a
zygote, which passes from the midgut through various stages until it reaches the salivary
glands as sporozoites that are ready to be transmitted to another human when the
mosquito takes a blood meal. Parasite development in the mosquito takes 10—14 days or
more, depending on species and temperature.

Symptoms of malaria appear about 7—14 days after an infectious mosquito bite, although
this varies with different Plasmodium species. Typically, malaria produces fever,
headache, vomiting, and other flu-like symptoms. It attacks and destroys red blood cells
of humans, causing anemia. If drugs are not available for treatment or the parasites are
resistant to them, the infection can progress rapidly to become life threatening. Malaria-
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infected red blood cells can clog the capillaries that carry blood to the brain (cerebral
malaria) or other vital organs, which can cause death.

The clinical features of malaria vary. The classic symptoms include persistent fever,
shivering, joint pains, headaches, and repeated vomiting. Severe and complicated malaria
causing renal failure, hypoglycemia, anemia, pulmonary edema, shock, and coma can
have fatal consequences. Malaria can be cured if promptly diagnosed and adequately
treated.

Of the one million people who die annually of malaria, 90 percent of these deaths occur
in sub-Saharan Africa, mostly among young children. Many children who survive an
episode of severe malaria may suffer from learning impairments or brain damage.
Pregnant women and their unborn children are also particularly vulnerable to malaria,
which is a major cause of perinatal mortality, low birth weight, and maternal anemia.
Outside Africa, approximately two thirds of the remaining cases occur in three countries:
Brazil, India, and Sri Lanka. However, malaria is still endemic in more than 100
countries.

Malaria burdens individuals and nations with substantial economic costs. Personal
expenditures for malaria prevention include ITNs, ITN retreatment kits, mosquito coils,
insecticide sprays, and other protective items. Expenditures on treatment may include
doctors’ fees, antimalarial drugs, transport to health facilities, and lost wages for
caregivers. Public expenditures include government spending to maintain health facilities
and health care infrastructures, publicly managed vector control activities, and malaria
education and research. In some countries with a heavy malaria burden, the disease may
account for as much as 40 percent of public health expenditure, 30-50 percent of
inpatient admissions, and up to 50 percent of outpatient visits.

Additional costs of malaria include lower labor productivity (because of sickness and
death). This results in lower incomes for individuals and families and lower economic
growth in malarious nations. Economists believe that malaria is responsible for a “growth
penalty” of up to 1.3 percent per year in some African countries. When compounded over
the years, this penalty leads to substantial differences in the gross domestic product
(GDP) between countries with and without malaria.

From the late nineteenth century to the early twentieth century, malaria vectors were
managed through methods such as wetland drainage (water management) and
improvements in housing and screening (physical exclusion). During World War 11
(1939-1945), the chlorinated hydrocarbon pesticide dichloro-diphenyl-trichloroethane
(DDT) was discovered to be extremely effective in controlling mosquitoes, and was used
in malaria control as an indoor residual house spray. In the 1950s and early 1960s, WHO
conducted mosquito eradication campaigns using DDT. These campaigns were highly
effective; however, as mosquito resistance to DDT emerged, costs of the campaigns
increased, and efforts to expand campaigns to endemic tropical areas failed, the pursuit of
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worldwide malaria eradication was abandoned. Individual countries continued controlling
malaria using IRS, with DDT and other chemicals.

World Health Organization Policy on IVM In the years following the eradication
WHO is actively promoting IVM among its campaigns, governments relied more
Member States to maximize the use of different heavily on curative services for malaria
chleNnleSIRlslolfe/ I CRyTeRVICReChIUCINCIICUERUN  control. This strategy became problematic
Africa, WHO supports sixteen countries in the with the increasing spread of multi-drug

development and implementation of national istant malari d l
action plans for IVM. These countries developed resistant malaria, and consequently

strategic malaria management plans and have highlighted the importance of transmission
already benefited from staff training on VM. reduction through vector control. To this
In January 2003, WHO formalized the end, the distribution of bed nets treated with
Partnership for IVM Program—a framework to pyrethroid insecticides, or ITNs, was widely
coordinate actions for [IVM, explore opportunities adopted as a malaria control strategy during
for mobilizing resources, and identify priority the 1990s. Use of ITNs and ITMs has
actions at national and international levels. . . . .
increased since 2000, but its success in

To date, the program has developed a Strategic reducing malaria has varied widely.
Framework for IVM for Member States for the

S e L e R e R EU T E R Rl | VM emerged as a widely supported malaria
implementation of IVM published in English and control strategy. IVM is a conceptual
translated into Arabic; and a manual on the use strategy, rather than a physical strategy. It is
of fish for mosquito control. .. .
a decision-making process for the
management of vector populations to reduce
or interrupt disease transmission. Contemporary features of IVM include the following:

¢ Building capacity at the operational level to plan, implement, and monitor and
evaluate vector control and its epidemiological and entomological impact

¢ Emphasizing the management process—that is, the assessment and monitoring
used to derive the maximum public health impact from control options

e Using a range of interventions, in combination and synergistically, from
environmental management to chemical control

e Collaborating with other public and private sectors that have an impact on vector
breeding, such as irrigated agriculture and urban development

e Collaborating with public- and commercial-sector organizations, civil society
groups, and the communities themselves to reduce vector breeding, and to adopt
more rational and cost-effective control measures.

An IVM-based process should be intrinsically cost effective, have indicators for
monitoring efficacy with respect to impact on vector populations and disease
transmission, and use acceptable and sustainable approaches compatible with local health
systems. It should also ensure compliance with local regulations and customs, and reduce
the probability of pesticide resistance in mosquitoes. [IVM should recognize that malaria
is focal and variable in nature—even within a single district or municipality, there may be
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great differences in transmission risk—and, as a result, there is no single answer to vector
control that can be applied in all circumstances.

Well-managed vector control programs reduce malaria risk significantly, if they use
proven methods for appropriate situations. These methods may include IRS, ITN
distribution and retreatment, larviciding of mosquito breeding sites, and environmental
management or manipulation.

Even if a country’s resources do not allow for full implementation of all chosen vector
control interventions, partial implementation may still prove worthwhile. While reducing
the rate of malaria transmission through vector control may not have an impact on the
parasite prevalence in the community until it is reduced to a very low level, newer
analysis shows that an incremental reduction in malaria transmission, or the
entomological inoculation rate reduces severe disease (especially severe anemia) and
mortality, particularly for children under 1 year of age.

USAID defines IVM as the assessment, choice, implementation, and monitoring of one
or more control options for vectors by frontline environmental health workers,
communities, and households. USAID states that [VM emphasizes the management
process—that is, the assessment and monitoring used to derive the maximum public
health impact from control options. Furthermore, USAID considers its own endorsement
of IVM an extension of its integrated pest management (IPM) policy developed for the
agricultural sector in the 1980s under 22 CFR 216.3(b)(1)(i)(c) (Schroeder, 2003).
USAID preferred the IPM concept over one-option pest control systems because it
reduced pesticide use and thus pesticide exposure to humans and environment, and it
used a multi-pronged approach, which was seen as cheaper and more sustainable in poor
countries. However, the primary contrast between IPM and IVM is that IVM uses less
insecticide than IPM.
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Proposed Actions and Alternatives

3.1 IVM Alternatives Evaluated and Not Evaluated in the PEA

The primary impacts of taking no action are disease, human pain and suffering, mortality,
a reduction in the quality of life, and economic losses. Malaria affects the health of
individuals and national economies alike, and not taking action to control this disease is
to not address a major constraint to development. Public and personal expenditures on
treatment and prevention, and public-sector expenditures to maintain health care
programs and facilities dedicated to malaria create a heavy burden for developing
countries. For example, countries with malaria-endemic areas are less able to develop
tourism and regional markets or to expand economic activity. A poor quality of life
resulting from malaria outbreaks is reflected in suffering and loss of productivity and
income on an individual and household level. As the quality of life decreases in general,
the natural environment is also affected. For these and many other reasons, the no-action
alternative is rejected outright as a nonviable option.

The IVM approach to malaria control emphasizes the development of country- and
region-specific programs that integrate the use of chemical and nonchemical vector
control methods in a way that reduces or interrupts the transmission of disease.

In organizing this PEA, the malaria control methods assessed have been divided into two
categories:
(1) Interventions targeting adult mosquitoes

— Indoor residual spraying (IRS) using pesticides recommended by the World
Health Organization (WHO)

— Insecticide-treated nets (ITNs) (only human health consequences evaluated)
(2) Interventions targeting mosquito larvae

— Environmental management methods, including filling breeding sites; lining
water sources and canals; physical wetland drainage; biological wetland
drainage; impoundment planning; deepening and narrowing of old drains;
vegetation manipulation; synchronized cropping and intermittent irrigation;
larvivorous fish introduction; and saltwater flooding

— Larvicidal agents, including bacterial larvicides, methoprene, temephos, and
molecular films and oils.

3.2 Methods for Controlling Adults—IRS

IRS is a commonly used malaria vector control method that has been particularly
effective in seasonal transmission settings. It is implemented by applying residual
insecticides (to which female Anopheles mosquitoes have been demonstrated to be
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susceptible) to the interior walls of houses and other structures. The insecticide remains
on the treated surfaces upon which the mosquitoes will rest before or after taking a blood
meal. Several formulations of insecticides are available for this purpose. The residual
effect of the insecticide is sufficient to kill resting mosquitoes for a period ranging from 3
to 12 months depending on the insecticide, the surface on which it is applied, and local
conditions. The objective of IRS programs is to reduce the mean life span of the female
mosquito population below the duration required for development of the parasite life
phases that occur in the mosquito, and thereby to substantially reduce the population’s
ability to sustain malaria transmission. IRS is most effective in areas with seasonal
malaria transmission and is typically implemented by teams of spray operators who spray
houses in at-risk localities prior to the rainy season, before heavy rains prompt increases
in the Anopheles vector population. To be effective, IRS must attain coverage rates of at
least 85 percent of the houses in a target area.

WHO recommends only twelve chemicals for use in IRS. These twelve and their

formulations (Table 2) are evaluated in this PEA.

Table 2. IRS Insecticides Evaluated in this PEA

Commonly Used Pesticide Formulation
Indoor Residual Spraying

Bendiocarb WP
Propoxur WP
DDT WP
Fenitrothion WP
Malathion WP
Pirimiphos-methyl WP and EC
Alpha-cypermethrin WP
Bifenthrin WP
Cyfluthrin WP
Deltamethrin WP
Etofenprox WP
Lambda-cyhalothrin WP

EC, emulsifiable concentrate; WP, wettable powder.
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3.3 Methods for Controlling Larvae—Larvicidal Agents

Environmental management (either environmental modification or manipulation) is the
method of choice for mosquito control when the mosquito species targeted are
concentrated in a small number of discrete habitats (see Section 3.4). In many instances,
habitat elimination is not feasible. For these situations, various agents can be applied
directly to larval habitats to kill the mosquito larvae. It should be noted that, in most
endemic settings, the effectiveness of larval control is extremely limited; thus, it should
only be implemented where there is solid entomological monitoring indicating that larval
control has an impact. Larvicidal agents include the following:

Bacterial 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.
These products can be applied in the same manner as chemical larvicides. Duration of
effectiveness depends primarily on the mosquito species, the environmental conditions,
the formulation of the product, and water quality. They are very specific, affecting only
mosquitoes, black flies, and midges. Microbial larvicides may be used along with other
mosquito control measures in an [IVM program. The microbial larvicides used for
mosquito control are Bacillus thuringiensis israelensis (Bti) and Bacillus sphaericus (B.
sphaericus):

e Bti is a naturally occurring soil bacterium registered for control of mosquito
larvae. Bti was first registered by U.S. Environmental Protection Agency (EPA)
as an insecticide in 1983. Mosquito larvae eat the Bti product that 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.

e B. sphaericusis a naturally occurring bacterium that is found throughout the
world. B. sphaericus was initially registered by the EPA in 1991 for use against
various kinds of mosquito larvae. Mosquito larvae ingest the bacteria, and as with
Bti, the toxin disrupts the gut in the mosquito by binding to receptor cells present
in insects but not in mammals.

Methopreneis a compound first registered by the EPA in 1975 that mimics the action of
an insect growth-regulating hormone and prevents the normal maturation of insect larvae.
Methoprene is specific to mosquitoes and can be applied in the same way as chemical
larvicides.

Temephosis an organophosphate pesticide registered by EPA in 1965 to control
mosquito larvae, and is the only organophosphate with larvicidal use. In 2000, EPA
identified occupational risks of Temephos and imposed risk mitigation measures to
protect workers and applicators. 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,
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swamps, marshes, and intertidal zones. It may be used along with other mosquito control
measures in an [IVM program. Temephos can be applied by backpack sprayers and right-
of-way sprayers in either liquid or granular form.

Monomolecular filmsare low-toxicity pesticides that spread a thin film on the surface of
water, making it difficult for mosquito larvae, pupae, and emerging adults to attach to the
water’s surface and causing them to drown. Films typically remain active for 10-14 days

on standing water.

Monomolecular ails, like films, are pesticides used to form a coating on the surface of
water to drown larvae, pupae, and emerging adult mosquitoes. The oils are specially
derived from petroleum distillates.

3.4 Methods for Controlling Larvae—Environmental Management

Environmental management for mosquito control aims to induce changes in the
environment to disrupt the mosquito life cycle and reduce its propagation by eliminating
breeding sites. As the aquatic environment is critical to the mosquito life cycle,
environmental management introduces changes to the local hydrology or water-use
practices.

Environmental management is a particularly effective approach where mosquito breeding
habitats are located in relatively small-scale and readily identifiable areas. It is well-
suited to areas that have a high human population density (e.g., urban settings).
Environmental management is not intended to replace other control strategies, but rather
it aims to help provide a foundation for an integrated approach while reducing human and
environmental exposure to insecticides (Lindsay, Summary Report).

Environmental management was used extensively in the early 1900s to control malaria.
Beginning in the 1950s, insecticides and antimalarial drugs became the primary tools
used to combat this disease. Over the course of time, it has become apparent that what
environmental management may lack in short-term effectiveness, compared with
insecticides, is compensated for by its ability to control the disease in the long term.

Although little cost-benefit analysis has been done to determine the long- and short-term
impacts of environmental management, it would appear that its greatest limitation is the
potential initial high cost. However, the initial costs associated with environmental
management may be negligible if they are conducted as part of a broader development
initiative. For example, a city drainage scheme may be designed in a manner that also
helps to reduce mosquito breeding sites (Lindsay, Summary Report).

Environmental management can be divided into two compatible approaches:

(1) Environmental Modification. Environmental modification implies permanent
changes such as landscaping, drainage, land reclamation and filling. It will often
entail minor or major infrastructure and may require significant capital investment.
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(2) Environmental Manipulation. Environmental manipulation is a recurrent
activity, requiring proper planning and operation, such as removing aquatic weeds
from irrigation and drainage canals, and environmental clean up in urban areas.
Environmental manipulation can also include the introduction of larvivorous fish.
Environmental manipulation can be incorporated into conventional agricultural
practices. Its costs are usually modest, but recurrent.

3.4.1 Environmental Modification

Filling Breeding Sites. Potential mosquito breeding sites can be removed by filling
abandoned ditches, borrow pits, ponds, and puddling. Breeding sites are particularly
effective in increasing malaria transmission if they are located close to human
settlements. Refuse can be used for filling such sites, provided the refuse is compacted
and covered in earth to reduce fly problems.

Lining Water Sources and Canals. Hoof- and footprints make ideal breeding habitats
for some mosquito species. Lining the edges of community water sources and irrigation
canals, or building bridges across common water crossings, can reduce the formation of
mosquito breeding habitat. Lining irrigation canals with concrete not only reduces the
risk of creating mosquito breeding sites, but also saves water. A concrete lining will
increase water flow that, in turn, washes the aquatic stages of mosquitoes out of canal
networks. Additionally, if the lining is kept clean of vegetation, it will prevent the
establishment of some species of mosquitoes. The reduced water seepage associated with
lined canals may also reduce mosquito breeding.

Physical Wetland Drainage

e SurfaceDrainage.’ A well-constructed drainage system can prevent the
formation of small bodies of water suitable for the aquatic stages of mosquitoes.
The straightening of streams and the removal of vegetation from stream banks
creates conditions for the aquatic stages of mosquitoes to be washed into streams,
potentially becoming prey to larvivorous fish.

Surface drainage requires improving water courses and constructing ditches.
These modifications should be constructed following the existing water course in
order to prevent water pooling along the drainage channel. Lining drains with
concrete, stone, or brick will increase water flow and reduce siltation and weed
growth.

e Subsoil Drainage. Subsurface drainage is used in wet areas to prevent water
logging, improve aeration, and reduce salinization. With this technique, drainage

> In many instances, a lack of proper drainage reflects the economic realities of irrigation development, which often
is only marginally profitable. Including a drainage component as part of an irrigation activity often pulls the internal
rate of return of a project in “the red” and renders the proposed development economically unfeasible.
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channels are constructed to provide an outlet for accumulated water. Channels can
be filled with rock, rubble, or gravel and covered with vegetation, stones, or pipes.

e Coastal Swamp Drainage. Constructing embankments to prevent seawater
inundation at high tides can assist drainage of some coastal swamps. Pipes fitted
into the embankments with an automatic outflow gate will allow water from the
lagoon to be drained at low tide.

Biological Wetland Drainage. Tree planting also has been used to drain boggy ground
and has been used as part of an integrated program to reduce malaria transmission and
help reforestation for the provision of wood and improvement of water management in
Guyjarat, India. This approach combines improved drainage and filling with planting of
Eucalyptus trees. The approach has been used in Zambia to convert a once-prolific area
of mosquito breeding in a peri-urban area into a public park.

| mpoundments. Impoundment is used to hold water behind an artificial barrier—
reservoirs behind dams or small storage ponds. When dams are constructed, mosquito
numbers generally fall if many small water bodies are combined into one large area of
water. If mosquito larvae occur within dams, the larvae are usually confined to the
shoreline as many fish are rapacious predators of mosquito larvae. Mosquito populations
will only increase if floating vegetation shields the aquatic stages of mosquitoes from
predators. There are several dam design and operation techniques that can be used to
reduce the threat of malaria.

3.4.2 Environmental Manipulation

Deepening and Narrowing of Old Drains. The deepening and narrowing of old drains
can be used to change the rate of water flow. This technique can be used to create
conditions that are not conducive to mosquito breeding.
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Vegetation Manipulation. The manipulation of vegetation can be an effective tool to

create conditions that are not suitable for
mosquito breeding. Tree planting can be used to
create shade, and tree removal can be used to

expose mosquito breeding sites to direct sun light.

Vegetation manipulation can also be used in
combination with other environmental
modification or manipulation interventions (e.g.,
swamp draining and ditch filling).

In coastal regions, saltwater lagoons with high
algae populations are preferred habitats for some
mosquito species. Algae populations can also
increase the incidence of mosquito breeding in
irrigation canals as the algae may reduce the flow
of water. The clearing of algae from these areas
has led to high mosquito larvae mortality because
it increases fish predation on the mosquito larvae.
The algae are most often cleared manually with
hoes or rakes.

In some locales, vegetation is actually added to
the body of water to reduce the preferred habitat
for vectors. Plants in the Azollaceae family have
substantially reduced malaria vector breeding
habitats in various locations in India and Sri
Lanka.

Synchronized Cropping and I ntermittent
Irrigation. Using the synchronized cropping
method for rice as an example, rice paddies are
left dry for 2 months each year. The periodic wet
and dry rice agriculture has led to a significant

Case Study: Larvivorous Fish

In India, Poecilia reticulata and Gambusia
affinis are being mass-produced by fish
farmers as part of an environmental
management malaria control program. The
cost associated with mass fish production
and distribution is low because the farmers
participate. Under the program, fish are
produced in hatcheries and transported to
the villages, where they are introduced into
village fish ponds.

Improving village income through the
sustainable use of natural resources is an
important component. Carp fish (a source of
farmer food and income) are grown along
with G. affinis in the farmer’s fish ponds.

The tendency of G. affinis to remain near the
margins of the fish ponds convinced farmers
that G. affinis does not compete with edible
fish for space and food, while it feeds on
mosquito larvae at the margins.

Gradually, the practice spread to other
farmers in the village. The fish were cultured
together for 2 years and there was no
adverse impact of G. affinis on edible Carp
fish. In fact, the mosquito nuisance in the
areas culturing G. affinis went down to such
low levels that it encouraged other farmers to
produce G. affinis in their ponds. As a result,
G. affinis fish stocks were available in large
numbers.

reduction of adult mosquito populations in Indonesia. Alternatively, fields can be flooded

for several days and then left to dry.

Larvivorous Fish Introduction. As its name suggests, this approach introduces fish that
prey on mosquito larvae into mosquito breeding sites. The use of predatory fish to feed
on water-borne mosquito larvae has been one of the most effective biological control
interventions for malaria. Gambusia affinis, a native of Texas, and Poecilia reticulate, a
native of South America, have been used in vector control programs around the world for

the past 50 years (see text box).

To be successful, certain characteristics are required of the fish species. The fish selected
must be a surface feeder, as mosquito larvae are only found on the water surface. In
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addition, the fish must be hardy enough to survive transport to the breeding area,
variations of water quality and turbidity, and temperature variations.

Several potential negative environmental impacts are associated with introducing
larvivorous fish. For example, the introduced fish could potentially have a severe impact
on local indigenous fish populations. For this reason, introducing fish into natural
environments (e.g., rivers, streams, and ponds) is not recommended. Instead, the
introduction of larvivorous fish should be limited to man-made environments—
underground and overhead tanks, abandoned septic tanks, open and blocked drains, storm
water drains, road culverts, irrigation canals, abandoned wells, and commercial fish
ponds.

With the above considerations in mind, the use of local indigenous fish species are
preferred over the introduction of exotic fish species. Unfortunately, there remains a need
to find species that are adapted to survival under local conditions and in temporary
habitats.

Saltwater Flooding. Saltwater flooding can be used to create a habitat that is not
conducive to mosquito breeding. For example, flood dikes can be constructed to flood
lagoons with salt water. Saltwater flooding can also be used in association with drainage
systems (e.g., fish ponds and irrigation systems).

3.5 Alternatives Not Recommended by this Assessment

This PEA strongly recommends against Spraying open spaces around villages or open
water sources by aircraft or truck-mounted sprayers or spraying room spaces (not walls)
inside houses as routine control measures. These methods needlessly expose humans and
the environment to highly absorbable and potentially dangerous concentrations of
insecticide. Furthermore, these two methods waste large quantities of insecticides and
require high degrees of coordination and infrastructure, making them very costly options.

This PEA also does not recommend using pyrethroid-based larvicides. Pyrethroids are
highly toxic to aquatic life, and water where pyrethroids have been applied should not be
used for drinking or bathing water by humans. Additionally, motor oil should not be used
for larviciding.

To prevent epidemics, for instance, during floods and around concentrated populations of
refugees, emergency programs, such as those administered by the Office of Foreign
Disaster Assistance, may require the use of aerial or truck-mounted sprayers with ultra-
low volume (ULV) equipment that produces a fog of droplet-size insecticide. ULV
application also requires insecticides to be in technical or very high concentrations of
active ingredient. When using ULV methods, precautions need to be taken to make sure
that only highly trained insecticide applicators are used and that targeted populations are
protected from exposure to the insecticide application. Long-lasting insecticidal nets,
tarps, and tents will round out the emergency approach.
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3.6 A Note on Developing Technologies

With few exceptions, most of the following controls have not been thoroughly studied,
developed, or commercialized. Most work better in laboratory trials than in nature and
are not able to recycle themselves in nature; thus, they have little or no commercial value.
In various developing country settings, some of these agents may help supplement other
control tactics in IVM programs.

Neem Oil. Research in India (Nagpal et al., 1995) has shown that 5 percent neem tree
extracts soaked into wood balls controlled Anopheles stephensi and Aedes aegypti
breeding in water storage overhead tanks for 45 days. The International Center for Insect
Physiology and Ecology (ICIPE) in Nairobi, Kenya, runs a regional project titled
Botanicals for Malaria Control. ICIPE found that neem controlled larvae in the laboratory
and in the field. In the field, 1 percent and 3 percent applications halted mosquito
pupation during a period of 3 weeks. In addition, mosquito eggs deposited after
application either had delayed/abnormal hatching, or failed to hatch. Neem oil holds
promise as a locally produced botanical insecticide for local development projects.

Nightshade Extracts. Singh and Bansal (2003) found extracts from the fruit and roots of
Indian nightshade to be lethal to A. culicifaciesand A. stephensi larvae. With more study,
these may provide an additional larvicidal control agent that villagers could prepare
themselves.

Natural Pyrethrum. Extracted from chrysanthemum plants, natural pyrethrum provides
a mix of naturally occurring pyrethrins that kill flies, mosquitoes, and related insects.
Kenya, the country that pioneered the development of pyrethrum, has three natural
pyrethrum emulsifiable concentrate (EC) products under temporary registration for use
against mosquitoes: one for larvae, one for adults, and one for mosquito net impregnation
(Kenya Pest Control Product Board, 2004).

Copepods. Several species of copepods (small crustaceans) have been found to control
mosquito larvae in Australia, Oceana, Brazil, and Vietnam. Mesocyclops longisetus,
Metacyclops mendocinus, Tropocyclops prasinus, Eucyclops serrulatus, Eucyclops
solitarius, Eucyclops ensifer, and Macrocyclops albidus are potential biological control
agents for disease-bearing anopheline mosquitoes. In Honduras, another species,
Mesocyclops thermocycl opoides, provides reasonable control of mosquitoes. Copepods
can be easily transported, either actively or passively, often as resistant dry stages,
making them a keen biological control agent.

Flatwor ms. Certain species of Turbellaria flatworms attack mosquito larvae in nature;
however, there is no commercial potential for their use at the present time.

Nematodes. Romanomermis iyengari has been found to be effective parasites of aquatic
stages of mosquitoes in rice fields. With more research on production and storage, this
genus of nematode may provide a reasonable natural control agent. Salinity, narrow
temperature range, and desiccation are limiting factors in establishment and infectivity of
Romanomermis nematodes. An additional species, Octomyomermis muspratti, though

24

Integrated Vector Management Programs for Malaria Control



difficult to mass produce and with asynchronous egg hatching, is tolerant of salinity,
pollution, and desiccation, and has the potential for dispersal by infected adult
mosquitoes.

Fungi. The fungus Erynia aquatica is a species known to infect the immature aquatic
stages of mosquitoes. The fungus has characteristics that make it an attractive microbial
agent: it is capable of causing epizootics; it has been found in both freshwater and
brackish water mosquitoes; and it has a resting spore stage that may survive well in
storage. The fungus has been found in cooler temperate waters, and thus may not be
appropriate for use in the tropics. However, similar species may exist in the tropics, and
this topic deserves research focus.

The aquatic fungus Coelomomyces indicus has been found to be naturally present in the
rice fields infecting anophelines and culicines. Experimental infection of A. subpictus
larvae by this fungus showed that a crustacean, Mesocyclops leuckarti, acts as an
intermediate host.

Further, there are species of Metarhizium, such as M. anisopliae, that may hold promise
in the future as mosquito controls, and they have been found to be infectious in a wide
range of species.

Diatoms/Brown Algae. Similar to fungi in appearance and life cycle, but more closely
related to diatoms and brown algae, Lagenidium giganteum is called a “water mold.” It
parasitizes the larval stage of mosquitoes. The infective stage is a highly mobile spore
that searches out and infects mosquito larvae. It will infect and kill most species of
mosquito breeding in fresh water and is active at temperatures of 16-32°C.

L. giganteum is both very host specific and has the ability, following a single application,
to recycle for months or even years in a given breeding habitat. It has been registered for
mosquito control by EPA under the trade name Liginex.

Microsporidia/Protozoans. Two microsporidia (Nosema algerae and Amblyospora
indicola) will infect mosquito larvae. The infection leads to a chronic disease that causes
the eventual death of the host. N. algerae and Vavraia culicis decrease longevity and
fecundity in adult mosquitoes; however, they do not show sufficient ability to recycle nor
to cause extensive larval mortality. These factors limit their effectiveness as biological
control agents. Further, and more important, several species of microsporidia are
potential human pathogens, and the taxonomy of the group is not well understood. As a

result, research into the use of microsporidia as mosquito control agents has been put on
hold.

Mosquito Viruses. Mosquitoes are infected by several viruses. Of these, the baculovirus
group, which causes high infectivity and pathogenicity, offers the most promise for
biological control potential. However, most virus agents are difficult to mass produce and
store for long periods of time. Further study of these, especially in developing countries,
is merited.

Integrated Vector Management Programs for Malaria Control 25



Predatory Vertebrates. Many species of bats and birds are voracious feeders on
mosquito adults, and their protection should be ensured. However, their feeding is not
generally sufficient to fully control malarial adult mosquitoes.

Predatory Bugs. Many species of water-going predaceous insects, such as dragonfly
larvae and water bugs, eat mosquito larvae and pupae. For instance, adults and nymphs of
Anisops bouveri will feed on mosquito larvae. Insecticides meant to control mosquito
larvae, like temephos and methoprene, will also be toxic to these predators. Oils and
monomolecular films may also drown predatory insects that rely on water surface tension
for movement or breathing.

Predatory Mosquitoes. Larvae of the mosquito genus Toxorhynchites, such as T.
lendens, will attack and kill mosquito larvae. However, some species are very selective in
their oviposition sites, limiting them to tree holes and containers, which greatly restrict
their usefulness.
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Affected Environment

CFR 22 §216 requires that environmental assessments describe the affected environment
in detail and identify any potential adverse affects on that environment. Additionally, it
requires that environmental assessments of pesticide use describe the “conditions under
which the pesticide is used, including climate, flora, fauna, geography, hydrology, and
soils.” This Programmatic Environmental Assessment (PEA) is broad by nature; and, as
such, it cannot provide adequate descriptions of the diverse environments where USAID
will support malaria control interventions. Thus, Supplemental Environmental
Assessments (SEAs) or Pesticide Evaluation Report and Safer Use Action Plans
(PERSUAPs) that fall under the purview of this PEA must address the affected
environment on a country-by-country basis.

When SEAs or PERSUAPs address pesticide use for malaria control, most aspects of the
affected environment can be detailed in the Pesticide Procedures portion of the document.
These aspects include the following:

e Climate of affected/targeted area
e Flora and fauna in affected/targeted area, with specific concern for
— Endangered species that could be harmed by pesticide exposure

— Protected areas, forest and water resources where spraying of pesticides
should not take place, and where buffer zones may be warranted

e Geography of affected/targeted area
e Hydrology of affected/targeted area
e Soils of affected/targeted area

Other aspects of the affected environment can be addressed in the Affected Environment
section, including the following:

e Malaria incidence and prevalence in the country and identification of endemic and
epidemic-prone areas (interventions must be conducted where the need is
greatest)

e Population in targeted area
e Administrative boundaries
e Socioeconomic data

e Land area targeted

e Ecological zones

e Endangered species that could be harmed by water management techniques
(specifically for environmental management)

e Water resources that may be affected by water management strategies
(specifically for environmental management)
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Further guidance on writing the Affected Environment section of SEAs and PERSUAPs
is provided in the SEA Guidance Document in Annex C.

Human Health and Environmental Consequences

5.1 Human Health Consequences: Indoor Residual Spraying (IRS),
Insecticide-Treated Nets (ITNs), and Larviciding

As part of this PEA, RTI risk assessors developed toxicity profiles and conducted
screening assessments for the pesticides used in interventions covered in this PEA. The
U.S. Environmental Protection Agency (EPA) provided technical input on the screening
tool, which was also peer reviewed by Dr. Douglas Crawford-Brown, Director of the
Carolina Environmental Program at the University of North Carolina at Chapel Hill. The
risk assessment provides a comprehensive review of the human health effects of malaria
vector control interventions. By addressing the exposure pathways specific to IRS, ITN
retreatment, and larviciding, the assessment establishes baseline information on the acute,
intermediate, and chronic effects of chemicals used in malaria vector control on workers
and the general population. No other studies have reviewed the human health impacts of
malaria vector control in such an extensive manner. This risk assessment will thus
provide USAID with a clearer understanding of the potential effects of its malaria vector
control support activities as well as guidance for mitigation actions.

The risk assessment process described is often presented according to three major
phases—problem formulation, analysis, and risk characterization—that feed into the
decision-making process; this risk assessment adopted a basic framework from recent
risk assessment frameworks developed by the EPA (U.S. EPA, 2003, 2004). As Figure 1
suggests, these three phases are not only linked in an iterative framework, but the risk
assessment is inextricably linked to the decision-making process. Therefore, the results of
the risk assessment may be used to support decisions regarding the appropriateness of the
IVM strategy as well as to inform additional data collection and analysis.
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Figure 1. Role of the Risk Assessment Framework in Developing IVM Strategy
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The remainder of this section describes the risk assessment process, as follows:

e Section 5.1.1, Problem Formulation, describes the IVM practices and pesticides
covered, presents the conceptual models developed to frame the exposure
assessment, and summarizes pesticide characteristics relevant to environmental
behavior and health effects. This phase of the risk assessment, which is often
referred to as hazard characterization, synthesizes information on the chemical
contaminants (in this case, pesticides), application practices and formulations, and
potentially exposed receptors. The key activities in the problem formulation are
the development of conceptual models and the preparation of an analysis plan.

e Section 5.1.2, Analysis, identifies the exposure scenarios assessed in the
screening risk assessment and provides a concise description of the methodology
developed for the screening risk assessment. The analysis plan describes the
selection of algorithms and the key assumptions and data inputs (e.g., exposure
duration) required by the screening model. In addition, the selection of health
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benchmarks and the calculations for cancer risk and noncancer hazard are
presented.

e Section 5.1.3, Risk Characterization, presents and discusses the noncancer and
cancer risk results of each of the [IVM practices and exposure scenarios evaluated
in this report. In addition to summarizing the quantitative results, the risk
characterization includes a narrative discussion that interprets the results,
identifying key uncertainties and limitations in the assessment, providing
recommendations for additional data collection and/or analyses, where
appropriate.

e Section 5.1.4, References, lists the sources referenced in the report.

5.1.1 Problem Formulation

This section describes the problem formulation phase of the risk assessment process, by
focusing on defining the “dimensions” for the assessment, which include (1) identifying
the practices and stressors (e.g., chemical, physical, or biological) to which humans are
exposed, (2) characterizing the properties of the stressors relevant to environmental
behavior (e.g., persistence) and toxicity, and (3) describing how stressor releases occur
and how humans are likely to be exposed (e.g., acute exposure via dermal contact). The
intent of the problem formulation is to characterize the potential hazards associated with
the stressors—in this case, pesticides used in IVM for malaria control—and use that
information to develop the analysis plan for exposure and risk estimation.

5.1.1.1 IVM Interventions and Pesticides
The following three types of interventions are considered in this risk assessment:
(1) IRS
(2) ITNs
(3) Larviciding
Certain activities are common across all three interventions, such as mixing or preparing
the pesticide formulation from a wettable powder (WP) or emulsifiable concentrate (EC)

before application. In addition, releases can potentially occur at other points in the
lifecycle of the pesticide, including

e Digposal of pesticide residuals (e.g., after treating nets) or expired pesticide

e Reuseof pesticide containers for drinking water or food

e Storage and mishandling of pesticide containers in sheds
The usage of pesticides in the IVM practices, along with the activities required to manage
pesticides and pesticide containers throughout the lifecycle of the product, are the
primary focus of the conceptual exposure models described in Section 5.1.1.2. Pilferage

and subsequent use of stolen pesticides were not included in this screening risk
assessment, as data on the parameters for such use cannot be obtained.
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Pesticides used for IVM practices vary with respect to physical, chemical, and
ecotoxicological properties and cost. In addition, mosquitoes can quickly build up
resistance to a particular pesticide. Therefore, effective vector management requires that
several alternative pesticides be available for each practice. The pesticides shown in
Table 3 are the chemical stressors evaluated for this screening assessment; insecticides
that were approved by the World Health Organization (WHO) for IRS and ITNs were
addressed, as well as larvicidal agents approved by EPA (see
http://www.epa.gov/pesticides/health/mosquitoes/larvicides4dmosquitoes.htm). The
properties and health effects of these pesticides are described in Section 5.1.1.2.
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Table 3.

Pesticide Use by Intervention

Pesticide WHO EPA EPA
Pesticide IRS ITNs  Larviciding Class Class’ Status? EPAClass® Restrictions?
Alpha- ° ) Synthetic Il Cancelled No n/a
cypermethrin Pyrethroid Moderately concensus
Hazardous value
Bendiocarb ° Carbamate Il Cancelled II: Warning GUP, RUP
Moderately
Hazardous
Bifenthrin ° Synthetic Il Active II: Warning RUP
Pyrethroid Moderately
Hazardous
Cyfluthrin ° ° Synthetic Il Active I, II: Danger, GUP, RUP
Pyrethroid Moderately Warning
Hazardous
DDT? . Organochlorine I Cancelled IIl: Warning n/a
Moderately
Hazardous
Synthetic
Deltamethrin . ° Pyrethroid I: Active I, 1 GUP, RUP
Moderately Warning,
Hazardous Caution
Etofenprox ) ° Synthetic U: Unlikely Active [l: Caution GUP
Pyrethroid to present
acute hazard
in normal
use
Fenitrothion® . Organo- I Active, [1l: Caution GuUP
phosphate Moderately
Hazardous
Lambda- ) ) Synthetic Il Active II: Warning RUP
cyhalothrin Pyrethroid Moderately
Hazardous
Malathion ° Organo- I1I: Slightly Active II: Caution GUP
phosphate Hazardous
Methoprene ° Insect Growth U: Unlikely Active IV: No GUP
Regulator to present Labeling
acute hazard Requirement
in normal
use
Permethrin ° Synthetic Il Active II'1l: Warning, GUP, RUP
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Pesticide WHO1 EPA EPA

Pesticide IRS ITNs Larviciding Class Class Status® EPAClass® Restrictions*
Pyrethroid Moderately Caution
Hazardous
Pirimiphos- ) Organo- I1I: Slightly Active II'1: Warning, GUP
methyl phosphate Hazardous Caution
Propoxur ° Carbamate Il Active I, 1, HI: GUP, RUP
Moderately Danger,
Hazardous Warning,
Caution
Temephos ° Organo- U: Unlikely Active Ill: Caution GUP
phosphate to present
acute hazard
in normal
use

GUP, General Use Pesticide; RUP, Restricted Use Pesticide. RUPs can only be used in the United States by trained, certified
applicators; usually an indication of risk concerns that must be mitigated in some way.

! The classification distinguishes between the more and the less hazardous forms of each pesticide, in that it is based on the
toxicity of the technical compound and on its formulations. In particular, allowance is made for the lesser hazards from solids as
compared with liquids. The classification is based primarily on the acute oral and dermal toxicity to the rat since these
determinations are standard procedures in toxicology. Where the dermal LD5sg value of a compound is such that it would place it in

a more restrictive class than the oral LD5q value would indicate, the compound will always be classified in the more restrictive
class. Provision is made for the classification of a particular compound to be adjusted if, for any reason, the acute hazard to man

differs from that indicated by LD5g assessments alone. Table 4 below indicates how WHO determines the toxicity class for
pesticides; the terms "solids" and "liquids" refer to the physical state of the active ingredient being classified.

2 EPA Registration Status refers to whether there are any brands or formulations of the pesticide that are registered with EPA as
legally available for sale in the United States. If there are, the chemical has an “Active” status; if not it has a “Cancelled” status. It is
important to note that the United States, where EPA registration is effective, does not have a malaria problem, does not perform
IRS, and has little market for pesticides with important health uses (and where it does use them, generally uses small amounts).
Therein lies one of the issues with relying heavily on EPA registration. Many markets are too small for manufacturers to attempt to
gain registration status. Therefore, many products that might receive active registration status for the small amounts of insecticide
used in health programs, had the United States had a problem with malaria and performed wall spraying, never do. Likewise the
EPA will not have specific user risk data for IRS applications nor would it have conducted a risk assessment for that specific use
pattern, because IRS applications are not performed in the United States. On the other hand, a product may be registered by EPA,
but due to risk concerns, risk mitigation measures could be imposed on its continued use. These risk mitigation measures are often
relatively sophisticated and may be difficult to use under developing country conditions.

3 This table indicates how EPA determines the toxicity class for pesticides.

4 Some trade names and formulations for the same insecticide active ingredient may be either RUP or GUP, depending on
formulation.

° DDT is listed in Annex B of the Stockholm Convention on Persistent Organic Pollutants. Parties must register with the Secretariat
to use DDT for disease vector control and comply with information collection requirements on production and use of DDT.

6 Fenitrothion is listed as a GUP. This classification is for the ant bait formulation. Outdoor uses of fenitrothion needed to be RUP
for acute and chronic toxicity to nontarget species.
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Table 4.

U.S. Pesticide Registration Status Determination of Same or Similar

Use Patterns

Pesticide

IRS

Larviciding

Bifenthrin

Cyfluthrin

Deltamethrin

Etofenprox

Lambda-
cyhalothrin

Methoprene

Permethrin

Propoxur

Temephos

Fenitrothion

U.S.

Registration Registration
for Same or but No Same
Similar Use

or Similar Use No U.S.
Pattern Registration Notes

Bed nets, indoor carpet, floors,
aerosols, and bedding treatments

Multiple residential uses, including
foggers and indoor carpets

Multiple residential uses, including paint
additive, human bedding, and clothing

Multiple residential uses, including
foggers and aerosols

Multiple residential uses, including
bedding

Larvicide; indoor fog use

Dust, aerosol, fogger, lice bedding
spray, and residential uses

Multiple residential uses, fogger, and
aerosols

Larvicide; multiple public health uses

° Many uses broad-spectrum insecticide
uses cancelled; only US registered use
is in ant/roach baits, child resistant

packaging

Malathion ° ° No residential uses

Pirimiphos- ° ° No residential uses

methyl

Alpha- ° ° Not Registered—but other forms of

Cypermethrin cypermethrin registered for residential
uses

Bendiocarb ° Cancelled—All uses voluntarily
cancelled, 1999; did include residential
(carpets, furniture, baseboards, and
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U.S. U.S.
Registration Registration
for Same or but No Same
Similar Use or Similar Use No U.S.
Pesticide IRS ITNs Larviciding Pattern Pattern Registration Notes

floors); risks of concern identified

Cancelled

5.1.1.2 Properties and Health Effects of Pesticides
Chemical—-Physical Properties

A key component of the problem formulation is the evaluation of data on the
environmental behavior of pesticides, such as chemical and physical properties. These
properties are assessed to describe a chemical’s partitioning between the solid, liquid, and
gas phases and are used to model its movement through the environment. This section
briefly describes the pesticides used in malaria vector control to identify characteristics
that can serve as indicators of environmental behavior.

Table 5 presents key chemical and physical properties for the pesticides. Additional
details are provided in Annex D, Input Parameter Tables, Table D-1, Chemical-Physical
Properties.

Integrated Vector Management Programs for Malaria Control 35



Table 5. Chemical-Physical Properties That Affect Environmental Behavior’
Henry’s Octanol-
law water Reaction Reaction

Molecular constant Vapor partition half-life half-life = Reaction
Chemical Weight Solubility (atm- pressure coefficient in water in air half-life in
name (g/mol) (mg/L) m3/mol) (atm) (log) (days) (days) soil (days)
Alpha- 4.16E+02 1.00E-02 9.50E-06 1.70E-12 5.16E+00 6.50E+01 7.50E-01 1.40E+01
cypermethrin
Bendiocarb 2.23E+02 2.60E+02  3.90E-08 6.60E-09 1.70E+00 2.00E+00 5.00E+00 3.50E+00
Bifenthrin 4.23E+02 1.00E-01 1.00E-06 2.40E-10 6.00E+00 5.55E+02 5.42E-01 1.25E+02
Cyfluthrin 4.34E+02 2.00E+00 5.80E-10 2.67E-12 5.94E+00 NF NF 5.95E+01
DDT 3.54E+02 2.50E-02 8.30E-06 2.48E-10 6.91E+00 5.60E+01 5.00E+00 5.48E+03
Deltamethrin ~ 5.05E+02 2.00E-03 5.00E-06 2.00E-11 5.43E+00 2.08E+01 NF 4.83E+01
Etofenprox 3.77E+02 1.00E-03 2.26E-08 8.93E-12 7.05E+00 NF NF 7.90E+01
Fenitrothion 2.77TE+02 1.40E+01 9.30E-07 2.80E-07 3.16E+00 6.30E+02 2.67E-01 1.54E+02
Lambda- 4.50E+02 5.00E-03 9.09E-06 1.97E-12 7.00E+00 7.00E+00 NF 3.00E+01
cyhalothrin
Malathion 3.30E+02 1.30E+02  4.90E-09 5.25E-08 2.75E+00 2.10E+01 1.50E+00 2.50E+01
Methoprene 3.10E+02 1.40E+00 6.90E-06 3.11E-08 5.50E+00 1.30E+01 6.25E-02 1.00E+01
Permethrin 3.91E+02 6.00E-03 1.90E-06 2.87E-11 6.50E+00 3.30E+01 4.08E-01 3.00E+01
Pirimiphos- 3.05E+02 8.60E+00  7.00E-07 1.97E-08 4.12E+00 NF 1.00E-01 5.90E+00
methyl
Propoxur 2.09E+02 1.75E+03  1.43E-09 2.50E-05 1.56E+00 9.32E+01 5.00E-01 2.10E+02
Temephos 4.66E+02 2.70E-01 1.96E-09 1.13E-12 5.96E+00 4.00E+03 1.17E-01 3.00E+01

NF, Not found.

'See Annex D for Glossary of Terms.

Values for chemical and physical properties can be found in multiple databases that are
maintained and updated by different international, government, and academic groups.

These values may differ somewhat from one database to another. When data for a
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particular parameter were available from multiple sources, we used the following
hierarchy to determine which value to use for the screening assessment:

1.
2.
3.

EPA sources such as Reregistration Eligibility Decision (RED) documents
Agency for Toxic Substances and Disease Registry (ATSDR)

Hazardous Substances Data Bank (HSDB), which is maintained by the U.S.
National Library of Medicine

Any other reputable database (e.g., the International Program on Chemical
Safety’s [IPCS’s] INCHEM, EXtension TOXicology NETwork [EXTOXNET]).

The environmental behavior of the pesticides used in IVM is described briefly below.
Additional details are provided in Annex E, Pesticide Profiles.

Alpha-cypermethrin. Alpha-cypermethrin is a broad-spectrum, nonsystemic,
synthetic pyrethroid insecticide used in agricultural—on field crops, fruits,
vegetables, and livestock—and residential applications. It is also commonly used
as an insecticide to kill mosquitoes to control malaria transmission. Although
alpha-cypermethrin is not registered by the EPA, cypermethrin is. USAID does
not currently support the use of cypermethrin in IRS because no formulation of
cypermethrin has been recommended by WHO for use in IRS at this time.

In the air, alpha-cypermethrin exists in both vapor and particulate phases. As a
vapor, it is broken down by reactions with hydroxyl radicals and ozone. The half-
life for these reactions is estimated at 18 hours to 49 days. As a particulate, alpha-
cypermethrin is removed from the atmosphere by wet and dry deposition.

Once in the terrestrial environment, alpha-cypermethrin binds tightly to soil.
Volatilization is the major fate process in moist soils; however, the tight bond of
alpha-cypermethrin to soil attenuates the volatilization. In nonsterile soil, alpha-
cypermethrin is biodegraded by environmental organisms and sunlight. It does not
build up in surface soils nor leach to subsurface soils.

In aquatic environments, alpha-cypermethrin bonds tightly to suspended solids
and sediments. Volatilization of alpha-cypermethrin from water is expected;
however, this is lessened by its bond with soil. Photodecomposition is also
expected. Based on its bioconcentration factor, alpha-cypermethrin has a high
potential to bioaccumulate in aquatic organisms. However, the ability of aquatic
organisms to rapidly metabolize alpha-cypermethrin suggests that actual
bioaccumulation may be lower than the potential.

Bendiocarb. Bendiocarb is a broad-spectrum carbamate insecticide used to
control a wide variety of nuisance and disease-vector insects (such as mosquitoes
and agricultural insects) and to treat seeds. All registrations for products
containing bendiocarb were voluntarily cancelled in 1999. Sales of existing
products were allowed until April 2003, and the presence of bendiocarb in or on
processed food and animal feed was allowed until April 2005. When applied to
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plants, bendiocarb enters the soil both directly and indirectly. In soil, bendiocarb
is moderately to very highly mobile. The major fate processes are hydrolysis (in
moist soils) and biodegradation. Volatilization is not an important fate process in
either moist or dry soils. Biodegradation of bendiocarb is expected to be rapid.
Photolysis is important in the photodegradation of bendiocarb in soil. Bendiocarb
degrades prior to leaching through soil and its degradation products remain in the
upper layers of soil in low concentrations. It is unlikely that bendiocarb will move
through soil to groundwater or to surface water through runoff. Bendiocarb is of
low persistence in soil.

Water is an important factor in the transport of bendiocarb. However, bendiocarb
is of limited hazard in water due to its rapid decomposition under aqueous
conditions. In water, bendiocarb is not expected to adsorb to suspended soils and
sediments. The major fate processes in water are hydrolysis and biodegradation;
volatilization is unimportant. Additionally, direct photolysis is not a major
degradative pathway in water and is dependent on the turbidity of the water. In
alkaline and neutral environments, hydrolysis is expected to be a major fate
process. Bendiocarb does not accumulate in water and, based on soil studies,
biodegradation in water is expected to be rapid. Because bendiocarb degrades
rapidly in water, bioconcentration in fish is unlikely.

Bifenthrin. Bifenthrin is a pyrethroid insecticide and acaricide used in
agricultural and human health applications. Bifenthrin is used to control pests on
crops, as well as indoor pests. For mosquito protection, it is used on bed nets and
other materials that are treated with bifenthrin to protect the user. Bifenthrin is a
restricted use pesticide because of its potential toxicity to aquatic organisms.

In the terrestrial environment, bifenthrin has a low mobility in soils with large
amounts of clay, silt, or organic matter and in sandy soils without much organic
matter. In moist soils, volatilization is a major fate process, though this is lessened
by absorption in the soil. Depending on the soil type and the amount of air in the
soil, the half-life of bifenthrin ranges from 7 days to 8 months. Bifenthrin is
expected to biodegrade readily and it is not absorbed by, or translocated, in plants.

Bifenthrin is fairly insoluble in water, so there is little concern about groundwater
contamination through leaching. Volatilization is a major fate process from
surface water; however, volatilization is attenuated by bifenthrin’s tendency to
adsorb to suspended soils and sediments. Based on its bioconcentration factor,
bifenthrin has a high potential to accumulate in aquatic organisms. However, the
actual bioconcentration may be lower than the potential due to the ability of
aquatic organisms to metabolize bifenthrin.

Cyfluthrin. Cyfluthrin is a synthetic pyrethroid insecticide used in agricultural
and public health applications. It is commonly used as an insecticide to kill
mosquitoes to control malaria transmission. In the air, cyfluthrin exists
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predominantly in the particulate phase. As a particulate, cyfluthrin is removed
from the atmosphere by wet and dry deposition.

Once in the terrestrial environment, cyfluthrin is highly immobile in soil.
Therefore, it does not leach easily into groundwater. Cyfluthrin is one of the more
persistent pyrethroids, and its persistence is not significantly affected by soil
moisture. The major fate processes in soil are biodegradation and photolysis.
Volatilization is not expected to be a major fate process in either moist or dry
soils.

In aquatic environments, cyfluthrin binds tightly to soil, is practically insoluble in
water, and is less dense than water, which allows it to float on the surface of
natural water. Cyfluthrin is stable in water under acidic conditions, but hydrolyzes
rapidly under basic conditions. Photolysis is expected to occur in surface waters
but volatilization is not. Aqueous hydrolysis is not an important environmental
fate process. Cyfluthrin has a high potential to bioaccumulate in aquatic
organisms.

e DDT.DDT is an insecticide that was once widely used to control insects on
agricultural crops and insects that carry diseases such as malaria and typhus. DDT
does not occur naturally in the environment and is usually found as a white,
crystalline, tasteless, and almost odorless solid. It enters terrestrial and aquatic
environments through deposition and accidental spillage.

Once DDT enters the terrestrial environment, it has a strong affinity for soil and
generally remains in the surface layers. As a result of this strong affinity for soil,
DDT is quite persistent. The half-life of DDT ranges from 2 to 17 years,
depending on soil composition (the warmer and wetter the soil, the shorter the
half-life). Therefore, DDT is less persistent in the tropics, where it evaporates and
microorganisms degrade it more quickly. The strong affinity for soil also reduces
the potential for DDT to leach into groundwater. DDT can be absorbed by some
plants and the animals that eat them.

DDT can enter the aquatic environment in several ways, including direct contact
(pouring it into a waterbody), deposition from the atmosphere, and overland
transport via erosion and runoff. In surface water, DDT will bind to sediment in
the water, settle, and be deposited on the bottom. DDT has some potential to
bioaccumulate in marine life because it is absorbed by small organisms, such as
plankton and fish. It can accumulate to high levels in fish and marine mammals
(such as seals and whales), reaching levels thousands of times higher than in
water. In these animals, the highest levels of DDT are found in their adipose
tissue (ATSDR, 2002).

DDT is listed in Annex B (Restriction) of the Stockholm Convention on
Persistent Organic Pollutants. It is allowed to be used for disease vector control in
accordance with Part II of the annex. Parties must register with the Secretariat to
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use DDT for disease vector control and comply with specific information
collection requirements on the production and use of DDT.

Deltamethrin. Deltamethrin is a broad-spectrum synthetic pyrethroid insecticide
that was first marketed in 1977 for use in agricultural and public health
applications. It is considered the most powerful synthetic pyrethroid. For
mosquito control, bed nets and other materials are treated with deltamethrin to
protect the user. Deltamethrin is typically formulated as ECs, WPs, ultra-low
volume and flowable formulations, and granules (either alone or combined with
other pesticides). A dispersible tablet is also used to treat mosquito nets.

In terrestrial environments, deltamethrin is not expected to be mobile, because it
binds tightly to soil particles. It is insoluble in water, and recommended
application rates are low. Volatilization from moist soils and biodegradation are
major fate processes. However, volatilization is lessened by deltamethrin’s
tendency to adsorb to soil particles. As with other synthetic pyrethroids,
deltamethrin degrades rapidly in soil and plants. It does not bioaccumulate in
terrestrial systems.

Very little leaching to groundwater is expected, because deltamethrin binds
tightly to soil and is practically insoluble in water. Volatilization is a major
environmental fate process in surface waters, but is lessened by soil adsorption.
Deltamethrin breaks down quickly in water, with reported half-lives of 2—4 hours.
It has a high potential to bioconcentrate in aquatic organisms.

Etofenprox. Etofenprox is a nonester pyrethroid-like insecticide and acaricide
that is used in agricultural, horticultural, and public health applications. For
mosquito control, etofenprox is used on bed nets and other materials that are
treated with it to protect the user. In soil, studies of adsorption and leaching
revealed low translocation. Degradation occurs by oxidation in nonsterile soil.
Photodegradation may be an important fate process for degradation of etofenprox
from plant surfaces.

In aquatic environments, the stability of etofenprox is dependent on the
conditions. Under laboratory conditions, etofenprox is stable in aqueous solutions.
An estimated half-life of more than 1 year is seen at 25°C in neutral and acidic
environments in the dark. Under field conditions, etofenprox breaks down more
rapidly due to the presence of sunlight.

Fenitrothion. Fenitrothion is a general-use organophosphate insecticide that is
mostly used in the control of chewing and sucking insect pests on a wide variety
of agricultural crops and in forests, as well as for public health purposes. It is used
as a residual contact spray against mosquitoes, flies, and cockroaches.
Fenitrothion was introduced in 1959 as a less toxic alternative to parathion, with
which it shares similar insecticidal properties. It is used heavily in countries that
have banned parathion. In the United States, the use of fenitrothion for mosquito
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control was voluntarily cancelled by the manufacturer in 1995, and the only
registered use is for containerized ant and roach baits.

In the terrestrial environment, fenitrothion degrades rapidly in most soils with a
half-life ranging from 3 to 25 days. Fenitrothion is mostly found in the top 6
inches of soil and is not very mobile and only slightly persistent in soil.
Fenitrothion leaches very slowly into groundwater from most soils; however,
some runoff can occur.

Fenitrothion can enter the aquatic environment from aerial spraying. It is unstable
in water in the presence of sunlight or microbial contamination. Fenitrothion
accumulates rapidly in fish, but at low concentrations.

e Lambda-cyhalothrin. Lambda-cyhalothrin is a synthetic pyrethroid that is
released into the air as a result of its use as an insecticide. Once in the atmosphere,
lambda-cyhalothrin, like all pyrethroids, is broken down and degraded rapidly by
sunlight and other compounds found in the atmosphere. Often, lambda-
cyhalothrin lasts only 1 or 2 days in the atmosphere before being degraded. Any
remaining lambda-cyhalothrin will be removed by precipitation and deposited in
terrestrial and aquatic environments.

Lambda-cyhalothrin has a strong affinity for soil and is not easily taken up by the
roots of plants and vegetation. It is moderately persistent in the environment,
taking a few months to completely degrade (the average half-life ranges from 4 to
12 weeks, depending on soil composition). Also, as a result of its strong affinity
for soil, lambda-cyhalothrin is not very mobile in the soil and does not usually
leach into groundwater.

Lambda-cyhalothrin enters the aquatic environment either through direct
application or in runoff. Lambda-cyhalothrin is not very soluble in water, so once
in a waterbody, it is absorbed strongly by suspended solids and sediments and not
expected to be prevalent in the water column. Lambda-cyhalothrin volatilizes
slowly from water and soil due to its low vapor pressure and Henry’s law constant
(ATSDR, 2003a).

e Malathion. Malathion is an insecticide that is used for agricultural and
nonagricultural purposes. In the United States, it is no longer permitted for any
indoor uses. It is released into the environment primarily through spraying on
agricultural crops and agricultural sites, spraying for home and garden use, and
spraying for public health use in both urban/residential and nonresidential areas.
EPA labels for malathion currently recommend that the product be stored at 21°C
or less. This is because high temperatures will facilitate the formation of
malaoxon, which is substantially more toxic than malathion. Storing malathion at
temperatures above 21°C will increase the risks of the use of malathion.

Once malathion is released in the atmosphere, it can be transported back to
surface water and soil by wet and dry deposition. Malathion enters territorial
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environments either through direct application or by deposition from the
atmosphere. Once in the soil, it degrades rapidly and very little of it appears to
volatilize from soil, as indicated by its low Henry’s law constant. Although
malathion is moderately to highly mobile in soils, it is unlikely to leach through
soil and into groundwater due to its low persistence and rapid degradation in the
environment.

Once in water, malathion is not expected to absorb to sediment particles, and it
usually biodegrades within a few weeks. There is also little potential for
malathion to bioaccumulate in marine life. The rate of its breakdown water is
dependent on the temperature and pH (ATSDR, 2003b).

Methoprene. Methoprene is a larvicide and growth regulator that is used in
agricultural, horticultural, and public health applications. Methoprene was first
registered for use in the United States in 1975. In water, methoprene is used to
control mosquito larvae, as well as various flies, moths, beetles, and fleas.
Methoprene is selective, stable, and potent, though it is not persistent in the
environment or toxic to mammals.

Methoprene binds tightly to soil and is only slightly soluble in water, making it
almost immobile in most soil types. It remains only in the top few inches of soil,
and studies have indicated that it does not leach from soil. In addition,
methoprene is of low persistence in soil and is rapidly and extensively broken
down by microbial degradation, which is the major fate process. It also undergoes
rapid photodegradation.

Because methoprene binds tightly to soil and is practically insoluble in water; in
fact, very little leaching into groundwater has been reported. Methoprene
degrades rapidly in water. Sunlight and temperature play major roles in the
breakdown of methoprene in water. Biodegradation and photodegradation are the
major fate processes. The potential for bioconcentration of methoprene in aquatic
organisms is very high.

Permethrin. Permethrin is a broad-spectrum, nonsystemic, synthetic pyrethroid
insecticide registered for use on numerous food/feed crops, livestock and
livestock housing, modes of transportation, structures, and buildings (including
food handling establishments), and for residential uses. It is also commonly used
as an insecticide to kill mosquitoes to control malaria transmission.

Permethrin enters the atmosphere when it is sprayed in malaria control operations.
Like all pyrethroids, permethrin is broken down and degraded rapidly by sunlight

and other compounds found in the atmosphere. Often, permethrin lasts only 1 or 2
days in the atmosphere before being degraded. Any remaining permethrin will be

removed by precipitation and deposited in terrestrial and aquatic environments.

Once in the terrestrial environment, permethrin appears to dissipate primarily by
binding to the soil and by soil microbial degradation. It is moderately persistent in
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soil, but due to its hydrophobicity, permethrin is also extremely immobile in soil
and stays in the surface layers. Permethrin is not very soluble in water, resulting
in little concern for groundwater contamination.

Permethrin is likely to enter aquatic environments either through direct
application or because of runoff. Once in a waterbody, permethrin has a very high
affinity for soils and sediment in aqueous systems, and will bind quickly to
sediment in the water column (Imgrund, 2003).

Pirimiphos-methyl. Pirimiphos-methyl is a fast-acting, broad-spectrum,
noncumulative organophosphate insecticide and acaricide used in agricultural,
horticultural, and public health applications. In the United States, no indoor uses
are permitted. For public health applications, it is used to control disease-vector
insects, including mosquitoes, ants, beetles, bed bugs, cockroaches, fleas, flies,
lice, and mites. Pirimiphos-methyl has both contact and fumigant action.

Pirimiphos-methyl has limited mobility and limited persistence in soil. For a
variety of soil types, pirimiphos-methyl has a half-life of less than 1 month. It
hydrolyzes rapidly in acidic soils and is stable in neutral and alkaline
environments. It also decomposes in sunlight. Because its use is limited outdoors,
pirimiphos-methyl is not expected to have a significant impact on aquatic
environments. It degrades in water, mainly by hydrolysis, which is attenuated by
sunlight. It also volatilizes from still water; however, volatilization is not as
significant a fate process as hydrolysis for pirimiphos-methyl.

Propoxur. Propoxur is a broad-spectrum, nonsystemic carbamate insecticide that
is used in both agricultural and nonagricultural applications to kill a variety of
chewing and sucking pests, as well as mosquitoes, ants, flies, cockroaches,
hornets, crickets, and lawn and turf insects.

In the terrestrial environment, propoxur is expected to be moderately to very
highly mobile and moderately persistent in soil. The mobility depends on the soil
type and previous exposures to propoxur. In many soil types, propoxur is highly
mobile because of its low affinity for soil binding. Hydrolysis and biodegradation
in moist soils appear to be the primary modes of degradation. Biodegradation in
soil occurs more rapidly in previously exposed soils. Volatilization is not
expected to be a major fate process from moist soil surfaces. Propoxur evaporates
from soil, with the amount of evaporation increasing with the moisture content of
the soil. The half-life ranges from 6 to 8 weeks depending on the soil type. Also,
in soil, propoxur shows no or little susceptibility to photolysis. Propoxur moves
rapidly through all soil profiles below a 12-inch sampling depth. Its fate and
transport characteristics are similar to chemicals that are known to leach into
groundwater.

Propoxur is highly soluble in water and there is a high likelihood of groundwater
penetration because it doesn’t adsorb strongly to soil. It is relatively stable in
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water under neutral or acidic conditions, but hydrolyzes rapidly under alkaline
conditions. Reported field half-lives for propoxur range from 14 to 50 days.
Volatilization from water is not expected to be a major fate process; however,
propoxur is susceptible to photolysis in water. Because propoxur degrades rapidly
in water, bioconcentration in fish is unlikely.

e Temephos. Temephos is a larvicide that is applied to shallow, stagnant, brackish,
and polluted waters; usually, these waters are unsuitable as a source of drinking
water. Temephos enters the environment in liquid or granular form. It is unlikely
to enter the atmosphere because it is applied directly to waterbodies. Temephos is
also unlikely to reach groundwater that would be used for drinking water because
of a lack of hydraulic gradient and its relatively short half-life in natural waters.
Due to its low vapor pressure and Henry’s Law constant, temephos may volatilize
slowly from water, but volatilization may be more significant in shallow rivers
and waterbodies. Exposure to temephos and its degradation products is primarily
associated with treated aquatic environments where mosquito breeding occurs;
therefore, terrestrial exposure is expected to be minimal (U.S. EPA, 1999b).

Health Effects

The ability of a pesticide used in IVM to elicit adverse health effects depends on the route
of exposure (i.e., ingestion, inhalation, or dermal), the frequency and duration of
exposure, the toxicity of the insecticide (by route of exposure), and the sensitivity of the
exposed individual. Many of the pesticides considered in this report are cholinesterase
inhibitors, so neurological endpoints are frequently attributed to exposure. However, to
evaluate the toxicity of each pesticide, we identified pesticide-specific human health
benchmarks for each exposure route and duration evaluated in the screening assessment.
For noncancer endpoints, the health benchmark represents a point (in milligrams of
pesticide per kilogram body weight per day) on the dose—response continuum below
which adverse effects would not be anticipated. That is, a dose below the benchmark
would not be expected to cause an adverse health effect. For cancer endpoints, the health
benchmark represents the potency of the pesticide to cause cancer in humans assuming
that any exposure is associated with some finite probability of an individual contracting
cancer.

This section provides a brief summary of the health endpoints of concern for each of the
pesticides evaluated in this screening assessment.

Summary of Health Effects

The health effects of the pesticides considered in this report are described briefly below.
Additional details are provided in Annex E, Pesticide Profiles.

e Alpha-cypermethrin. Alpha-cypermethrin is a highly active synthetic pyrethroid
used to control mosquitoes. It poses a low risk to humans when used at the
recommended levels. Alpha-cypermethrin affects the way the nerves and brain
normally function by interfering with the sodium channels of nerve cells. Typical
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symptoms for acute exposure to high levels of alpha-cypermethrin include
irritation of skin and eyes, and neurological effects such as headaches, dizziness,
nausea, vomiting, diarrhea, excessive salivation, and fatigue. Inhaled alpha-
cypermethrin has been shown to cause paresthesia (a burning, tingling, or stinging
of the skin). These effects are generally reversible and disappear within a day of
ending the exposure. Alpha-cypermethrin is rapidly metabolized and excreted
from the body. Limited data are available for chronic low-level exposures to
alpha-cypermethrin; however, it is not expected to be a reproductive or
developmental toxicant. Additionally, it is not likely to have mutagenic effects.
No data are available on the carcinogenic potential of alpha-cypermethrin.

e Bendiocarb. Bendiocarb is a broad-spectrum carbamate insecticide. Bendiocarb
exhibits its toxic effects through reversible cholinesterase inhibition and is
considered moderately toxic in mammals. In humans, symptoms of bendiocarb
toxicity include excessive sweating, salivation, headache, blurred vision, nausea,
vomiting, stomach pain, giddiness, slurred speech, tightness in the chest, and
muscular twitching. The effects of chronic bendiocarb exposure have not been
well documented in humans. In the RED Fact Sheet for bendiocarb, EPA reported
that for most of the residential scenarios, including exposure to treated surfaces,
there were risks of concern for children and adults.

Additionally, bendiocarb is not expected to have reproductive effects in humans at
the expected exposure levels. It has not been shown to be mutagenic in animals.
EPA has classified bendiocarb as “noncarcinogenic to humans.”

e Bifenthrin. Bifenthrin is a pyrethroid insecticide used in agricultural and human
health applications including mosquito control. As a synthetic pyrethroid,
bifenthrin affects the nerves and brain. Symptoms of acute exposure may include
skin and eye irritation and neurological effects such as headache, dizziness,
nausea, vomiting, diarrhea, excessive salivation, fatigue, irritability, and
numbness. Inhalation of pyrethrins may cause a localized reaction of the upper
and lower respiratory tracts. In mammals, pyrethroids are generally of low
toxicity due to their rapid biotransformation. No toxicity data for chronic
bifenthrin exposure are available in humans. EPA has classified bifenthrin as a
“possible human carcinogen.”

e Cyfluthrin. Cyfluthrin is a synthetic pyrethroid. It is not expected to cause long-
term problems in humans when used under normal conditions. Cyfluthrin has both
contact and stomach poison action and it can affect the nerves and brain. Typical
symptoms for acute human exposure are skin and eye irritation. Dermal exposure
to cyfluthrin has been shown to cause paresthesia (a burning, tingling, or stinging
of the skin) which may lead to a numbness lasting up to 24 hours. Skin irritation
may be immediate or delayed for up to 2 hours. In animals, exposure to high
levels of cyfluthrin causes nervous system effects such as irritability, excessive
salivation, incoordination, tremors, convulsions, and even death. Cyfluthrin is
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rapidly metabolized and excreted from the body. Limited data are available for
chronic low-level exposures of humans to cyfluthrin. Based on animal studies, it
is not expected to be a reproductive or developmental toxicant. Additionally,
cyfluthrin does not show any mutagenic potential. No evidence of carcinogenic
potential of cyfluthrin has been reported in animals.

DDT. DDT is a broad-range organochlorine insecticide. It was banned in the early
1970s in the United States and in most industrial countries, mainly because of its
persistence in the environment and enormous volumes used in agriculture. DDT
has been used in large populations for more than 60 years with little evidence of
acute toxicity, except from accidental exposures. In these relatively rare instances,
DDT acts by impairing the conduction of nerve impulses. Symptoms of acute
exposure to high levels of DDT by any route include mild altered sensations,
tremors, convulsions, and respiratory depression. Additional effects observed in
humans after acute DDT exposure include headaches; nausea and vomiting;
diarrhea; numbness; paresthesia (a burning, tingling, or stinging of the skin);
increased liver enzyme activity; irritation of the eyes, nose, or throat; altered gait;
and malaise or excitability. In humans, oral exposure is thought to be most
significant. In addition to potential acute effects, DDT is believed to be an
endocrine disruptor. Recent data indicate that exposure to DDT in amounts
necessary for malaria control may cause preterm birth decreased birth weight,
early weaning, and pregnancy loss. The International Agency for Research on
Cancer (IARC) has classified DDT in Group B2, “probable human carcinogen.”

Deltamethrin. Deltamethrin is a powerful broad-spectrum synthetic pyrethroid. It
is of moderate toxicity to mammals as it is rapidly metabolized and does not
accumulate. It poses low risk to humans when used at levels recommended for its
designed purpose. Deltamethrin exhibits its toxic effects by affecting the way the
nerves and brain normally function by interfering with the sodium channels of
nerve cells. Typical symptoms of acute exposure are irritation of skin and eyes
and neurological effects such as severe headaches, dizziness, nausea, anorexia,
vomiting, diarrhea, excessive salivation, and fatigue. Tremors and convulsions
have been reported in severe poisonings. Inhaled deltamethrin has been shown to
cause reversible cutaneous paresthesia (a burning, tingling, or stinging of the
skin). Limited data exist for humans following chronic exposures. However, the
following effects are suspected to be a result of chronic exposures in humans:
choreoathetosis, hypotension, prenatal damage, and shock. Chronic occupational
exposure to deltamethrin causes skin and eye irritation. IARC has classified
deltamethrin as “not classifiable as to its carcinogenicity in humans.”

Etofenprox. Etofenprox is a nonester pyrethroid-like insecticide. Like other
pyrethroids, it acts on the central nervous system. Its toxicity is also similar to that
of other pyrethroids. WHO has classified etofenprox as a low risk for acute
toxicity in humans under conditions of normal use. Limited chronic human
exposure data are available. Based on animal studies, etofenprox is not expected
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to have any developmental, reproductive, mutagenic, or genotoxic effects on
humans. Etofenprox is not a cholinesterase inhibitor, but rather affects the thyroid
and kidneys in animals. With respect to carcinogenicity, EPA has classified it in
Group C, as a “possible human carcinogen.”

e Fenitrothion. Fenitrothion is an organophosphate insecticide that is nonsystemic
and not persistent. It can cause overstimulation of the nervous system due to
cholinesterase inhibition, which may result in nausea, dizziness, confusion, and at
very high exposures, respiratory paralysis and death. Chronic symptoms of
toxicity in humans include general malaise, fatigue, headache, loss of memory
and ability to concentrate, nausea, thirst, weight loss, cramps, muscular weakness,
and tremors. Reproductive and developmental toxicity have been reported in
animal studies. EPA has classified fenitrothion as a Group E chemical, with
“evidence of noncarcinogenicity for humans.” However, the broad-spectrum
insecticide uses have been cancelled in the United States, and it is now only
registered for use in ant and roach baits with child-resistant packaging.

e Lambda-cyhalothrin. Lambda-cyhalothrin is a synthetic pyrethroid that is a
more biologically active form than cyhalothrin. It is used to control pests
(including mosquitoes) in agricultural, public, and animal health settings. Typical
symptoms for acute exposure to high levels of lambda-cyhalothrin include
tingling, burning, or numbness (particularly at the point of skin contact);
dizziness; headache; nausea; tremors; incoordination of movements; paralysis or
other disrupted motor functions; convulsions; and loss of consciousness. These
effects are generally reversible because lambda-cyhalothrin breaks down rapidly
in the body. Lambda-cyhalothrin is not considered to have any teratogenic,
mutagenic, or genotoxic effects on humans. It has been classified by EPA as a
Group D chemical, “not classifiable as to human carcinogenicity.”

e Malathion. Malathion is a nonsystemic, broad-spectrum organophosphate
insecticide that is used in a wide variety of applications, including agricultural,
veterinary, and public health uses, such as the control of mosquitoes. Malathion
causes neurological effects by inhibiting cholinesterase in the blood and brain. In
general, malathion is thought to exhibit low toxicity via acute oral, dermal, and
inhalation exposure. However, acute exposure to high concentrations of malathion
can cause numbness, headaches, sweating, abdominal cramps, blurred vision,
difficulty breathing, respiratory distress, and loss of consciousness. Limited data
from chronic human exposures indicate that the nervous system is the main target
organ of chronic malathion toxicity. EPA has classified malathion as having
“suggestive evidence of carcinogenicity.”6 Malathion is no longer permitted in the
United States for any indoor uses.

¢ Under EPA’s new system, group letters are no longer used to classify chemicals. As this process is being phased in,
some chemicals—Ilike malathion—are identified under the new system.
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M ethoprene. Methoprene is a larvicide and growth regulator that acts by
interfering with the life cycle of the insect rather than by direct toxicity. It
prevents insects from reaching maturity or reproducing. EPA has classified
methoprene as toxicity class IV, slightly to almost nontoxic. It is selective, stable,
and potent, though not persistent in the environment or toxic to mammals. It
presents no long-term hazard other than to the target species. It has low potential
for acute oral or inhalation toxicity. It is not a skin or eye irritant or skin sensitizer
and is of low acute dermal toxicity. Limited data are available for humans
following chronic exposures to methoprene; however, no chronic, reproductive,
developmental, mutagenic, or carcinogenic effects have been seen in humans or
animals. Methoprene is rapidly and completely metabolized.

Permethrin. Permethrin is a synthetic pyrethroid used for controlling mosquitoes.
Permethrin is of low risk to humans when used at recommended levels. However,
like many of the pesticides assessed in this report, permethrin is a cholinesterase
inhibitor and can affect the nerves and brain. Typical symptoms for acute
exposure to high levels of permethrin include irritation of skin and eyes, and
neurological effects such as headaches, dizziness, nausea, vomiting, diarrhea,
excessive salivation, and fatigue. Inhaled permethrin has been shown to cause
paresthesia (a burning, tingling, or stinging of the skin). These effects are
generally reversible and disappear within a day of ending the exposure. Low-
level, chronic exposures to permethrin do not generally cause neurological effects
in humans, because permethrin is rapidly metabolized and excreted from the
body. Permethrin is not likely to have reproductive, teratogenic, or mutagenic
effects. EPA has classified pyrethrins as “likely to be carcinogenic to humans by
the oral route.”

Pirimiphos-methyl. Pirimiphos-methyl is a fast-acting, broad-spectrum, non-
cumulative organophosphate insecticide and acaricide. Like other organo-
phosphates, pirimiphos-methyl acts by inhibiting cholinesterase activity. It is of
low mammalian toxicity. Early symptoms of pirimiphos-methyl exposure include
excessive sweating, headache, weakness, giddiness, nausea, vomiting, stomach
pains, blurred vision, slurred speech, and muscle twitching. Symptoms of more
severe poisoning may include convulsions, coma, loss of reflexes, and loss of
sphincter control. EPA has concluded that there are insufficient animal data to
assess the chronic, reproductive, developmental, or mutagenic toxicity of
pirimiphos-methyl. The carcinogenic potential of pirimiphos-methyl could not be
determined.

Propoxur. Propoxur is a broad-spectrum nonsystemic carbamate insecticide. It
exhibits its toxic effects through reversible cholinesterase inhibition and has
moderate toxicity in mammals. The liver and the nervous system are the main
organs affected by propoxur in both humans and animals. Short-term exposures
may cause effects on the nervous system, liver, and kidneys, as well as respiratory
failure and convulsions. In humans, symptoms of acute oral poisoning include red
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blood cell cholinesterase inhibition with mild transient cholinergic symptoms
including nausea, vomiting, sweating, blurred vision, and tachycardia. Long-term
inhalation exposures in humans results in cholinesterase inhibition, headaches,
nausea, and vomiting. EPA has classified propoxur in Group B2 as a “probable
human carcinogen.”

e Temephos. Temephos is a nonsystemic organophosphate larvicide used in the
United States since 1965 for public health reasons, including control of mosquito
larvae, but not for use in potable water. It is also used occasionally to treat potable
water. Temephos causes its effect by inhibiting cholinesterase, which results in
eye irritation, blurred vision, dizziness, nausea, abdominal cramps, diarrhea,
salivation, headaches, loss of muscle coordination, and difficulty breathing.
Compared with other organophosphates, temephos is of low-to-moderate toxicity.
Temephos can be absorbed through the oral, dermal, and inhalation pathways,
with dermal exposure being the most likely for humans. However, dermal
absorption in an animal study was low (38 percent). It is moderately toxic through
dermal and oral exposure and has low toxicity through inhalation exposure.
Because of its low toxicity in humans, few studies exist on the human health
effects of acute exposure to temephos. No data exist on the carcinogenic effect of
temephos in humans, and only very limited data exist for animals. EPA has not
classified temephos as a carcinogen.

5.1.1.2 Conceptual Models of Exposure

Each IVM intervention involves different processes, from the preparation of the pesticide
formulation to the disposal of excess pesticide or contaminated materials. Figure 2
presents an overall conceptual model that shows the main processes involved in the IVM
practices and the main resulting pathways that could lead to pesticide exposure for
various receptors. The figure also provides a roadmap to the other subsections, which
describe the conceptual models for each practice (preparation, IRS, ITNs, larviciding,
disposal, reuse, and storage).

Preparation

Most of the pesticides used in IVM do not come in ready-to-use form. Therefore, the
worker or resident must first prepare the applied form from the concentrated form.
Table 6 lists the concentrated and applied forms of each pesticide.
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e Green boxes and arrows indicate IVM-specific practices, pathways, and receptor combinations
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Table 6. Formulations of Pesticides Used in IVM

Pesticide Concentrated Form Applied Form
Alpha-cypermethrin Wettable powder, aqueous suspension concentrate Liquid solution
Bendiocarb Wettable powder Liquid solution
Bifenthrin Wettable powder Liquid solution
Cyfluthrin Wettable powder, emulsion Liquid solution
DDT Wettable powder Liquid solution
Deltamethrin Wettable powder, water dispersible granules, aqueous Liquid solution

suspension concentrate, water-dispersible tablet

Etofenprox Wettable powder, emulsion Liquid solution
Fenitrothion Wettable powder Liquid solution
Lambda-cyhalothrin Wettable powder, capsule suspension Liquid solution
Malathion Wettable powder Liquid solution
Methoprene Emulsifiable concentrate Liquid solution
Permethrin Wettable powder, emulsifiable concentrate Liquid solution
Pirimiphos-methyl Wettable powder, emulsifiable concentrate Liquid solution
Propoxur Wettable powder Liquid solution

EC, Emulsifiable concentrate; WP, Wettable powder.

To prepare liquid solutions (for IRS, ITNs, and liquid larviciding), the worker or resident
mixes the concentrated pesticide (either a powder or concentrated solution) with a solvent
(usually water) to the recommended use concentration (which varies by pesticide). For
ITNs, the resident leaves the solution in the mixing basin. For IRS and liquid larviciding,
the worker pours the solution into an aerosol canister (sprayer). Granular larvicides do
not require mixing; instead, the worker pours the granules into a belly grinder or push
cart.

Figure 3 presents the conceptual model for exposure from preparation. Preparing
pesticide solutions can involve mixing, stirring, and pouring. Spills can also occur. These
processes can lead to exposures via inhalation, dermal contact, and incidental ingestion,
mostly from releases of pesticide vapors, particulate matter (from powders), and
solutions. Vapor releases can occur when liquid concentrated emulsions are diluted.
Particulate releases can occur when mixing powdered forms. Workers or residents can
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inhale the vapors or the particulates or be exposed through dermal contact. Spills could
also pose significant risk, especially for children who ingest the resulting residues that are
left on surfaces such as floors.

Figure 3. Conceptual Model for Possible Exposure Pathways from
Preparation of Pesticide

Process Accidental Release Media  Exposure Pathway Receptor
N:Z(riyr;g pr— Air €MiSSions P> Inhalation ﬁ
¢ Worker
Stirring Splashing 1
# q Dermal |
Pouring Spillage

—) S0i| (=== |ngestion =P Resident

Exposure of the worker or resident to the pesticides during preparation can be greatly
reduced if the worker follows best practices.

Indoor Residual Spraying (IRS)

Figure 4 presents the conceptual model for exposure from IRS. Inhalation of aerosol
vapors during spraying is the main process for worker exposure during IRS. Residents are
mainly exposed through dermal contact with sprayed surfaces and incidental ingestion of
insecticide after their houses have been sprayed, especially when food or drink are left in
the house during spraying. Leaky equipment can also lead to insecticide exposure
through dermal contact with the floors and incidental ingestion by children who may
come in contact with the spills before they are cleaned up.
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Figure 4. Conceptual Model for Possible Exposure Pathways from IRS
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Exposure of the worker and the residents to the insecticide can be greatly reduced if the
worker and residents follow best practices. Even if best practices are followed, workers
should be closely monitored for acute symptoms, because there will always be some level
of exposure. In addition, work-day duration should be monitored to limit exposure as
required by safety recommendations (Najera and Zaim, 2002).

Insecticide-Treated Nets (ITNs)

A conceptual model for ITNs is presented in Figure 5. The primary route of exposure is
dermal exposure while treating the nets. Dermal exposure to residents can theoretically
occur through the use of the bed nets, but the potential exposure is minimal. Ingestion can
also occur among children who touch the nets and residents who use the nets for other
purposes, such as fishing.

Integrated Vector Management Programs for Malaria Control 53



Figure 5. Conceptual Model for Possible Exposure Pathways from ITNs
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Exposure of the worker and the residents to the insecticide used in treating bed nets can
be greatly reduced if the worker and residents follow best practices.

Larviciding

Conceptual models for liquid and granular larviciding are presented in Figures 6 and 7,
respectively. In liquid larviciding, workers are exposed to the larvicide through inhalation
of aerosols while spraying. They can also be exposed through dermal contact caused by
faulty equipment or improper practices that lead to spills onto soil or directly onto the
skin. In granular larviciding, workers are exposed to particulates via inhalation during the
grinding process. Grinding is a manual process that could also lead to significant dermal
exposure, especially if best practices are not followed. In both forms of larviciding,
residents are exposed through dermal contact with surfaces or water sprayed with the
larvicides. They can also be exposed through ingestion of water in puddles that have been
sprayed or water contaminated with runoff from sprayed areas.
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Figure 6.
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Figure 7. Conceptual Model for Possible Exposure Pathways from Granular
Larviciding
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Exposure of the worker and the residents to the larvicides used in larviciding can be
greatly reduced if the worker and residents follow best practices. Exposures to untargeted
aquatic life and the community at large may occur even if best practices are used,
especially if a heavy rain event occurs after spraying and washes recently sprayed
puddles into larger bodies of water (e.g., lakes and rivers) that are used for drinking and
other household purposes (e.g., washing clothes and dishes).

Disposal

Excess pesticide formulation can be disposed of by burying or dumping onto the soil or
surface water. Disposal is a key issue with each IVM intervention that utilizes pesticides.

A conceptual model for disposal of pesticides is presented in Figure 8. Both burying and
dumping can lead to dermal exposure to residents who come in contact with the soil or
water in which the pesticide was disposed. Ingestion exposure can occur from drinking
contaminated surface water. Once the excess formulation gets into the soil, the pesticide
can reach the groundwater, which may be used as a water supply via household wells.
Residents may then be exposed to this contaminated water by ingestion or by dermal
contact when it is used for cleaning purposes.

Figure 8. Conceptual Model for Possible Exposure Pathways from Disposal of
Excess Pesticide Formulation
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It is not uncommon that excess pesticide formulation, packaging, and even personal
protective equipment (PPE) is disposed of by burning. In rare cases, storehouse fires may
occur. Although inhaling burned material was not a scenario addressed in this screening
assessment, Table 7 highlights the toxic byproducts of the pesticides addressed in this
PEA. It should be noted that, often, the burning of plastic packaging and other synthetic
waste from malaria control programs may pose a hazard to human health and the
environment.
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Table 7.

Combustion Byproducts of Pesticides

Pesticide

Combustion Byproduct

Extinguishing Instructions

Alpha-
cypermethrin

Combustion and/or
pyrolysis of alpha-
cypermethrin can lead
potentially to the production
of compounds such as
formaldehyde, acrolein, and
hydrogen cyanide (UK PID,
2006)

Not available

Bendiocarb

Not available

Not available

Bifenthrin

Not available

Not available

Cyfluthrin

Combustion and/or
pyrolysis of cyfluthrin can
lead potentially to the
production of compounds
such as formaldehyde,
acrolein, hydrogen cyanide,
hydrogen chloride, and
hydrogen fluoride (UK PID,
2006)

Not available

DDT

Fires involving DDT may
produce irritating or
poisonous gases (IPCS
PIM, 2006)

Fire fighters should wear self-
contained breathing apparatus
and chemical protective
clothing. For small fires, use dry
chemical, CO,, halon, water
spray, or standard foam
extinguishment. For larger fires,
water spray, fog, or standard
foam is recommended. For
spills, take up with sand or other
noncombustible absorbent
material and place into
containers for later disposal
(IPCS PIM, 2006)

Deltamethrin

Combustion and/or
pyrolysis of deltamethrin
can lead potentially to the
production of compounds
such as formaldehyde,
acrolein, hydrogen cyanide,
and hydrogen bromide (UK
PID, 2006)

Not available

Etofenprox

Not available
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Pesticide

Combustion Byproduct

Extinguishing Instructions

Fenitrothion

(For organophosphates
generally) Powder,
granular, and water-based
products will not burn. Most
liquid formulations will burn
and are miscible with water.
The products of combustion
may be harmful by
inhalation and dermal
contamination (IPCS PIM,
2006)

Fire service personnel should
extinguish fires with alcohol-
resistant foam, water spray, or
dry powder. Firefighters should
wear full protective clothing
including self-contained
breathing apparatus (IPCS PIM,
2006)

Lambda- Open-burning of lambda- Not available

cyhalothrin cyhalothrin creates nitrogen
oxides, hydrogen chloride,
and hydrogen fluoride
(WHO, 1997)

Malathion (For organophosphates Fire service personnel should
generally) Powder, extinguish fires with alcohol-
granular, and water-based resistant foam, water spray, or
products will not burn. Most dry powder. Firefighters should
liquid formulations will burn wear full protective clothing
and are miscible with water. including self-contained
The products of combustion breathing apparatus (IPCS PIM,
may be harmful by 2006)
inhalation and dermal
contamination (IPCS PIM,

2006)

Methoprene Not available Not available

Permethrin When heated to Not available
decomposition, toxic fumes
of hydrogen chloride are
emitted (UK PID, 2006)

Pirimiphos- (For organophosphates Fire service personnel should

methyl generally) Powder, extinguish fires with alcohol-
granular, and water-based resistant foam, water spray, or
products will not burn. Most dry powder. Firefighters should
liquid formulations will burn wear full protective clothing
and are miscible with water. including self-contained
The products of combustion breathing apparatus (IPCS PIM,
may be harmful by 2006)
inhalation and dermal
contamination (IPCS PIM,

2006)

Propoxur Gives off irritating or toxic Not available
fumes (or gases) in a fire
(IPCS, 1994)
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Pesticide Combustion Byproduct Extinguishing Instructions
Temephos (For organophosphates Fire service personnel should

generally) Powder, extinguish fires with alcohol-
granular, and water-based resistant foam, water spray, or
products will not burn. Most dry powder. Firefighters should
liquid formulations will burn wear full protective clothing
and are miscible with water. including self-contained
The products of combustion breathing apparatus (IPCS PIM,
may be harmful by 2006)

inhalation and dermal
contamination (IPCS PIM,
2006)

Reuse of Pesticide Containers

Reuse of pesticide containers occurs when best practices for disposal are not followed.
Pesticides, especially those bought in bulk amounts, come in large, screw-on top
containers that are made of extremely durable materials (i.e., plastics and metals); as a
result, the desire to reuse is strong.

A conceptual model for reuse of pesticide containers is presented in Figure 9. Sturdy
pesticide containers might be improperly reused to store water or dry food, such as mill
or flour, leading to ingestion exposures from drinking water and dermal exposures to the
water or food.

Best practices emphasize that no matter how many times a container is cleaned, it should
never be used to carry anything other than pesticides. Any container once used to contain
potentially harmful chemicals should never be used to hold household items or food
stuffs, especially water.

Figure 9. Conceptual Model for Possible Exposure Pathways

from Reuse of Pesticide Containers

Process Exposure Pathway Receptor
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Storage

Proper storage of pesticides is just as important as the recommended use concentrations.
Like any potentially harmful chemical, precautions must be taken to minimize any harm
or contamination of the environment from the pesticide. United Nations Food and
Agriculture Organization’s Pesticide Storage and Stock Control Manual provides
guidelines for the construction and maintenance of large storehouses, and the major
principles in these guidelines should guide the location, construction, and management of
temporary local storage facilities.

A conceptual model for storage of pesticides is presented in Figure 10. Note that
pesticides stored beyond their expiration date may produce daughter products that can be
introduced into other vector management methods. Pesticides and daughter products can
be released to the environment during storage due to damage to the containers or
accidents leading to spills. Workers at the storage facility can be dermally exposed
through contact with damaged containers or the contaminated surfaces. In addition,
workers may inhale vapors and particulate material released from spills.

Figure 10. Conceptual Model for Possible Exposure Pathways from Storage of

Pesticides
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5.1.1.3 Analysis Plan

The analysis plan consists of a two-phased approach to characterize the potential health
effects associated with pesticides used in implementing various IVM interventions.
Figure 11 expands on Figure 1 and provides a more detailed view of the risk assessment
process; in particular, it shows that the analysis phase of the risk assessment consists of a
Phase I deterministic screening and, pending the results of the risk characterization and
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interpretation, a Phase II probabilistic risk simulation. Although both phases are integral
to the analysis plan, only a Phase I assessment has been completed for this PEA.

Phase I evaluates exposure scenarios (i.e., combinations of [VM intervention, receptor,
exposure pathway, and pesticide) for workers and residents that may be exposed to
pesticides through IVM practices. The screening assessment uses a series of simple
exposure/risk models to identify scenarios with the potential to result in adverse effects
for humans and expresses the results in terms of noncancer HQs (i.e., the ratio of
predicted dose to a human health benchmark) and cancer risks (i.e., excess risk of an
individual contracting cancer over a lifetime). To facilitate the deterministic screening
calculations, we created a spreadsheet that automates the exposure and risk calculations
for all of the scenarios and exposure routes considered in this assessment.” We made
several assumptions in defining the scenarios that tend to increase exposure. For example,
to estimate worker exposures, we assumed that workers do not wear PPE. Through
literature reviews and consultations with vector control specialists working in the field,
we selected reasonably conservative values for the input parameters, such as the exposure
duration for workers during the spraying season. The complete set of input data used to
populate the screening calculation spreadsheet is presented in Annex D.

7 The screening algorithms are discussed briefly in this section and in detail in Annex G, Exposure and Risk
Calculations.
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Figure 11.
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Major groups of data inputs for the screening assessment include the following:

e Concentration parameters were derived from empirical data and are primarily a
function of the physical characteristics associated with handling and application
(e.g., formulation type) rather than the chemical properties of individual active
ingredients (see U.S. EPA, 1997).

e Pesticide use parameters(e.g., application rates) generally describe how
pesticides were applied and were largely taken from field investigations that
described the use of pesticides for malaria vector management practices.

e Receptor exposure factors were derived to represent the characteristics of the
African population. For example, the body weight reflects the nutritional status of
a person in an African nation that is commonly used in exposure assessment.

In this PEA, only a conservative Phase I screening assessment was completed. This PEA
recommends that a Phase II probabilistic risk simulation be used to characterize the

uncertainty and variability in the risk estimates by using data on the distribution of values
for each of the input parameters and assumptions (e.g., no PPE) of interest.

The risk characterization in Section 5.1.3 describes the Phase I deterministic screening
results and makes recommendations as to whether each exposure scenario should be
evaluated in the Phase II assessment, based not just on whether the scenario fails the
screening, but also on the potential value of a more refined risk assessment for that
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particular combination of pesticide, pathway, and receptor. For example, a scenario that
fails the screening may fail because we assumed that no PPE was worn (e.g., no rubber
gloves worn during treatment), but the use of PPE may eliminate the exposure pathway
entirely. In this case, the screening results may be sufficient to support a decision
regarding the use (or nonuse) of a particular pesticide or management practice without
performing additional modeling, and a more precise estimate of the risk/hazard may be of
little value to the decision maker.

5.1.2 Analysis

This section describes the Phase I screening risk assessment methodology developed to
evaluate potential risks associated with pesticide use in various [VM interventions.
Specifically, we present this analysis in three parts

e Section 5.1.2.1 provides an overview of the exposure assessment methodology,
explains how and why we selected pathways for analysis, summarizes the primary
sources that form the basis for the screening methodology, discusses how the
exposure durations were matched to endpoints, and covers exposure issues
common to various IVM interventions and receptors.

e Section 5.1.2.2 presents a concise description of the [VM-specific exposure
scenarios, assumptions, data, and algorithms used in predicting exposures.

e Section 5.1.2.3 describes the selection of human health benchmarks as part of the
dose—response assessment and the calculation of the risk/hazard metrics for
noncancer and cancer endpoints, respectively.

5.1.2.1 Overview of Exposure Assessment

The screening methodology is designed to produce conservative estimates of exposure to
pesticides based on experiences in countries where IVM tools have been utilized. Worker
exposures during application as well as post-application residential exposures are
considered for the dermal, inhalation, and ingestion routes for both adults and children, as
appropriate. The exposure assessment focused on specific pathways identified by vector
control specialists in the field based on their extensive experience in integrated vector
management. The specialists were instrumental in describing and providing parameters
for exposure scenarios that would most likely result in the highest doses to workers and
residential receptors. In making these selections, the specialists considered factors such as
whether workers using a particular method tend to wear protective equipment, whether
workers using particular methods exhibit symptoms of acute exposure, the toxicity of the
pesticide, and the proximity of application to the home. Table 8 lists the pathways and
pesticides evaluated in this screening assessment. Annex F, Pathway List, presents a
detailed list of the full universe of exposure pathways and indicates which pathways were
considered insignificant (i.e., exposures well below other pathways that were modeled)
and which pathways were not included in our current scope (e.g., pilferage and
subsequent use of pesticides).
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Table 8. Pathways by Pesticide and Intervention
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In developing the screening methodology, we reviewed several reports, journal articles,
and guidance documents specific to pesticide exposure and risk assessment. Our intent
was to ensure that the approach developed for this risk assessment was consistent with
common practices in evaluating pesticide risks as well as the current state-of-the-science
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in the broader chemical risk assessment community. As appropriate, we discuss when we
adopted approaches from existing guidance and explained why we modified our
methodology for the IVM risk assessment, particularly in instances where the methods
diverge somewhat from typical pesticide risk assessment techniques (i.e., modifications
required to address IVM-specific scenarios). In addition to numerous chemical risk
assessment projects that we have conducted for EPA, we also undertook a review of
materials specific to pesticides, evolving IVM strategies, and international risk
assessment guidance; examples of these materials include the following:

Barlow, S.M., F.M. Sullivan, and J. Lines. 2001. Risk assessment of the use of
deltamethrin on bed nets for the prevention of malaria. Food and Chemical
Toxicology 39: 407—422.

IPCS (International Program on Chemical Safety). 2005a. INCHEM: Principles
for the Assessment of Risks to Human Health from Exposure to Chemicals.
Available at www.inchem.org (Accessed July 2005).

IPCS (International Program on Chemical Safety). 2005b. Dermal Absorption.
Available at http://www.who.int/ipcs/methods/dermal _absorption/en/ (February,
2005).

Najera, J.A., and M. Zaim. 2001. Malaria Vector Control: Insecticides for Indoor
Residual Spraying. WHO/CDS/WHOPES/2001.3.

Najera, J.A., and M. Zaim. 2002. Malaria Vector Control: Decision Making
Criteria and Procedures for Judicious Use of Insecticides. World Health
Organization. WHO/CDS/WHOPES/2002.5 Rev 1.

Rogan, W.J., 2005. Health risks and benefits of bis (4-chlorophenyl)-1,1,1-
trichloroethane (DDT). Lancet 366: 763—773.

USAID (United States Agency for International Development). 2002.
Programmatic Environmental Assessment for Insecticide-Treated Materials in
USAID Activities in Sub-Saharan Africa. Washington, DC: Office of Sustainable
Development. January.

U.S. EPA (Environmental Protection Agency). 1997. Standard Operating
Procedures (SOPs) for Residential Exposure Assessments. Draft. Office of
Pesticide Programs. December 19. Available at
http://www.epa.gov/pesticides/trac/science/trac6a05.pdf (accessed September 27,
2005).

U.S. EPA (Environmental Protection Agency). 1999a. Guidance for Performing
Aggregate Exposure and Risk Assessments. Office of Pesticides. October 29.

U.S. EPA (Environmental Protection Agency). 2000a. A Review of Department of
Defense Office of the Special Assistant for Gulf War 1lInesses, 3/9/99 DRAFT

Environmental Exposure Report: Pesticides in the Gulf. Washington, DC: Office
of Pesticide Programs. February 29.
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WHO (World Health Organization). 2004. A Generic Risk Assessment Model for
Insecticide Treatment and Subsequent Use of Mosquito Nets. Communicable
Disease Control, Prevention, and Eradication WHO Pesticide Evaluation Scheme.

The methodology described in this report, particularly as it pertains to worker exposures,
is largely based on algorithms developed by the EPA Office of Pesticide Programs and
referred to as standard operating procedures (SOPs) (U.S. EPA, 1997). The SOPs were
very useful in framing the exposure assessment and subsequent risk/hazard calculations.
However, because the SOPs were developed to characterize high-end risks associated
with residential pesticide use specifically in the United States, some of the algorithms and
data are not entirely appropriate for use in estimating risks associated with pesticide use
in the developing world as part of an overall IVM strategy (e.g., residual pesticide
exposure from contact with carpets is unlikely in most households). In addition, the SOPs
were not intended for use in evaluating environmental exposures due to accidental
pesticide release following dumping or disposal (for example, the SOPs do not cover
ingestion of contaminated groundwater). Therefore, we modified the basic exposure
algorithms by incorporating additional variables and modeling constructs used in
chemical exposure assessment. Specific examples include the following:

For most exposure algorithms, averaging time and exposure duration are now
explicitly represented (see, for example, U.S. EPA, 1998b). This change enables
us to calculate an average daily dose of pesticide over a period of time that can be
matched to a health effects benchmark over the length of time that exposure is
assumed to occur.

For dermal exposure, we added algorithms to evaluate direct contact with
contaminated groundwater through bathing (U.S. EPA, 2004). In addition, the
SOPs for dermal exposure for residents were modified to calculate an absorbed
dose per exposure event.

For acute and intermediate dermal exposures, we adapted the simple screening
methodology described in Barlow et al. (2001) and the generic risk assessment
model for insecticide treatment (WHO, 2004). This is essentially a mass-based
approach that calculates the total amount of pesticide that an individual may
contact and estimates the average dose per kilogram of body weight.

For the groundwater pathways, dilution and attenuation factors (DAFs) were used
to represent the natural attenuation of pesticide concentrations that occurs
between the release point and the drinking water aquifer. As indicated in Section
2, the scope of this assessment did not include environmental fate and transport
modeling and, therefore, the DAF provides a reasonably conservative predictor of
pesticide concentration in groundwater.

Most of the algorithms predict an applied dose—the mass of chemical that is inhaled,
ingested, or deposited on the skin. Lacking chemical-specific information about the mass
of chemical that crosses these barriers (e.g., the gastrointestinal mucosa), we typically
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make the conservative assumption that 100 percent of the applied dose is absorbed into
the body (i.e., applied dose = absorbed dose). However, the algorithms used to evaluate
the dermal exposures through contact with water that is contaminated with pesticides
(e.g., dermal contact with treatment solution for bed nets) predict an absorbed dose—the
mass of chemical that crosses skin and is absorbed systemically. This is largely a function
of the skin permeability to a particular pesticide and is intended to reflect the ability of
the skin to prevent chemicals from entering the bloodstream.

For noncancer endpoints, an average daily dose (ADD) is calculated for each route of
exposure for the scenario-specific duration (e.g., seasonal exposure for pesticide workers)
and averaged over the time period of interest. As described above, the exposure duration
represents the actual length of time that a receptor is exposed, and the averaging time
represents the period of time over which daily dose should be averaged. For example, a
worker that sprays pesticide 6 days a week for 12 weeks is assumed to have an exposure
duration of 72 days (6 days/week x 12 weeks) and an averaging time of 84 days (7
days/week x 12 weeks). This averaging time corresponds to an intermediate-term health
benchmark (typically 31-90 days).

For cancer endpoints, a lifetime average daily dose (LADD) is calculated that reflects the
ADD over a person’s entire lifetime. Thus, the LADD is calculated by averaging a dose
of any duration over the 50-year lifetime assumed in this assessment. For cancer
endpoints, we combined the predicted doses from different routes of exposure to estimate
an aggregate exposure per the Guidance for Performing Aggregate Exposure and Risk
Assessments (U.S. EPA, 1999a).

5.1.2.2 Estimating Exposure to Pesticides

This section provides a concise description
of each exposure scenario, the source of the
exposure algorithm we selected, and any

IVM Intervention: IRS

Activity: Preparation

major modifications that we made to the
exposure algorithm. The scenario includes
information on the activity (e.g., pesticide
preparation), exposure route, receptor,
selected assumptions, and data inputs. The
exposure algorithms are presented in
Annex G, Exposure and Risk Calculations,
along with an explanation of each of the
input values used in the deterministic
screening (e.g., unit exposure factors).
Information on the other input parameter
values is presented in Annex D, Input
Parameters. The complete results from the

Exposure Route: Dermal and Inhalation

Algorithms: Annex G, Tables G-1, G-2, and
G-5

Receptors: Workers (adults)

Assumptions:

 Two 12-week spraying seasons per year
e Spraying occurs 6 days per week

» Fifteen 10-liter tanks used per day

Exposure Duration: 72 days (NC)/144 days
(C)

Averaging Time: 84 days (NC)/50 years (C)
Mean Body Weight: 60 kg
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exposure assessment are presented in Annex H in units of applied or absorbed dose, as
predicted by the exposure model.

IRS

For IRS, we assessed exposure from preparing (mixing) the insecticide formulation,
spraying the insecticide on the interior walls of a residence, and contact with treated walls
after spraying. The worker is assumed to be exposed during the mixing and spraying
processes, and the resident is assumed to be exposed through dermal contact with treated
walls and contaminated surfaces after spraying. Residents could also be exposed through
inhalation and dermal contact, or children could even ingest residues.

Preparation—Dermal and I nhalation Exposure

For the preparation of insecticide for IRS, we looked at potential dermal and inhalation
exposures for workers mixing the insecticide formulation with water. The algorithms
were adapted from the EPA SOP 2.1 (Handler Inhalation and Dermal Potential Doses
from Pesticides Applied to Turf) (U.S. EPA, 1997). These algorithms for worker
exposures from mixing insecticide formulation were modified to include the amount of
formulation used per tank.

For this scenario, we assumed that only adults are involved in mixing IRS insecticides,
and we selected the unit exposure for open mixing/loading for WP (DDT, lambda-
cyhalothrin, and malathion). For noncancer (NC) endpoints, we evaluated the hazard
associated with a single spraying season of 12 weeks, assuming a 6-day work week. For
carcinogenic (C) endpoints, we evaluated the risk from two spraying seasons per year
averaged over a 50-year lifetime. Because we did not have any information on the tenure
of pesticide workers, the cancer risk was calculated for a single year of exposure.
Spraying—I nhalation Exposure

] ) IVM Intervention: IRS
For indoor spraying, we assessed the

inhalation exposure of workers during
application. The algorithm was adapted
from the EPA SOP 6.1.1 (Inhalation
Potential Dose from Painting/Staining in
Residential Settings) (U.S. EPA, 1997).
The scenario is based on an application of

Activity: Spraying

Exposure Route: Inhalation
Algorithms: Annex G, Table G-7
Receptors: Workers (adults)

Assumptions:

= Two 12-week spraying seasons per year

active ingredient of insecticide per area of
the house and takes into account total
surface area of the walls of an estimated
average size house in Africa and the total
number of houses sprayed in 1 day by a
worker. Thus, this algorithm for indoor
spraying was customized to reflect IRS
practices in Africa. We estimated adult

=  Spraying occurs 6 days per week
= 12 houses sprayed per day
= 358m? per house

Exposure Duration: 72 days (NC)/144 days
(C)

Averaging Time: 84 days (NC)/50 years (C)
Mean Body Weight: 60 kg

exposures as in the preparation scenario described above with respect to exposure
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duration, averaging time, and body weight (e.g., exposure duration of 72 days for NC
endpoints).

Contact with Sprayed Surfaces—Dermal Exposure

Residential exposures through dermal
IVM Intervention: IRS contact with indoor surfaces were assumed

Activity: Contact with sprayed surfaces to occur immediately after spraying;
therefore, we considered dermal exposure

Exposure Rotite: Dermal that occurs in a single day for both adults
il Aues @) Ll G4 and children. We did not use the algorithm
Receptors: Residents (adults and in EPA SOP 8.2.2 (Post Application
childven} Dermal Dose from Pesticide Residues on
Assumptions: Hard Surfaces) (U.S. EPA, 1997) because
* Hands and forearms exposed it was developed to predict exposures from
" Estimated as a one-time event direct contact with pesticide residuals on
carpets, a significantly different exposure
Mean Body Weight: 60 kg (adult)/40 kg scenario than what we would expect in
(child) African homes as a result of IRS. We
evaluated the approach presented in the
Risk Assessment Guidance for Superfund (RAGS) (U.S. EPA, 2004) that was designed to
calculate the absorbed dose from dermal contact with contaminated water. However,
there are significant uncertainties associated with modeling this scenario (e.g., how much
contact actually occurs), and the algorithms developed in RAGS were intended for use in
estimating chronic exposures to low concentrations of chemical contaminants in
environmental media. Therefore, we adapted the approach presented in WHO (2004) to
estimate the dose experienced by a person through dermal contact with a pesticide film
that adheres to the skin following immersion in a water-based application.

Averaging Time: 1 days (NC)/50 years (C)

For this scenario, we assumed that residents are exposed through contact with the
insecticide residue that adheres to surfaces during spraying. Given the type of pesticide
application and the small volume required for the typical home assumed for this analysis,
it is reasonable to expect that aerosol particles will settle out of the air, forming a
temporary insecticide film on nonwall surfaces. Residents may be exposed to this film
through contact with palms and forearms for 1 day; after the first day, the available
pesticide residue on contactable surfaces is removed by evaporation of water, friction that
occurs during contact, and general cleaning. The total volume of the film that the resident
is in contact with is based on studies showing that roughly 8 mL is the maximum amount
of a nonviscous liquid likely to be in contact with hands that have been immersed without
gloves in a liquid (Barlow et al., 2001). Assuming that only palms and the inside surface
of the forearm are in contact, a conservative estimate for the film volume would be about
4 ml. The walls of typical peri-urban African homes are generally constructed of earthen
materials (e.g., mud or cement), and because the walls tend to absorb the insecticide,
significant long-term dermal exposure through incidental contact with walls is unlikely.
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For noncancer endpoints, we assumed that after 1 day, walls and other surfaces are
essentially free of any insecticide film; therefore, the averaging time is a single day. For
cancer endpoints, we estimated the cancer risk associated with exposure that occurs
during a single day and averaged that over a lifetime of 50 years. Thus, this is the
incremental cancer risk associated with
exposure over a single day; if additional IVM Intervention: IRS
exposures occur, the cancer risk from each SV AT L R RS G L Rl
event would be added together to estimate
a total cancer risk from multiple acute

Exposure Route: Ingestion

Algorithms: Annex G, Table G-9

exposures.

. Receptors: Residents (adults and
Sprayed Food—I ngestion Exposure children)
In addition to dermal exposure from Assumptions:
contact with sprayed walls, we evaluated = Food is not covered during spraying
the exposure to food sprayed with Application rate to walls also applied to
pesticide. We assumed that ingestion of food
contaminated food occurred immediately Mass of food based on caloric intake
following spraying for both adults and = Estimated as a one-time event
children. Neither the EPA SOPs nor the Exposure Duration: 1 day

WHO Generic Risk Assessment addressed
this exposure pathway; the ingestion
equations in the EPA SOPs deal with
incidental nondietary exposures, and
WHO only addressed the ingestion of pesticide pellets. Therefore, this algorithm was
developed specifically for this screening assessment.

Averaging Time: 1 days (NC)/50 years (C)

Mean Body Weight: 60 kg (adult)/40 kg
(child)
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We assumed that some portion of food items is uncovered during the spraying process.
Without information on the type, amount, or common storage practices for food in a
residence, we developed a three-part approach to derive a surface area for food assumed
to be sprayed with pesticide: (1) estimate the mass of food ingested per day® (based on
caloric needs and consumption of carbohydrates); (2) convert the mass to a unit volume,
using the density of water as a reasonable approximation for the density of food; and (3)
use the simple geometry of a cube to estimate the surface area of the food sprayed during
IRS (i.e., the top surface of the cube). A flat,
rectangular geometry would have produced
a more conservative estimate of exposure;
however, there are several conservative
assumptions built into this scenario and we Exposure Route: Dermal and Inhalation
decided to use the simplest approach Algorithm: Annex G, Tables G-3, G-4, and
possible for the geometry. For instance, we G-6

used the pesticide application rate for the Receptors: Residents (adults)

wall as the application rate for the food even [N TR

though we would expect food contamination N e N R R N T s

to occur as the result of aerosol particles * Resident is involved in mixing for 38

i food. years
settling onto food = Two nets treated per day

For noncancer endpoints, we assumed that Exposure Duration: 0.007 days (NC)/1.06
after 1 day, all contaminated food would be days (C)

consumed; therefore, the averaging time is 1
day. For cancer endpoints, we estimated the
cancer risk associated with exposures
occurring in a single day and averaged over
a lifetime of 50 years. As with the previous scenario, we are calculating an incremental
cancer risk associated with exposure over a single day. Any additional exposures for
cancer would need to be added together to estimate a total cancer risk from multiple acute
exposures.

IVM Intervention: ITN

Activity: Preparation

Averaging Time: 1 day (NC)/50 years (C)
Mean Body Weight: 60 kg (adult)

¥ The daily food consumption rate reflects the undernourished status of many Africans.
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ITNs

For ITNs, we assessed the exposure associated with preparing the insecticide kit to be
mixed with water and the direct contact with the insecticide mixture that occurs during
treatment of bed nets. Only residents who treat their own bed nets were assessed;
community-based operations that treat large numbers of bed nets were assumed to
routinely use PPE to eliminate the dermal and inhalation exposure pathways.

Preparation—Dermal and I nhalation Exposure

For the preparation of insecticide for ITNs, we examined both the dermal and inhalation
exposure routes. The same algorithm (as modified) used to evaluate the IRS preparation

scenario was also used for this scenario.

We assumed that children are not involved in preparing insecticide mixtures, and we

selected the unit exposures for open
mixing/loading for WP (lambda-
cyhalothrin) and EC (permethrin). The
insecticide concentration in the mixture
was calculated as shown in Annex G,
Table G-10 and the amount of
formulation used is for one bed net. For
noncancer endpoints, we assumed that a
resident treats two nets for one household
in 1 day. Based on reports from field
experts, it takes approximately 6 minutes
to prepare the insecticide mixture. For
cancer endpoints, we assumed that
residents treat the bed nets four times per
year to replace the insecticide lost
through washing and normal wear, and
that the adult (starting at age 13) is
involved in mixing until age 50.

Treating | TNs—Dermal Exposure

IVM Intervention: ITN
Activity: Treating bed nets
Exposure Route: Dermal
Algorithm: Annex G, Table G-10

Receptors: Residents (adults and
children)

Assumptions:

= Hands, forearms, and lower limbs
exposed

= Two nets treated per day

Exposure Duration: 1 day

Averaging Time: 1 day (NC)/50 years (C)

Mean Body Weight: 60 kg (adult)/40 kg
(child)

We evaluated the dermal exposure that occurs during treatment. After reviewing EPA
SOP 5.2.2 (Postapplication Dermally Absorbed Dose from Svimming in Pesticide-
Treated Residential Svimming Pools) (U.S. EPA, 1997), we determined that this
algorithm did not explicitly account for the time of travel across the skin, a feature that
may be desirable given the very short contact time for treatment (based on reports from
field experts, it takes approximately 6 minutes to complete the treatment process). In
addition, the SOP was based on a very conservative assumption that 100 percent of the
application concentration is available to be absorbed. In addition, we evaluated the
appropriateness of algorithms presented in RAGS (U.S. EPA, 2004) to calculate the
dermal exposure from treating. These algorithms include a lag time variable that accounts

72

Integrated Vector Management Programs for Malaria Control



for the amount of time required for a specific chemical to diffuse through the skin. As
with the SOP, the permeability coefficient, exposed skin surface area, and other inputs
are needed to estimate the absorbed dose per exposure event. However, the RAGS
algorithm is linear with respect to IVM concentration and, for contact with a highly
concentrated pesticide solution, this approach will grossly overestimate the absorbed
dose. Research has shown that dermal absorption will achieve a maximum rate depending
on the availability and properties of the chemical; however, once the maximum rate has
been achieved, increasing the concentration to high levels will not increase the absorbed
dose, and the exposure-dose profile will reach an asymptote (IPCS, 2005b).
Consequently, we used the simple screening approach presented by the WHO (2004) as
part of the generic risk assessment model for treating bed nets.

For this scenario, we assumed that both adults and children are involved in treating bed
nets (WHO, 2004). The “least safe scenario” was assumed and dermal contact of the
hands, forearms, and lower limbs was calculated as described by WHO (2004). The total
volume of pesticide solution that the resident is in contact with is based on studies
showing that roughly 8 mL is the maximum amount of a nonviscous liquid likely to be in
contact with hands that have been immersed ungloved in a liquid (Barlow et al., 2001).
Therefore, the total volume to cover the surface area of the hands, forearms, and lower
limbs with a film thickness of 0.01 cm is 24 mL of pesticide solution.

For noncancer endpoints, we assumed that a resident treats both nets in the same day;
thus, the averaging time is a single day for the acute exposure scenario. For cancer
endpoints, we estimated the cancer risk associated with exposure from treating two nets
and averaged that over a lifetime of 50 years. Thus, this is the incremental cancer risk
associated with exposure over a single day; if additional exposures occur, the cancer risk
from each event would be added together to estimate a total cancer risk from multiple
acute exposures.

Disposal

Excess or expired pesticide formulation may be disposed of by burying or dumping onto
soil or into surface water. Although any of these practices can lead to the contamination
of groundwater, the burial of pesticides is of particular concern because of the potentially
short distance between the burial and underlying groundwater aquifer.” Depending on the
quality of the aquifer, groundwater can serve as an important source of drinking and
bathing water. For the burial scenario, residents are assumed to be exposed through the
ingestion of contaminated groundwater and through dermal contact while bathing.

? Pesticides spilled onto soils (rather than buried) are far less likely to contaminate groundwater because of various
environmental processes that degrade and/or sorb the pesticide in the unsaturated zone of the soil. Similarly,
pesticides dumped into surface waters would also be subject to environmental degradation and sorption to suspended
solids and sediment particles. Although dumping could adversely affect humans through direct contact or ingestion,
seepage and infiltration into groundwater at levels of concern would be far less likely than in the burial scenario.
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For the screening assessment, we did not perform any fate and transport simulations of
pesticides released into the subsurface. However, we assumed that the pesticide released
from buried containers would be diluted and attenuated by natural environmental
processes that would reduce the effective concentration of pesticide at the well. For DDT,
we identified a DAF from the Industrial Waste Management Evaluation Model (IWEM)
Technical Background Document (U.S. EPA, 2002b). Because DAFs were not identified
for the other pesticides, we identified a default DAF of 20 suggested by the EPA
Superfund program for use in areas where environmental conditions suggest that
dilution/attenuation would likely occur (U.S. EPA, 2002a). Given the physical and
chemical properties of these chemical compounds, we believe that assuming that no
dilution/attenuation occurs would be
unrealistically conservative. For these Disposal
scenarios, we made the simplifying
assumption that the well concentration
does not change over time. Assuming that
the well concentration is at steady-state for
the entire period of exposure is based on

Activity: Drinking of contaminated
groundwater

Exposure Route: Ingestion
Algorithm: Annex G, Table G-11

the premise that there is sufficient Receptors: Residents (adults and
pesticide mass in the buried containers to children)
approximate an infinite source. Assumptions:

. . = Well concentration remains constant
Disposal—Contaminated = Some dilution/attenuation will occur

Groundwater—I ngestion Exposure = All drinking water comes from
b lof d looked at fh contaminated well
For burial of pesticides, we looked at the
u p ' W Exposure Duration: 1 year (NC)/50 years

potential dose from ingestion of (C)
contaminated groundwater by adult and
child residents. The algorithm presented in
Annex G has been used in numerous EPA
groundwater screening assessments (see
for example, EPA’s Surface Impoundment
Sudy, U.S. EPA, 2001); the well concentration is predicted simply by dividing the
pesticide concentration by the DAF.

Averaging Time: 365 days (NC)/50 years
(C)

Mean Body Weight: 60 kg (adult)/40 kg
(child)

For noncancer endpoints, we assumed that receptors will be exposed daily for a period of
1 year. For cancer endpoints, we assumed that residents are exposed daily and that they
remain at the same residence throughout their lifetime. This implies that the person
spends their entire life living in the same home and drinking only from the contaminated
groundwater well. Following recommendations in RAGS, we adopted a simple screening
approach for cancer and used only the adult body weight in the calculations (U.S. EPA,
2004).
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Disposal—Bathing with Contaminated Groundwater—Der mal Exposure

In addition to screening ingestion exposure, we also

Disposal . .
P evaluated dermal exposure. The algorithm in

Activity: Bathing with contaminated Annex G was adopted from RAGS (U.S. EPA,
groundwater 2004) for estimating the absorbed dose from dermal
Exposure Route: Dermal contact with contaminated water and is the same
Algorithm: Annex G, Table G-12 algorithm that was used to evaluate dermal
Receptors: Residents (adults and exposures during bed net treatment.
il ) The bathing scenario assumes that the resident takes
Assumptions: 1 full bath per week and performs daily body
*  Well concentration remains constant washing equivalent to another full bath a week, for
= Some dilution/attenuation will occur 1 of 2 bathi . All oth
= Two bathing events per week a total o athing events per week. other
= Ten minutes per bathing event assumptions and exposure factors (e.g., body
Exposure Duration: 1 year (NC)/50 years weight) are the same as the ingestion scenario.

(C) Reuse of Pesticide Containers

Averaging Time: 365 days (NC)/50 years

(©) We evaluated ingestion exposure from the reuse of
Mean Body Weight: 60 kg (adult)/40 kg pestlc‘lde -~ :
(child) containers Reuse of Pesticide Containers
that Activity: Drinking water from pesticide
contain residual pesticide. The algorithm was container
adapted from the EPA SOP 5.2.1 Exposure Route: Ingestion
(Postapplication Potential Doses from Algorithm: Annex G, Table G-13
Incidental Nondietary Ingestion of Pesticide ’
Residues While Svimming) (U.S. EPA, 1997) Re_ceptors: Residents (adults and
for acute ingestion exposures. We modified this children)
algorithm to include a dilution factor that Assumptions: .
represents the simple volumetric dilution that 8822:22: :2 ﬁzfﬂrfg es (;ogﬁ gr”tgkl:g% water
occurs when the container is filled with water. Five percent of pesticide in container
We assumed that a household uses all of the :icttzrr l;i?st use, remaining pesticide is

water in the reused container in a single day as a negligible

source of water for drinking, cooking, bathing, Exposure Duration: 1 day (NC)/1 day (C)
cleaning, etc., and that the ingestion of the
contaminated water would be the most
significant exposure route. For noncancer
endpoints, this results in a single exposure that
occurs for 1 day. For cancer endpoints, we had no information on how many times a
household would acquire a new container and, more importantly, we had no way to
determine whether the container would have been used for the same pesticide. The
assumption that a household would acquire and reuse an unrinsed container for the same
pesticide each year seemed unrealistic and simply too conservative, even for a

Averaging Time: 1 day (NC)/50 years (C)

Mean Body Weight: 60 kg (adult)/40 kg
(child)
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deterministic screening analysis. Therefore, we assumed that, for any given pesticide
formulation, a household would acquire and reuse an unrinsed container only once during

the lifetime.
Storage

During the storage of pesticides, damage
to containers may be caused by vermin,
defective packaging, or mishandling. We
estimated the inhalation exposure that is
associated with storing pesticides in a
small, poorly ventilated shed. We added a
variable to an algorithm adapted from the
EPA SOP 2.1 (Handler Inhalation and
Dermal Potential Dose from Pesticides
Applied to Turf) (U.S. EPA, 1997) to
represent the number of times a worker
enters a storage shed and is potentially
exposed to pesticide particles that are re-
entrained in the air during

Storage
Activity: Spillage
Exposure Route: Inhalation
Algorithm: Annex G, Table G-14
Receptors: Workers (adults)

Assumptions:
Two 12-week spraying seasons per year
Workers loading/unloading six days per
week
Two trips into storage shed ger day
Shed is approximately 12 m

Exposure Duration: 72 days (NC)/144 days
(C)

Averaging Time: 84 days (NC)/50 years (C)
Mean Body Weight: 60 kg (adult)

loading/unloading activities.

We calculated exposures to adult workers assuming that children would not have access
to the pesticide storage sheds. The scenario assumes that there are pesticide bags and
containers on either side of the shed, with roughly half the area open. Thus, the effective
spill area covers the narrow floor space in the middle of the shed; the residual pesticide
powder accumulates on the floor and is emitted into the air each time a worker goes into
the shed. For both noncancer and cancer endpoints, the other assumptions correspond to
the worker scenarios presented above (e.g., two 12-week spraying seasons each year).

5.1.2.3 Predicting Noncancer Hazard and Cancer Risk

To quantify the potential for adverse health effects due to exposure to each pesticide, we
identified human health benchmarks for each exposure route and duration evaluated in
the screening assessment. For noncancer endpoints, the health benchmark (expressed in
milligrams of pesticide per kilogram body weight per day) represents a point on the dose—
response continuum below which adverse effects would not be expected. That is, a dose
(the ADD) below the benchmark would not be expected to cause an adverse health effect.
The noncancer health benchmark is compared with the predicted dose to calculate the
hazard quotient (HQ). An HQ above 1 suggests the potential for adverse effects given the
assumptions and data used to define the exposure scenario. Given the conservative design
of the screening assessment, an HQ below 1 suggests a very low potential for adverse
effects.

For cancer endpoints, the health benchmark represents the potential of the pesticide to
cause cancer in humans assuming that any exposure is associated with some finite
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probability of an individual contracting cancer. The cancer benchmark (expressed in units
of [milligrams of pesticide per kilogram body weight per day]") is multiplied by the
LADD (the ADD averaged over the lifetime of 50 years) to calculate the excess risk of
cancer for a person due to the exposures received over the course of a lifetime. Although
policies vary across environmental programs and countries, an excess cancer risk in the
range of 10 to 10 is typically regarded as the most relevant to decision makers. A
cancer risk below 107 is generally considered to be below a level of concern for public
health.

This section describes the benchmarks used to quantify health effects, and describes how
the HQ s and cancer risks were calculated.

Sdlection of Health Benchmar ks

Two types of benchmarks were selected for the screening risk assessment. For noncancer
hazard, a reference dose (RfD) specific to the duration of exposure was selected for each
pesticide. The RfD is defined by EPA as an estimate (with uncertainty spanning perhaps
an order of magnitude) of a daily oral exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects
during a lifetime. It can be derived from a no observed adverse effect level (NOAEL),
lowest observed adverse effect level (LOAEL), or benchmark dose, with uncertainty
factors generally applied to reflect limitations of the data used. The degree of uncertainty
and confidence levels in RfDs vary and are based on both scientific (i.e., toxicological
studies) and policy (i.e., level of conservatism) considerations.

For cancer risk, a cancer slope factor (CSF) was selected for those pesticides for which
suitable data were available to support the development of a CSF. The CSF is an upper-
bound estimate (approximating a 95 percent confidence limit) of the increased human
cancer risk from exposure to an agent over the lifetime of the individual. Unlike RfDs,
CSFs do not represent “safe” exposure levels; rather, they relate levels of exposure with a
probability of cancer risk.

Health benchmarks were identified from several sources in the following order of
preference:
a. EPA’s Reregistration Eligibility Decision (RED) documents
b. EPA’s Integrated Risk Information System (IRIS) (U.S. EPA, 2005)
c. EPA’s Health Effects Assessment Summary Tables (HEAST)
d. ATSDR’s Toxicological Profiles.

For noncancer endpoints, the length of time that workers and residents may be exposed to
a pesticide varies by activity (e.g., preparation, spraying, treatment). Therefore,
benchmarks were identified for four categories consistent with the definitions presented
in the RED documents:

1. Acute (<1 day)
2. Short-term (>1 day to < 30 days)
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3. Intermediate-term (>30 days to <6 months)
4. Chronic (>6 months).

If benchmarks were not available from a RED document, we obtained chronic and
subchronic benchmarks from IRIS or HEAST (i.e., chronic and subchronic RfDs), and
used the subchronic benchmarks to evaluate the intermediate-term exposures. In the
absence of data from EPA sources, we relied on ATSDR documents to identify acute
MRLs (developed for exposures of 1-14 days) to represent acute and short-term exposure
durations; intermediate MRLs (developed for exposures of 2 weeks to 1 year) to
represent intermediate-term exposures; and chronic MRLs (developed for exposures
longer than 1 year) to represent chronic exposures.

The inhalation benchmarks not presented in units of dose were converted to milligrams of
pesticide per kilogram body weight per day (mg/kg-day) based on an assumed inhalation
rate of 20 m’/day and an average adult body weight of 70 kg. However, inhalation
benchmarks were not available for some of the pesticides that we evaluated in the
screening assessment. In those instances, we used a simple route-to-route extrapolation
that implicitly assumes that that there are no portal-of-entry effects and the route of
administration is irrelevant to the dose delivered to the target organ (U.S. EPA, 2002a).
Although EPA has not developed formal guidance for route-to-route extrapolations
between oral and inhalation studies, the Superfund program has suggested that oral
benchmarks can be used to support inhalation benchmarks.

Similarly, dermal benchmarks were not available for some of the pesticides that were
included in the screening. In those instances, we used the methodology recently published
by EPA for making route-to-route extrapolations for systemic effects via percutaneous
absorption (U.S. EPA, 2004). Oral RfDs are generally expressed as the amount of
substance administered per unit time and body weight, whereas dermal exposure
estimates are expressed as absorbed dose. EPA recommends that a default value of
complete (i.e., 100 percent) oral absorption be assumed in the absence of data indicating
poor gastrointestinal absorption, thereby eliminating the need to adjust the oral toxicity
value. However, using the oral absorption default value may result in an underestimate of
risk at a level that is inversely proportional to the true oral absorption of the chemical in
question (U.S. EPA, 2004). EPA does not recommend adjusting for absorption unless
gastrointestinal absorption is less than 50 percent. EPA specifically recommends that
DDT not be adjusted as oral absorption ranges from 70 to 90 percent (U.S. EPA, 2004).
Additional data indicate that malathion oral absorption is about 89 percent (in 60
minutes) in mice (ATSDR, 2003b); permethrin oral absorption is about 60 percent in rats
(ATSDR, 2003a); and cyhalothrin oral absorption ranges from 48 to 80 percent in dogs
(WHO, 1990). No quantitative absorption data on temephos were located. Based on this
information, no adjustment was made for any of the pesticides of concern and oral
toxicity values were used for the dermal assessment.
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The human health benchmarks used in this risk assessment are summarized in Annex D,
Table D-3, and toxicological profiles are presented in Annex E.

Calculating Noncancer Hazard and Cancer Risk

For noncancer endpoints, there are several methods available for expressing the potential
hazard including, for example, the margin of exposure (MOE). For this screening
assessment, we chose the hazard quotient (HQ) as the simplest and most transparent
metric for noncancer hazard. As discussed previously, the HQ is simply the ratio between
the predicted dose and the health benchmark (both are in units of milligrams of pesticide
per kilogram body weight per day). There are two features about the HQ that make it
particularly useful for screening assessments. First, an HQ greater than 1 is regarded as
an indication of potential hazard for any of the four categories of benchmarks identified
for comparison with predicted doses for corresponding exposure durations (e.g., acute
versus chronic). The benchmarks were derived for the protection of human health and,
because appropriate uncertainty factors are already documented for each benchmark, the
target HQ of 1 serves as a bright line with which to consider potential hazard. Second, the
HQ is scalable in the sense that we can consider the impact on hazard by inspection of
some of the parameters. For example, an HQ of 2 in a screening assessment might not
require additional modeling if one of the input parameters was shown to be overly
conservative by a factor of 5 (for example, suppose that a study showed that only 2
percent of a pesticide is dislodgeable, instead of the assumed 10 percent). As a result, we
can state with some confidence that a change in the input parameter would allow a
particular exposure scenario to pass the screen.

In addition, we can easily aggregate hazard using a simple summation method that is
generally referred to as the hazard index (HI), a method often used in EPA screening
assessments. The HI aggregates individual HQs for each route of exposure, as shown in
the following equation:

HI = HQOral + HQDermal + HQInhalationa

where the HQ represents the same scenario in all respects except for the route of
exposure (e.g., the same receptor and exposure duration). The HI approach is frequently
used in screening assessments even in cases where the noncancer endpoints differ
depending on the route of exposure. In this assessment, we have made this same
conservative simplification and added hazard across exposure route regardless of the
endpoint. This aggregation regardless of endpoint is less of a concern when many of the
health benchmarks are derived through route-to-route extrapolation.

For cancer endpoints, we use EPA’s recommended approach to estimate cancer risk by
multiplying the LADD by the cancer potency factor to obtain the incremental excess
lifetime cancer risk. The cancer risk estimate represents a person’s risk of contracting
cancer due to the exposures received over a lifetime. Note that this is a simplification of a
very complex process that may depend greatly on the timing of exposure with respect to
the life stage of the person (this is discussed further in Section 5.1.3). As with the
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noncancer endpoints, the aggregate cancer risk can be calculated using a simple
summation, as shown in the following equation:

Cancer RiSkTotal = 1{iSkOral + RiSkDermal + RiSkInhalationa

where the route-specific cancer risks are calculated for the same receptor assuming all
aspects of the scenario are the same. As with noncancer endpoints, this approach does not
distinguish between different types of cancers that may be associated with different
routes of exposure.

5.1.3 Risk Characterization

This section describes the interpretation and risk characterization of the screening results
for noncancer hazard and cancer risk for the IVM practices, pesticides, exposure
scenarios, and receptors that are the focus of this report. The risk characterization is
presented in three parts:

Section 5.1.3.1 briefly describes the strengths and limitations of the risk assessment,
focusing primarily on the screening phase. We discuss key uncertainties and develop the
context for how these results should be interpreted and used in decision making.

Section 5.1.3.2 summarizes the noncancer and cancer results. For each IVM practice and
pesticide-related activity, we interpret the results with respect to the level of conservatism
and the significance of the health endpoints, and provide recommendations for mitigation
strategies and/or additional analysis.

Section 5.1.3.3 presents the major conclusions of this screening assessment along with
recommendations for Phase II, focusing on the most important sources of uncertainty
identified in the assessment and providing specific suggestions for next steps.

5.1.3.1 Strengths and Limitations

As described in Section 5.1.2, the screening methodology is designed to produce
conservative estimates of the noncancer hazard and cancer risk from exposure to
pesticides used in [IVM practices in African countries. We developed this approach with
two primary goals in mind: first, to be consistent with current screening methods at EPA
and other published methods (e.g., WHO); and second, to support making decisions
within a continuum of options. These options include

No further action—The screening results indicate that a particular combination of IVM
practice, receptor, exposure pathway, and pesticide does not pose a significant health risk

Conduct further modeling—The screening results suggest that more refined modeling
to reduce the conservatism in the risk estimates would be useful before deciding whether
further action is warranted

Prohibit a specific use—The screening results justify a recommendation to prohibit the
use of a particular combination, and more refined modeling is not needed to justify this
prohibition.
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The major strengths of the screening approach include the following:

Transparency—The assumptions (implicit and explicit), data, models, and key
references are fully explained for each exposure scenario that we evaluated. A clear and
complete description of the methodology is essential to the review, further development,
and implementation of this risk assessment framework. Thus, the layers of this report is
allow the reader to drill down to whatever level of detail is required to support the
decision-making process, from uncertainty factors in health benchmarks to justification
for exposure averaging times.

Appropriateness—The development of conceptual models that describe the potential
exposure pathways of concern was based on a weight-of-evidence approach that
considered, in order of importance, (1) descriptions of IVM practices provided by expert
workers in the field behavior; (2) published reports and journal articles on occupational
and residential pesticide exposures (e.g., exposure routes of concern); (3) toxicological
data on absorption potential by route and critical endpoints; and (4) pesticide-specific
information on chemical—physical and environmental properties.

Scientific defensibility—The simple screening algorithms used in Phase I of this risk
assessment were identified from highly regarded sources that describe the development
of risk assessment methods (e.g., EPA reports). For screening purposes, these algorithms
provide a sound basis for decisions by considering the nature and timing of exposure and
matching those characteristics with the correct endpoint (e.g., acute versus chronic). The
methodology has been peer reviewed by an independent risk assessment expert to ensure
that this methodology meets high standards for scientific rigor.

Flexibility—To implement the Phase I screening assessment, we created a spreadsheet
model that can easily be modified to add and evaluate exposure pathways of interest
based on current information from the open literature and field experts. In addition, the
phased approach permits significant flexibility in designing technical and management
options that satisfy the needs of the decision maker, from requiring further modeling and
analysis to eliminating a risky practice.

Despite these strengths, the Phase I screening has some limitations in the following areas:

Dermal exposur e assessment—Three types of factors affect the amount of chemical that
can be absorbed through the skin: (1) exposure factors (e.g., chemical concentration, area
of skin exposed, and behavior with respect to wearing of contaminated clothing); (2)
chemical factors (e.g., solubility in different vehicles or irritancy); and (3) skin factors
(e.g., metabolism, skin thickness/type, and location of exposure). The available screening
models (and most higher-order models) address only a few of these factors that affect
dermal exposure and risk, and most screening models are not designed to handle the
diversity of exposures considered in this assessment. Thus, there is considerable
uncertainty in our risk and hazard results for dermal exposure.

Toxicological data—The available health benchmarks are generally based on oral
studies of laboratory animals and extrapolated across multiple exposure durations. The
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extrapolation procedures are appropriate for screening level assessments; however, this
often results in the use of a single benchmark for acute, subchronic, and chronic
exposures. The noncancer benchmarks for chronic exposures are typically recommended
for use in addressing acute or intermediate exposures, a practice that is based more in
caution rather than on a deep understanding of the toxicology of these compounds. In
addition, the data are generally insufficient to support a quantitative assessment of
potential effects on sensitive subpopulations in the African population, such as pregnant
woman and young children, who may already be under stress because of dietary
deficiencies or illness. The overall quality of the toxicological data represents a
significant uncertainty in this assessment.

Environmental modeling—This report addresses only public health effects associated
with pesticide use in [IVM strategies and does not address environmental or ecological
effects. However, for compounds such as DDT that bioaccumulate in animal tissues and
tend to be highly persistent in the environment, additional screening-level modeling
should be performed to characterize the potential for adverse ecological and
environmental impacts. Only pesticides that are persistent in the environment warrant
further attention in this regard.

Uncertainty and variability—As with all deterministic screening assessments, modeling
provides little information from which to characterize the uncertainty in the risk and
hazard results. Thus, although we suggest below that an HQ of 200 represents a serious
potential for an adverse effect, we are unable to offer a quantitative description of this
result with respect to confidence. Although this limitation does not prevent us from
developing recommendations using just the screening results, it does prevent us from
propagating uncertainty through the modeling to characterize the confidence interval
around the risk or hazard result.

5.1.3.2 Noncancer Hazard and Cancer Risk Results

This section summarizes and interprets the results from the screening assessment for each
IVM practice and related activity. The noncancer HQs and cancer risk estimates are
calculated using the equations in Tables G-15 and G-16, respectively, in Annex G. An
HQ greater than 1 is interpreted to indicate the potential for adverse noncancer effects. A
cancer risk above 10~ (1E-05) is interpreted to indicate potential cancer risks at a level
that is relevant to decision makers.

Tables 9 and 10 summarize the noncancer and cancer results, respectively, for the
practices and pesticides considered in this assessment. Table 10 includes only those
pesticides for which cancer slope factors were available (DDT, etofenprox, fenitrothion,
methoprene, permethrin, and propoxur). Each scenario is identified as “pass” (risk < 107
or HQ < 1), “fail” (risk > 10™ or HQ > 1), or “NA” (the pesticide is typically not an
option for the particular IVM practice or the activity is not relevant to a particular
pesticide). Note that the significance of predicted cancer risks is typically determined by
risk managers within the context of broader public health issues that acknowledge; for
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example, the relevance of other potential threats to human health. These summary tables
provide an overview of the scenarios; more detailed discussion is provided in subsequent
sections, including discussion of scenarios that warrant further consideration (i.e., those
designated as “fail””). The actual risk and HQ values that underlie the pass/fail results in
these tables are presented in Annex H.
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Table 9. Noncancer Screening Results

c [=
= Q = X = c o c ¢
= = c c = o 0= c c = 73 - N
TS 0® = = < o £ &8E o o L o= S =}
£ 8§ £ £ 5 T g2 3 B5 £E &5 § 52 8 B
sE 5 § 2 @ E & £ Es B 2 g€ g© g ¢
<3 £ £ 5 E % E s ®w = £ E£g g E
g ¢ m O S o o -S4 = & @2 = a 2
Process Pathway Receptor g @ (a] L © = e
IRS
. Inhalation Pass Pass Pass Pass Fail Pass Pass Fail Pass Pass Fail Pass
Preparation by ————— \y5rker NA NA —NA
mixing
Dermal Pass Pass Pass Pass Fail Pass Pass Fail Pass Pass Fail Pass
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Table 10. Cancer Screening Results

Process Pathway  Receptor DDT Etofenprox Permethrin Propoxur
IRS
b tion b Inhalation Pass Pass Pass
reparation by T Worker NA
mixing
Dermal Fail Pass Pass
Spraying Inhalation  Worker Fail Pass NA Pass
Spraying, application  no o Resident-Adult  Fail Pass NA Pass
on walls
Spraying, deposition Ingestion  Resident-Adult Pass Pass NA Pass
on food
ITNs
) Inhalation Pass Pass
Preparation by Resident NA NA
mixing
Dermal Pass Pass
Treating nets Dermal Resident-Adult NA Pass Pass NA
Disposal
Burying, drinking Ingestion ~ Resident-Adult Pass Fail Fail Fail
groundwater
Burying, bathing With - 5 Resident-Adult Pass Fail Fail Fail
groundwater
Reuse of Insecticide Containers
Food/drink storage Ingestion  Resident-Adult NA Pass Pass NA
Storage
Spillage Inhalation Worker Pass Pass NA Pass

Indoor Residual Spraying (IRS)

For IRS, noncancer hazard was below levels of concern for all practices and exposures
for alpha-cypermethrin, bifenthrin, deltamethrin, and lambda-cyhalothrin, and therefore
are good choices for an IRS program when considering human health risks. The
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screening results for DDT and fenitrothion suggested a significant potential for adverse
health effects via the inhalation and dermal exposure routes; significant cancer risks were
predicted only for DDT, a tumor promoter (Dich et al., 1997). Not surprisingly, for the
dermal exposure route, child exposures produced higher estimates for noncancer
endpoints than adult exposures. Inhalation exposures were typically lower than dermal
exposures estimated for most pesticides. Therefore, this section focuses primarily on the
potential effects associated with DDT usage
Preparation—Dermal and I nhalation Exposure N T TRE
For the preparation of insecticide for IRS, potential
dermal and inhalation risks were estimated for
workers mixing the insecticide formulation with
water. Predicted dermal risks were well above Pesticides, endpoints of

. . .. concern:
predicted inhalation risks. - DDT (HQ = 2, 200)

= DDT (cancer risk = 4E-04)
= Fenitrothion (HQ = 3, 10)
= Pirimiphos-methyl (HQ = 2,200)

Activity: Preparation

Receptors: Workers (adults)

The screening results for DDT and pirimiphos-
methyl indicate a significant potential for noncancer
hazard due to dermal exposure during preparation.
However, several aspects of the screening assessment suggest that the relatively high HQ
values probably overestimate the potential for neurological effects in workers. For DDT,
dermal exposure is not believed to be as likely when DDT is mixed in a WP form (as it
usually is for IRS). For both DDT and pirimiphos-methyl, the lag time—the time from
initial contact with the skin until the material enters the blood supply—may not be
sufficient to allow steady-state diffusion across the stratum corneum to occur (Semple,
2004). Because the screening equation implicitly assumes that steady state has been
reached, the predicted exposure is likely to be overestimated. Similarly, the predicted
dose algorithm assumes that 100 percent of the highly concentrated preparation is
absorbed, but the actual amount absorbed may be significantly less. For example, Semple
(2004) suggests that when the applied concentration is increased, penetration increases up
to a certain point and then reaches a plateau (Rougier et al., 1999; Skog and Wahlberg,
1964, as cited in Semple, 2004). Although a linear relationship between dose applied and
percutaneous absorption level may exist for a range of concentrations, the nature of that
relationship may change at very high concentrations.

Recommendations

The relatively high risk/hazard estimates for DDT and pirimiphos-methyl suggest the
potential for adverse health effects from repeated acute dermal exposure, including
reproductive, neurological, and cancer endpoints. The inherent conservatism in the
screening approach notwithstanding, we used simple mass calculations to estimate that
approximately 0.6 mg of pesticide is in contact with the skin, an amount that corresponds
to less than 1 mL. Significant care would be required to ensure that less than 1 mL of
these pesticides contacted the skin during preparation.
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Given current deficiencies in the available data and modeling approaches for dermal
effects from acute exposures to highly concentrated pesticide solutions, it is highly likely
that a probabilistic modeling approach would produce similar hazard results, unless we
consider the uncertainty inherent in the benchmarks selected for this analysis. Therefore,
improving the relevance of the risk assessment results to decision making should involve
a more extensive evaluation of the underlying toxicological studies and evaluation of less
conservative methods for extrapolating acute benchmarks from chronic or subchronic
data. For instance, the studies on which the EPA’s noncancer benchmark for DDT were
based are very old (around 1950), and the literature on human exposures does not
indicate that the threshold is anywhere near 0.0005 mg/kg-day. Indeed, the data cited by
EPA and ATSDR suggest that effects in humans are not found until approximately 35
mg/day, which translates into a health benchmark of 0.5 mg/kg-day for noncancer
endpoints. In more recent studies, even the animal data seem to suggest a threshold of
effect (e.g., a LOAEL) of around 20-50 mg/kg-day.

In addition to recommending improvements in the benchmark development and/or
modeling for Phase II, we strongly suggest that workers be adequately trained and
provided with PPE to ensure the appropriate handling of pesticides during preparation.

Spraying—I nhalation Exposure

Potential risks due to inhalation of aerosolized

IVM Intervention: IRS pesticides were estimated for workers during indoor
spraying. The predicted hazards were above levels of
concern for 8 of the 12 pesticides evaluated for this
usage.

Activity: Spraying
Receptors: Workers (adults)

Pesticides, endpoints of . . . .
ST As with the preparation scenario described on page

Bendiocarb (HQ = 6) 81, the screening results for DDT indicate the

Cyfluthrin (HQ = 8) potential for significant noncancer (e.g.,

DDT (HQ = 100) devel tal duct; logical

DDT (cancer risk = 2E-04) developmental, reproductive, neurological, or

Fenitrothion (HQ = 200) immunological) and cancer endpoints. DDT is

I;/I_a_lat_hihon (HQt; |2)(HQ . believed to be absorbed via the inhalation route, and
irimiphos-methy = . : .

Bropoxur (HQ = 20) best practices may not be s.ufﬁc1ent to mitigate

moderate to severe health impacts for workers due to
frequent exposure during the spraying season. Similarly, potentially significant noncancer

hazards were predicted for fenitrothion, pirimiphos-methyl, and propoxur.

Significant sources of uncertainty include (1) the quantification of exposure
concentrations to which workers are exposed and (2) the evaluation of health impacts
associated with intermittent exposures that occur during spraying. The screening
approach does not characterize the air concentrations and particle sizes to which workers
are exposed nor does it represent the amount of time spent during spraying under which
inhalation exposure can occur. With respect to the health impacts, intermittent exposures
to chemicals that accumulate in the body can, over time, create a situation in which even
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a marginal exposure can result in moderate to severe noncancer health effects. In this
type of exposure scenario, the benchmarks may not represent an adequate level of
protection.

Recommendations

Even using PPE, worker exposures during spraying activities are not completely
preventable. Given the frequency of exposure, the potential to accumulate DDT in the
tissues, and the nature and potential severity of health effects associated with DDT
exposure, we recommend refining the modeling approach to more accurately characterize
the cumulative dose received over a spraying season. For example, approaches develop
for occupational exposure assessments can be adopted for this purpose to further evaluate
the risks from intermittent exposures to pesticides during spraying. We currently
recommend that DDT be used only after stringent requirements have been met.

Contact with Sprayed Surfaces—Dermal Exposure

Potential risks to residents who come in contact

with sprayed surfaces were estimated using a set IVM Method: IRS
of con‘servative assumptions bas‘ed on total ' Activity: Contact with Sprayed
potential mass that could come in contact with Surfaces
the skm. Potentially mgmﬁca‘nt. risks were Receptors: Residents (adults &
predicted for 4 of the 12 pesticides. The level of children)
conservatism is evidenced by the fact that the .. .

] Pesticides, endpoints of concern
HQ for dermal exposures to workers is lower (child):
than the HQ for residents who come in contact DDT (HQ = 2,000)
with pesticide residues (note that different Fenitrothion (HQ = 100)

Malathion (HQ = 20)
Pirimiphos-methyl (HQ = 80)

algorithms were used in the two scenarios). In
particular, our assumption that the resident
comes in contact with an 8-mL film of pesticide is probably not realistic (the amount of
solution that the worker comes in contact with due to splashing during mixing is less than
1 mL). The simple screening approach adopted for this scenario includes significant
uncertainty in the algorithm chosen (e.g., number of exposure events is not represented)
and supporting data (e.g., volume deposited on skin is based on studies in which the
hands were immersed in solution). This scenario also implicitly includes hand-to-mouth
behavior because the entire mass of pesticide that reaches the skin is assumed to be
absorbed systemically. Thus, from a mass balance perspective, the dermal dose would
have to be reduced if some portion of the pesticide that sorbs to skin were ingested.

Integrated Vector Management Programs for Malaria Control 89



Recommendations

The transitory nature of the exposure in this scenario seems unlikely to produce effects at
a level of severity that would warrant substantial changes in the IRS practices. However,
given the relatively high noncancer hazard estimates, further evaluation of this scenario
appears to be warranted. As suggested earlier with respect to preparations, a significant
source of uncertainty rests with the development
of health benchmarks, particularly for less-than-
chronic exposures. Any additional probabilistic
efforts should include the benchmarks among the

IVM Method: IRS

Activity: Eating sprayed food

parameters that are varied. In addition, it is Receptors: Residents (adults &
strongly recommended that surfaces other than children)

walls be covered during spraying and/or cleaned Pesticides, endpoints of concern
immediately after spraying activities are (child):

completed. These prophylactic measures should : EeDn-li-tr(Sﬁ?;n 1(3_?802 40
drastically reduce risk through dermal contact = Malathion (HQ = 10)

following IRS and can be accomplished in a Pirimiphos-methyl (HQ = 40)
simple, cost-effective manner. Cloths and rags
used in the protection and cleaning of surfaces should be handled carefully to prevent

secondary exposures to pesticide residuals.

Sprayed Food—I ngestion Exposure

Potential risks to residents who eat food that has been left uncovered during spraying
were evaluated based on the conservative assumptions that food is left uncovered and is
sprayed directly. Not surprisingly, potentially significant risks were predicted for the
same four pesticides for which risks were predicted for dermal contact. The ingestion of
spray-contaminated food could be particularly significant for food items that are not
peeled or cooked, because the cooking process tends to volatilize and break down
pesticides. For the screening assessment, we assumed that any sprayed food items that
were eaten contained all of the pesticide that was initially applied during spraying. As
with other residential exposure scenarios, we modeled this scenario on a single-event
basis (i.e., risks associated with one occurrence) because we did not have information on
the extent to which food was actually sprayed and how long it would take the occupants
to eat the contaminated food.

Recommendations

As with the dermal contact scenario, the transitory nature of the exposure in this scenario
seems unlikely to produce effects at a level of severity that would warrant substantial
changes in the IRS practices. Given that this pathway can be eliminated by simply
removing or covering the food prior to spraying, we do not recommend additional
modeling of this scenario: the risks for this scenario could be reduced to essentially zero
if aerosol contact with food is prevented. Residents should be educated to take
appropriate steps to prevent food from being sprayed.
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Insecticide-Treated Nets (ITNs)

For practices associated with the treatment of bed nets, we evaluated six pesticides:
alpha-cypermethrin, cyfluthrin, deltamethrin, etofenprox, lambda-cyhalothrin, and
permethrin. We also reviewed published results
on deltamethrin to compare the relative
conservatism in our screening methodology with
findings by other researchers (Barlow et al., 2001; Rl ARIIEICITLENEILLEY
WHO, 2004). Based on this screening risk R dur!ng mixing; dermal
- . exposure during treatment
assessment and the results presented in studies on
deltamethrin, we concluded that only the acute
exposure to etofenprox during treatment posed a
potential risk via dermal contact. This finding is Resticldesendpolntioficoncerm
consistent with other published studies (e.g., (adult):

IVM Intervention: ITN

Receptors: Residents (adults
and children)

= Etofenprox (HQ = 5)
Barlow et al., 2001); nevertheless, we recommend NIRRT e

that individuals levels of concern

Disposal involved in

Activity: Drinking contaminated treatment at least wear protective gloves during the

groundwater; bathing in process.
contaminated groundwater Disposal

Receptors: Residents (adults

and children) Risk es‘Fimates were developed for the ingestion of '
T G _ contaminated groundwater and for dermal contact while
esticide, encpoit of concern: bathing after burial of 13 different pesticides. Significant

= All pesticides except for DDT ) ) -
had HQs ranging from 7 to risks were not predicted for DDT, due to the high DAF
40,000 and cancer risks reported by EPA (U.S. EPA, 2002b). However, noncancer
g e #2082 =01 hazard for chronic ingestion and bathing were above

levels of concern for virtually every other pesticide

considered. The predicted HQs for noncancer hazard ranged from 7 to 40,000, and the
predicted cancer risks ranged from 7E-03 to 1E-01. We consider these results (for both
noncancer and cancer endpoints) to be unrealistically high for both the drinking water
and bathing scenarios.

The exposures and concomitant risk and hazard results predicted for disposal in the
screening assessment are driven largely by the assumption that pesticides are buried in an
amount and location that strongly favors groundwater contamination. For example, the
screening algorithm implicitly assumes that the pesticide is buried in an area with a
potable aquifer and that the receptor wells are directly in the path of groundwater flow
(i.e., along the centerline of the plume). Similarly, the default DAF of 20 does not reflect
the chemical-specific properties for a specific chemical, such as its potential to degrade in
the environment and its tendency to sorb to organic matter (both of these properties will
significantly increase the DAF, resulting in lower groundwater concentrations and lower
risk or hazard). Thus, the disposal scenario presents a highly conservative estimate of the
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potential for adverse effects and underscores a basic weakness of screening-level
assessments: for chemicals with complex environmental behavior (e.g., substantial
potential for biodegradation), the screening assessment may grossly overpredict the
potential for adverse effects for scenarios involving a significant environmental fate and
transport component. In addition, the screening approach assumes that the pesticide is
essentially an infinite source that continues to contaminate the groundwater throughout
the residents’ lifetimes.

Recommendations

Although the predicted risks are well above levels of concern, we do not recommend
further analysis of this pathway. As suggested above, these results reflect an overly
conservative screen of a complicated environmental fate and transport pathway that is
highly dependent on site-specific conditions. Although many groundwater models are
available that, with appropriate development of supporting data (e.g., soil type and
infiltration rate), could produce scientifically defensible estimates of groundwater well
concentrations and risks, these screening results are sufficient to demonstrate that the
practice of burying pesticides in the proximity of drinking water wells (or surface water
bodies) has the potential to cause significant risks to public health through chronic
exposures. For example, the mismanagement of malathion can pose risks to groundwater
supplies because of its solubility and breakdown into the highly toxic isomalathion.
Therefore, we strongly recommend that
pesticide burial (outside of permitted,
engineered landfills) be prohibited to prevent
contamination of valuable water supplies.

Reuse of Pesticide Containers

Activity: Drinking water from
pesticide container
Reuse of Pesticide Containers

Receptors: Residents (adults and

Noncancer hazard and cancer risk from the children)

reuse of pesticide containers for drinking Pesticide, endpoint of concern:

water were screened for eight pesticides. The = All pesticides at levels of concern,
noncancer hazard estimates were above levels N RIS N i A5 {U

of concern for all pesticides, but all the cancer

risks were below levels of concern. The significant hazard predicted for temephos was
surprising, because this compound is often used as a treatment for drinking water supplies
to prevent mosquito larvae from developing. In this instance, the magnitude of the dose
(830 mg) from using containers that contain residual pesticide was sufficient to indicate a
strong potential for neurological effects (e.g., dizziness, tremors, and difficulty breathing)
typical of organophosphates. Adverse effects suggested by the results for several other
pesticides such as permethrin were also unexpected; permethrin has been shown to be of
low toxicity for the ingestion route of exposure.
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Recommendations

Based on the screening results, it is apparent that the reuse of pesticide containers may
result in adverse effects in the short term, depending on the type of compound. However,
further analysis of this scenario is not necessary. The screening results strongly suggest
that acute health effects may be significant as a result of container reuse.

Storage

The risks of inhalation of pesticides as the result of inadequate storage controls (spillage)
were estimated for all relevant pesticides. Based on the screening results, this scenario
does not appear to warrant further consideration.

5.1.3.3 Conclusions and Recommendations

The Phase I screening provides a great deal of information about potential risks
associated with pesticide use in IVM and allows for the comparison of different
pesticides and management strategies. These comparisons should be integrated into
decision making on IVM strategies and selection of pesticides (see Section 6.1.2 for more
detail on rational pesticide selection).

In addition, the screening results are useful in identifying the drivers for scenarios with
risk levels of concern. For these “risky” scenarios, data development and/or more refined
modeling can be used to more accurately characterize the potential health risks. For
example, the level of conservatism in the risk estimates can be decreased by replacing
default values for key parameters with actual study values or distributions of values and
modifying simplifying modeling assumptions that tend to produce conservative estimates
of risk (e.g., using activity patterns to model exposure). Additional research may not only
enhance our ability to characterize pesticide risks, but also increase the value of
information that we provide to the decision maker. Thus, the focus of this section is to

e Summarize the major conclusions from the Phase I screening by comparing the
risks across different interventions and insecticides, and

e Identify where additional research could be valuable and provide
recommendations for next steps.

Comparing Interventions and Insecticides

The key to interpreting risk screening results is to remember that they provide insight into
potential risks and relative risks; they are based on the precautionary principle and,
therefore, are intended to avoid underestimating the actual risks. Thus, the screening
results are very useful for comparing options based on relative risks and to determine, in
a general sense, the potential for adverse health effects for scenarios in which high levels
of exposure are likely. The screening results are not intended to represent the actual risks
that will occur in the field; however, screening results below levels of concern are
strongly suggestive that the combination of exposure scenario, pathway, and pesticide
will not pose significant health risks. Moreover, within the broader decision-making
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context of the PEA, the screening assessment provides information on risk only, without
consideration of the economics of a particular pesticide application or the efficacy of the
pesticide in controlling malaria (see Section 6.1.1 on selection of intervention and Section
6.1.2 on rational pesticide selection).

Noncancer Results

Tables 11-13 distill the noncancer risk screening results for easy interpretation and use in
the selection of interventions and pesticides. In this assessment, noncancer risk is a
comparison of an individual’s potential dose from a malaria control activity relative to a
protective health benchmark at which the likelihood of an adverse health effect is
presumed to be very low. This comparison, called an HQ, is calculated as a ratio of the
potential dose to the protective health benchmark. Thus, if an individual’s potential
exposure to a pesticide during a malaria control activity is calculated as 1E-01 mg/kg-day
and the health benchmark is 1E-01 mg/kg-day, the ratio of the two (HQ) would equal 1.
If the dose to which an individual is exposed is 1E-02 mg/kg-day, and this value is
compared with the same health benchmark, the HQ would be 1E-01, which is below 1,
indicating that the dose was not of concern with respect to the health endpoint for which
the study was conducted. For screening risk analyses, an HQ value of 1 is typically the
threshold above which the EPA and this PEA considers the exposure to be of potential
concern. HQs in this assessment ranged from essentially zero to 51,000; thus the
screening results ranged from below levels of concern (i.e., HQ less than 1) to above
levels of concern (i.e., HQ greater than 1).

To estimate the total noncancer risk for a given scenario, the HQs for each pathway and
practice were added together for a particular pesticide. For instance, the total noncancer
risk for occupational exposure in IRS (typically referred to as the hazard index [HI]) was
obtained by adding HQs derived for inhalation and dermal exposures from preparing the
pesticide solution, as well as the HQ for inhalation exposure that occurs during spraying.
When the sum of the relevant HQs differed between children and adults, the higher sum
was selected. Then, the pesticides for each [IVM practice were categorized based on the
sum of the relevant HQs. Pesticides in the “Risk Below” category are those where the
sum of the relevant HQs were lower than 1. Pesticides in the “Low Risk” category are
those where the sum of the relevant HQs ranged from 1 to less than 10. Pesticides in the
“Moderate Risk™ category are those where the sum of the relevant HQs ranged from 10 to
less than 100. Pesticides in the “High Risk™ category are those where the sum of the
relevant HQs were 100 or higher.
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Table 11. Risk Results for IRS'

Occupational Exposure Residential Exposure
Risk Below Low Risk Moderate High Risk Risk Below Low Risk Moderate High Risk
Level of Risk Level of Risk
Concern Concern
Alpha- Bendiocarb Propoxur  DDT Alpha- Malathion DDT
cypermethrin cypermethrin
Bifenthrin Cyfluthrin Fenitrothion | Bifenthrin Fenitrothion
Etofenprox Lambda- Pirimiphos- Bendiocarb Pirimiphos-
cyhalothrin methyl methyl
Deltamethrin Cyfluthrin
Malathion
Deltamethrin
Etofenprox
Lambda-
cyhalothrin
Propoxur

! This table reflects categorization based on sum of HQs for exposure due to preparation/inhalation, preparation/dermal
and spray/inhalation practices/pathways. There is no difference in categorization when the spillage/inhalation pathway is

taken into account.
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Table 12. Risk Results for ITN Retreatment’

Risk Below Low Risk Moderate Risk High Risk
Level of
Concern
Alpha- Etofenprox
cypermethrin
Cyfluthrin Lambda-
cyhalothrin

Deltamethrin

Permethrin

! This table reflects categorization based on sum of HQs for exposure due to
post-spray/dermal and post-spray/ingestion practices/pathways.

Table 13. Risk Results for Container Reuse

Risk Below Low Risk Moderate High Risk

Level of Risk

Concern
Alpha- Etofenprox
cypermethrin
Cyfluthrin Methoprene
Deltamethrin Pirimiphos-

methyl

Permethrin Temephos

Cancer Results

Tables 14—18 distill the cancer risk screening results for easy interpretation. In contrast to
the HQ, excess cancer risk is a probability of an individual developing cancer during their
lifetime due to exposures that are presumed to occur for a given scenario. For example,
an excess cancer risk of 1E-06 is interpreted to mean that the probability of an individual
developing cancer during their lifetime from the scenario-specific exposure is 1 in 1
million. Equivalently, this is the probability that out of 1 million individuals that receive
the same exposure, 1 individual will develop cancer. For screening risk assessments, a
cancer risk of 1E-06 is often selected as the target above which EPA and this PEA
considers the exposure to be of potential concern. In this assessment, four pesticides had
excess cancer risks ranging from 9E-10 (the individual has a 9 in 1 billion chance of
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developing cancer during their lifetime from the exposure) and 3E-01 (the individual has
a 3 in 10 chance of developing cancer during their lifetime from the exposure).

Table 14. Risk Results for Groundwater Contamination’

Risk Below Low Risk Moderate Risk High Risk
Level of
Concern
DDT Alpha- Bendiocarb
cypermethrin
Bifenthrin Etofenprox
Cyfluthrin Fenitrothion
Deltamethrin Malathion
Permethrin Methoprene
Pirimiphos-
methyl
Propoxur

! This table reflects exposure to pesticides from dermal contact and
ingestion of groundwater contaminated with pesticides that have been

buried.
Key
Risk Below Level of
Concern HQ <1
Low Risk HQ 1to <10
Moderate Risk HQ 10 to <100
High Risk HQ > 100

Benchmarks for cancer endpoints were only available for four pesticides: DDT,
etofenprox, permethrin, and propoxur. Thus, the cancer results can only be compared for
this subset of IVM chemicals.

To create the summary data in Tables 14—18, excess cancer risks for each pathway and
practice were added together to represent the total risk for a particular individual from a
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particular pesticide. For instance, the total risk for occupational exposure in IRS was
obtained by adding excess cancer risks for inhalation and dermal exposure from
preparing the pesticide solution, as well as the excess cancer risk for inhalation that
occurs during spraying. The pesticides for each IVM practice were categorized based on
the sum of the relevant excess cancer risks calculated for adults. As is typical of
screening level risk assessments, cancer risks were only estimated for adults as a
simplification to avoid calculating cancer risk with changing body weights and intake
rates as the individual ages. Pesticides in the “Risk Below” category are those where the
sum of the relevant excess cancer risks were lower than 1E-06. Pesticides in the “Low
Risk” category are those where the sum of the relevant excess cancer risks ranged from
1E-06 to less than 1E-05. Pesticides in the “Moderate Risk” category are those where the
sum of the relevant excess cancer risks ranged from 1E-05 to less than 1E-04. Pesticides
in the “High Risk” category are those where the sum of the relevant excess cancer risks
were 1E-03 or higher.

Table 15. Risk Results for IRS'

Occupational Exposure Residential Exposure (Adults)
Risk Below Low Risk Moderate High Risk Risk Below Low Risk Moderate High Risk
Level of Risk Level of Risk
Concern Concern
Etofenprox DDT Etofenprox  DDT
Propoxur
Propoxur

' This table reflects categorization based on sum of excess cancer risks for exposure due to Preparation/Inhalation,
Preparation/Dermal, and Spray/Inhalation practices/pathways. There is no difference in categorization when the
Spillage/Inhalation pathway is taken into account.

Table 16. Risk Results for ITN Retreatment’

Risk Below Low Risk Moderate Risk High Risk
Level of
Concern

Etofenprox

Permethrin

' This table reflects categorization based on sum of excess cancer risks
for exposure due to Post-spray/Dermal and Post-spray/Ingestion
practices/pathways.
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Table 17. Risk Results for Container Reuse

Risk Below Low Risk Moderate High Risk
Level of Risk
Concern
Etofenprox
Permethrin

Table 18. Risk Results for Groundwater Contamination’

Risk Below Low Risk Moderate Risk High Risk
Level of
Concern
DDT Etofenprox
Permethrin

' This table reflects exposure to pesticides from dermal contact and
ingestion of groundwater contaminated with pesticides that have been

buried.
Key
Risk Below Level
of Concern Excess cancer risk < 10-6
Low Risk Excess cancer risk 10-6 to <10-5
Moderate Risk Excess cancer risk 10-5 to < 10-4
High Risk Excess cancer risk 10-4 > 10-3

I nterpretation of Screening Results
Based on the results above, several conclusions can be drawn with regard to potential
risks of practices and pesticides:

e The low predicted risks for ITNs suggest that, from a risk standpoint, this
approach may be preferable to IRS

e The relatively high risks predicted for the pesticide container reuse scenario
suggest that action should be taken to prevent potentially significant risks from
short-term exposures as a result of this activity

e The magnitude of the ingestion and dermal risk estimates for the disposal scenario
strongly suggests that burial of pesticides should be prohibited
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Across all IVM practices, DDT is the riskiest pesticide with respect to both
noncancer and cancer endpoints and, therefore, should only be used after stringent
requirements have been met

For ITNs, the results for all pesticides except etofenprox and (for children)
lambda-cyhalothrin were below levels of concern for preparing and treating

For IRS, the least preferred pesticides with respect to risk are DDT, fenitrothion,
and pirimiphos-methyl.

Some additional conclusions of the screening assessment with respect to exposure
pathways and receptors include

Within a given scenario, the dermal exposure pathway appears to pose potentially
greater risks than other pathways

Worker exposures during the application of pesticide appear to be much more
significant than exposures that occur during handling and storage

The potential risks to residents may be significant for acute contact scenarios, as
well as through chronic exposure scenarios following the mismanagement of
pesticides

Predicted risks to children and adults are not significantly different, although
noncancer risks for residents are typically higher for children than for adults.

The results from screening assessments should be interpreted with caution because they
are based on several assumptions and simplifications that are intended to produce
conservative estimates of risk. For example, the extrapolation techniques used to derive
the health benchmarks are rooted in regulatory risk assessment, a process that typically
does not consider the potential adverse health effects that may occur if a particular
chemical is not used as intended. As a result, these screening results need to be
considered within the decision-making process used in developing IVM strategies. Our
interpretation of the screening results may be summarized as follows

The very high predictions of noncancer hazard and cancer risk are not supported
in the literature or by the experience in other countries

The default assumptions for dermal exposure pathways likely overstates the
predicted risks by an order of magnitude or more for acute exposure scenarios

The groundwater pathway results, although representative of an extreme worst
case scenario (e.g., no degradation or natural attenuation), are indicative of
potential problems likely to occur if burial is allowed

The noncancer HQ lacks a metric for severity that is needed to distinguish
between debilitating effects and transitory effects so that decision makers can
better characterize the public health implications of different [IVM strategies with
respect to efficacy, cost, and pesticide-induced health effects

The regulatory approach to deriving health benchmarks (e.g., use of a point
estimate for each effect) is a significant source of uncertainty in the screening
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results in that it fails to capture the variability in sensitivity in the human
population

e Some health benchmarks (e.g., for DDT) are based on toxicological data that may
not be consistent with more recent studies and the current state of knowledge

e The methodology used in predicting worker risks does not consider the potential
for cumulative effects due to intermittent exposures and, therefore, the effective
threshold for adverse effects to workers may decrease over time due to repeated
exposures

e The state-of-the-science and available data are wholly inadequate to evaluate
potential risks to populations already under stress (e.g., immunocompromised
individuals)

e The lack of any environmental modeling represents a significant limitation in this
screening assessment, particularly for DDT.

Recommendationsfor Further Research

The interpretation of the screening results, particularly the results for DDT and for dermal
exposures, suggests several key steps to consider for future analyses. These
recommended steps are intended to focus resources on improving the relevance of the
risk results to support decision making in the development of effective IVM strategies to
control malaria. In summary, we recommend the following technical options for Phase II:

e Categorize the severity of effect for acute, intermediate, and chronic endpoints for
noncancer hazard. Economists and other researchers have developed various
scales to consider the severity of effect in valuing the benefits of regulations or
remedial strategies that reduce chemical exposures. We believe that a scale can be
developed that is meaningful in the IVM context and would provide decision
makers with a useful metric in comparing pesticide selection on the basis of risk.

e Conduct follow-on modeling for scenarios in which remedial steps are
recommended, to confirm the predicted reductions in risk. The follow-on
modeling can be done simply, using a modified version of the screening model
and varying only a few input parameters, or it may be performed using a refined
exposure and risk model, as described below. In either case, the follow-on
modeling would address the very high risk screening results.

e Conduct limited mass balance modeling using a simple fugacity model to predict
the mass loadings to various biotic and abiotic compartments and evaluate
environmental and ecological effects. The lack of environmental and ecological
modeling is a significant limitation of this risk assessment as it pertains to [IVM
strategies, especially for DDT, which was banned because of adverse
environmental impacts. The mass balance approach is cost effective, can be
implemented quickly, and will provide useful information on the potential
environmental effects associated with DDT usage or the usage of other highly
persistent, highly bioaccumulative pesticides.
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e Investigate further the toxicological database underlying the benchmarks for DDT
and convene an expert panel to determine the dose range for threshold effects for
acute, intermediate, and chronic exposures. The screening results strongly suggest
that DDT should be the least preferred pesticide on the basis of risk, and the
magnitude of the noncancer and cancer risks warrants additional research to
establish a scientifically defensible dose range. Given the likely significance of
DDT to the residual spraying program, we believe it is crucial to establish a
credible dose-response range that is based on current information and science.

e Conduct further modeling for IRS worker exposures and residential scenarios
associated with spraying. Further modeling in Phase II for these scenarios is
warranted based on the screening results. We recommend adopting a probabilistic
modeling framework that includes a dose—response function when possible to
develop better estimates of risk for these scenarios and to characterize the
uncertainty in the estimates. In addition, because dermal exposures appear to
drive the risk estimates, we recommend incorporating current research on
occupational exposure methods to provide a more science-based model to
evaluate acute exposures to pesticides.
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5.2 Environmental Consequences—IRS

Eliminating unnecessary human exposure to insecticides is the primary concern in IRS
operations, as spray operators and residents are most exposed to insecticides during
indoor spraying operations; however, domestic livestock (particularly chickens) and
organisms in the environment may also be harmed if operations, cleanup, and disposal
are not conducted according to best practices. Table 19 indicates the toxicity of IRS
insecticides to nontarget, nonhuman organisms, as well as the persistence of the
insecticides and their capacity to bioaccumulate in the environment (not in mammalian
bodies). The table is followed by verbal descriptions of the potential ecological effects of
each IRS chemical (except etofenprox and pirimiphos-methyl), which is excerpted from
the EXTOXNET database.
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Table 19.  Toxicity of IRS Insecticides to Nontarget Organisms

Other
IRS Insecticide Mammal Bird Fish Aquatic Bee Persistence Bioaccumulate'

Alpha-cypermethrin

Bendiocarb

Bifenthrin

Cyfluthrin

DDT

Deltamethrin

Etofenprox

Fenitrothion

Lambda-cyhalothrin

Malathion

Pirimiphos-methyl

Propoxur

! Bioaccumulation in the environment, not in mammalian bodies (mammalian detoxification produces different
results).
% Low toxicity, but high chronic or bioaccumulation affect on raptors, pelicans.

Key

High Toxicity

Medium to High Toxicity
Medium Toxicity

Low to Medium Toxicity
Low Toxicity

Data Not Found

106 Integrated Vector Management Programs for Malaria Control



Alpha-cyper methrin (effects of cypermethrin used here)

e Effectson birds: Cypermethrin is practically nontoxic to birds. Its acute oral
LDs in mallard ducks is more than 4,640 mg/kg. No adverse reproductive effects
occurred in mallards or bobwhite quail given 50 ppp, the highest dose tested.

e Effectson aquatic organisms: Cypermethrin is very highly toxic to fish and
aquatic invertebrates. The LCsg (96-hour) for cypermethrin in rainbow trout is
0.0082 mg/L, and in bluegill sunfish is 0.0018 mg/L. Its acute LCs, in Daphnia
magna, a small freshwater crustacean, is 0.0002 mg/L. Cypermethrin is
metabolized and eliminated significantly more slowly by fish than by mammals or
birds, which may explain this compound’s higher toxicity in fish compared with
other organisms. The half-lives for elimination of several pyrethroids by trout are
all more than 48 hours, while elimination half-lives in birds and mammals range
from 6 to 12 hours. The bioconcentration factor for cypermethrin in rainbow trout
was 1,200 times the ambient water concentration, indicating that there is a
moderate potential to accumulate in aquatic organisms.

e Effectson other organisms: Cypermethrin is highly toxic to bees.

Bendiocarb
e Effectson birds: Bendiocarb is moderately toxic to birds.
e Effectson aquatic organisms. Bendiocarb is moderately to highly toxic to fish.
e Effectson other organisms: Earthworm populations under turf are severely
affected by bendiocarb. It is toxic to bees; the LDs( is 0.0001 mg per bee.
Bifenthrin

e Effectson Birds:. Bifenthrin is moderately toxic to many species of birds. There
is concern about possible bioaccumulation in birds.

e Effectson Aquatic Organisms:. Bifenthrin is very highly toxic to fish,
crustaceans, and aquatic animals. Because of its low water solubility and high
affinity for soil, bifenthrin is not likely to be found in aquatic systems.

e Effectson Other Animals (Nontarget species): Bifenthrin is toxic to bees.

Cyfluthrin
e Effectson Birds.: Cyfluthrin is of low toxicity to upland game birds and
waterfowl. Little information was found concerning the toxicity of cyfluthrin to
songbirds. LDsg values for canaries range from 250 to 1,000 mg/kg.

e Effectson Aquatic Organisms: Cyfluthrin is highly toxic to marine and
freshwater organisms. Cyfluthrin is exceptionally toxic to the freshwater
invertebrate D. magna. Marine and estuarine invertebrates are also extremely
sensitive to cyfluthrin.
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DDT

Effects on Other Animals (Nontarget species): Cyfluthrin is highly toxic to
bees with an LDsy of 0.037 mg/bee (70). Pyrethroids are known to be highly toxic
to other beneficial insects.

Effects on Birds: DDT may be slightly toxic to practically nontoxic to birds. In
birds, exposure to DDT occurs mainly through the food web through predation on
aquatic and/or terrestrial species having body burdens of DDT, such as fish,
earthworms, and other birds. There has been much concern over chronic exposure
of bird species to DDT and its effects on reproduction, especially eggshell
thinning and embryo deaths. The mechanisms of eggshell thinning are not fully
understood. It is thought that this may occur from the major metabolite, DDE
(1,1-dichloro-2,2-bis[p-chlorophenyl]ethylene), and that predator species of birds
are the most sensitive to these effects. Laboratory studies on bird reproduction
have demonstrated the potential of DDT and DDE to cause subtle effects on
courtship behavior, delays in pairing and egg laying, and decreases in egg weight
in ring doves and Bengalese finches. The implications of these for long-term
survival and reproduction of wild bird species is unclear. There is evidence that
synergism may be possible between DDT’s metabolites and organophosphate
(cholinesterase-inhibiting) pesticides to produce greater toxicity to the nervous
system and higher mortality. Aroclor (polychlorinated biphenyls, or PCBs) may
result in additive effects on eggshell thinning.

Effectson Aquatic Species: DDT is very highly toxic to many aquatic
invertebrate species. Early developmental stages are more susceptible than adults
to DDT’s effects. The reversibility of some effects, as well as the development of
some resistance, may be possible in some aquatic invertebrates. DDT is very
highly toxic to fish species as well. DDT may be moderately toxic to some
amphibian species and larval stages are probably more susceptible than adults. In
addition to acute toxic effects, DDT may bioaccumulate significantly in fish and
other aquatic species, leading to long-term exposure. This occurs mainly through
uptake from sediment and water into aquatic flora and fauna, and also fish. Fish
uptake of DDT from the water will be size dependent, with smaller fish taking up
relatively more than larger fish. The reported bioconcentration factor for DDT is
1,000—1,000,000 in various aquatic species, and bioaccumulation may occur in
some species at very low environmental concentrations. Bioaccumulation may
also result in exposure to species which prey on fish or other aquatic organisms
(e.g., birds of prey).

Effects on Other Animals (Nontarget species): Earthworms are not susceptible
to the acute effects of DDT and its metabolites at levels higher than those likely to
be found in the environment, but they may serve as an exposure source to species
that feed on them. DDT is nontoxic to bees; the reported topical LDsy for DDT in
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honeybees is 27 pg/bee. Laboratory studies indicate that bats may be affected by
DDT released from stored body fat during long migratory periods.

Deltamethrin

e Effectson Birds. The reported 8-day LCs, for ducks was more than 4,640 mg/kg
diet; and more than 10,000 mg/kg diet for quail.

e Effectson Aquatic Organisms: As is common with many pyrethroids,
deltamethrin has a high toxicity to fish under laboratory conditions. However, in
field conditions under normal conditions of use, fish are not harmed. Deltamethrin
had an impact on aquatic herbivorous insects. This impact led to an increase of
algae. Although the fish (fathead minnows) accumulated the deltamethrin, no
mortality could be observed. In laboratory trials, the LCs, for fish was 1-10 pg/L.
Aquatic fauna, particularly crustacea, may be affected, but fish are not harmed
under normal conditions of use.

e Effectson Other Animals (Nontarget species): Deltamethrin is considered toxic
to bees. The 24-hour oral LDsq for technical deltamethrin fed to bees was 0.079
micrograms ai/bee; and the 24-hour oral LDs, for the EC formulation of
deltamethrin was equal to or greater than 0.4 micrograms ai/bee. The reported
contact LDs, for bees is 0.05 micrograms ai/bee. Deltamethrin is very toxic over
long periods to the predatory mite Typhodromum pyri. The parasitic wasp
Encarsia formosa, released in greenhouses to combat whitefly, is too sensitive to
allow a treatment with deltamethrin against excessive outbreaks of whiteflies.
Deltamethrin had little or no effect on adults or cocoons of Apanteles plutellae, a
parasite of the diamond back moth in India. Spiders were also indicated to be
strongly affected in field investigations.

Etofenprox

e Etofenprox is slightly to moderately acutely toxic to fish, and affects their
behavior, biochemistry, mortality, and physiology. Other organisms are relatively
unaffected. No chronic environmental toxicological risks are listed.

Fenitrothion

e Effectson Birds: Negative results were observed in studies on delayed
neurotoxicity in hens. The oral LDs, for chickens was reported as 28 mg/kg.
Fenitrothion was found to be highly toxic to upland gamebirds and slightly toxic
to waterfowl.

e Effectson Aquatic Organisms: The time for achieving the highest levels of
uptake and the extent of retention of organophosphate residues by fish was
directly related to the extent of persistence of a compound in water. Motsugo fish
exposed to 0.6-1.2 mg/L of fenitrothion attained the highest body concentrations
(162 mg/kg) after 3 days. Fenitrothion (4.9 mg/kg) persisted longer than 4 weeks
in fish (153). Fenitrothion is considered somewhat toxic to fish. The chronic

Integrated Vector Management Programs for Malaria Control 109



toxicity of fenitrothion to fish is considered low. The sublethal effects of
fenitrothion exposure on fish include:

— Morpho Anatomical Changes: Swelling of the abdomen of fathead minnows
occurred. Young Atlantic salmon exposed to 1 mg/L. swam with distended
fins.

— Behavioral Changes: There was a pronounced decline in various agonistic
behaviors (chasing, vacating, nipping, etc.) within 2 hours of exposure to
several concentrations of fenitrothion. Comfort behaviors (flicks, thrusts, etc.)
increased with increasing concentration of the toxicant, but declined at higher
concentrations. Altered station selection occurred. At higher concentrations,
some fish were unable to maintain position and were swept downstream. After
a 5-hour exposure, fish swam near the surface with bloated stomachs and
heads pointing downward. Movement was slowed so much that Atlantic
salmon did not attempt to avoid capture with a dipnet. Salmon parr exposed to
1 mg/L fenitrothion were more vulnerable to predation by brook trout.

— Biochemical Changes: Acetylcholinesterase activity was inhibited 13 percent
to 25 percent after various sublethal concentrations of fenitrothion.
Cholinesterase activity in the erythrocytes, gills, heart, and serum of rainbow
trout was reduced within 1 hour after exposure to fenitrothion.

— Respiratory Effects: Oxygen consumption of Labeo rohita exposed to
fenitrothion progressively decreased with increasing concentrations of
insecticide. Exposure caused increased ventilation rate and buccal amplitude
at concentrations slightly higher than the 48-hour LCs.

— Effect on Growth: Orally administrated fenitrothion had no effect on the
growth of rainbow trout.

The compound is considered very toxic to crustaceans and aquatic insects and has
a medium toxicity to aquatic worms. A freshwater invertebrate toxicity study
reported fenitrothion to be very highly toxic to aquatic invertebrates.

Effects on Other Animals (Nontarget species): There is sufficient information
to characterize fenitrothion as highly toxic to honeybees (acute toxicity value =
0.383 pg/bee) when bees are exposed to direct treatment or to dried residues on
foliage. Fenitrothion is considered toxic to spider mites with long residual action.
The long-term effects of fenitrothion and phosphamidon were evaluated on
predaceous carabid beetles and lycosid spiders 1 year after treatment of
Northwestern Ontario forests at 6 0z/A and 4 0z/A, respectively. The populations
of these predators were clearly suppressed in the treated area. The results “did not
imply a 1 year persistence of the insecticides, but rather a persistent disturbance of
the ecosystem.” The acute oral toxicity of fenitrothion to mule deer was reported
to be 727 mg/kg.
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Lambda-cyhalothrin

e Effectson Birds. Lambda-cyhalothrin’s toxicity to birds ranges from slightly
toxic to practically nontoxic. There is evidence that it does not accumulate in the
eggs or tissues of birds.

e Effectson Aquatic Organisms. Lambda-cyhalothrin is very highly toxic to
many fish and aquatic invertebrate species. Bioconcentration is possible in aquatic
species, but bioaccumulation is not likely. Bioconcentration in channel catfish has
been reported as minimal, with rapid depuration (elimination). A bioconcentration
factor of 858 has been reported in fish, but concentration was confined to
nonedible tissues and rapid depuration was observed.

e Effectson Other Animals (Nontarget species): Lambda-cyhalothrin is highly
toxic to bees, with a reported oral LDs, of 38 ng/bee and reported contact LDs, of
909 ng/bee (0.9 png/bee).

Malathion
e Effectson birds: Malathion is moderately toxic to birds.

e Effectson aquatic organisms: Malathion has a wide range of toxicities in fish,
extending from very highly toxic in the walleye (96-hour LCs, of 0.06 mg/L) to
highly toxic in brown trout (0.1 mg/L) and the cutthroat trout (0.28 mg/L),
moderately toxic in fathead minnows (8.6 mg/L) and slightly toxic in goldfish
(10.7 mg/L). Various aquatic invertebrates are extremely sensitive. Malathion is
highly toxic to aquatic invertebrates and to the aquatic stages of amphibians.
Because of its very short half-life, malathion is not expected to bioconcentrate in
aquatic organisms. However, brown shrimp showed an average concentration of
869 and 959 times the ambient water concentration in two separate samples,
respectively.

e Effectson other organisms: The compound is highly toxic to honeybees.
Pirimiphos-Methyl

e Pirimiphos-methyl is very highly acutely toxic to zooplankton and aquatic insects,
moderately acutely toxic to nematodes/flatworms, annelids and fish.

Propoxur

e Effectson birds: Propoxur is very highly to highly toxic to many bird species,
but its toxicity varies by the species. Acute symptoms of propoxur poisoning in
birds include eye tearing, salivation, muscle incoordination, diarrhea, and
trembling. Depending on the type of bird, poisoning signs can appear within 5
minutes of exposure, with deaths occurring between 5 and 45 minutes, or
overnight. Symptoms in survivors disappeared from 90 minutes to several days
after treatment.

e Effectson aquatic organisms. Propoxur is moderately to slightly toxic to fish
and other aquatic species. The reported 96-hour LCsg values are 3.7 mg/L in

Integrated Vector Management Programs for Malaria Control 11



rainbow trout, and 6.6 mg/L in bluegill sunfish. The oral LDs, for propoxur in
bullfrogs is 595 mg/kg. The compound is not expected to accumulate significantly
in aquatic organisms. The calculated accumulation factor for propoxur is nine
times the ambient water concentration.

e Effectson other organisms: Propoxur is highly toxic to honeybees. The oral
LDs for propoxur in mule deer is 100-350 mg/kg.

5.3 Environmental Consequences—Larvicides
Microbial or Bacterial Larvicides

These naturally occurring bacteria and spores are found in soil in nature, and are thus not
a significant concern to soil or the environment. Extensive testing shows that microbial
larvicides do not pose risks to wildlife, nontarget species, or the environment when used
according to label directions. Bacterial insecticides that are used for larval control in
water are nontoxic to all but a few species of insects. In addition, they are essentially
nontoxic to humans, so there are no concerns for human health effects with Bti or B.
sphaericus when they are used according to label directions.

Methoprene

Methoprene breaks down so rapidly in the soil and water that it is unlikely to leach into
groundwater. It is used as a larval insecticide in water, and is highly toxic to crustaceans
and other aquatic invertebrates that rely on molting for growth. It presents minimal acute
and chronic risk to freshwater fish and invertebrates, and estuarine species. Methoprene
does not pose unreasonable risks to wildlife or the environment.

Temephos

Because temephos is applied directly to water, it is not expected to have a direct impact
on terrestrial animals or birds. Current mosquito larviciding techniques pose some risk to
nontarget aquatic species and the aquatic ecosystem. Although temephos presents
relatively low risk to birds and terrestrial species, available information suggests that it is
more toxic to aquatic invertebrates than alternative larvicides. For this reason, the EPA
recommends limiting temephos use to areas where less-hazardous alternatives would not
be effective, specifying intervals between applications, and limiting the use of high
application rates. As part of its responsibility to reassess all older pesticides registered
before 1984, EPA completed its revised risk assessments for temephos in July 2001, and
has issued risk management decisions in the final re-registration eligibility decision
(RED). The RED document is available on the EPA Web site

Temephos, applied according to the label for mosquito control, does not pose
unreasonable risks to human health. It is applied to water, and the amount of temephos is
very small in relation to the area covered, less than 1 ounce of active ingredient per acre
for the liquid and 8 ounces per acre for the granular formulations. Temephos breaks down
within a few days in water, and postapplication exposure is minimal. However, at high
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dosages, temephos, like other organophosphates, can over stimulate the nervous system
causing nausea, dizziness, and confusion.

Monomolecular Films

Monomolecular films, used according to label directions for larva and pupa control, pose
minimal risks to the environment. They do not last very long in the environment, and are
usually applied only to standing water, such as roadside ditches, woodland pools, or
containers that contain few nontarget organisms. However, they can be toxic to fish and
crustaceans, and animals that require the use of water surface tension for survival.

Likewise, when used according to label directions, monomolecular films do not pose a
risk to human health. In addition to low toxicity, there is little opportunity for human
exposure, because the material is applied directly to ditches, ponds, marshes, or flooded
areas that are not drinking water sources.

M onomolecular Oils

Oils, if misapplied, may be toxic to fish and other aquatic organisms. For that reason, the
EPA has established specific precautions on the label to reduce such risks. When used
according to label directions for larva and pupa control, oils 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 that are not
drinking water sources.

5.4 Human Health and Environmental Consequences—Environmental
Management

The environmental consequences associated with environmental management are
location-specific. As a result, this PEA can only address the potential negative
environmental impacts of environmental management interventions in a broad manner.

Because mosquitoes breed in shallow-water habitats, it is not surprising that most
environmental management interventions for malaria control are associated with the
manipulation of wetland environments. Wetlands can be broadly categorized as
freshwater wetlands (which include swamps, flood plains, riverine forest, and swamp
forest), mangroves, and coastal wetlands (including lagoons, estuaries, and tidal
mudflats) (Shumway, 1999). In some geographical regions, there are also semi-arid
grasslands, which maintain areas of temporary flooding. Wetlands provide a wide range
of ecological services including soil erosion and flood control, water purification and
pollutant and nutrient retention, groundwater discharge and recharge, and provision of
habitat and breeding grounds for wildlife. Disturbing wetlands through environmental
management may alter the quantity and quality of the services that wetlands provide.

When wetlands are drained, their soils lose infiltration capacity. As a result, there is
potential for increased surface water runoff and soil erosion. Clearing of wetland
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vegetation can also cause (or exacerbate, if the wetland has been drained) increased
surface water runoff and soil erosion.

Increased water runoff decreases the amount of water available to groundwater and
surface water systems (groundwater constitutes a portion of stream flow, river flow, and
sometimes pond depth). This can affect the availability of groundwater and surface water
for human use throughout the year. Increased water runoff (or, alternatively, a change in
the composition or clearing of wetland vegetation) may also decrease the ability of the
wetland to take up pollutants, potentially diminishing the quality of water resources.
Increased water runoff may also cause higher peak water flows in streams and rivers
during rain events. This increase in water flow may either increase or decrease the
mosquito breeding habitat and may also cause flood damage.

Soil erosion can cause siltation and sedimentation of water bodies, including dams and
retention ponds. Soil erosion can reduce the life of dams, and may change the conditions
for transport and hydropower production. Soil erosion can also decrease agricultural
productivity. Agricultural productivity may also decrease as a result of increased soil
acidity following wetland drainage.

Draining wetlands or clearing vegetation may decrease habitat and forage for animal
species, and consequently decrease plant and animal biodiversity in the ecosystem. Of
particular concern may be breeding habitat for migratory birds and animals. In wetlands,
vegetation clearing may also decrease spawning ground for aquatic species.

Tree planting may decrease habitat and forage for some animal species (e.g., aquatic
species), while increasing it for others (e.g., some bird species). Thus, tree planting
changes the ecosystem composition, and may increase or decrease plant and animal
biodiversity. This change in ecosystem composition may also decrease the ability of the
wetland to take up pollutants, potentially diminishing the quality of water resources.
Because tree planting is used to drain wetlands through transpiration, groundwater and
surface water resources available for human use may decrease.

In a similar manner, the construction of impoundments may decrease habitat and forage
for some species (e.g., terrestrial), while increasing it for others (e.g., aquatic).
Impoundments may increase the availability of water resources for upstream
communities, but may decrease water availability for downstream communities.
Depending on their construction and location, they may increase or decrease infiltration
into the groundwater system.

Saltwater flooding may decrease habitat and forage for freshwater aquatic and terrestrial
species. It may also decrease the availability of freshwater resources in the target
community.

Larvivorous fish are often introduced into commercial fish ponds without negative
environment impacts. However, the introduction of exotic fish species into the natural
environment (e.g., wetlands and marshes) should only be conducted following approval
by the USAID Bureau Environmental Officer (BEO). The introduction of exotic (and
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potentially invasive) fish into a natural environment could disrupt existing predator—prey
relationships and alter ecosystem composition.

Table 20. Ranking of Environmental Management Interventions from Low
Impact to High Impact

Impact Environmental Potential Negative Impacts
Rank Management
Interventions

Little or No Deepening/narrowing of  No significant impacts
Impact existing drains
Little or No Synchronized No significant impacts
Impact cropping/intermittent
irrigation
Low Impact Filling breeding sites Increased or decreased habitat and forage for animal species
Low Impact Lining water sources Increased flooding
and canals
Medium Saltwater flooding Reduction in water availability
Impact

Decreased habitat for freshwater aquatic and terrestrial species

Medium Larvivorous fish Altered ecosystem composition on a small or large scale (invasive species problems)
Impact introduction

Increase or decrease in biodiversity

Impoundment Altered upstream and downstream water availability
construction
Increased or decreased habitat and forage for animal species
Increase or decrease in plant and animal biodiversity

Altered ecosystem composition

Biological drainage Reduction in water availability
Reduction or enhancement of water quality
Increased or decreased habitat and forage for animal species

Increase or decrease in plant and animal biodiversity

Altered ecosystem composition
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Impact
Rank

Environmental
Management
Interventions

Potential Negative Impacts

Vegetation manipulation

Reduction of water availability

Reduction in water quality

Increased flooding

Siltation and sedimentation of water bodies, including dams and retention ponds
Change in conditions for transport and hydropower production

Decreased agricultural productivity of soil

Increased or decreased habitat and forage for animal species

Increase or decrease in plant and animal biodiversity

Alteration of ecosystem composition

Physical drainage

Reduction in water availability

Reduction of water quality

Increased flooding

Siltation and sedimentation of water bodies, including dams and retention ponds
Change in conditions for transport and hydropower production

Decreased agricultural productivity of sail

Increased or decreased habitat and forage for animal species

Increase or decrease in plant and animal biodiversity

Alteration of ecosystem composition
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Mitigation, Monitoring, and Evaluation

6.1 Mitigation and Monitoring: Planning and Recommendations

6.1.1 Selecting an Appropriate Location, Intervention, and Time of
Implementation

The Importance of Surveillance

Mitigation of human health and environmental harm starts with the choice of location for
one or more malaria control interventions. Knowing where the most malaria cases occur
and where environmental conditions promote increased vector prevalence provides
guidance in choosing locations where the intervention will have the most impact.
Targeting areas for intervention, rather than implementing a broad-spectrum approach,
will simultaneously protect more people from malaria and promote judicious use of
insecticides, larvicides, and nonchemical interventions.

Sustained surveillance requires substantial technical support and capacity building, and
involves the following aspects:

e Gathering historical malaria and environmental data

e Developing computerized databases

e Analyzing historical malaria and environmental data

e Developing protocols and providing training for malaria sentinel sites

e Analyzing seasonal patterns of malaria transmission (where applicable)

e Creating tools for forecasting and detecting malaria epidemics (where applicable)

Location-Specific Appropriateness

The different interventions proposed in this Programmatic Environmental Assessment
(PEA) [as well as insecticide-treated nets (ITNs)] are more or less appropriate depending
on the intervention location chosen. Entomological monitoring should be conducted to
determine the geographic and temporal distribution of vector populations (see Section
6.1.3 under Entomological Monitoring). Different interventions may be better suited to
the endemic or epidemic nature of the disease in a particular location. Additionally,
environmental factors can be a determinant for selecting (or emphasizing) a particular
intervention. In a semi-arid or arid environment, breeding sites are typically found in
small, well-defined areas. In such conditions, year-round environmental management and
larviciding may provide more benefits at a lower cost than in tropical areas. Population
density can indicate which intervention is more suitable; environmental management and
indoor residual spraying (IRS) generally have greater impact and cost less per person in
urban than in rural areas. Finally, the type of housing structure in the location can dictate
the appropriateness of an intervention.
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Choosing or emphasizing an intervention that is location-appropriate will ensure that
pesticides are used judiciously. Yet even after this step, the intervention may have to be
implemented at an appropriate time to maximize impact. This is particularly important in
IRS, where spraying should be conducted as close as possible to the start of a rainy
season. Larviciding may also be timed in a manner that increases its impact on the vector
population. Once a location, one or more location-specific interventions, and the timing
of these interventions have been determined, further operational planning and
implementation can commence. To ensure that decisions about future interventions make
the most impact with the least harm to humans and the environment, surveillance and
statistical analysis should be conducted to determine the extent to which each
intervention contributes to malaria reduction. Conclusions derived can then be used to
adjust which interventions are chosen or emphasized in the future.

Considering Sustainability

The U.S. Code of Federal Regulations (CFR) §216.6 says that the U.S. Agency for
International Development (USAID) must consider “indirect effects and their
significance” on the environment. This is particularly important when considering the use
of pesticides. Procurement of pesticides for countries could result in an increase in
obsolete stocks or improper use of the pesticide in the future (e.g., agricultural use).
Spray equipment provided for IRS could be used to spray chemicals that have not gone
through the USAID environmental review process, or chemicals that are not World
Health Organization (WHO) recommended for IRS. Additionally, when a project ends,
there is no guarantee that best practices will be followed in future interventions.

To ensure that a USAID-supported intervention is less likely to have negative indirect
impacts, USAID should support interventions in host countries where the following
conditions prevail:

e Political commitment to the intervention at all levels of government
e Stakeholder commitment to the intervention

e Commitment to addressing human health and environmental concerns of the
intervention at all levels of government

e Stakeholder commitment to addressing human health and environmental concerns
of the intervention

¢ Financial sustainability of the intervention in-country

e Future availability of human and institutional resources for implementation,
monitoring, and evaluation of the intervention
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6.1.2 Planning for the Intervention

Pesticide Selection

The chemicals used in IRS, ITNs, and larviciding all have different properties and are
more or less appropriate in different circumstances. The following threshold criteria must
be met in making decisions on pesticides used in malaria vector control:

a. Pesticide registration in the host country
b. Acceptability of the pesticide to the national malaria control program
c. Risk to human health
i.  Pesticides must be approved by the WHO and should be preferred based
on their safety as described in Section 5.1.3.3.
d. Risk to environment, livestock, and/or agricultural trade

With particular regard to dichloro-diphenyl-trichloroethane (DDT), “viable alternatives to
DDT should pose less risk to human health and the environment, be suitable for disease
control based on [country]-specific conditions, and be supported with monitoring data
(UNEP, 2001).”

Beyond these four threshold considerations, technical and logistical factors must be
addressed in comparing and selecting pesticides for malaria vector control. The primary
factor to be addressed is

e Vector resistance.

Secondary factors include
e Appropriateness of surface for spraying
e Duration of effectiveness (and implications for cost)

e Cost of pesticide.

Tertiary factors include
e. The need for a pesticide of a different class to prevent resistance

f. Major classes of pesticide used in other vector control interventions that could
promote resistance

g. Major classes of pesticide used in the agricultural sector that could promote
resistance

h. Host-country capacity to prevent pilferage.

Supplemental Environmental Assessments (SEAs) tiering off from this PEA must
describe how these factors have been addressed in the pesticide selection process.

Planning for Health and Safety

The planning process for integrated vector management (IVM) interventions should
integrate human health and environmental considerations from the start. When
intervention needs are initially assessed and budgets developed, mitigation and
monitoring components and costs identified in an SEA or Pesticide Evaluation Report
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and Safer Use Action Plan (PERSUAP) should be included. The importance of planning
for and implementing mitigation and monitoring activities is illustrated in the Case Study
on Malathion Poisoning in Pakistan (see text box). This streamlines logistics and
procurement processes and provides more accurate budget estimates.

The mitigation component of an IVM intervention needs assessment should include the
following:

e Description of Mitigation and Monitoring Measures. This can be simply a list
of activities to be conducted.

e Mitigation and Monitoring mplementation Schedule. The mitigation
implementation schedule should be seamlessly integrated into the overall malaria
disease control activity implementation plan. For example, the periodic
assessment of mitigation measures should be scheduled the same way that activity
workshops are scheduled.

e Ingtitutional Responsibility. Responsibilities for implementation of mitigation
and monitoring measures should be clearly identified, with the agreement of those
identified, and updated regularly (at least annually).

e Mitigation and Monitoring Costs. The cost and source of funds for mitigation
and monitoring should be included in the initial intervention cost estimates.

SEAs and PERSUAPs should also include the above elements in their Recommended
Mitigation Measures sections (see SEA Guidance Document in Annex C). The
Recommended Mitigation Measures section should provide detailed descriptions of how
mitigation measures should be planned for, implemented, monitored, and evaluated, and
what action should be taken when mitigation activities are poorly implemented or fail.
The section should also make evident the links between identified potential human health
and environmental impacts and mitigation activities. It is important to factor in the
reporting and monitoring activities and costs required by Parties to the Stockholm
Convention if DDT is used in an IRS program.
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Case Study: Malathion Poisoning in Pakistan

Whenever pesticides are used in a malaria control program, there is a risk of human exposure to pesticides
and consequent harm to human health. Perhaps the most dramatic recorded instance occurred during a
U.S. Agency for International Development— and World Health Organization—sponsored indoor residual
spraying campaign in Pakistan in 1976. During that campaign, 2,800 field workers in the Pakistan malaria
control program were diagnosed with organophosphate insecticide poisoning due to malathion exposure.
Five deaths were attributed to the organophosphate poisoning.

Baker et al. (1978) documented these poisonings, and even described the work practices that contributed
to the extent and intensity of the poisonings:

During this study, we observed improper work practices which increased dermal exposure to
malathion. Spraymen’s clothes were wet at the end of the working day, smelled strongly of
pesticide, and were worn for several days without washing. Both spraymen and mixers had

extensive skin contact with the pesticide during filling and pressurizing of the spray tanks. Some
mixers mixed the malathion suspension with their hands. Many spray cans leaked pesticide onto
the arms, hands, and chests of spraymen. When spray nozzles became clogged, the spraymen

sometimes blew through them to unclog them.

One sprayman died shortly after he consumed food which had been sprayed....
Baker et al. (1978), pages 31-32

Had the mitigation practices recommended in this Programmatic Environmental Assessment—oparticularly
certifying quality of the insecticide, proper storage conditions, and proper training and protective wear—
been planned for and implemented during the program, the poisoning would have been avoided. Storage
conditions would not have led to the degradation of malathion, leaky spray cans would not have been
used, training of spray operators and supervisors would have ensured proper pesticide handling, personal
protective equipment would have been worn and washed regularly and reduced exposure, spray operators
would have known not to spray food or eat contaminated food, spray operators would have cared for

6.1.3 Mitigation and Monitoring Recommendations

Human health and environmental mitigation activities are intended to reduce adverse
human health and environmental impacts that result from activity interventions.
Mitigation measures can be categorized into the following types of actions: avoid impact,
minimize or diminish effects, rectify or repair by rehabilitation, reduce or eliminate over
time, or provide compensation (USAID, 2003). Monitoring is conducted to determine
when mitigation is necessary and whether or not mitigation is working successfully.
During implementation of the intervention, monitoring can identify negative human
health or environmental impacts in time for mitigation measures to be adjusted or
additional measures put in place. Therefore, monitoring is a necessary complement to the
mitigation of negative human health and environmental impacts. Additionally, 22 CFR
216.3(a)(8) says that, “To the extent feasible and relevant, projects and programs for
which Environmental Impact Statements or Environmental Assessments have been
prepared should be designed to include measurement of any changes in the environmental
quality, positive or negative, during their implementation.”

The following sections contain general recommendations for mitigation and monitoring
activities in all operations, in addition to specific recommendations for IRS,
environmental management, and larvicidal agent interventions. Although these
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recommendations represent best practices, host-country stakeholders should be involved
in reviewing proposed mitigation and monitoring activities to ensure they are
technologically appropriate, culturally appropriate, and feasible. Mitigation and
monitoring activities should then be adapted to the host-country situation without
compromising human health and the environment.

Universal Mitigation and Monitoring Recommendations

Mitigation monitoring, environmental impacts monitoring, entomological monitoring,
malaria case monitoring, and adaptive management of intervention implementation and
the overall vector control strategy based on monitoring activities should be a part of every
intervention. However, simply monitoring impacts is not sufficient—close
communication and coordination between the monitoring staff, malaria control
specialists, and decision makers is crucial to enacting mitigation activities successfully
and managing the intervention appropriately. In past activities, monitoring data collected
were either unavailable or of no use to activity managers (USAID, 1999). To the extent
possible, mitigation plans should show causal linkage between the intervention and the
negative consequences that may occur during or after implementation—in many
instances, past monitoring plans were not developed with enough rigor to show such
causal linkages (Hecht, 1994). Monitoring and mitigation plans for IVM interventions
should avoid such pitfalls.

Mitigation Monitoring. Mitigation monitoring is used to determine if mitigation
measures are being implemented and if those measures are effective in preventing or
mitigating adverse environmental impacts. During the intervention, mitigation monitoring
should be used to assess the effectiveness of mitigation efforts at regular intervals (e.g.,
at the beginning of the intervention, at 25 percent completion, at 50 percent completion).
Mitigation efforts should be adjusted to address any negative impacts on human health or
the environment that are observed.

Environmental, Livestock, and Human Health Impacts Monitoring. Environmental
impacts monitoring measures ecological change over time as a result of program
interventions. This type of monitoring uses key environmental indicators (e.g., vegetation
change, water quality, pesticide levels present in the environment, indicator species
populations, depending on the intervention or pesticide used) and baseline surveysto
determine the impacts of the interventions on target and nontarget environmental areas.
When pesticides are used, environmental impacts monitoring can also include the
monitoring of impacts on domestic livestock. Livestock monitored may include chickens
(for which there is anecdotal evidence of mortality from exposure to carbamates after
IRS), ducks, geese, bees, fish, goats, cattle, and pigs. Additionally, human health effects
from pesticide use can be monitored either indirectly, by using patches on the body to
measure exposure, or directly, by sampling urine or blood (depending on the pesticide).
This type of monitoring could be implemented for both those who apply pesticide and
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community residents. An environmental monitoring plan for the environment, livestock,
or human health should be developed using the following steps:

e Determine the reason for monitoring (e.g., assess the impacts of activity
interventions, identify environmental impacts, and monitor mitigation measures)

e Formulate specific questions to be answered by monitoring

o Select indicators

e Determine the monitoring tools required to measure indicators

e Gather and integrate existing data (consider methods of data storage and analysis)

¢ Identify environmental “hot spots” (location of ecosystems and species at high
risk)

e Design a sampling scheme

e Establish baseline conditions

e Establish targets for each indicator

e Validate the relationship between indicators and planned results

e Analyze trends and recommend management actions (e.g., environmental
mitigation measures) (USAID, 1996)

Entomological Monitoring. The primary function of entomological monitoring
associated with vector management is to assure that interventions are effective. Such
monitoring is essential for IRS and larval control and, though not as critical, should also
be implemented in areas where only ITNs have been deployed. The monitoring program
must include at least the first three types of tests described below; the fourth category
should also be included when possible.

Determine vector susceptibility to available insecticides. Susceptibility studies detect the
presence of individuals in the vector population that are physiologically resistant to the
insecticide being tested. For IRS, susceptibility studies can be conducted by using WHO
test strips or CDC bottle assays on adults caught in the wild or adults reared from
immature larvae. Although the CDC bottle assays have the advantage of testing a sample
of the same chemical batch being applied, the WHO test strips enable more comparability
across countries and time. Where possible, both should be done. Larvicides are
generally tested for efficacy in small-scale field trials. In addition to the above “in vivo”
resistance information, it is also possible to collect large numbers of the vector species
for analysis by polymerase chain reaction (PCR) to determine the frequency of genetic
markers that code for pesticide resistance in the local vector population. Nevertheless,
PCR analysis should not be used as a substitute for “in vivo” resistance analysis.

Verify that the insecticide was applied properly and had an immediate effect. This
involves routine follow-up observations. For IRS, wall bioassays are used to verify there
is sufficient residual pesticide on the walls of sampled structures to kill vector
mosquitoes, and to monitor the loss of residual efficacy over time. An analogous assay
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may be done for ITNs, either with the same type of cone used on the wall, or by forming
a “basket” with the treated netting. For larviciding, routine inspection of treated breeding
sites will verify that mosquito larvae are no longer present immediately after larvicide
treatment and will detect new larvae when they are present. Note that, in most malaria-
endemic settings, the effectiveness of larval control is extremely limited; it should only
be implemented where there is solid entomological monitoring indicating its
effectiveness.

Determine the geographic and temporal distribution of vector populations. To target
areas where vector control for malaria is needed, it is necessary to determine where
malaria transmission occurs and the length of the transmission season by establishing
when populations of adult vectors are present. This can be done by using a variety of
collection techniques, including human landing catches, CDC light traps, cattle-baited hut
or net collections, nonbaited hut or net collections, pyrethrum spray catches (PSCs), and
window exit traps.

Measure the impact of the intervention on the vector population and/or malaria
transmission intensity. Several different techniques are used to monitor the vector
population and/or the frequency and infectivity of vector biting. In general, the intention
is to determine whether the vector management program has substantially reduced the
vector population or survivorship, as indicated either by a reduction in the number of
mosquitoes that can be collected, a reduction in mosquito biting, or, as detected through
mosquito dissections, the proportion parous (the proportion that have laid at least one
batch of eggs). Methods are available for human landing catches, CDC light traps, cattle-
baited hut or net collections, nonbaited hut or net collections, PSCs, and window exit
traps.

Malaria Case M onitoring. Malaria case monitoring is conducted to assess the impacts
of malaria control interventions on target human and mosquito populations. The
information obtained from this impact monitoring can be used to determine if the
interventions are achieving the desired results and to inform changes in the program.

Indoor Residual Spraying Recommendations

In many respects, IRS is operationally homogeneous. Much of the time, the same types of
mitigation actions are recommended for IRS regardless of the insecticide used. These
general recommendations are listed in Table 21. Descriptions of some of the general
recommendations and additional recommendations specific to certain classes of
insecticide follow the table.
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Table 21. IRS Recommendations

Potential Negative
Activities/Impacts

Recommended Mitigation Actions

Daily Operations

Occupational exposure to insecticide
from daily indoor residual spraying
(IRS) operations

Training of spray operators, team leaders, and supervisors according to
best practices, including recognition of insecticide-poisoning symptoms.

Procurement and proper use of personal protective equipment (PPE) by
spray operators, team leaders, and supervisors (cotton overalls, face mask,
broad-rimmed hat, rubber gloves, gum boots)

Training of health workers in insecticide-poisoning treatment

Procurement and distribution of treatment medicines for insecticide
exposure

Daily on-site personal washing (after spraying)

Reprimand of spray operators who do not follow proper procedure in all
aspects of operations (handling, spraying, hygiene, cleanup)

Hire of commercial laundry or local wash persons (can be spray operators)
for proper washing of overalls.

Frequent washing of overalls (after spraying)

Procurement and wearing of PPE by wash person (chemical apron, rubber
boots, rubber gloves) if a wash person is hired to clean spray operator PPE

Procurement and distribution of barrels for progressive rinse, and wash-tubs
for overall washing and personal hygiene

Progressive rinse of sprayers and PPE

Development and implementation of a human health monitoring plan to
determine pesticide impacts on spray operators and residents, particularly
when using organophosphates.

Development and implementation of environmental reporting system for
Human Health and Environmental Evaluation Report (see Section 6.2)

Fetal exposure to insecticide from
daily IRS operations (female spray
operators)

When dichloro-diphenyl-trichloroethance (DDT) is used, institute prohibitions
of hiring women of child-bearing age as spray operators.

Ensure that pregnant or breast-feeding women are not hired as spray
operators
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Potential Negative
Activities/Impacts

Recommended Mitigation Actions

Distribution of condoms to women spray operators

Pregnancy tests 1 month into spray campaign

Community and environmental
exposure to insecticide from daily IRS
operations

Prohibition of spraying in homes where sick persons or pregnant women are
living and cannot move outside the home and stay outside the home during
and 1 hour after spraying

Development and implementation of environmental reporting system for
Human Health and Environmental Evaluation Report (see Section 6.2)

Prohibition of spraying in protected areas/sensitive ecosystems (e.g.,
uncultivated wetlands), and spraying with care in residential areas where
beekeeping occurs

Prohibition of spraying in homes where food and utensils have not been
removed from the house, and where furniture has not been removed from
the house or moved to the middle of the room and covered with a cloth by
the spray operator

Information, education, and communication (IEC) campaign, citing
importance of removing all food and utensils from house prior to spraying,
moving furniture to the center of the room or outside, staying out of the
house during and 1 hour after spraying, not allowing children or animals in
the house until floor residue is swept outside, educating about potential
impacts of insecticide on domestic animals (e.g., chickens eating insects
killed by carbamates)

Procurement of seat covers or sheets for covering cloth vehicle seats

Covering of cloth interior seats of program vehicles with seat cover or cloth
to prevent seat contamination

Use of gloves for washing interior and exterior of program vehicle

Wiping of contaminated bed of truck with damp cloth prior to exterior
washing of program vehicles

End-of-program cleaning/decontamination of interior and exterior of vehicle,
according to the United Nations Food and Agriculture Organization’s
(UNFAO) Pesticide Storage and Stock Control Manual

End-of-campaign washing of seat covers and wiping of seats/bed of
program vehicle with damp cloths

Prior to spraying, covering furniture that cannot be moved with cloths
provided by the Ministry of Health (MOH), District Health Office, or U.S.
Agency for International Development (USAID) program.
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Potential Negative
Activities/Impacts

Recommended Mitigation Actions

Reprimand of spray operators who do not follow proper procedure in all
aspects of operations (handling, spraying, hygiene, cleanup)

Frequent washing of cloths used to cover furniture

Training of spray operators, team leaders, and supervisors according to
best practices

Procurement and distribution of barrels for progressive rinse and wash-tubs
for overall washing and personal hygiene

Progressive rinsing of sprayers and PPE

Procurement and distribution of materials necessary for collection (in the
case of using a commercial laundry for washing spray operator overalls)
and decontamination of washtub rinse-water

Daily collection of laundry rinse-water (from commercial laundry),
decontamination of laundry rinse-water, and latrine disposal

Analysis of decontaminated rinse-water to determine levels of active
ingredient

Storage of all insecticides, empty packaging, barrels, and tubs in storage
facilities, reducing use of contaminated goods domestically

Inscription of all program barrels and tubs as District Health Office property,
and labeling with host-country-specific poison indicators, to deter sale and
domestic use (e.g., storage of food or water for human or animal
consumption) in the event of pilferage

Secure storage of contaminated plastic sachets for recapture by the
manufacturer or disposal at an internationally recognized hazardous waste
incinerator

Shredding or puncturing of plastic packaging materials, making them
unusable (unless barrels used for progressive rinse)

Local disposal of noncontaminated cardboard or paper packaging

Transport of rinsed packaging materials to a landfill for disposal, or a power
plant or cement kiln for reuse as fuel (if they are not recovered by the
manufacturer and if host country environmental guidelines allow)

Development and implementation of environmental and/or livestock
monitoring plan to the extent “feasible” and “relevant”
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Potential Negative
Activities/Impacts

Recommended Mitigation Actions

Development and implementation of a human health monitoring plan to
determine pesticide impacts on spray operators and residents, particularly
when using organophosphates

Development of protocol for decision making when environmental
monitoring indicates environmental or agricultural contamination as a result
of IRS

Development and implementation of environmental reporting system for
Human Health and Environmental Evaluation Report (see Section 6.2)

Special Circumstances

Pilferage of insecticide, consequential
human and environmental exposure

Construction or renovation of central, permanent storage facilities according
to UNFAOQ's Pesticide Storage and Stock Control Manual

Construction or renovation of temporary storage facilities using main
principles of UNFAQ'’s Pesticide Storage and Stock Control Manual as a
general guideline

Double-padlocking and guarding of all storage facilities

Supervision of spray operators

Development and implementation of environmental monitoring plan

Development and implementation of environmental reporting system for
Human Health and Environmental Evaluation Report (see Section 6.2)

Storehouse fire, inhalation of toxic
fumes from insecticide fire

Construction or renovation of central, permanent storage facilities according
to UNFAO'’s Pesticide Storage and Stock Control Manual

Construction or renovation of temporary storage facilities using main
principles of UNFAQ'’s Pesticide Storage and Stock Control Manual as a
general guideline

Procurement and distribution of emergency equipment to insecticide storage
facilities

Training of storekeepers according to FAO guidelines

Development and implementation of environmental reporting system for
Human Health and Environmental Evaluation Report (see Section 6.2)
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Potential Negative
Activities/Impacts

Recommended Mitigation Actions

Accidents and spillage during
transport and storage, leading to
human and environmental exposure

Training of drivers for long-distance transport of insecticide and short-
distance transport during the campaign period

Transport of centrally-stored insecticides according to UNFAQO’s Pesticide
Storage and Stock Control Manual

Construction or renovation of central, permanent storage facilities according
to UNFAO'’s Pesticide Storage and Stock Control Manual

Construction or renovation of temporary storage facilities using main
principles of UNFAQ'’s Pesticide Storage and Stock Control Manual as a
general guideline

Emergency equipment located in storage facilities

Storekeeper training for all insecticide storage facilities, both temporary and
permanent

Training of health workers in insecticide-poisoning treatment

Procurement and distribution of treatment medicines for insecticide
exposure

Development and implementation of environmental reporting system for
Human Health and Environmental Evaluation Report (see Section 6.2)

Flooding of storehouse, leading to
environmental contamination

Storage facility sites located on high ground, outside of floodplain

Insecticide Quality and Resistance

Decreased effectiveness of
insecticide, lessening impact on
malaria incidence

Selection of insecticide to minimize resistance and maximize residuality on
surfaces sprayed

Laboratory testing of insecticide to ensure quality control

Entomological monitoring of resistance

IEC campaign, citing importance of not plastering or painting walls after the
home has been sprayed

Data recording on agricultural insecticides for the purpose of knowing how
they may contribute to resistance

Proper insecticide storage by renovation of storage facilities

Training of spray operators in proper application for specific wall types (e.g.,
uniform spray speed, constant and accurate spray distance)
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Potential Negative
Activities/Impacts

Recommended Mitigation Actions

Procurement and use of sprayers manufactured according to WHO
specifications

Daily sprayer maintenance

Development and implementation of environmental reporting system for
Human Health and Environmental Evaluation Report (see Section 6.2)

Future Activities

Indirect support of malaria vector
control operations that have not
undergone environmental review
through procurement of sprayers and
storage facilities

Importance of an environmental assessment for any pesticides used in IRS
will be discussed with MOH and Ministry of Environment staff and online
resources for conducting assessments will be provided
(http://www.encapafrica.org/)

Adaptive Management (potentially
reducing pesticide use for malaria
vector control)

Development of a strong malaria surveillance system to target IRS
interventions, reducing pesticide use

Study resting behavior of the target species, so “treatment may be confined
to the ceiling or the lower or upper half of walls, or to include the undersides
of furniture, outside eaves and porches” (WHO, 2006;23)

Pursuit of an integrated strategy involving environmental management and
larviciding

Development of protocol/implementation of measures to mitigate mosquito
resistance to insecticides (pesticide rotation or mosaicing)

Submission of Human Health and Environmental Evaluation Report to
USAID Contractor, USAID Mission Environmental Officer (MEO), USAID
Regional Environmental Officer (REO)

IRS: Description of Some of the General Recommendations

Hygiene Regimen. WHO recommendations in Pesticides and their Application for the
Control of Pests of Public Health Importance should be followed in every malaria control
program utilizing pesticides. The box below details these recommendations.
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WHO Recommendations: Personal Hygiene

Scrupulous attention to personal hygiene is an essential component of the safe use of pesticides. For
professional spraying staff operating in the tropics, the safety precautions might depend largely on
personal hygiene, including washing and changing clothes. A drill for carrying out and supervising personal
hygiene, regular washing of protective clothes, and cleaning of equipment should be organized along the
following lines:

Spraying staff should be provided with at least two uniforms to allow for frequent changes.

Washing facilities with sufficient water and soap should be made available in the field at
appropriate locations.

All working clothes must be removed at the end of each day’s operations and a shower or bath
taken.

Working clothes must be washed regularly, the frequency depending on the toxicity of the
formulation used.

Particular attention should be given to washing gloves, as wearing contaminated gloves can be
more dangerous than not wearing gloves at all.

Spray operators must wash before eating.
Eating, drinking, and smoking during work must be strictly forbidden.

When work involves pesticides of relatively high toxicity, the hours of work must be arranged so
that exposure to the material is not excessive; transport should be arranged so that there is not a
long delay between the end of the day’s operations and return to base for washing.

For some of the older pesticides, washing with soap can increase dermal absorption from contaminated
skin. This underlines the importance of avoiding exposure.

Protocol for Pesticide-Poisoning Treatment. The pesticides supported by USAID for
IRS have been fully evaluated by the WHO Pesticide Evaluation Scheme (WHOPES) and
can safely be used for malaria control in safe and effective quantities by sprayer operators
who are adequately protected from the potential toxic effects. To assure minimum risk of
pesticide poisoning, any USAID-sponsored IRS program must assure appropriate safety
standards for handling, storing, and disposing of pesticides, as described in Table 21.
Safety supervisors, entomologists, and medical specialists should be aware of the:

The mode of action of the pesticide

The significance of diagnostic measures

Recognition of the signs and symptoms of toxic effects; and

The facilities required for treatment of cases of poisoning (WHO, 2006)

The program must assure that spray operators are trained to identify the signs and
symptoms of poisoning and to use emergency first aid techniques, including
resuscitation. “All workers should know the hazard of the work they are required to carry
out. They should understand the real risks involved and should not be led astray by
erroneous preconceptions” (WHO, 2006; 13). Because the treatment for poisoning is
specific to each pesticide, country-specific treatment and referral guidelines must be
developed based on the specific insecticides being used and the local capacity for
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poisoning treatment. To assure that appropriate treatment is available in the event of
poisoning, the program must assure that country-specific exposure treatment guidelines
are developed. Country-specific guidelines should include

e General principles in the management of acute pesticide poisoning
e First-aid procedures and training strategy for spray operators

e Identification of appropriate treatment facilities and assurance that treatment
drugs are available (where necessary, the program should provide training to local
medical staff to assure that the capability to provide appropriate treatment is
established, procure appropriate treatment drugs if not available, and prepare
treatment guidelines for the specific country setting and pesticides being used)

e Determination of referral process (transportation of exposure victim,
communication with facilities)

In addition, the program should assure financial support for any medical costs incurred in
managing or treating the toxic effects of exposure to pesticides used in the program.

When organophosphates are used, cholinesterase activity must be tested prior to the start
of spraying and once per week during the spray campaign for all personnel exposed to the
insecticide. Spray operators should cease their participation in the spray campaign if their
cholinesterase activity decreases to 50% or more of their baseline cholinesterase activity
(WHO, 2006).

The program country-level technical manager will be responsible for an evaluation of the
capacity of local facilities to treat poisoning by the pesticides being used, including
identification of a referral hospital if treatment for exposure cannot be adequately
provided for by local health clinics. The institution implementing the program should
assure that appropriate short-term technical assistance is provided by the program to
provide necessary training of local medical staff.

Guidelines for treatment of poisoning from IRS insecticide are located in Annex |. These
guidelines are adapted from the U.S. Environmental Protection Agency‘s (EPA)
Recognition and Management of Pesticide Poisoningsand WHO’s report, Malaria
Vector Control: Insecticides for Indoor Residual Spraying.

Training of Drivers. Prior to long-distance transport of the pesticide from the customs
warehouse/central storage facility to the target area, drivers should be informed about
general issues surrounding the pesticide and how to handle emergency situations (e.g.,
road accidents). Training for long-distance transport will include the following
information:

e For what use the pesticide is intended
e Toxicity of the pesticide

e Understanding security issues, implications of the pesticide getting into the public
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e Handling an accident or emergency (according to the United Nations Food and
Agriculture Organization’s (UNFAO) Pesticide Sorage and Sock Control
Manual)

e Combustibility and combustion byproducts of pesticide

Drivers hired specifically for the 2-month spray campaign period will receive

e Training provided to spray operators (with the exception of sprayer operation and
spray practice)

e Training on handling an accident or emergency (according to UNFAQ’s Pesticide
Sorage and Stock Control Manual)

e Training on handling vehicle contamination (see below)

If vehicles are expected to be used for purposes other than malaria vector control after the
program, it is important to ensure that pesticide contamination in the vehicle does not
have negative impacts when the vehicle is subsequently used for another purpose (e.g.,
food transport). Drivers should be responsible for taking care that any cloth vehicle seats
are covered to prevent contamination from transportation of spray operators. To prevent
pesticide runoff from vehicle washing, drivers should also be responsible for wiping the
vehicle bed with a damp cloth prior to washing the exterior of the vehicle. Finally, drivers
should be responsible for cleaning and decontaminating the interior of the vehicle and
exterior bed at the end of the spray campaign. Drivers should be provided with gloves to
wear for cleaning the vehicle. All cloths used in wiping down the interior and bed of the
vehicle should be washed with spray operator overalls.

Packaging Disposal Protocol. Noncontaminated pesticide packaging (e.g., boxes or
paper) can be disposed of locally—WHO recommends that this packaging be returned to
a supervisor for “safe” disposal, and UNFAO recommends disposal at a landfill or
“recycling” the packaging as fuel for a cement kiln or power plant (WHO, 2002;
Thompson, 2004). UNFAO’s “Draft Guidance Document on the Selection of Waste
Management Options for the Disposal of Obsolete Pesticides and Contaminated
Materials” says that, “The material, from which the containers and packaging are
constructed, is generally environmentally harmless in itself and is suitable for recycling
or disposal within the country. The degree of residual pesticide contamination within the
materials is the only issue that may prevent this from occurring” (Thompson, 2004:60).
Any packaging or personal protective equipment (PPE) that has been heavily
contaminated should be triple-rinsed, shredded or punctured, and taken to a hazardous
waste facility.

Progressive Rinse Method. With this method, several barrels are placed in a line. The
first barrel is empty, the second full of water, the third empty, and so on. Leftover
pesticide from the day’s operations is dumped in the first barrel, water from the second
barrel is used to rinse the sprayer, and then poured into the empty third barrel. Water
from the fourth barrel is used for a second rinsing of the sprayer, and is then poured into
the empty fifth barrel. This continues until the last rinse water is poured into the last
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barrel. The contaminated rinse water is then used to fill up the sprayers in the next day’s
spraying. This method virtually eliminates environmental contamination from sprayer
rinse-water.

Triple-Rinse Method. Add a measured amount of water or other specified dilutent so
that the container is one-fifth to one-fourth full. Rinse container thoroughly, pour into a
tank, and allow it to drain for 30 seconds. Repeat three times. The water rinsate can be
used to mix with or dilute more of the same pesticides or it can be sprayed on a wall.

Double-Padlocking. Storage facilities should have two separate locks on all exterior
doors, with the key to one lock given to one individual and the key to another lock given
to another individual.

IRS: Insecticide-Specific Considerations

Pyrethroids. For lambda-cyhalothrin, hydrolysis can be used to decontaminate
containers or packaging material by using a 1:1 mixture (by volume) of:

e cither 5 percent sodium hydroxide (caustic soda) solution or saturated (7—10
percent) sodium carbonate (washing soda) solution

and

e a water/oil soluble solvent, such as denatured alcohol, monoethylene glycol,
hexylene glycol, or 2-propanol.

Cover the contaminated surface with this hydrolyzing agent and leave it for seven days
(in a secure place to avoid pilferage). Before the resulting waste is disposed of, it must be
analyzed to ensure that the active ingredient has been degraded to a safe level (IPCS,
1990).

DDT. Environmental monitoring must always be conducted when USAID supports DDT
use in IRS operations; this is primarily because it is persistent in the environment,
bioaccumulates in animals and humans, can cause harm to wildlife, and has serious
implications for agricultural trade (see Section 9.1.2). Fortunately, the characteristics of
DDT that make it environmentally damaging also make it easy to monitor. Additionally,
because DDT use is widely banned in the agricultural sector, increases in levels of DDT
in the environment can more easily be attributed to its use in IRS (or improper use after
any pilferage of DDT intended for IRS).

The dose of DDT required for use in IRS is also quite large, making packaging of DDT
charges in water-soluble sachets infeasible. As a result, there are several operational
implications that should be considered in addition to the mitigation measures listed in
Table 21. First, DDT charges need to be emptied into a bucket and stirred to assure that
the insecticide dissolves into solution before being poured into the spray tank. These
buckets and stirrers must be used exclusively for the IRS program and not for any
domestic purposes. Second, funnels may be needed to prevent spillage of the DDT charge
when it is being poured into the tank. Third, because DDT sachets are insoluble, they
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need to be exported for disposal at an internationally recognized hazardous waste
incinerator or returned to the manufacturer.

Carbamates. Empty carbamate containers can be neutralized by adding alkaline
substances. The following procedure is recommended for 200-liter barrels; use
proportionally less material for smaller containers:

1. Add 20 liters of water, 250 milliliters of detergent, and 1 kilogram of flake lye or
sodium hydroxide.

2. Close the barrel and rotate to wet all surfaces.
Let stand for 15 minutes.

4. Drain completely and rinse twice with water. The rinsate should be drained into a
shallow pit in the ground located far away from wells, surface water, or inhabited
areas.

Containers cleaned by any of the above methods are still not safe to use for any other
purpose. Glass containers should be broken and plastic or metal containers punctured or
crushed. Containers can then be buried in an isolated area at least 50 cm below ground
surface.

Like the dose of DDT, the dose of propoxur required for use in IRS is 1-2 g/m?, making
packaging of propoxur charges in water-soluble sachets infeasible. As a result, there are
several operational implications that should be considered in addition to the mitigation
measures listed in Table 21. First, propoxur charges need to be emptied into a bucket and
stirred to assure that it dissolves into solution before being poured into the spray tank.
These buckets and stirrers must be used exclusively for the IRS program and not for any
domestic purposes. Second, funnels may be needed to prevent spillage of the propoxur
charge when it is being poured into the tank. Third, because propoxur sachets are
insoluble, they need to be exported for disposal at an internationally recognized
hazardous waste incinerator or returned to the manufacturer.

Organophosphates. When organophosphates are used, cholinesterase activity must be
tested prior to the start of spraying and once per week during the spray campaign for all
personnel exposed to the insecticide. Spray operators should cease their participation in
the spray campaign if their cholinesterase activity decreases to 50 percent or more of their
baseline cholinesterase activity (WHO, 2006).

Empty organophosphate containers should be triple-rinsed with water and scrubbed
inside thoroughly with a household detergent. “Drums that contained an organophosphate
should be given an additional rinse with washing soda at 50 grams per liter (5%) and the
solution should be allowed to remain in the container overnight” (WHO, 2006; 15).

The dose of fenitrothion, malathion, or pirimiphos-methyl required for use in IRS is also
quite large, making packaging of organophosphate charges in water-soluble sachets
infeasible. As a result, there are several operational implications that should be
considered in addition to the mitigation measures listed in Table 21. First, the charges
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need to be emptied into a bucket and stirred to assure that the pesticide dissolves into
solution before being poured into the spray tank. These buckets and stirrers must be used
exclusively for the IRS program and not for any domestic purposes. Second, funnels may
be needed to prevent spillage of the charge when it is being poured into the tank. Third,
because the sachets are insoluble, they need to be exported for disposal at an
internationally recognized hazardous waste incinerator or returned to the manufacturer.

With regard to storage, EPA recommends that malathion be stored at a temperature of
21°C or lower to prevent degradation of the product to its more toxic product,
isomalathion. The need for such storage conditions must be considered when planning an
IRS campaign using malathion.

IRS: DDT as a Special Case

WHO has approved twelve insecticides for use in IRS for malaria control. DDT is unique
among these insecticides, as it is a persistent organic pollutant (POP); as stated by the
Stockholm Convention, POPs such as DDT “possess toxic properties, resist degradation,
bioaccumulate and are transported, through air, water, and migratory species, across
international boundaries and deposited far from their place of release, where they
accumulate in terrestrial and aquatic ecosystems.”

The Stockholm Convention places the following requirements on Parties to the
Convention as stated in Annex B Part II:"°

1. Notify Stockholm Secretariat and WHO of production and/or use of DDT
2. Restrict production and/or use to disease vector control

Produce and/or use DDT in accordance with WHO recommendations and
guidelines

4. Use DDT only when locally safe, effective, and affordable alternatives are not
available—*“Factors to be promoted when considering alternatives or
combinations of alternatives shall include the human health risks and
environmental implications of such alternatives. Viable alternatives to DDT shall
pose less risk to human health and the environment, be suitable for disease control
based on conditions in the [countries] in question and be supported with
monitoring data.”

5. Report on production and/or use of DDT every three years (reporting
requirements found at www.pops.int every 3 years.

In addition, Article 7 of the Stockholm Convention requires that Parties must “develop
and endeavor to implement a plan for the implementation of [their] obligations under this
Convention.” These plans are called national implementation plans (NIPs).

1 Requirements and recommendations from the Stockholm Convention have been paraphrased for easy reading. Please see the complete text of
the Convention at www.pops.int for the precise wording of the text.
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The Stockholm Convention also lays out the following recommendations, “with the goal
of reducing and ultimately eliminating the use of DDT”:

1. Each Party using DDT should develop and implement an action plan as part of its
NIP. That action plan should include:

a. Development of regulatory and other mechanisms to ensure that DDT use
is restricted to disease vector control

b. Implementation of suitable alternative products, methods, and strategies,
including resistance management strategies to ensure the continuing
effectiveness of these alternatives

c. Measures to strengthen health care and to reduce the incidence of the
disease.

2. All Parties to the Stockholm Convention, within their capabilities, should promote
research and development of safe alternative chemical and nonchemical products,
methods, and strategies [for vector control].

As a signatory to the Stockholm Convention, the U.S. Government is committed to
ensuring that its support of DDT in developing countries is consistent with Stockholm
Convention requirements and recommendations, as well as NIPs prepared by the host
countries. Thus, USAID will support the following planning, program, and environmental
compliance activities where it supports DDT use in disease vector control:

1. USAID will baseits support of insecticides used in disease vector control on a
rational selection process considering the insecticide’s effectiveness in reducing
or repelling the vector; risk to human health, the environment, and the agricultural
and trade sectors; acceptability in the host country; cost; the need for resistance
management; and other considerations.

2. USAID will only provide support of DDT to Parties that have notified the
Stockholm Secretariat and the WHO of their production and/or use of DDT and
that restrict DDT use to disease vector control.

3. All USAID support of DDT use will follow WHO recommendations and
guidelines.

4. USAID will assist host-country governments in re-examining the need for DDT
based upon the best available information and in identifying the best choice for
IRS chemicals, considering safety, effectiveness, and affordability in accordance
with Annex B, Part II of the Stockholm Convention. The selection of alternatives
or combination of alternatives for malaria control will take into consideration
human health risks and environmental implications; viable alternatives to DDT
should pose less risk to human health and the environment, be suitable for disease
control based on Stockholm Convention Party—specific conditions, and be
supported with monitoring data.

5. USAID will regularly review and revise SEAs pertaining to DDT every 1 to 3
years, as appropriate, to ensure that USAID support remains consistent with
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stipulations in Annex B, Part II of the Stockholm Convention, the host-country
NIP, and Stockholm Convention Party reporting requirements for DDT use.

6. When local capacity isinsufficient, USAID will assist host-country governments
in conducting activities to fulfill Sockholm Convention reporting requirements.
To receive USAID support for use of DDT in IRS, the host country must
demonstrate concerted effort in developing and following a NIP as well as
reporting to the Stockholm Secretariat.

7. USAID will support the monitoring of DDT in the environments whereit is
sprayed. According to CFR Title 22 Section 216, “to the extent feasible and
relevant, projects and programs for which Environmental Impact Statements or
Environmental Assessments have been prepared should be designed to include
measurement of any changes in environmental quality, positive or negative,
during their implementation.”

8. When local capacity isinsufficient, USAID will facilitate appropriate disposal of
DDT-contaminated waste resulting from IRS operations in accordance with the
Basel Convention and other relevant regional and international treaties.

Larvicidal Agent Recommendations

Table 22 lists recommendations for larviciding. It is important to note that larviciding can
decrease the need for other pesticide-based interventions, which decreases the potential
for harm to human health and the environment from pesticide use. Additionally, “persons
applying larvicides are generally much less exposed than staff engaged in indoor house
treatment, and exposure is confined mainly to the hands and arms” (WHO, 2006; 17).
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Table 22. Larviciding Recommendations

Potential Negative Activities/Impacts

Recommended Mitigation Actions

Daily Operations

Occupational exposure to larvicide from
daily operations

Training of spray applicators and supervisors according to best
practices.

Procurement and proper use of personal protective equipment (PPE)
by applicators (cotton overalls, face mask, rubber gloves)

Training of health workers in pesticide-poisoning treatment

Procurement and distribution of treatment medicines for pesticide
exposure

Reprimand of applicators who do not follow proper procedure in all
aspects of operations (handling, application, hygiene, cleanup)

Procurement and distribution of barrels for progressive rinse and
wash-tubs for overall washing and personal hygiene

Progressive rinse of sprayers and PPE

Development and implementation of a human health monitoring plan
(to determine pesticide impacts on applicators and residents)

Fetal exposure to larvicide from daily
operations (female applicators)

Development and implementation of environmental reporting system
for Human Health and Environmental Evaluation Report (see Section
6.2)

Women prohibited from conducting organophosphate application while
pregnant or breastfeeding

Community and environmental exposure to
larvicide from daily operations

Care should be taken in deciding when to spray, avoiding larviciding
before major storm events

Care should be taken in deciding where to spray, avoiding bodies of
water used as drinking water sources for humans or livestock

Development and implementation of environmental reporting system
for Human Health and Environmental Evaluation Report (see Section
6.2)
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Potential Negative Activities/Impacts

Recommended Mitigation Actions

Reprimand of applicators who do not follow proper procedure in all
aspects of operations (handling, application, hygiene, cleanup)

Training of applicators and supervisors according to best practices

Procurement and distribution of barrels for progressive rinse and
wash-tubs for overall washing and personal hygiene

Progressive rinsing of sprayers and PPE

Storage of all insecticides, empty packaging, barrels, and tubs in
storage facilities, reducing use of contaminated goods domestically

Inscription of ALL program barrels and tubs as District Health Office
property, and labeling with poison stickers, to deter sale and domestic
use in event of pilferage

Daily triple-rinsing of contaminated packaging

Shredding or puncturing of packaging materials, making them
unusable (unless barrels used for progressive rinse)

Transport of rinsed packaging materials to landfill or, if appropriate for
incineration, power plant or cement kiln

Development and implementation of environmental and/or livestock
monitoring plan

Development and implementation of a human health monitoring plan
(to determine pesticide impacts on spray operators and residents)

Development and implementation of environmental reporting system
for Human Health and Environmental Evaluation Report (see Section
6.2)

Special Circumstances

Pilferage of larvicide, consequential human
and environmental exposure

Construction or renovation of central, permanent storage facilities
according to the United Nations Food and Agriculture Organization’s
(UNFAQ's) Pesticide Storage and Stock Control Manual

Construction or renovation of temporary storage facilities using main
principles of UNFAQ'’s Pesticide Storage and Stock Control Manual as
a general guideline
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Potential Negative Activities/Impacts

Recommended Mitigation Actions

Double-padlocking of all storage facilities

Supervision of applicators

Development and implementation of environmental monitoring plan

Development and implementation of environmental reporting system
for Human Health and Environmental Evaluation Report (see Section
6.2)

Storehouse fire, inhalation of toxic fumes
from larvicide fire

Construction or renovation of central, permanent storage facilities
according to UNFAO'’s Pesticide Storage and Stock Control Manual

Construction or renovation of temporary storage facilities using main
principles of UNFAQ'’s Pesticide Storage and Stock Control Manual as
a general guideline

Procurement and distribution of emergency equipment to larvicide
storage facilities

Training of storekeepers

Development and implementation of environmental reporting system

Accidents and spillage during transport and
storage, leading to human and
environmental exposure

Training of drivers for long-distance transport of larvicide and short-
distance transport during the campaign period

Transport of larvicides according to UNFAOQO'’s Pesticide Storage and
Stock Control Manual

Construction or renovation of central, permanent storage facilities
according to UNFAOQO'’s Pesticide Storage and Stock Control Manual

Construction or renovation of temporary storage facilities using main
principles of UNFAQ'’s Pesticide Storage and Stock Control Manual as
a general guideline

Procurement and distribution of emergency equipment to larvicide
storage facilities

Storekeeper training

Training of health workers in pesticide-poisoning treatment

Procurement and distribution of treatment medicines for pesticide
exposure

Development and implementation of environmental reporting system
for Human Health and Environmental Evaluation Report (see Section
6.2)
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Potential Negative Activities/Impacts

Recommended Mitigation Actions

Flooding of storehouse, leading to
environmental contamination

Storage facility sites located on high ground, outside of floodplain

Insecticide Quality and Resistance

Decreased effectiveness of larvicide,
lessening impact on malaria incidence

Prohibition of applying larvicidal agents where vector larvae are not
present

Whenever possible, use of “source reduction” (emptying, covering, or
filling in breeding sites) instead of application of the larvicidal agent

Selection of larvicidal agent to minimize vector resistance

Laboratory testing of larvicidal agent to ensure quality control

Entomological monitoring of resistance

Data recording on agricultural pesticides for the purpose of knowing
how they may contribute to resistance

Construction or renovation of storage facilities according to UNFAO’s
Pesticide Storage and Stock Control Manual

Procurement and use of sprayers manufactured according to World
Health Organization (WHO) specifications

Daily sprayer maintenance

Development and implementation of environmental reporting system
for Human Health and Environmental Evaluation Report (see Section
6.2)

Future Activities

Indirect support of malaria vector control
operations that have not undergone
environmental review through procurement
of sprayers and storage facilities

Importance of an environmental assessment for any pesticides used in
malaria vector control will be discussed with Ministry of Health (MOH)
and Ministry of Environment staff and online resources for conducting
assessments will be provided (http://www.encapafrica.org/)
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Potential Negative Activities/Impacts Recommended Mitigation Actions

Adaptive management (potentially reducing  Development of a strong malaria surveillance system to target
larvicide use for malaria vector control) interventions, reducing pesticide use

Pursuit of an integrated malaria vector control strategy

Development of protocol/implementation of measures to mitigate
mosquito resistance to larvicidal agents through rotation or mosaicing

Submission of Human Health and Environmental Evaluation Report to
USAID Contractor, USAID Mission Environmental Officer, USAID
Regional Environmental Officer

Environmental Management Recommendations

The site location for an environmental management intervention should be chosen based
on larval surveillance—if no vector larvae are present, no intervention should be
conducted. When vector larvae are present in an area, the intervention chosen should be
based on scientific information about the site, such as soil type and density, slope, species
composition, endangered species habitat, and water flow and quality. Additionally,
stakeholder and environmental water needs should be assessed and factored into
decisions on specific interventions and intervention design.

Adverse environmental and human health impacts in environmental management are
heterogeneous, varying according to the intervention chosen. Because the negative
environmental impacts of environmental management are location specific, only general
impacts and mitigation suggestions are described in this PEA. Table 23 breaks down the
potential negative impacts by specific environmental management intervention and
provides suggestions for mitigation.

It is important to note that the use of environmental management can decrease the need
for pesticide-based interventions, which decreases the potential for harm to human health
and the environment from pesticide use.
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Table 23.

Environmental Management Recommendations

Environmental Management
Interventions

Potential Negative Impacts

Mitigation Measures

Environmental Modification

Filling of breeding sites

Increased or decreased habitat
and forage for animal species

Prohibit intervention in sensitive habitats, forest
reserves, national parks, wildlife reserves, and
endangered species habitats

Lining of water sources and canals

Increased flooding

Assess the impact of increased water flow on
other water resources

Impoundment construction

Altered upstream and downstream
water availability

Conduct impoundment planning at the water
basin level

Increased or decreased habitat
and forage for animal species

Determine water needs (maximum use level) for
stakeholders and the environment; assess
impacts on water sources prior to intervention,
work with stakeholders for appropriate solutions

Increased or decreased plant and
animal biodiversity

Prohibit intervention in sensitive habitats, forest
reserves, national parks, wildlife reserves, and
endangered species habitats

Altered ecosystem composition

Design landscape that resembles the natural
ecosystem to help conserve water and soil and
provide habitat for wildlife

Integrate buffer strips into intervention design to
decrease adverse effects of water runoff and soil
erosion

Biological drainage

Reduced water availability

Use environmental information in activity design

Reduced or enhanced water
quality

Determine water needs (maximum use level) for
stakeholders and the environment; assess
impacts on water sources prior to intervention,
work with stakeholders for appropriate solutions

Increased or decreased habitat
and forage for animal species

Prohibit intervention in sensitive habitats, forest
reserves, national parks, wildlife reserves, and
endangered species habitats

Increased or decreased plant and
animal biodiversity

Design landscape that resembles the natural
ecosystem to help conserve water and soil and
provide habitat for wildlife

Altered ecosystem composition

Use native species when introducing vegetation
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Environmental Management
Interventions

Potential Negative Impacts

Mitigation Measures

Physical drainage

Reduced water availability

Use environmental information in activity design

Reduced water quality

Determine water needs (maximum use level) for
stakeholders and the environment; assess
impacts on water sources prior to intervention,
work with stakeholders for appropriate solutions

Increased flooding

Prohibit intervention in sensitive habitats, forest
reserves, national parks, wildlife reserves, and
endangered species habitats

Siltation and sedimentation of
water bodies, including dams and
retention ponds

Design landscape that resembles the natural
ecosystem to help conserve water and soil and
provide habitat for wildlife

Change in conditions for transport
and hydropower production

Integrate buffer strips into intervention design to
decrease adverse effects of water runoff and soil
erosion

Decreased agricultural productivity
of soil

Select alternative site

Increased or decreased habitat
and forage for animal species

Increased or decreased plant and
animal biodiversity

Altered ecosystem composition

Environmental Manipulation

Deepening/narrowing of existing
drains

No significant impacts

Not applicable

Synchronized cropping/intermittent
irrigation

No significant impacts

Not applicable

Saltwater flooding

Reduced water availability

Determine water needs (maximum use level) for
stakeholders and the environment; assess
impacts on water sources prior to intervention,
work with stakeholders for appropriate solutions

Decreased habitat for freshwater
aquatic and terrestrial species

Prohibit interventions in sensitive habitats, forest
reserves, national parks, wildlife reserves, and
endangered species habitats
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Environmental Management
Interventions

Potential Negative Impacts

Mitigation Measures

Design landscape that resembles the natural
ecosystem to help conserve water and soil and
provide habitat for wildlife

Introduction of larvivorous fish

Altered ecosystem composition on
a small or large scale (invasive
species problems)

Use indigenous larvivorous fish whenever
possible

Increased or decreased
biodiversity

Prohibit intervention in sensitive habitats, forest
reserves, national parks, wildlife reserves, and
endangered species habitats

Establish a license program for the use of
larvivorous fish

Manipulation of vegetation

Reduced water availability

Determine water needs (maximum use level) for
stakeholders and the environment; assess
impacts on water sources prior to intervention,
work with stakeholders for appropriate solutions

Reduced water quality

Prohibit intervention in sensitive habitats, forest
reserves, national parks, wildlife reserves, and
endangered species habitats

Increased flooding

Use native species when introducing vegetation

Siltation and sedimentation of
water bodies, including dams and
retention ponds

Design landscape that resembles the natural
ecosystem to help conserve water and soil and
provide habitat for wildlife

Change in conditions for transport
and hydropower production

Integrate buffer strips into intervention design to
decrease adverse effects of water runoff and soil
erosion

Decreased agricultural productivity
of soil

Select alternative site

Increased or decreased habitat
and forage for animal species

Increased or decreased plant and
animal biodiversity

Altered ecosystem composition

6.2

Evaluation and Adaptive Management

Evaluation is a program management tool that links monitoring data to mitigation
actions. Evaluation should be used to change or improve mitigation actions taken during
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an intervention, identify opportunities for improvement, and inform future decisions on
interventions and their management.

A comprehensive Human Health and Environmental Evaluation Report for IRS should
include the following:

Post-spray Campaign Survey, assessing Knowledge, Attitude, and Practices
(KAP) of community regarding IRS responsibilities

Post-training evaluation of spray operators and supervisors, and storekeepers and
medical practitioners when applicable

Post-training evaluation of instructors
Stock management records (e.g., insecticide sachet accounts)

Mitigation monitoring reports (monitoring based on mitigation monitoring
worksheet)

Environmental impact monitoring reports
Entomological monitoring reports

Malaria case monitoring reports

A comprehensive Human Health and Environmental Evaluation report for larviciding
should include the following:

Post-training evaluation of applicators
Post-training evaluation of instructors
Stock management records

Mitigation monitoring reports
Environmental impact monitoring reports
Entomological monitoring reports

Malaria case monitoring reports

A comprehensive Human Health and Environmental Evaluation report for environmental
management should include the following:

Post-training evaluation of spray operators and supervisors, and storekeepers and
medical practitioners when applicable

Post-training evaluation of instructors

Mitigation monitoring reports (monitoring based on mitigation monitoring
worksheet)

Environmental impact monitoring reports
Entomological monitoring reports

Malaria case monitoring reports
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Regulatory, Legal, and Institutional Settings

7.1 The National Setting

The overarching regulatory framework for conducting environmental assessments for
U.S. Agency for International Development- (USAID) funded projects is U.S. Code of
Federal Regulations (CFR) 22 CFR 216 (see Annex B); however, host-country
environmental policies, laws, and regulations must also be consulted and considered in
preparing Supplemental Environmental Assessments (SEAs) and Pesticide Evaluation
Report and Safer Use Action Plans (PERSUAPs). Support for interventions must abide
by host-country environmental regulations, as well as USAID regulations.

Long-term sustainability of any economic or social development project requires that the
development interventions be well conceived and that a regulatory framework with
enforcement capacity exists.

Public participation in the host country is paramount for successful, sustainable,
programs. Host-country government ministries involved in malaria control, pesticide use,
or other relevant issues, as well as civil society, should participate in the SEA processes
from the onset. Not only do these entities possess the information needed to complete the
assessment, but involving them also helps guide the selection of alternative approaches
and ensures greater local ownership of the program from the start. Table 24 lists key host-
country institutions that should be consulted.

Table 24. Host-Country Institutions with Malaria Control Mandates or Related

Functions
Institution Information and Data
Ministry of Health (MOH) Documents pertaining to malaria control policies, history of control in the
country

Insecticides registered for use against mosquitoes, pesticide use policies,
all donor programs active in the country

Maps of vectors and malaria distribution, information about insecticide
resistance, pesticide testing procedures, inventories of pesticides and
equipment available

Organization and malaria control responsibilities in the ministry

Measures for treating pesticide poisoning

Ministry of Environment Potential institution for environmental monitoring

(MOE)

Documents and maps pertaining to the presence of sensitive habitats, such
as world heritage sites, national parks and forests, lists of endangered
species and their locations, game parks, bodies of water, and other
environmental resources
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Institution Information and Data

Ministry of Agriculture (MOA) Pesticide registration

Listing of agricultural development programs currently using pesticides,
and information on classes of pesticides used in various agricultural
activities and locations, ways to prevent public health pesticides from being
used for agriculture

Potential agricultural export impacts isolated to use of various pesticides

Ministry of Public Works May be knowledgeable about sanitation laws, regulations, guidelines, and
(MPW) implementation

May also work with the MOH in administering routine campaigns to clean
up potential malaria mosquito breeding containers or locations

Regional and local Likely to be responsible for implementing some antimalaria campaign
governments activities; information will need to be collected on how and when this is
done

Measures of program impact

Universities Potential institutions for environmental monitoring

Research studies and data pertaining to malaria control programs, toxicity
assays, experimental approaches

Environmental Potential institutions for environmental monitoring
nongovernmental
organizations (NGOs) Information and maps pertaining to the presence of sensitive habitats, such

as world heritage sites, national parks and forests, lists of endangered
species and their locations, game parks, bodies of water, and other
environmental resources

Affected citizens Recommendations and concerns to be taken into account in deciding
upon, planning, and implementing an intervention

7.2  The International Setting

7.2.1 International Treaties

International transport and use of pesticides are governed by three major international
treaties:

e The Basel Convention on the Control of Transboundary Movements of
Hazardous Wastes and their Disposal

e The Rotterdam Convention on the Prior Informed Consent Procedure for
Certain Hazardous Chemicals and Pesticides in International Trade

e The Stockholm Convention on Persistent Organic Pollutants (POPs)
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The Basel Convention addresses the transboundary movement, management, and
disposal of hazardous wastes, including waste pesticides. Transboundary movements of
hazardous waste between Parties can take place only on prior written notification by the
exporting state to importing (or transit) states, and the inclusion of movement documents
with each shipment. In addition, Parties may not permit hazardous wastes to be exported
to or imported from a non-Party except pursuant to an agreement or arrangement that
stipulates provisions no less environmentally sound than those provided for by the Basel
Convention. Finally, trade in hazardous waste cannot take place under conditions in
which such wastes cannot be handled in an environmentally sound manner. Parties are
obligated to consider illegal traffic in hazardous wastes as criminal and to notify other
Party states upon prohibition of import of hazardous wastes for disposal. Export of waste
pesticides may require specific compliance activities by the host-country government.

The Rotterdam Convention addresses the transboundary movement of 22 chemicals,
including one chemical used for malaria vector control, dichloro-diphenyl-trichloroethane
(DDT). Parties to the Convention must make decisions on each chemical regarding its
import, abide by export limitations delineated in the treaty, and notify Parties receiving
exported waste according to treaty conditions. Host-country governments are responsible
for complying with any import or export treaty conditions applicable to their status as a
Party or non-Party. Import or export of the 22 chemicals covered by the Rotterdam
Convention, including DDT, may require specific compliance activities by the host-
country government.

The Stockholm Convention addresses the production, import, and export of 12 POPs,
including DDT. Currently, Parties to the Convention must take measures to eliminate
releases of each chemical, with the exception of certain uses listed in the Convention (for
example, the exception of DDT use for “disease vector control”). Parties to the
Convention must also abide by the Convention’s stockpile handling, transport, and
disposal requirements intended to eliminate persistent byproducts; thus, management and
export of obsolete pesticides may require specific compliance activities by the host-
country government.

7.2.2 [International Institutions

Several international and regional organizations fund and implement antimalaria
initiatives. Coordination and collaboration is essential so as not to duplicate efforts and
resources. When writing SEAs, the activities of each of these groups in the country of
interest should be researched and catalogued, and recommendations for coordination
should be included in the report. Table 25 provides an illustrative list of the organizations
and programs that may be funding or implementing malaria control or pesticide
management activities in specific countries.
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Table 25. lllustrative List of Organizations and Programs

Institution

Program

WHO RBM Program

Roll Back Malaria (RBM) is a global partnership founded in 1998 by the World Health
Organization (WHO), the United Nations Development Program (UNDP), the United
Nations Children’s Fund (UNICEF), and the World Bank with the goal of halving the world’s
malaria burden by 2010. The RBM program has six strategic elements, which build on the
WHO global malaria control strategy: (1) effective management of malaria, including
malaria outbreaks; (2) rapid diagnosis and treatment of those who are ill; (3) multiple and
cost-effective means of preventing infection; (4) focused research to develop, test, and
introduce new products; (5) a well-coordinated movement through stronger capacity in the
health-sector and community-level effort; and 6) a dynamic global partnership supported
by a coalition of partners working within a common approach.

UNEP GEF projects

The United Nations Environment Program Global Environment Facility (UNEP GEF) helps
developing countries fund projects and programs that protect the global environment. The
GEF’s grants support projects related to biodiversity, climate change, international waters,
land degradation, the ozone layer, and persistent organic pollutants (POPs)—a new focal
area for GEF, as they are a threat to biodiversity and even have the potential to cause
disruption at the ecosystem level.

WHOPES

The WHO Pesticide Evaluation Scheme (WHOPES), set up in 1960, is the only
international program that promotes and coordinates the testing and evaluation of new
pesticides proposed for public health use. It functions through the participation of
representatives of governments, the pesticide industry, WHO Collaborating Centers and
university associations, associate laboratories, as well as other WHO Programs,
particularly the International Program on Chemical Safety (IPCS). WHOPES facilitates the
search for alternative pesticides and application methodologies that are safe and cost-
effective and helps develop and promote policies, strategies, and guidelines for the use of
pesticides in public health, and ultimately, helps monitor their implementation by the
Member States.

Global Fund for AIDS,
Malaria, and
Tuberculosis

The Global Fund for AIDS, Malaria and Tuberculosis, created in 2001, funds initiatives to
fight AIDS, tuberculosis and malaria. Together, these diseases kill more than 6 million
people each year, and the numbers are growing. As a partnership between governments,
civil society, the private sector, and affected communities, the Global Fund represents an
innovative approach to international health financing. The Global Fund attracts resources
(%4.7 billion to date) and manages and disburses those resources to fight AIDS,
tuberculosis, and malaria, but does not implement programs directly. As a financing
mechanism, the Global Fund works closely with other multilateral and bilateral
organizations involved in health and development issues to ensure that newly funded
programs are coordinated with existing ones. The Global Fund uses its own grants to
catalyze additional investments by donors as well as by recipients themselves. In its first
two rounds of grant-making, it has committed US $1.5 billion in funding to support 154
programs in 93 countries worldwide.

The Food and
Agriculture
Organization of the
United Nations
(UNFAO)

Pesticide Management is an activity carried out within the overall framework of the Plant
Protection Service of UNFAO. It is designed to work together with member countries as a
partner to introduce sustainable and environmentally sound agricultural practices that
reduce health and environmental risks associated with the use of pesticides. The
environmental and health impact of pesticides is being reduced through the
implementation of several concrete programs on pesticide management, including residue
analysis, product standards setting and methods to analyze them, prevention of
accumulation of obsolete stocks of pesticides and means to dispose them, and exchange
of information on national actions taken to control pesticides.
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Training and Institutional Capacity Building

8.1  Why Training and Capacity Building?

Training and capacity building are essential components of efforts to assist the host
country in developing a sustainable malaria vector control program that ensures the
protection of human health and the environment. Different types of training and capacity
building are necessary, ranging from in-field training of those who apply pesticides, to
local-level management capacity, to ministry decision making.

8.2 Training of Contractors (1 day)

U.S. Agency for International Development (USAID) Mission Environmental Officers
(MEOs) and Mission Health Officers (MHOs) should provide short training to contractor
program managers and other partners involved in USAID-supported malaria vector
control interventions. This training should inform program managers of the importance
and methods of integrating human health and environmental concerns into malaria vector
control. It should also inform program managers of USAID’s expectations for
implementation of best practices for human health and the environment as detailed in the
Supplemental Environmental Assessment (SEA). Finally, the training should express
USAID’s expectations that measures to protect human health and the environment be
factored into program evaluation. Additional topics for discussion may include

e Factors to consider in intervention selection
e Factors to consider in pesticide selection
e Potential impacts of pesticides

e Best practices and mitigation measures (throughout the life cycle of the
intervention or pesticide)

e Adaptive management

8.3 Guidance for Senior Officials (1-2 days)

Ministry of Health (MOH) staff have various specialties within malaria control. It is not
always guaranteed that central government staff have knowledge and training on all
aspects of malaria vector control, or that decision making for malaria vector control takes
into account all appropriate facets.

As a way of supporting sound decision making on malaria vector control across the
globe, and as part of country-specific intervention support, USAID should support
training for MOH malaria control program managers and other relevant staff to orient
them to the elements of well-run integrated vector management (IVM) programs,
environmental design, monitoring, and mitigation, including the following:
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e Factors to consider in intervention selection
e Factors to consider in pesticide selection
e Potential impacts of pesticides

e Best practices and mitigation measures (throughout the life cycle of the
intervention or pesticide)

e Appropriate timing and logistics

e Adaptive management

Additionally, contractor specialists should be paired with counterparts from the MOH
malaria control program to provide any on-the-job guidance necessary.

8.4 Mid-Level Management (continuous, time-intensive training as
necessary)

Although health systems in the developing world have decentralized and placed
responsibility for malaria program implementation on local and regional managers, the
management skills necessary for these local and regional managers to perform effectively
have not filtered down from central ministry. The result is a lack of capacity to manage
malaria vector control programs at the local and regional level.

During the period of USAID support, contractor specialists should be paired with local
and/or regional counterparts to provide on-the-job guidance, training, and practice.
Contractor specialists, as necessary, should train mid-level management in

e Logistics
e Data management
e Best practices and mitigation measures

e Monitoring and evaluation (of all types mentioned in this Programmatic
Environmental Assessment [PEA])

e Surveillance systems

e Adaptive management

Additionally, USAID should facilitate knowledge sharing between ministry staff and
local or regional managers. Finally, USAID should promote formal training of mid-level
managers as the need for such training arises.

8.5 Training of Implementers (1-3 weeks)

Every malaria vector control intervention requires staff that implement interventions in
the field: spray operators, larvicide applicators, insecticide-treated net (ITN)
impregnators, environmental management or sanitation workers, and intervention
supervisors. Each “agent of implementation” should be trained according to the highest
standards available—World Health Organization (WHO) guidelines, PEA guidelines,
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United Nations Food and Agriculture Organization (UNFAQ) guidelines, equipment
manufacturer guidelines, pesticide industry guidelines, ministry guidelines, etc. Because
some interventions are seasonal, refresher training prior to each intervention may be
necessary.

Others may need training as well. When pesticides are used, storekeepers, medical
practitioners, individuals transporting pesticides, and communities need to be educated on
their roles and responsibilities in preventing unwanted exposure to pesticides (or
treatment of pesticide exposure, in the case of medical practitioners). Essential
components of this training are provided in Section 6 of this PEA, Mitigation,
Monitoring, and Evaluation.

8.6 Capacity Building outside the Malaria Sector

Malaria vector control activities interact with other sectors, most importantly agriculture
and environment. To the extent that a host-country institution wants to become involved
in environmental monitoring of malaria vector control interventions, promote responsible
pesticide use, prevent pesticide pilferage, etc., USAID-supported interventions should
include measures to build the capacity of those institutions and facilitate collaboration
between those institutions and the malaria control program.
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Cross-Cutting Issues

9.1 Malaria Control and the Agricultural Sector

9.1.1 Diversion of Malaria Pesticides for Other Uses

A major problem faced by public health programs around the world is the diversion of
public health pesticides to the private sector, primarily the agricultural sector but also
private pest control enterprises. For multiple reasons, U.S. Agency for International
Development (USAID) support for malaria vector control using pesticides must ensure
that public health pesticides are not diverted from their intended use in malaria vector
control. First, public health pesticides may not be registered by the host country for
alternative uses, or may be explicitly banned for any use beyond disease vector control
(as is usually the case with dichloro-diphenyl tricholorethane [DDT]); thus, the use of the
pesticide outside the program may be illegal. Second, individuals using diverted
pesticides are probably untrained in appropriate application and unaware of mitigation
precautions that should be taken to avoid exposure to the individual and the community.
Such use may endanger the health of the individual, the health of others in the
community, and the environment. Third, such use may affect the agricultural export
market for certain goods (see Impacts on Agricultural Export Markets, below). Fourth,
the use of diverted pesticides may potentially increase resistance of pests or disease
vectors (see Mosquito Resistance, below). Fifth, diversion of pesticides from their
intended purpose increases the costs of the malaria vector control program.

9.1.2 Impacts on Agricultural Export Markets

Nations, trading groups of countries, and international institutions often define thresholds
for pesticide residues present on agricultural commodities beyond which those
commodities cannot be sold on the market. These thresholds are called Maximum
Residue Limits (MRLs). Use of public health pesticides in the agricultural sector may
increase the risk that agricultural exports exceed importing-country MRLs, reducing
economic gains from agricultural exports in the host country. This is of particular concern
for DDT, which persists in the environment and accumulates in animal fat. International
(CODEX) MRLs are provided in Annex J. European Union MRLs can be found at
http://europa.eu.int/comm/food/plant/protection/pesticides. The U.S. Department of
Agriculture Foreign Agricultural Service (USDA/FAS) hosts an online database
containing MRLs for additional countries at http://www.mrldatabase.com/."’

"1t should be noted that, according to the Health and Consumer Protection Directorate-General of the European Commission’s Guidance
Document: Key questions related to import requirements and the new rules on food hygiene and official food controls, the importer is
responsible for testing agricultural commodities to assure MRLs are not exceeded (2006).

Integrated Vector Management Programs for Malaria Control 155



The impact of public health pesticide use in communities that produce organic
agricultural crops is of even greater concern than for those communities producing
conventional agricultural crops. In northwestern Tanzania, for example, some farmers
produce organic vanilla, which is stored inside the home and would likely be
contaminated as a result of IRS operations using any insecticide (not just DDT). This
contamination could adversely affect the value of the crop, reducing salability on the
market and household income. In these instances, if a locally acceptable solution (e.g.,
storage at a co-op) cannot be identified, the program should consider supporting the use
of ITNs or LLINSs instead of IRS to preserve the local economy.

The potential adverse economic impacts of diversion of public health pesticides to the
private sector must be addressed through monitoring and mitigation activities in the
program. These impacts can also be combated by reducing agricultural demand for public
health pesticides. This may be achieved through coordination with the Ministry of
Agriculture (MOA), commercial producers, export associations, pesticide manufacturers,
and nongovernmental organizations (NGOs) to educate agricultural producers.

9.1.3 Mosquifo Resistance

Mosquitoes develop resistance to pesticides by evolving enzyme systems that break down
or detoxify pesticides. Currently, three enzyme systems are known to confer resistance.
Larvae and adult mosquitoes have developed different systems for resistance, so larval
and adult resistance must be analyzed and addressed separately. Furthermore, if different
classes of pesticides affect the same enzyme system, as is the case with chlorinated
hydrocarbons (such as DDT) and synthetic pyrethroids, there is a high probability that
resistance to pyrethroids will develop where there is or was known resistance to DDT.
This is called cross-resistance.

Vector resistance is a major threat to effective prevention of malaria. The number of
available and effective pesticides for malaria vector control is decreasing. Currently, only
the pyrethroid class of insecticides is appropriate for insecticide-treated net (ITN)
impregnation and long-lasting insecticidal nets (LLINs). Only four classes of insecticides
are recommended by the World Health Organization (WHO) for indoor residual spraying
(IRS): organochlorines, pyrethroids, carbamates, and organophosphates. It is vital to
manage pesticide programs using methods that reduce the probability of resistance,
including temporal rotation of pesticide classes or developing a spatial mosaic to
juxtapose use of different pesticide classes for malaria vector control. For larval control,
there is only one currently recommended organophosphate, temephos, which could be
used in a rotation or spatial mosaic with other larvicidal agents.

In areas where large quantities of pesticides are used for agricultural crops, especially
monocultures such as cotton, rice, and soybeans, resistance of mosquitoes may develop
much faster than in areas that do not use large quantities of agricultural pesticides.
Resistance testing should be conducted in areas targeted for malaria vector control to help
develop strategies tailored to the area. USAID support for malaria vector control should
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include capacity building for managing resistance and promoting coordination among
MOAs and Ministries of Health (MOHs) to reduce vector or pest resistance prompted by
agricultural or public health use of pesticides.

9.2 Malaria Control and Hazardous Waste Management

9.2.1 Waste Contaminated with Pesticides

Safe disposal of pesticide-contaminated waste products is a key need for any malaria
control program that uses pesticides. When it is not feasible to triple-rinse pesticide-
contaminated waste and dispose it within the country, as is the case with plastic
insecticide sachets, the program should either arrange for export of the waste to the
pesticide manufacturer or to an internationally recognized incineration facility. Both
methods of disposal will require bilateral agreements between the waste exporting and
importing countries to comply with the Basel Convention and regional conventions (e.g.,
the Bamako Convention). The Basel Convention in particular sets out a prescribed
process for the notification of waste import with import, export, and transit countries
being officially informed. In addition, the Stockholm Convention with Basel sets out
detailed guidance on the processes through which persistent organic pollutants (POPs)
waste must be destroyed. There is currently no facility in Africa that is able to treat or
destroy pesticides or pesticide-contaminated material in keeping with accepted
international standards and norms (FAO, 2006).

The issue of pesticide-contaminated waste is particularly important in IRS, where some
insecticides must be applied in high doses (1-2 g/m®) to be efficacious. In these instances,
the volume of insecticide required is too great to use water-soluble sachet material, so the
insecticide is packaged in plastic. Once the insecticide is emptied into the sprayer, these
sachets become hazardous waste. In Zambia, only three years of indoor spraying with
DDT produced several tons of such waste. During the course of planning and
implementation of malaria vector control operations, USAID staff or contractors may
observe the presence of this waste. In this case, any USAID staff or contractors
conducting supplemental environmental assessments (SEAs), needs assessments, or other
planning or implementation operations are obligated to follow the protocol described in
Section 9.2.3.

9.2.2 Prevention of Obsolete Pesticide Stocks

In an effort to prevent an increase in obsolete pesticide stocks in the host country, USAID
programs for malaria vector control must ensure that

e Pesticide formulation is procured only in quantities that are anticipated to be used
within one year or within the duration of USAID support for the malaria vector
control activity, whichever period is shorter

e Pesticide formulation is procured at such a time that it arrives and can be
transported to local storehouses before the pesticide application start date
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e National malaria program procurement officers are aware of the importance of
conducting the above activities to prevent obsolete pesticide stock accumulation

e Public health pesticide storehouse managers at the national, regional, or local
level are trained to manage pesticide stocks according to the United Nations Food
and Agriculture Organization’s (UNFAO) Pesticide Siorage and Stock Control
Manual, unless storehouse managers already manage storage facilities according
to these standards.

9.2.3 Obsolete Pesticides—Obligations of USAID and Protoco/

Obsolete pesticides are a significant problem in many developing countries. During the
course of planning and implementation of malaria vector control operations, USAID staff
or contractors may observe the presence of potentially obsolete pesticide stocks. Any
USAID staff or contractors conducting SEAs, needs assessments, or other planning or
implementation operations are obligated to take the actions detailed below when
potentially obsolete stocks are identified during field visits.

First, determine who is responsible for providing the pesticides. If a non—U.S.-
government party is responsible for providing the pesticides, the USAID Mission must
contact the responsible party and request appropriate action. If the U.S. government is
responsible for providing the pesticides, or the responsible party cannot be identified, the
pesticides should be analyzed by the manufacturer or an independent laboratory to
determine whether the pesticides are still usable. If the pesticides are effective and usable,
the pesticide should (if necessary) be repackaged for re-use and applied appropriately (for
either public health or agricultural use) under the supervision of the host-country Ministry
of Environment (MOE), MOA, MOH, USAID, or an appropriate entity selected through
consultation with host-country and USAID stakeholders. Any repackaging and
supervision costs must be covered under the budget for the malaria vector control project
through which the pesticides were initially identified.

If the pesticides are obsolete and unusable, then cleanup, transport, and disposal of the
pesticides should be conducted during the period of USAID support for the malaria
vector control project at an appropriate facility (probably outside the host country).
Discussions with the MOE, MOA, UNFAO, and pesticide manufacturer should guide the
steps taken to dispose of obsolete stocks. The costs of the cleanup, transport, and disposal
must be covered under the budget for the malaria vector control project through which
the obsolete pesticides were initially identified. Export of obsolete pesticides for disposal
may require the host-country government to comply with provisions outlined in the
Basel, Rotterdam, and/or Stockholm Conventions. See Section 7.2.1, International
Treaties, for general information on these conventions, which govern intercountry
transport of hazardous waste, including obsolete pesticides.

158

Integrated Vector Management Programs for Malaria Control



10. Public Consultation Process

The public consultation process for this programmatic environmental assessment (PEA)
was conducted in several phases:

e On May 4, 2004, a public hearing was held in Washington, DC, on the Scoping
Statement

e An electronic comments session on the draft PEA took place from July through
September 2005. The e-mail requesting comments was broadcast to U.S. Agency
for International Development (USAID) officers, nongovernmental organizations
(NGOs), private sector interests, international organizations, and health and
agriculture researchers throughout the world

e Public comment on the PEA (and corresponding annexes) took place from March
15 to April 14, 2006; this review included host-country counterparts and
stakeholders

e A final public comment meeting was held in Washington, DC, on March 29, 2006

e A comment meeting was held with the U.S. Environmental Protection Agency
(EPA) and Department of State Office of Environmental Policy in Washington,
DC, on July 6, 2006

The PEA team paid particular attention to ensure views and comments were obtained
from a broad representation of counterparts and other key stakeholders. Comments from
each session were carefully considered and included in the final PEA.

Table 26 presents key issues raised at each phase of the public consultation process. The
full text of the Scoping Statement can be found in Annex A; the public comments
received from March 15 to April 14, 2006, are included in Annex L.
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Table 26. Summary of Public Consultation Issues

Consultation Event

Key Issues/Comments

Public Meeting on
Scoping Statement

The intent is that this programmatic environmental assessment (PEA) will serve as an
umbrella evaluation of environmental and human health issues related to integrated
vector management (IVM) implementation.

The PEA will provide an administrative framework to facilitate and expedite matters. This
framework will be capable of being updated and/or modified.

The PEA will meet the need for environmental soundness because the Supplemental
Environmental Assessments (SEAs) to be carried out under this umbrella will spell out
specific in-country training needs, vector control method efficacy to date and any disposal
problems, as well as the in-country resources already in use and planned.

For pesticide information, USAID will look to EPA for World Health Organization (WHO)—
approved chemicals to be listed in the PEA along with information on EPA registration,
use, import/transport, precautions, label information, monitoring, and health issues
relative to handling and packaging.

The PEA will provide USAID with the rationale to be used to demonstrate results, to gain
ongoing funding, to do the job right, and to maximize impacts of its IVM programs in order
to ensure funding.

The PEA will provide information relative to local problems and solutions with respect to
packaging, transportation, and unloading techniques; strength of containers; use of
proper formulations; and use of products that can actually be applied and purchased.

The PEA will encapsulate best practices and will provide examples of new combinations
and solutions that can be used in the SEAs. It will also detail how in-country baseline data
can be developed, especially the use of key indicators in the use of adaptive
management monitoring components.

The PEA will encourage an IVM approach that includes quality of life issues and improves
the long-term health of people and the environment.

The PEA will encourage SEAs to include target areas and priority sites as well as the kind
of training needed in-country.

The PEA will need to address cost-benefit implications of what Missions can do to
operationalize things.

Regarding dichloro-diphenyl-trichloroethane (DDT), there will be a statement up front
addressing current evidence, effectiveness, and proper use.

160

Integrated Vector Management Programs for Malaria Control



Consultation Event Key Issues/Comments

Electronic Comments IVM has now been explained in the new WHO strategy, and the scope of the PEA is not
Session July-Sept 2005  congruent with the IVM definition and the scope set out in the WHO strategy.

IVM is an all-inclusive (chemical and nonchemical vector control measures, community
programs, and personal protection) approach that gives guidance in terms of
management in specific settings. The basis has to be a sound management team backed
up by solid evidence that stays in place permanently.

A hierarchical sequencing of vector control interventions is not the best approach, as it
predetermines consideration. True to the IVM concept, the interventions selected should
be determined by the local conditions of transmission as well as feasibility of
implementation, in terms of cost-effectiveness and sustainability.

With respect to the use of chemicals, the debate mainly seems to revolve around
choosing between indoor residual spraying (IRS) and insecticide-treated nets (ITNs), both
of which have been shown to be effective.

There needs to be a comparison of interventions according to their costs and cost-
effectiveness.

Among vector control options, there may be a possibility of shipping DDT from countries
that still have useable stockpiles and are looking for ways of disposing of them. To
actually have the DDT disposed of in a safe way is costly and cumbersome, and as was
agreed at the meeting that set up the WHO DDT action plan, the best way is to use the
DDT for what it was originally intended for: IRS. It might be worthwhile to check on the
availability of DDT stockpiles, which would only incur initial quality control and transport
costs. Use of these stockpiles would be seen as a positive contribution to the DDT issue.

It is important to know what levels of exposure are associated with various magnitudes
and types of risks, the actual levels of exposure associated with various malaria control
practices, and how such potential effects compare with the benefits to be derived from

malaria control.

Electronic Session to The PEA lacks discussion on important strategic issues such as resource allocation
Review Final Draft between rural versus urban malaria control and treatment services.

The PEA needs to discuss the intense support needed for IRS.

The PEA needs to describe the relationship between IRS and ITNs (that it is not an
“either/or” decision).

The PEA should have more specific information on insecticide resistance.

Summary of Final No members of the public attended this meeting.
Review Meeting in
Washington, DC
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Consultation Event

Key Issues/Comments

Summary of
EPA/Department of
State Meeting in
Washington, DC

EPA and Department of State will update the PEA in track change to make it more current
with the DDT obligations in the Stockholm Convention and will include the
recommendation that USAID assist Parties with activities pertaining to Stockholm
reporting obligations if DDT is used for IRS in the host country. The reporting obligations
(Annex Il to decision SC-1/25) should be attached as an annex to the PEA.

The Department of State will provide updated language on the Basel Convention.

Based on suggestions from EPA, USAID will develop decision criteria for pesticide
selection in USAID projects for possible inclusion in the PEA.

EPA will provide USAID with a final table based on the 12 WHO pesticides and provide
information if the pesticides are registered for the same or similar use patterns in the
USA.

EPA will work with USAID to develop text for the PEA on how the screening tool should
be used.

EPA will provide support to USAID on country-level SEAs tiering off from the PEA upon
request.

USAID will ook at its timeline for the PEA and give EPA and State a revised deadline for
comments on the PEA.
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Annex A: Scoping Statement

Note

This Scoping Statement is a stand-alone document that has also been included as an Annex to
Management Programs for Malaria Vector Control: Programmatic Environmental Assessment (the PEA).
As a result, it refers to the PEA as a separate document, even though it is here an Annex to the PEA.
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Annex A Scoping Statement

The following annotated outline constitutes a “scoping statement” describing the
anticipated content of a Programmatic Environmental Assessment that USAID, Bureau
for Global Health, Division for Infectious Diseases and Nutrition, Environmental Health
Project II plans to conduct in order to evaluate the potential environmental and human
health effects of using insecticides, insecticide-treated materials, water management
strategies, and mosquito larvae-eating fish in USAID projects to control mosquitoes that
transmit malaria. The intent of this scoping statement is to afford an early opportunity to
analytical partners and other interested parties to provide input regarding the analytical
framework, issues included, and information sources that USAID plans to use in
performing this environmental assessment.

Introduction

USAID is developing a Programmatic Environmental Assessment (PEA) for Integrated
Vector Management (IVM) programs primarily to assist with the preparation of country-
and activity-specific Supplemental Environmental Assessments (SEAs) and pesticide
evaluation reports and safer use action plans (PERSUAPs) for malaria control projects
employing IVM strategies. The use of an IVM approach generally decreases the amount
of pesticides required and used, thus protecting environmental resources and human
health. The intent is that this PEA will serve as an umbrella evaluation of environmental
and human health issues related to IVM implementation. The PEA will provide project
managers with a technical, policy, and procedural guide for the preparation of
environmental assessments of individual projects. Together, the PEA and project
assessments are intended to provide a clear basis for deciding, for each project, whether
USAID can promote the use of [IVM components, and if so, how that should be done so
as to comply with the letter and the spirit of the Agency’s environmental regulations.

Scope and significance of key issues

Scope and significance of key issues to be analyzed in detail in this assessment, and
additional issues to be analyzed in country-specific assessments, such as SEAs and
PERSUAPs, that follow from this PEA are listed below.

Risksto humans from use of no IVM actions
e Mortality
e Morbidity
e Social disruption
e Impact of economic losses
e Shift in focus away from prevention to reaction
e Human risks, in sum

e Uncertainties
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e Mitigation opportunities

Potential risksto humansfrom use of IVM pesticides

e Overall issues

Relatively small quantities of pesticides used with IVM
Chemical group and formulations available

Human risks, in sum

Uncertainties

Mitigation opportunities

Toxicity of IVM chemicals to humans, acute and chronic
Potential human exposure (oral, dermal, and inhalation)
Externalities associated with pesticide use and exposure
Regulatory and legal issues related to pesticides and health

Enforcement issues related to pesticides and health

e Logistical issues

Choice, selection, and availability of least-toxic pesticide
Labeling toxicity categories by hazard indicator

Quality of pesticide and pesticide supplier

Proper pesticide labels and training materials in local languages
Pesticide distribution from labeled containers to unlabelled containers
Pesticide pilferage for unauthorized use or sale

Improper pesticide storage

Improper pesticide container transport

Improper pesticide handling, formulation and use

Prohibited empty pesticide container re-use

Proper disposal of empty pesticide containers

Proper disposal of leftover unusable pesticides

Proper use of safety equipment

e Training issues

Training on proper use of safety equipment
Training on proper calibration of sprayers
Presence of pesticide antidotes

Proper first aid for pesticide overexposure

Use of botanical compounds for mosquito treatment

e New technology issues

Use of bacteriological agents for mosquito management
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Use of mosquito repellents
Use of mosquito traps containing pesticides

Use of experimental vaccines

Procedural issue

Co-mingling of USAID resources with Ministry of Health/other donor
pesticides

Potential environmental risksfrom use of IVM pesticides, introduction of exotic
fish, and water management strategies

Overall issues

Toxicity of pesticides to nontarget organisms (other than mosquitoes), acute
and chronic

Invasive species issues with introduction of non-native fish

Environmental consequences issues of environmental modification of
waterways

Environmental risks, in sum
Uncertainties

Mitigation opportunities

Specific issues

Toxicity to economically important insects like crop pollinators
Ecosystem disruption through water management strategies
Ecosystem disruption through fish introduction

Potential soil exposure to pesticides

Potential surface and ground water exposure to pesticides
Potential protected area and forest resource exposure to pesticides
Reduction in biodiversity related to pesticide exposure
Potential fisheries losses related to pesticide exposure

Potential bird losses related to pesticide exposure

Pesticide drift from spraying

Pesticide bioaccumulation (especially related to DDT)
Pesticide wash entering waterways and water resources
Disruption of natural predator and pathogen mosquito controls
Mosquito resistance to insecticides

Resurgence of mosquito populations after predator poisoning

Environmental externalities related to pesticide exposure

New technology issues

Environmental effects of mosquito traps and repellents

A-4

Integrated Vector Management Programs for Malaria Control



Annex A

Scoping Statement

— Environmental effects of mosquito pheromones

Alternativesto recommended 1VM optionsfor malaria control—a comparison of
environmental and health risks and human benefits

Overall issue

— Chemical control methods available other than those recommended in this
PEA, and risks associated with each

Specific issues
— Single tactic approach with use of chemical control methods

— Single tactic approach without use of chemical control methods (e.g., ITN use
alone)

— Efficacy of alternatives in comparison with [VM recommendations

— No action

— Cost comparison of alternative malaria control approaches

Risk mitigation

— What mechanisms are available for reducing adverse effects from IVM
pesticide and non-pesticide methods?

— How effective are they?

— How reliable?

Decision making: What criteria should USAID useto decide on whether, when and
how to usevarious|VM options?

Utilization of WHO guidelines and recommended pesticides. Comparison of
WHO guidelines with USEPA regulations.

Selection of appropriate pesticides and application methods for use in [IVM
programs. What criteria to use? Risks, costs, efficacy? At discretion of program
manager?

Availability of effective mitigation? Is this important, or are the benefits
overwhelming in all cases?

How adequate are local pesticide regulations, infrastructure, and the institutional
settings?

Monitoring: how much is required? For how long?
What is a “significant” effect? How to compare risks with benefits?
What would happen in the absence of USAID support for [VM options?

What are the local MOH and larger international (WHO) contexts and
frameworks in which programs will operate?

Monitoring mechanisms

For adverse effects from ITN use and treatment
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What mechanisms are available?
How effective are they?

How reliable?

Components of a PERSUAP

What information, analysis, and mitigation measures are needed for a project
using IVM options?

Identification and elimination from detailed study of issues expected NOT to be
significant, or outside of the scope of this assessment

ITNs that require re-treatment with pesticides have already been covered in detail
in an earlier environmental review (ITM PEA) and will not be repeated in such
detail, except where long-lasting nets are involved

Mosquito control pesticide options reviewed and approved by WHO, but not
covered in this PEA. Why were certain pesticides chosen for recommendation in
the PEA, and others not?

Future scientific findings regarding pesticide safety. For example, pyrethroid
insecticides, which comprise the majority of those recommended for mosquito
control, may cause human endocrine disruption. This is a poorly understood issue,
and in the face of little scientific consensus, how much attention should be given
to such open scientific questions? What type of monitoring is required, and can
this function be adequately covered by WHOPES and/or EPA?

Community small-scale water management (elimination of mosquito breeding
sites) enforcement through use of fines, and/or incentives

Schedule of the assessment

Timing for preparation of the analysis: Global Health is targeting the first half
of calendar year 2004 for completion.

Technical planning and review: A technical planning meeting and review for
the PEA will be held during the last week of January 2004.

Public consultation: Selected U.S. government agencies and United Nations
agencies will be asked to review the draft PEA during April or May of 2004.

Decision-making schedule: The draft PEA will be distributed for a brief review
period, most likely in late May or early April. Global Health expects to be able to
finalize the assessment shortly after that review is complete.

Mechanism for periodic update of the assessment: A schedule and mechanism

for periodic update of the PEA will occur every 2 weeks during the drafting of the
PEA.
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Methodology of the assessment

How will the analysis be conducted and which disciplines will be involved?

This analysis will rely on an abundance of reliable information already available in
journals and in publications by environmental and public health organizations, such as
WHO and EPA, about the potential environmental issues raised by water management
and fish introduction strategies and [IVM pesticide options. Analyses will be conducted
by entomologists with environmental assessment and pesticide specialization, public
health officers, and general environmental specialists. It is not expected that additional
research will need to be conducted.

Information sources

A variety of published reports and analyses will be used, but a few documents listed
below will be particularly valuable references. Global Health will strive to avoid
reinventing the wheel, and expects to rely heavily on the analyses resident in these
documents, some of which have a scope similar to that taken on by this PEA.

Primary references

World Wildlife Fund. 1999. “Hazards and Exposures Associated with DDT and Synthetic
Pyrethroids used for Vector Control” January report. (See:
http://wwwwwforg/toxics/progareas/pop/ddthtm)

Hirsch, B., C. Gallegos, W. Knausenberger, and A. Arata 2002 “Programmatic
Environmental Assessment for Insecticide-treated Materials in USAID Activities in
Sub-Saharan Africa” USAID Africa Bureau Document. 76 pages. (See:
http://www.netmarkafricaorg/keyissues/environmental/itm-peadoc)

Walker, K. 2000. “Cost-comparison of DDT and alternative insecticides for malaria
control.” Medical and Veterinary Entomology 14: 345-354

Walker, K.R., M.D. Ricciardone, and .J Jensen. 2003. Developing an international
consensus on DDT: a balance of environmental protection and disease control. Int J
Hyg Environ Health 206: 1-13

Primary Web sites

http://www.chemfinder.camsoft.com

http://www.pesticideinfo.org (PAN pesticides database)
http://www.who.int/ctd/whopes/specifications.htm (WHOPES evaluated pesticides)
http://www.epa.gov/opppmsd1/RestProd/rupjun02.htm (EPA restricted use pesticides)
http://www.encapafrica.org/sectors/pestmgmt.htm (PERSUAPs guidance)
http://www.epa.gov/pesticides/biopesticides/ai/all ais.htm (EPA regulated biopesticides)
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http://www.who.int/mediacentre/factsheets/en/
http://w3.whosea.org/malaria/hist.htm

http://www.epa.gov/pesticides/health/tox categories.htm
http://www.who.int/entity/en/ (who site map)

http://www.who.int/ctd/whopes/ (WHOPES home site)
http://www.unep-wcm.org/protected areas/ (Agroecological zones)
http://www.mara.org.za/ (Mapping malaria risk in Africa)
http://skonops.imbb.forth.gr/AnoBase/ (Anopheles database)
http://www.who.int/tdr/ (Malaria research and training)

http://www.malaria.org.za/ (Malaria in southern Africa)

http://www.rbm.who.int/ (Roll Back Malaria home site)
http://www.iwmi.cgiar.org/textonly/health/malaria/ (water management techniques)
http://www.paho.org/english/hcp/hct/mal/malaria.htm (PAHO malaria site)
http://www.iwmi.cgiar.org/sima/index.asp (CGIAR systemwide initiative on malaria, ag)
http://www.malaria.org/pressreleases.html (malaria foundation international)
http://www.chem.unep.ch/pops/ivim/ (Partnership for IVM in Africa)
http://www.unep.org/gef/content/index.htm (UNEP/GEF page)
http://www.theglobalfund.org/en/ (Global Fund to Fight AIDS, TB and Malaria)
http://www.pops.int/ (POPs Web site)
http://www.pops.int/documents/convtext/convtext en.pdf (POPs Convention text)
http://www.chem.unep.ch/pops/pdf/redelipops/redelipops.pdf (reduce & eliminate POPs)
http://www.whoint/ctd/whopes/specifications.htm
http://www.usaid.gov/pop_health/

http://www.ehproject.org
http://www.epa.gov/pesticides/biopesticides/ai/all_ais.htm
http://www.who.int/pcs/docs/pcs98-21rev1.pdf

http://www.who.int/pcs

http://www.epa.gov/pesticides

http://www.pic.int
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Annex: Required contents of the scoping statement [From CFR 22, §216.3 (a)(4)]
Scope of Environmental Assessment or Impact Statement

(1) Procedure and Content After a Positive Threshold Decision has been made, or a
determination is made under the pesticide procedures set forth in 216.3(b) that an
Environmental Assessment or Environmental Impact Statement is required, the
originator of the action shall commence the process of identifying the significant
issues relating to the proposed action and of determining the scope of the issues to
be addressed in the Environmental Assessment or Environmental Impact
Statement The originator of an action within the classes of actions described in
216.2(d) shall commence this scoping process as soon as practicable Persons
having expertise relevant to the environmental aspects of the proposed action
shall also participate in this scoping process (Participants may include but are not
limited to representatives of host governments, public and private institutions, the
AID Mission staff and contractors) This process shall result in awritten
statement which shall include the following matters:

(a) A determination of the scope and significance of issues to be analyzed in
the Environmental Assessment or Impact Statement, including direct and
indirect effects of the project on the environment

(b) Identification and elimination from detailed study of the issues that are not
significant or have been covered by earlier environmental review, or
approved design considerations, narrowing the discussion of these issues
to a brief presentation of why they will not have a significant effect on the
environment

(©) A description of

(1) The timing of the preparation of environmental analyses, including
phasing if appropriate,

(2) Variations required in the format of the Environmental
Assessment, and

3) The tentative planning and decision-making schedule; and

(d) A description of how the analysis will be conducted and the disciplines
that will participate in the analysis

(i1) These written statements shall be reviewed and approved by the Bureau
Environmental Officer

(ii1))  Circulation of Scoping Statement

To assist in the preparation of an Assessment, the Bureau Environmental Officer
may circulate copies of the written statement, together with a request for written

comments, within thirty days, to selected federal agencies if that Officer believes
comments by such federal agencies will be useful in the preparation of an
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Environmental Assessment Comments received from reviewing federal agencies
will be considered in the of the Environmental Assessment and in the formulation
of the design and implementation of the project, and will, together with the
scoping statement, be included in the project file.

A-10
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(22 CFR 216)

Text of Title 22, Code of Federal Regulations, Part 216

These procedures have been revised based on experience with previous ones agreed to in
settlement of a law suit brought against the Agency in 1975. The Procedures are Federal
Regulations and therefore, it is imperative that they be followed in the development of
Agency programs.

In preparing these Regulations, some interpretations and definitions have been drawn
from Executive Order No. 12114 of 4 January 1979, on the application of the National
Environmental Policy Act (NEPA) to extraterritorial situations. Some elements of the
revised regulations on NEPA issued by the President’s Council on Environmental Quality
have also been adopted. Examples are: The definition of significant impact, the concept
of scoping of issues to be examined in a formal analysis, and the elimination of certain
USALID activities from the requirement for environmental review.

In addition, these procedures: 1) provide advance notice that certain types of projects will
automatically require detailed environmental analysis thus eliminating one step in the
former process and permitting early planning for this activity; 2) permit the use of
specially prepared project design considerations or guidance to be substituted for
environmental analysis in selected situations; 3) advocate the use of indigenous
specialists to examine pre-defined issues during the project design stage; 4) clarify the
role of the Bureau’s Environmental Officer in the review and approval process, and 5)
permit in certain circumstances, projects to go forward prior to completion of
environmental analysis. Note that only minimal clarification changes have been made in
those sections dealing with the evaluation and selection of pesticides to be supported by
USAID in projects or of a non-project assistance activity.

Sec. Topic

216. 1 Introduction

216. 2 Applicability of procedures
216. 3 Procedures

216. 4 Private applicants

216. 5 Endangered species

2 Title 22 of the Code of Federal Regulations, Part 216, with preamble, is presented here in its entirety. Spelling errors have been corrected from
the original to facilitate word searching. This version represents the most recent revisions, as of October 9, 1980.
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216. 6 Environmental assessments

216. 7 Environmental impact statements

216. 8 Public hearings

216. 9 Bilateral and multi-lateral studies and concise reviews of environmental issues
216.10 Records and reports

Authority: 42 U.S.C. 4332; 22 U.S.C. 238]1.

Source: 41 FR 26913, June 30, 1976, unless otherwise noted.

§216.1 INTRODUCTION

(a) Purpose

In accordance with sections 118(b) and 621 of the Foreign Assistance Act of 1961, as
amended, (the FAA) the following general procedures shall be used by A.L.D. to ensure
that environmental factors and values are integrated into the A.L.D. decision-making
process. These procedures also assign responsibility within the Agency for assessing the
environmental effects of A.I.D.’s actions. These procedures are consistent with Executive
Order 12114, issued January 4, 1979, entitled Environmental Effects Abroad of Major
Federal Actions, and the purposes of the National Environmental Policy Act of 1970, as
amended (42 U.S.C. 4371 et seq.) (NEPA). They are intended to implement the
requirements of NEPA as they affect the A.I.LD. program.

(b) Environmental Policy

In the conduct of its mandate to help upgrade the quality of life of the poor in developing
countries, A.L.D. conducts a broad range of activities. These activities address such basic
problems as hunger, malnutrition, overpopulation, disease, disaster, deterioration of the
environment and the natural resource base, illiteracy as well as the lack of adequate
housing and transportation. Pursuant to the FAA, A.L.D. provides development assistance
in the form of technical advisory services, research, training, construction and commodity
support. In addition, A.L.D. conducts programs under the Agricultural Trade
Development and Assistance Act of 1954 (Pub. L. 480) that are designed to combat
hunger, malnutrition and to facilitate economic development. Assistance programs are
carried out under the foreign policy guidance of the Secretary of State and in cooperation
with the governments of sovereign states. Within this framework, it is A.L.D. policy to:

(1) Ensure that the environmental consequences of A.I.D.-financed activities are
identified and considered by A.L.D. and the host country prior to a final
decision to proceed and that appropriate environmental safeguards are
adopted;
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)

4

Assist developing countries to strengthen their capabilities to appreciate and
effectively evaluate the potential environmental effects of proposed
development strategies and projects, and to select, implement and manage
effective environmental programs;

Identify impacts resulting from A.L.D.’s actions upon the environment,
including those aspects of the biosphere which are the common and cultural
heritage of all mankind; and

Define environmental limiting factors that constrain development and identify
and carry out activities that assist in restoring the renewable resource base on
which sustained development depends.

(c) Definitions

(1)

2)

3)

(4)

©)

(6)

CEQ Regulations. Regulations promulgated by the President’s Council on
Environmental Quality (CEQ) (Federal Register, Volume 43, Number 230,
November 29, 1978) under the authority of NEPA and Executive Order
11514, entitled Protection and Enhancement of Environmental Quality (March
5, 1970) as amended by Executive Order 11991 (May 24, 1977).

Initial Environmental Examination. An Initial Environmental Examination is
the first review of the reasonably foreseeable effects of a proposed action on
the environment. Its function is to provide a brief statement of the factual
basis for a Threshold Decision as to whether an Environmental Assessment or
an Environmental Impact Statement will be required.

Threshold Decision. A formal Agency decision which determines, based on an
Initial Environmental Examination, whether a proposed Agency action is a
major action significantly affecting the environment.

Environmental Assessment. A detailed study of the reasonably foreseeable
significant effects, both beneficial and adverse, of a proposed action on the
environment of a foreign country or countries.

Environmental Impact Statement. A detailed study of the reasonably
foreseeable environmental impacts, both positive and negative, of a proposed
A.LD. action and its reasonable alternatives on the United States, the global
environment or areas outside the jurisdiction of any nation as described in
§216.7 of these procedures. It is a specific document having a definite format
and content, as provided in NEPA and the CEQ Regulations. The required
form and content of an Environmental Impact Statement is further described
in §216.7 infra

Project Identification Document (PID). An internal A.I.D. document which
initially identifies and describes a proposed project.
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(7)

®)

©)

(10)

(11)

(12)

Program Assistance Initial Proposal (PAIP). An internal A.I.D. document
used to initiate and identify proposed non-project assistance, including
commodity import programs. It is analogous to the PID.

Project Paper (PP). An internal A.I.D. document which provides a definitive
description and appraisal of the project and particularly the plan or
implementation.

Program Assistance Approval Document (PAAD). An internal A.L.D.
document approving non-project assistance. It is analogous to the PP.

Environment. The term environment, as used in these procedures with respect
to effects occurring outside the United States, means the natural and physical
environment. With respect to effects occurring within the United States see
§216.7(b).

Significant Effect. With respect to effects on the environment outside the
United States, a proposed action has a significant effect on the environment if
it does significant harm to the environment.

Minor Donor. For purposes of these procedures, A.L.D. is a minor donor to a
multidonor project when A.L.D. does not control the planning or design of the
multidonor project and either (i) A.I.D.’s total contribution to the project is
both less than $1,000,000 and less than 25 percent of the estimated project
cost, or (ii) A.L.D.’s total contribution is more than $1,000,000 but less than
25 percent of the estimated project cost and the environmental procedures of
the donor in control of the planning of design of the project are followed, but
only if the A.I.D. Environmental Coordinator determines that such procedures
are adequate.

[45 FR 70244, Oct. 23, 1980]

§216.2 APPLICABILITY OF PROCEDURES

(a) Scope

Except as provided in §216.2(b), these procedures apply to all new projects, programs or
activities authorized or approved by A.L.D. and to substantive amendments or extensions
of ongoing projects, programs, or activities.

(b) Exemptions

(1)

Projects, programs or activities involving the following are exempt from these
procedures:

(1) International disaster assistance;

(i1) Other emergency circumstances; and
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2)

(ii1))  Circumstances involving exceptional foreign policy sensitivities.

A formal written determination, including a statement of the justification
therefore, is required for each project, program or activity for which an
exemption is made under paragraphs (b)(l) (ii) and (iii) of this section, but is
not required for projects, programs or activities under paragraph (b)(1)(i) of
this section. The determination shall be made either by the Assistant
Administrator having responsibility for the program, project or activity, or by
the Administrator, where authority to approve financing has been reserved by
the Administrator. The determination shall be made after consultation with
CEQ regarding the environmental consequences of the proposed program,
project or activity.

(c) Categorical Exclusions

(1)

2)

The following criteria have been applied in determining the classes of actions
included in §216.2(c)(2) for which and Initial Environmental Examination,
Environmental Assessment and Environmental Impact Statement generally
are not required:

(1) The action does not have an effect on the natural or physical
environment;

(i1))  A.LD. does not have knowledge of or control over, and the objective
of A.L.D. in furnishing assistance does not require, either prior to
approval of financing or prior to implementation of specific activities,
knowledge of or control over, the details of the specific activities that
have an effect on the physical and natural environment for which
financing is provided by A.L.D.;

(ii1))  Research activities which may have an affect on the physical and
natural environment but will not have a significant effect as a result of
limited scope, carefully controlled nature and effective monitoring

The following classes of actions are not subject to the procedures set forth in
§216.3, except to the extent provided herein:

(1) Education, technical assistance, or training programs except to the
extent such programs include activities directly affecting the
environment (such as construction of facilities, etc.);

(i1) Controlled experimentation exclusively for the purpose of research and
field evaluation which are confined to small areas and carefully
monitored;

(ii1))  Analyses, studies, academic or research workshops and meetings;

(iv)  Projects in which A.L.D. is a minor donor to a multidonor project and
there is no potential significant effects upon the environment of the
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)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

(xiv)

United States, areas outside any nation’s jurisdiction or endangered or
threatened species or their critical habitat;

Document and information transfers;

Contributions to international, regional or national organizations by
the United States which are not for the purpose of carrying out a
specifically identifiable project or projects;

Institution building grants to research and educational institutions in
the United States such as those provided for under section 122(d) and
Title XII of Chapter 2 of Part I of the FAA (22 USCA §§2151 p. (b)
2220a. (1979));

Programs involving nutrition, health care or population and family
planning services except to the extent designed to include activities
directly affecting the environment (such as construction of facilities,
water supply systems, waste water treatment, etc.)

Assistance provided under a Commodity Import Program when, prior
to approval, A.I.D. does not have knowledge of the specific
commodities to be financed and when the objective in furnishing such
assistance requires neither knowledge, at the time the assistance is
authorized, nor control, during implementation, of the commodities or
their use in the host country.

Support for intermediate credit institutions when the objective is to
assist in the capitalization of the institution or part thereof and when
such support does not involve reservation of the right to review and
approve individual loans made by the institution;

Programs of maternal or child feeding conducted under Title II of Pub.
L. 480;

Food for development programs conducted by food recipient countries
under Title IIT of Pub. L. 480, when achieving A.I.D.’s objectives in
such programs does not require knowledge of or control over the
details of the specific activities conducted by the foreign country under
such program,;

Matching, general support and institutional support grants provided to
private voluntary organizations (PVOs) to assist in financing programs
where A.L.D.’s objective in providing such financing does not require
knowledge of or control over the details of the specific activities
conducted by the PVO;

Studies, projects or programs intended to develop the capability of
recipient countries to engage in development planning, except to the
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©)

extent designed to result in activities directly affecting the
environment (such as construction of facilities, etc.); and

(xv)  Activities which involve the application of design criteria or standards
developed and approved by A.LD.

The originator of a project. program or activity shall determine the extent to
which it is within the classes of actions described in paragraph (c)(2) of this
section. This determination shall be made in writing and be submitted with the
PID, PAIP or comparable document. This determination, which must include
a brief statement supporting application of the exclusion shall be reviewed by
the Bureau Environmental Officer in the same manner as a Threshold
Decision under §216.3(a)(2) of these procedures.

Notwithstanding paragraph (c)(2) of this section, the procedures set forth in
§216.3 shall apply to any project, program or activity included in the classes
of actions listed in paragraph (c)(2) of this section, or any aspect or
component thereof, if at any time in the design, review or approval of the
activity it is determined that the project, program or activity, or aspect or
component thereof, is subject to the control of A.I.D. and may have a
significant effect on the environment.

(d) Classes of Actions Normally Having a Significant Effect on the
Environment

(1

The following classes of actions have been determined generally to have a
significant effect on the environment and an Environmental Assessment or
Environmental Impact Statement, as appropriate, will be required:

(1) Programs of river basin development;

(i)  Irrigation or water management projects, including dams and
impoundments;

(ii1))  Agricultural land leveling;

(iv)  Drainage projects;

(V) Large scale agricultural mechanization;

(vi)  New lands development;

(vii)  Resettlement projects;

(viii) Penetration road building or road improvement projects;
(ix)  Power plants;

(x) Industrial plants;

(xi)  Potable water and sewerage projects other than those that are small-
scale.
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2)

An Initial Environmental Examination normally will not be necessary for
activities within the classes described in §216.2(d), except when the originator
of the project believes that the project will not have a significant effect on the
environment. In such cases, the activity may be subjected to the procedures set
forth in §216.3

(e) Pesticides

The exemptions of §216.2(b)(1) and the categorical exclusions of §216.2(c)(2) are not
applicable to assistance for the procurement or use of pesticides.

[45 FR 70244, Oct. 23, 1980]

§216.3 PROCEDURES

(a) General Procedures

(1

)

Preparation of the Initial Environmental Examination.

Except as otherwise provided, an Initial Environmental Examination is not
required for activities identified in §216.2(b)(1), (¢)(2), and (d). For all other
A.LD. activities described in §216.2(a) an Initial Environmental Examination
will be prepared by the originator of an action. Except as indicated in this
section, it should be prepared with the PID or PAIP. For projects including the
procurement or use of pesticides, the procedures set forth in §216.3(b) will be
followed, in addition to the procedures in this paragraph. Activities which
cannot be identified in sufficient detail to permit the completion of an Initial
Environmental Examination with the PID or PAIP, shall be described by
including with the PID or PAIP: (i) An explanation indicating why the Initial
Environmental Examination cannot be completed; (ii) an estimate of the
amount of time required to complete the Initial Environmental Examination;
and (ii1) a recommendation that a Threshold Decision be deferred until the
Initial Environmental Examination is completed. The responsible Assistant
Administrator will act on the request for deferral concurrently with action on
the PID or PAIP and will designate a time for completion of the Initial
Environmental Examination. In all instances, except as provided in §216.3
(a)(7), this completion date will be in sufficient time to allow for the
completion of an Environmental Assessment or Environmental Impact
Statement, if required, before a final decision is made to provide A.L.D.
funding for the action.

Threshold Decision. (i) The Initial Environmental Examination will include a
Threshold Decision made by the officer in the originating office who signs the
PID or PAIP. If the Initial Environmental Examination is completed prior to
or at the same time as the PID or PAIP, the Threshold Decision will be
reviewed by the Bureau Environmental Officer concurrently with approval of
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the PID or PAIP. The Bureau Environmental Officer will either concur in the
Threshold Decision or request reconsideration by the officer who made the
Threshold Decision, stating the reasons for the request. Differences of opinion
between these officers shall be submitted for resolution to the Assistant
Administrator at the same time that the PID is submitted for approval.

(i1) An Initial Environmental Examination, completed subsequent to
approval of the PID or PAIP, will be forwarded immediately together
with the Threshold Determination to the Bureau Environmental
Officer for action as described in this section.

(ii1)) A Positive Threshold Decision shall result from a finding that the
proposed action will have a significant effect on the environment. An
Environmental Impact Statement shall be prepared if required pursuant
to §216.7. If an impact statement is not required, an Environmental
Assessment will be prepared in accordance with §216.6. The cognizant
Bureau or Office will record a Negative Determination if the proposed
action will not have a significant effect on the environment.

Negative Declaration. The Assistant Administrator, or the Administrator in
actions for which the approval of the Administrator is required for the
authorization of financing, may make a Negative Declaration, in writing, that
the Agency will not develop an Environmental Assessment or an
Environmental Impact Statement regarding an action found to have a
significant effect on the environment when

(1) a substantial number of Environmental Assessments or Environmental
Impact Statements relating to similar activities have been prepared in
the past, if relevant to the proposed action, (ii) the Agency has
previously prepared a programmatic Statement or Assessment
covering the activity in question which has been considered in the
development of such activity, or (iii) the Agency has developed design
criteria for such an action which, if applied in the design of the action,
will avoid a significant effect on the environment.

Scope of Environmental Assessment or Impact Statement

(1) Procedure and Content. After a Positive Threshold Decision has been
made, or a determination is made under the pesticide procedures set
forth in §216.3(b) that an Environmental Assessment or
Environmental Impact Statement is required, the originator of the
action shall commence the process of identifying the significant issues
relating to the proposed action and of determining the scope of the
issues to be addressed in the Environmental Assessment or
Environmental Impact Statement. The originator of an action within
the classes of actions described in §216.2(d) shall commence this
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(i)

(iii)

(iv)

scoping process as soon as practicable. Persons having expertise
relevant to the environmental aspects of the proposed action shall also
participate in this scoping process. (Participants may include but are
not limited to representatives of host governments, public and private
institutions, the A.I.D. Mission staff and contractors.)

This process shall result in a written statement which shall include the
following matters:

(a) A determination of the scope and significance of issues to be
analyzed in the Environmental Assessment or Impact
Statement, including direct and indirect effects of the project
on the environment.

(b) Identification and elimination from detailed study of the issues
that are not significant or have been covered by earlier
environmental review, or approved design considerations,
narrowing the discussion of these issues to a brief presentation
of why they will not have a significant effect on the
environment.

(©) A description of (1) the timing of the preparation of
environmental analyses, including phasing if appropriate, (2)
variations required in the format of the Environmental
Assessment, and (3) the tentative planning and decision-
making schedule; and

(d) A description of how the analysis will be conducted and the
disciplines that will participate in the analysis.

These written statements shall be reviewed and approved by the
Bureau Environmental Officer.

Circulation of Scoping Statement. To assist in the preparation of an
Environmental Assessment, the Bureau Environmental Officer may
circulate copies of the written statement, together with a request for
written comments, within thirty days, to selected federal agencies if
that Officer believes comments by such federal agencies will be useful
in the preparation of an Environmental Assessment. Comments
received from reviewing federal agencies will be considered in the
preparation of the Environmental Assessment and in the formulation
of the design and implementation of the project, and will, together
with the scoping statement, be included in the project file.

Change in Threshold Decision. If it becomes evident that the action
will not have a significant effect on the environment (i.e., will not
cause significant harm to the environment), the Positive Threshold
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Decision may be withdrawn with the concurrence of the Bureau
Environmental Officer. In the case of an action included in
§216.2(d)(2), the request for withdrawal shall be made to the Bureau
Environmental Officer.

(%) Preparation of Environmental Assessments and Environmental Impact
Statement. If the PID or PAIP is approved, and the Threshold Decision is
positive, or the action is included in §216.2(d), the originator of the action will
be responsible for the preparation of an Environmental Assessment or
Environmental Impact Statement as required. Draft Environmental Impact
Statements will be circulated for review and comment as part of the review of
Project Papers and as outlined further in §216.7 of those procedures. Except as
provided in §216.3(a)(7), final approval of the PP or PAAD and the method of
implementation will include consideration of the Environmental Assessment
or final Environmental Impact Statement.

(6) Processing and Review Within A.L.D.

(1) Initial Environmental Examinations, Environmental Assessments, and
final Environmental Impact Statements will be processed pursuant to
standard A.I.D. procedures for project approval documents. Except as
provided in §216.3(a)(7), Environmental Assessments and final
Environmental Impact Statements will be reviewed as an integral part
of the Project Paper or equivalent document. In addition to these
procedures, Environmental Assessments will be reviewed and cleared
by the Bureau Environmental Officer. They may also be reviewed by
the Agency’s Environmental Coordinator who will monitor the
Environmental Assessment process.

(i1) When project approval authority is delegated to field posts,
Environmental Assessments shall be reviewed and cleared by the
Bureau Environmental Officer prior to the approval of such actions.

(ii1))  Draft and final Environmental Impact Statements will be reviewed and
cleared by the Environmental Coordinator and the Office of the
General Counsel.

(7 Environmental Review After Authorization of Financing.

(1) Environmental review may be performed after authorization of a
project, program or activity only with respect to subprojects or
significant aspects of the project, program or activity that are
unidentified at the time of authorization. Environmental review shall
be completed prior to authorization for all subprojects and aspects of a
project, program or activity that are identified.
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(i)

(iii)

(iv)

Environmental review should occur at the earliest time in design or
implementation at which a meaningful review can be undertaken, but
in no event later than when previously unidentified subprojects or
aspects of projects, programs or activities are identified and planned.
To the extent possible, adequate information to undertake deferred
environmental review should be obtained before funds are obligated
for unidentified subprojects or aspects of projects, programs or
activities. (Funds may be obligated for the other aspects for which
environmental review has been completed.) To avoid an irreversible
commitment of resources prior to the conclusion of environmental
review, the obligation of funds can be made incrementally as
subprojects or aspects of projects, programs or activities are identified,
or if necessary while planning continues, including environmental
review, the agreement or other document obligating funds may contain
appropriate covenants or conditions precedent to disbursement for
unidentified subprojects or aspects of projects, programs or activities.

When environmental review must be deferred beyond the time some of
the funds are to be disbursed (e.g., long lead times for the delivery of
goods or services), the project agreement or other document obligating
funds shall contain a covenant or covenants requiring environmental
review, including an Environmental Assessment or Environmental
Impact Statement, when appropriate, to be completed and taken into
account prior to implementation of those subprojects or aspects of the
project, program or activity for which environmental review is
deferred. Such covenants shall ensure that implementation plans will
be modified in accordance with environmental review if the parties
decide that modifications are necessary.

When environmental review will not be completed for an entire
project, program or activity prior to authorization, the Initial
Environmental Examination and Threshold Decision required under
§216.3(a)(1) and (2) shall identify those aspects of the project, program
or activity for which environmental review will be completed prior to
the time financing is authorized. It shall also include those subprojects
or aspects for which environmental review will be deferred, stating the
reasons for deferral and the time when environmental review will be
completed. Further, it shall state how an irreversible commitment of
funds will be avoided until environmental review is completed. The
A.LD. officer responsible for making environmental decisions for such
projects, programs or activities shall also be identified (the same
officer who has decision-making authority for the other aspects of
implementation). This deferral shall be reviewed and approved by the
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®)

)

officer making the Threshold Decision and the officer who authorizes
the project, program or activity. Such approval may be made only after
consultation with the Office of General Counsel for the purpose of
establishing the manner in which conditions precedent to disbursement
or covenants in project and other agreements will avoid an irreversible
commitment of resources before environmental review is completed.

Monitoring. To the extent feasible and relevant, projects and programs for
which Environmental Impact Statements or Environmental Assessments have
been prepared should be designed to include measurement of any changes in
environmental quality, positive or negative, during their implementation. This
will require recording of baseline data at the start. To the extent that available
data permit, originating offices of A.I.D. will formulate systems in
collaboration with recipient nations, to monitor such impacts during the life of
A.LD.’s involvement. Monitoring implementation of projects, programs and
activities shall take into account environmental impacts to the same extent as
other aspects of such projects, programs and activities. If during
implementation of any project, program or activity, whether or not an
Environmental Assessment or Environmental Impact Statement was originally
required, it appears to the Mission Director, or officer responsible for the
project, program or activity, that it is having or will have a significant effect
on the environment that was not previously studied in an Environmental
Assessment or Environmental Impact Statement, the procedures contained in
this part shall be followed including, as appropriate, a Threshold Decision,
Scoping and an Environmental Assessment or Environmental Impact
Statement.

Revisions. If, after a Threshold Decision is made resulting in a Negative
Determination, a project is revised or new information becomes available
which indicates that a proposed action might be “major” and its effects
“significant”, the Negative Determination will be reviewed and revised by the
cognizant Bureau and an Environmental Assessment or Environmental Impact
Statement will be prepared, if appropriate. Environmental Assessments and
Environmental Impact Statements will be amended and processed
appropriately if there are major changes in the project or program, or if
significant new information becomes available which relates to the impact of
the project, program or activity on the environment that was not considered at
the time the Environmental Assessment or Environmental Impact Statement
was approved.

When ongoing programs are revised to incorporate a change in scope or
nature, a determination will be made as to whether such change may have an
environmental impact not previously assessed. If so, the procedures outlined
in this part will be followed.
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(10)

Other Approval Documents. These procedures refer to certain A.L.D.
documents such as PIDs, PAIPs, PPs and PAADs as the A.L.D. internal
instruments for approval of projects, programs or activities. From time to
time, certain special procedures, such as those in §216.4, may not require the
use of the aforementioned documents. In these situations, these environmental
procedures shall apply to those special approval procedures, unless otherwise
exempt, at approval times and levels comparable to projects, programs and
activities in which the aforementioned documents are used.

(b) Pesticide Procedures

(1

Project Assistance. Except as provided in §216.3 (b)(2), all proposed projects
involving assistance for the procurement or use, or both, of pesticides shall be
subject to the procedures prescribed in §216.3(b)(1)(1) through (v). These
procedures shall also apply, to the extent permitted by agreements entered into
by A.L.D. before the effective date of these pesticide procedures, to such
projects that have been authorized but for which pesticides have not been
procured as of the effective date of these pesticide procedures.

(1) When a project includes assistance for procurement or use, or both, of
pesticides registered for the same or similar uses by USEPA without
restriction, the Initial Environmental Examination for the project shall
include a separate section evaluating the economic, social and
environmental risks and benefits of the planned pesticide use to
determine whether the use may result in significant environmental
impact. Factors to be considered in such an evaluation shall include,
but not be limited to the following:

(a) The USEPA registration status of the requested pesticide;
(b) The basis for selection of the requested pesticide;

(c) The extent to which the proposed pesticide use is part of an
integrated pest management program;

(d) The proposed method or methods of application, including
availability of appropriate application and safety equipment;

(e) Any acute and long-term toxicological hazards, either human
or environmental, associated with the proposed use and
measures available to minimize such hazards;

63} The effectiveness of the requested pesticide for the proposed
use;

(2) Compatibility of the proposed pesticide with target and non-
target ecosystems;
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(ii)

(h) The conditions under which the pesticide is to be used,
including climate, flora, fauna, geography, hydrology, and
soils;

(1) The availability and effectiveness of other pesticides or non-
chemical control methods;

() The requesting country’s ability to regulate or control the
distribution, storage, use and disposal of the requested
pesticide;

(k) The provisions made for training of users and applicators; and

) The provisions made for monitoring the use and effectiveness
of the pesticide.

In those cases where the evaluation of the proposed pesticide
use in the Initial Environmental Examination indicates that the
use will significantly effect the human environment, the
Threshold Decision will include a recommendation for the
preparation of an Environmental Assessment or Environmental
Impact Statement, as appropriate. In the event a decision is
made to approve the planned pesticide use, the Project Paper
shall include to the extent practicable, provisions designed to
mitigate potential adverse effects of the pesticide. When the
pesticide evaluation section of the Initial Environmental
Examination does not indicate a potentially unreasonable risk
arising from the pesticide use, an Environmental Assessment or
Environmental Impact Statement shall nevertheless be prepared
if the environmental effects of the project otherwise require
further assessment.

When a project includes assistance for the procurement or use, or both,
of any pesticide registered for the same or similar uses in the United
States but the proposed use is restricted by the USEPA on the basis of
user hazard, the procedures set forth in §216.3(b)(1)(i) above will be
followed. In addition, the Initial Environmental Examination will
include an evaluation of the user hazards associated with the proposed
USEPA restricted uses to ensure that the implementation plan which is
contained in the Project Paper incorporates provisions for making the
recipient government aware of these risks and providing, if necessary,
such technical assistance as may be required to mitigate these risks. If
the proposed pesticide use is also restricted on a basis other than user
hazard, the procedures in §216.3(b)(1)(iii) shall be followed in lieu of
the procedures in this section.
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2)

(iii)

(iv)

(v)

If the project includes assistance for the procurement or use, or both
of:

(a) Any pesticide other than one registered for the same or similar
uses by USEPA without restriction or for restricted use on the
basis of user hazard; or

(b) Any pesticide for which a notice of rebuttable presumption
against re-registration, notice of intent to cancel, or notice of
intent to suspend has been issued by USEPA, The Threshold
Decision will provide for the preparation of an Environmental
Assessment or Environmental Impact Statement, as appropriate
(§216.6(a)). The EA or EIS shall include, but not be limited to,
an analysis of the factors identified in §216.3(b)(1)(i) above.

Notwithstanding the provisions of §216.3(b)(1)(i) through (iii) above,
if the project includes assistance for the procurement or use, or both, of
a pesticide against which USEPA has initiated a regulatory action for
cause, or for which it has issued a notice of rebuttable presumption
against re-registration, the nature of the action or notice, including the
relevant technical and scientific factors will be discussed with the
requesting government and considered in the IEE and, if prepared, in
the EA or EIS. If USEPA initiates any of the regulatory actions above
against a pesticide subsequent to its evaluation in an I[EE, EA or EIS,
the nature of the action will be discussed with the recipient
government and considered in an amended IEE or amended EA or
EIS, as appropriate.

If the project includes assistance for the procurement or use, or both of
pesticides but the specific pesticides to be procured or used cannot be
identified at the time the IEE is prepared, the procedures outlined in
§216.3(b)(i) through (iv) will be followed when the specific pesticides
are identified and before procurement or use is authorized. Where
identification of the pesticides to be procured or used does not occur
until after Project Paper approval, neither the procurement nor the use
of the pesticides shall be undertaken unless approved, in writing, by
the Assistant Administrator (or in the case of projects authorized at the
Mission level, the Mission Director) who approved the Project Paper.

Exceptions to Pesticide Procedures. The procedures set forth in §216.3 (b)(1)
shall not apply to the following projects including assistance for the

(1)

procurement or use, or both, of pesticides.

Projects under emergency conditions. Emergency conditions shall be
deemed to exist when it is determined by the Administrator, A.LD.. in
writing that:
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3)

(ii)

(iii)

(a) A pest outbreak has occurred or is imminent; and

(b) Significant health problems (either human or animal) or
significant economic problems will occur without the prompt
use of the proposed pesticide; and

(©) Insufficient time is available before the pesticide must be used
to evaluate the proposed use in accordance with the provisions
of this regulation.

Projects where A.L.D. is a minor donor, as defined in §216.1(c)(12)
above, to a multi-donor project.

Projects including assistance for procurement or use, or both, of
pesticides for research or limited field evaluation purposes by or under
the supervision of project personnel. In such instances, however,
A.LD. will ensure that the manufacturers of the pesticides provide
toxicological and environmental data necessary to safeguard the health
of research personnel and the quality of the local environment in
which the pesticides will be used. Furthermore, treated crops will not
be used for human or animal consumption unless appropriate
tolerances have been established by USEPA or recommended by
UNFAO/WHO, and the rates and frequency of application, together
with the prescribed preharvest intervals, do not result in residues
exceeding such tolerances. This prohibition does not apply to the
feeding of such crops to animals for research purposes.

Non-Project Assistance. In a very few limited number of circumstances A.L.D.
may provide non-project assistance for the procurement and use of pesticides.
Assistance in such cases shall be provided if the A.I.D. Administrator
determines in writing that:

(1)
(ii)

emergency conditions, as defined in §216.3(b)(2)(i) above exist; or

that compelling circumstances exist such that failure to provide the
proposed assistance would seriously impede the attainment of U.S.
foreign policy objectives or the objectives of the foreign assistance
program. In the latter case, a decision to provide the assistance will be
based to the maximum extent practicable, upon a consideration of the
factors set forth in §216.3(b)(1)(i) and, to the extent available, the
history of efficacy and safety covering the past use of the pesticide the
in recipient country.

[43 FR 20491, May 12, 1978, as amended at 45 FR 70245, Oct. 23, 1980]
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§216.4 PRIVATE APPLICANTS

Programs, projects or activities for which financing from A.LD. is sought by private
applicants, such as PVOs and educational and research institutions, are subject to these
procedures. Except as provided in §216.2(b), (c) or (d), preliminary proposals for
financing submitted by private applicants shall be accompanied by an Initial
Environmental Examination or adequate information to permit preparation of an Initial
Environmental Examination. The Threshold Decision shall be made by the Mission
Director for the country to which the proposal relates, if the preliminary proposal is
submitted to the A.I.D. Mission, or shall be made by the officer in A.I.D. who approves
the preliminary proposal. In either case, the concurrence of the Bureau Environmental
Officer is required in the same manner as in §216.3(a)(2), except for PVO projects
approved in A.I.D. Missions with total life of project costs less than $500,000.
Thereafter, the same procedures set forth in §216.3 including as appropriate scoping and
Environmental Assessments or Environmental Impact Statements, shall be applicable to
programs, projects or activities submitted by private applicants. The final proposal
submitted for financing shall be treated, for purposes of these procedures, as a Project
Paper. The Bureau Environmental Officer shall advise private applicants of studies or
other information foreseeably required for action by A.LD.

[45 FR 70247, Oct. 23, 1980]

§216.5 ENDANGERED SPECIES

It is A.L.D. policy to conduct its assistance programs in a manner that is sensitive to the
protection of endangered or threatened species and their critical habitats. The Initial
Environmental Examination for each project, program or activity having an effect on the
environment shall specifically determine whether the project, program or activity will
have an effect on an endangered or threatened species, or critical habitat. If the proposed
project, program or activity will have the effect of jeopardizing an endangered or
threatened species or of adversely modifying its critical habitat, the Threshold Decision
shall be a Positive Determination and an Environmental Assessment or Environmental
Impact Statement completed as appropriate, which shall discuss alternatives or
modifications to avoid or mitigate such impact on the species or its habitat.

[45 FR 70247, Oct. 23, 1980]

§216.6 ENVIRONMENTAL ASSESSMENTS

(a) General Purpose

The purpose of the Environmental Assessment is to provide Agency and host country
decision-makers with a full discussion of significant environmental effects of a proposed
action. It includes alternatives which would avoid or minimize adverse effects or enhance
the quality of the environment so that the expected benefits of development objectives
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can be weighed against any adverse impacts upon the human environment or any
irreversible or irretrievable commitment of resources.

(b) Collaboration with Affected Nation on Preparation

Collaboration in obtaining data, conducting analyses and considering alternatives will
help build an awareness of development associated environmental problems in less
developed countries as well as assist in building an indigenous institutional capability to
deal nationally with such problems. Missions, Bureaus and Offices will collaborate with
affected countries to the maximum extent possible, in the development of any
Environmental Assessments and consideration of environmental consequences as set
forth therein.

(c) Content and Form

The Environmental Assessment shall be based upon the scoping statement and shall
address the following elements, as appropriate:

(1) Summary. The summary shall stress the major conclusions, areas of
controversy, if any, and the issues to be resolved.

(2) Purpose. The Environmental Assessment shall briefly specify the underlying
purpose and need to which the Agency is responding in proposing the
alternatives including the proposed action

3) Alternatives Including the Proposed Action. This section should present the
environmental impacts of the proposal and its alternatives in comparative
form, thereby sharpening the issues and providing a clear basis for choice
among options by the decision-maker. This section should explore and
evaluate reasonable alternatives and briefly discuss the reasons for eliminating
those alternatives which were not included in the detailed study; devote
substantial treatment to each alternative considered in detail including the
proposed action so that reviewers may evaluate their comparative merits;
include the alternative of no action; identify the Agency’s preferred alternative
or alternatives, if one or more exists; include appropriate mitigation measures
not already included in the proposed action or alternatives.

4) Affected Environment. The Environmental Assessment shall succinctly
describe the environment of the area(s) to be affected or created by the
alternatives under consideration. The descriptions shall be no longer than is
necessary to understand the effects of the alternatives. Data and analyses in
the Environmental Assessment shall be commensurate with the significance of
the impact with less important material summarized, consolidated or simply
referenced.

(5) Environmental Consequences. This section forms the analytic basis for the
comparisons under paragraph (c)(3) of this section. It will include the
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environmental impacts of the alternatives including the proposed action; any
adverse effects that cannot be avoided should the proposed action be
implemented; the relationship between short-term uses of the environment and
the maintenance and enhancement of long-term productivity; and any
irreversible or irretrievable commitments of resources which would be
involved in the proposal should it be implemented. It should not duplicate
discussions in paragraph (c)(3) of this section. This section of the
Environmental Assessment should include discussions of direct effects and
their significance; indirect effects and their significance; possible conflicts
between the proposed action and land use plans, policies and controls for the
areas concerned; energy requirements and conservation potential of various
alternatives and mitigation measures; natural or depletable resource
requirements and conservation potential of various requirements and
mitigation measures; urban quality; historic and cultural resources and the
design of the built environment, including the reuse and conservation potential
of various alternatives and mitigation measures; and means to mitigate
adverse environmental impacts.

(6) List of Preparers. The Environmental Assessment shall list the names and
qualifications (expertise, experience, professional discipline) of the persons
primarily responsible for preparing the Environmental Assessment or
significant background papers.

(7) Appendix. An appendix may be prepared.

(d) Program Assessment

Program Assessments may be appropriate in order to assess the environmental effects of
a number of individual actions and their cumulative environmental impact in a given
country or geographic area, or the environmental impacts that are generic or common to a
class of agency actions, or other activities which are not country-specific. In these cases,
a single, programmatic assessment will be prepared in A.I.D./Washington and circulated
to appropriate overseas Missions, host governments, and to interested parties within the
United States. To the extent practicable, the form and content of the programmatic
Environmental Assessment will be the same as for project Assessments. Subsequent
Environmental Assessments on major individual actions will only be necessary where
such follow-on or subsequent activities may have significant environmental impacts on
specific countries where such impacts have not been adequately evaluated in the
programmatic Environmental Assessment. Other programmatic evaluations of class of
actions may be conducted in an effort to establish additional categorical exclusions or
design standards or criteria for such classes that will eliminate or minimize adverse
effects of such actions, enhance the environmental effect of such actions or reduce the
amount of paperwork or time involved in these procedures. Programmatic evaluations
conducted for the purpose of establishing additional categorical exclusions under
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§216.2(c) or design considerations that will eliminate significant effects for classes of
actions shall be made available for public comment before the categorical exclusions or
design standards or criteria are adopted by A.L.D. Notice of the availability of such
documents shall be published in the Federal Register. Additional categorical exclusions
shall be adopted by A.L.D. upon the approval of the Administrator, and design
consideration in accordance with usual agency procedures.

(e) Consultation and Review

(1) When Environmental Assessments are prepared on activities carried out
within or focused on specific developing countries, consultation will be held
between A.LD. staff and the host government both in the early stages of
preparation and on the results and significance of the completed Assessment
before the project is authorized.

(2) Missions will encourage the host government to make the Environmental
Assessment available to the general public of the recipient country. If
Environmental Assessments are prepared on activities which are not country
specific, the Assessment will be circulated by the Environmental Coordinator
to A.LLD.’s Overseas Missions and interested governments for information,
guidance and comment and will be made available in the U.S. to interested
parties.

(f) Effect in Other Countries

In a situation where an analysis indicates that potential effects may extend beyond the
national boundaries of a recipient country and adjacent foreign nations may be affected,
A.LD. will urge the recipient country to consult with such countries in advance of project
approval and to negotiate mutually acceptable accommodations.

(9) Classified Material

Environmental Assessments will not normally include classified or administratively
controlled material. However, there may be situations where environmental aspects
cannot be adequately discussed without the inclusion of such material. The handling and
disclosure of classified or administratively controlled material shall be governed by 22
CFR Part 9. Those portions of an Environmental Assessment which are not classified or
administratively controlled will be made available to persons outside the Agency as
provided for in 22 CFR Part 212.

[45 FR 70247, Oct. 23, 1980]
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§216.7 ENVIRONMENTAL IMPACT STATEMENTS

(a) Applicability

An Environmental Impact Statement shall be prepared when agency actions significantly
affect:

(1) The global environment or areas outside the jurisdiction of any nation (e.g.,
the oceans);

(2) The environment of the United States; or

3) Other aspects of the environment at the discretion of the Administrator.

(b) Effects on the United States: Content and Form

An Environmental Impact Statement relating to paragraph (a)(2) of this section shall
comply with the CEQ Regulations. With respect to effects on the United States, the terms
environment and significant effect wherever used in these procedures have the same
meaning as in the CEQ Regulations rather than as defined in §216.1(c)(12) and (13) of
these procedures.

(c) Other Effects: Content and Form

An Environmental Impact Statement relating to paragraphs (a)(1) and (a)(3) of this
section will generally follow the CEQ Regulations, but will take into account the special
considerations and concerns of A.I.D. Circulation of such Environmental Impact

Statements in draft form will precede approval of a Project Paper or equivalent and
comments from such circulation will be considered before final project authorization as
outlined in §216.3 of these procedures. The draft Environmental Impact Statement will
also be circulated by the Missions to affected foreign governments for information and
comment. Draft Environmental Impact Statements generally will be made available for
comment to Federal agencies with jurisdiction by law or special expertise with respect to
any environmental impact involved, and to public and private organizations and
individuals for not less than forty-five (45) days. Notice of availability of the draft
Environmental Impact Statements will be published in the FEDERAL REGISTER.
Cognizant Bureaus and Offices will submit these drafts for circulation through the
Environmental Coordinator who will have the responsibility for coordinating all such
communications with persons outside A.I.D. Any comments received by the
Environmental Coordinator will be forwarded to the originating Bureau or Office for
consideration in final policy decisions and the preparation of a final Environmental
Impact Statement. All such comments will be attached to the final Statement, and those
relevant comments not adequately discussed in the draft Environmental Impact Statement
will be appropriately dealt with in the final Environmental Impact Statement. Copies of
the final Environmental Impact Statement, with comments attached, will be sent by the
Environmental Coordinator to CEQ and to all other Federal, state, and local agencies and
private organizations that made substantive comments on the draft, including affected
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foreign governments. Where emergency circumstances or considerations of foreign
policy make it necessary to take an action without observing the provisions of

§1506.10 of the CEQ Regulations, or when there are overriding considerations of
expense to the United States or foreign governments, the originating Office will advise
the Environmental Coordinator who will consult with Department of State and CEQ
concerning appropriate modification of review procedures.

[45 FR 70249, Oct. 23, 1980]

§216.8 PUBLIC HEARINGS

(1)

)

In most instances AID will be able to gain the benefit of public participation
in the impact statement process through circulation of draft statements and
notice of public availability in CEQ publications. However, in some cases the
Administrator may wish to hold public hearings on draft Environmental
Impact Statements. In deciding whether or not a public hearing is appropriate,
Bureaus in conjunction with the Environmental Coordinator should consider:

(1) The magnitude of the proposal in terms of economic costs, the
geographic area involved, and the uniqueness or size of commitment
of the resources involved;

(1))  The degree of interest in the proposal as evidenced by requests from
the public and from Federal, state and local authorities, and private
organizations and individuals, that a hearing be held;

(ii1))  The complexity of the issue and likelihood that information will be
presented at the hearing which will be of assistance to the Agency; and

(iv)  The extent to which public involvement already has been achieved
through other means, such as earlier public hearings, meetings with
citizen representatives, and/or written comments on the proposed
action.

If public hearings are held, draft Environmental Impact Statements to be
discussed should be made available to the public at least fifteen (15) days
prior to the time of the public hearings, and a notice will be placed in the
FEDERAL REGISTER giving the subject, time and place of the proposed
hearings.

[41 FR 26913, June 30, 1976. Redesignated at 45 FR 70249, Oct. 23, 1980]

§216.9 BILATERAL AND MULTILATERAL STUDIES AND CONCISE REVIEWS OF
ENVIRONMENTAL ISSUES

Notwithstanding anything to the contrary in these procedures, the Administrator may
approve the use of either of the following documents as a substitute for an Environmental
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Assessment (but not a substitute for an Environmental Impact Statement) required under
these procedures:

(1) Bilateral or multilateral environmental studies, relevant or related to the
proposed action, prepared by the United States and one or more foreign
countries or by an international body or organization in which the United
States is a member or participant; or,

(2) Concise reviews of the environmental issues involved including summary
environmental analyses or other appropriate documents.

[45 FR 70249, Oct. 23, 1980]

§216.10 RECORDS AND REPORTS

Each Agency Bureau will maintain a current list of activities for which Environmental
Assessments and Environmental Impact Statements are being prepared and for which
Negative Determinations and Declarations have been made. Copies of final Initial
Environmental Examinations, scoping statements, Assessments and Impact Statements
will be available to interested Federal agencies upon request. The cognizant Bureau will
maintain a permanent file (which may be part of its normal project files) of
Environmental Impact Statements, Environmental Assessments, final Initial
Environmental Examinations, scoping statements, Determinations and Declarations
which will be available to the public under the Freedom of Information Act. Interested
persons can obtain information or status reports regarding Environmental Assessments
and Environmental Impact Statements through the A.I.D. Environmental Coordinator.

[45 FR 70249, Oct. 23, 1980]
(22 U.S.C. 2381; 42 U.S.C. 4332)
Dated October 9, 1980
Joseph C. Whedler
Acting Administrator
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Introduction

Before Reading this Document

If you are a prospective preparer of Supplemental Environmental Assessments (SEAs)
for malaria vector control programs, it is essential that you read the following resources
prior to reading this document:

e USAID (Agency for International Development). 2005a. Environmental
Compliance Procedures, Title 22 Code of Federal Regulations (CFR), Part 216.
Available at http://www.usaid.gov/our work/environment/compliance/
reg216.pdf.

e USAID (Agency for International Development). 2005b. USAID Environmental
Procedures Training Manual. Available at http://www.encapafrica.org/
EPTM.htm.

e USAID (Agency for International Development). 2006. Management Programs
for Malaria Vector Control: Programmatic Environmental Assessment.

e USAID (Agency for International Development). 2002. Programmatic
Environmental Assessment for Insecticide-Treated Materialsin USAID Activities
in Sub-Saharan Africa.

These documents provide in-depth information about environmental compliance
procedures in the U.S. Agency for International Development (USAID) and context for
this guidance document.

The SEA: Part of USAID Environmental Compliance

Under the U.S. Code of Federal Regulations (22 CFR §216), malaria vector control
activities supported or planned by USAID must undergo environmental examination. To
assist USAID missions in planning malaria vector control interventions, USAID recently
drafted a Programmatic Environmental Assessment (PEA), Management Programs for
Malaria Vector Control: Programmatic Environmental Assessment (USAID, 2006), that
provides a broad view of the human health and environmental impacts that could result
from implementation of malaria vector control interventions. However, the PEA cannot
account for intercountry and interregional variation regarding issues such as the capacity
to manage pesticides used for vector control and the environment likely to be impacted.
For this reason, SEAs must be developed to describe in-country impacts of interventions
and describe country-specific activities to minimize those impacts. This process of using
the PEA as the basis on which the country-specific SEA is developed is called “tiering.”
Tiering off from the PEA saves substantial time and money by not having to repeat
environmental review that applies generically to all activities within a program. Tiering
also ensures basic consistency and quality across all of the program’s activities, no matter
where they are undertaken.
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When

Whenever an in-country malaria vector control activity involves “assistance for the
procurement or use, or both, of pesticides,” SEAs supplementing the PEA must address
the pesticide procedures found in 22 CFR 216.3(b). The pesticide procedures list 12
factors to address in SEAs and are described in the following chapters.

In sum, the SEA should be looked upon as the overall picture within the country. The
SEA should address the human health and environmental impacts that may occur as a
result of USAID support of malaria vector control activities.

The purpose of a malaria program is to save lives and reduce illness and suffering. The
purpose of the SEA is to optimize these goals by ensuring malaria control programs use
only safe and efficacious pesticides and use them in the way that will minimize
inadvertent poisonings and intoxications; by ensuring the natural resources on which
people depend for their daily food production and nutrition are not damaged; by ensuring
that long term development is promoted by avoiding disruption of agricultural exports by
avoiding misuse of malaria pesticides on agricultural crops; and, by participating in
international environmental agreements such as the Stockholm Convention on Persistent
Organic Pollutants, among others.

to Prepare an SEA

Since there are minor variations in the way USAID bureaus approach 22 CFR 216 in
order to address special circumstances in their regions, it isimportant to consult with the
Bureau Environmental Officer (BEO) about his or her expectations prior to development
of the environmental assessment. Because the majority of USAID-supported malaria
interventions occur in Africa, this section will discuss the types of environmental
assessments that need to be conducted for various types of malaria vector control
interventions.

Within the Africa Bureau, the level of analysis in the SEA for a country-specific malaria
project will depend on which pesticides are proposed to be used. In all cases the SEA will
include a Pesticide Evaluation Report and Safer Use Action Plan (PERSUAP). The
PERSUAP is a name given for the part of the SEA that addresses the 12 factors required
by the pesticide procedures in 22 CFR 216.3(b). The level of analysis in the PERSUAP
can be more streamlined in cases where all pesticides being proposed for a malaria
project are registered by the U.S. Environmental Protection Agency (EPA) for same or
similar use without restriction. If one or more pesticides are registered for same or similar
use but with restrictions (restricted use pesticides), then the level of analysis will be
greater. Should one or more pesticides not be registered for same or similar use or be
cancelled-use pesticides, then the level of analysis in the PERSUAP portion of the SEA
would be greatest in order to justify their selection and use.

In all cases public participation is required since each SEA is an amendment to the PEA.
The level of public participation will track the degree of analysis in the PERSUAP that is
driven by the type of pesticides proposed. It will also be affected by other aspects of the
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SEA. The degree and method of public participation is decided by the USAID Mission
undertaking the SEA in consultation with their BEO.

Who Prepares an SEA

SEAs should be prepared during the initial planning stages of one or more interventions
in-country before an intervention or pesticide has been chosen and before funding has
been committed. The SEA will guide the decision-making process in designing the
overall approach to fighting malaria in the country — it is not done after basic decisions
are made since it would be ineffective at that point. The SEA is also a living document
used for adaptive management of the malaria program throughout the life of the project.
It is a day-to-day management tool, and amendments to the SEA are likely as new
information or new directions emerge. The individuals preparing the SEA may be
employees of the contractor who will implement the intervention or an independent
contractor. Quality control is provided by the host mission staff with the final decision for
sufficiency being made by the BEO in the approval process.

Individuals preparing an SEA should be well acquainted with the possible human health
and environmental impacts of the intervention and best practices to mitigate those
impacts. These individuals also need sufficient experience with interpretation and
implementation of USAID environmental procedures, parallel procedures of the host
country, and the environmental impact assessment and review process. SEA preparers
will be aided substantially by guidance provided in the Management Programs for
Malaria Vector Control: Programmatic Environmental Assessment (USAID, 2006).

The SEA preparers should conduct their work in conjunction with specialists in the
various interventions considered, host-country malaria control program staff, any
regional or local health program staff, and any other stakeholders affected by the
interventions considered including local communities and nongovernmental
organizations. Specialists should furnish details about the design and implementation of
their respective interventions. It is especially important for SEA preparers to work closely
with USAID Mission staff so monitoring, mitigation, and evaluation activities can be
incorporated into overall project planning.

The USAID Mission health team and the USAID Mission Environmental Officer (MEO)
should be actively involved in the preparation of the SEA. This can be achieved by
accompanying the SEA preparers on site visits and participating in discussions, or simply
posing questions or making comments or suggestions when the SEA is initially drafted.
Once the SEA has been drafted, it must be signed by the preparers, cleared by the activity
manager or SO team leader, the MEO, and the Regional Environmental Advisor (REA).
It is then signed by the mission director prior to submitting it to the BEO for their bureau,
who after consulting with the Global Health Bureau’s BEO shall make the decision
whether to approve the SEA and sign it if they do. Communication with the BEO
throughout the process is useful to avoid having the draft SEA returned for revisions.
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Components of an SEA

22 CFR 216.6 (¢) describes the content and form that should be used for all USAID
environmental assessments, including SEAs. The following sections examine each
component of the SEA in detail. The text boxes in each section contain the CFR text.
These are followed by discussion of what the section should contain to comply with CFR
text and address malaria-specific issues. When relevant, the section will provide
additional guidance for on-the-ground research.

Acronyms

Provide a list of all acronyms and abbreviations used in the SEA.

Table of Contents

A table of contents at the beginning of the document will enable readers to find relevant
information quickly.

Summary

The summary shall stress the major conclusions, areas of controversy, if any, and the issues to be

resolved.

Along with these aspects, the summary may include discussion of the intervention in the
context of the timeframe of USAID support, other USAID actions, Ministry of Health
(MOH) initiatives, and the activities of other donors. If pesticides are to be procured or
used, the ones for which approval is requested shall be listed in this summary. Mitigative
measures required by the SEA will also be listed with page number references to where
they are more fully described in the text of the SEA.

Background and Purpose

The Environmental Assessment shall briefly specify the underlying purpose and need to which the

Agency is responding in proposing the alternatives, including the proposed action.

To explain the purpose and need for the proposed action, this section should describe the
background of malaria and malaria control in the country and the intervention target area.
To the extent possible, this section should include information on the following:

e Malaria in the country and intervention target area
— Malaria parasite species
— Malaria endemic and epidemic risk areas
— Start, end, and duration of highest malaria transmission
— Malaria incidence

— Malaria prevalence
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Malaria vector species

e History of malaria control in the country and intervention target area

Historical use of insecticides

Previous house spraying campaigns

Insecticide-treated net (ITN) distribution targets and mechanisms
Previous environmental management campaigns

Previous use of larviciding

e Current malaria control policies

Interventions supported by the MOH

Rationale for interventions selected

Status of intervention implementation or success
Pesticide use policies

Current capacity of clinics and hospitals and their workers to diagnose and
treat pesticide intoxications

Baseline data for pre-existing presence of the pesticides being proposed to be
used by the project, both in the target populations of communities to be treated
and in the natural environment and agricultural crops in the area to be able to
monitor and measure safe and correct use

e Administration of malaria control activities

Role of national malaria control program
Existence and role of separate department of vector borne diseases

Authority of the MOH versus local or regional malaria control programs

e Other donor activities

Additionally, this section should describe the effectiveness of the malaria interventions
already in place and provide some indication of whether they need strengthening through
training, better planning, more efficient management, or other processes.

Much of this information can be obtained by talking to national malaria control program
staff and reviewing existing relevant documents, such as a national strategic plan for
malaria control. Local or regional malaria control program staff may also provide
valuable information on the history of malaria and malaria control in the target area and
the status of intervention implementation and success. In some instances the SEA team
may need to develop this information.
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Alternatives Including the Proposed Action

This section should present the environmental impacts of the proposal and its alternatives in
comparative form, thereby sharpening the issues and providing a clear basis for choice among options
by the decision maker. This section should explore and evaluate reasonable alternatives and briefly
discuss the reasons for eliminating those alternatives that were not included in the detailed study;

devote substantial treatment to each alternative considered in detail including the proposed action so
that reviewers may evaluate their comparative merits and risks; include the alternative of no action;
identify the Agency’s preferred alternative or alternatives, if one or more exists; and include
appropriate mitigation measures not already included in the proposed action or alternatives.

Affected Environment

The Environmental Assessment shall succinctly describe the environment of the area(s) to be affected
or created by the alternatives under consideration. The descriptions shall be no longer than is

necessary to understand the effects of the alternatives. Data and analyses in the Environmental
Assessment shall be commensurate with the significance of the impact with less important material
summarized, consolidated or simply referenced.

This section overlaps with section h of the Pesticide Procedures section, which is
addressed in Environmental Consequences. When preparing an SEA for an intervention
supporting pesticide use, put the information that would be included in this section in the
Pesticide Procedures section (see below). When preparing an SEA for environmental
management, where pesticides are not used, this section should include the conditions
under which the environmental management intervention will take place, including
climate, flora, fauna, geography, hydrology, and soils.

The affected environment also includes the human environment. Include information on
the administrative divisions in the target area so that when administrative entities are
referenced in subsequent sections, they will be familiar to the reader. In addition, include
the populations that will be affected by the intervention. The national malaria control
program and the local or regional malaria control program can usually provide this
information.
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Environmental Consequences

This section forms the analytic basis for the comparisons under [Alternatives Including the
Proposed Action]. It will include the environmental impacts of the alternatives including the
proposed action; any adverse impacts that cannot be avoided should the proposed action be
implemented; the relationship between short-term uses of the environment and the maintenance
and enhancement of long-term productivity; and any irreversible or irretrievable commitments of
resources which would be involved in the proposal should it be implemented. It should not
duplicate discussions in [Alternatives Including the Proposed Action]. This section of the
Environmental Assessment should include discussions of direct effects and their significance;
indirect effects and their significance; possible conflicts between the proposed action and land
use plans, policies and controls for the areas concerned; energy requirements and conservation
potential of various alternatives and mitigation measures; natural or depletable resource
requirements and conservation potential of various requirements and mitigation measures;
urban quality; historic and cultural resources and the design of the built environment, including
the reuse and conservation potential of various alternatives and mitigation measures; and
means to mitigate adverse environmental impacts.

Not every aspect listed here is relevant for malaria vector control interventions. Thus,
only the points described below need to be considered.

Any adver se effects than cannot be avoided. For alternatives involving pesticide use,
unavoidable adverse effects include human and environmental exposure from
emergencies, such as spills or fires, and possible effects from residential or occupational
exposure that cannot be mitigated. For alternatives involving environmental
management, unavoidable impacts on water resources used by humans and other
organisms, destruction of flora and fauna, reduction of biodiversity, etc. (see Table 11 in
the integrated vector management [[VM] PEA), should be described here.

Any irreversible or irretrievable commitments of resources. For alternatives involving
pesticide use, the MOH often acquires new insecticides or larvicides, storage facilities,
vehicles, application equipment, and protective wear and accoutrements that could be
used in future interventions with chemicals that have not undergone environmental
review or pilfered and used for activities not related to malaria control, potentially
harming human health and the environment.

Discussion of direct and indirect effects and their significance. Direct effects can be
characterized as negative and positive. The negative impacts of the intervention are
discussed in depth in other parts of the SEA and need only very brief mention here. The
positive effects of the intervention, such as providing protection against malaria to a
target area population; reduced incidence of adult morbidity, miscarriages, low birth-
weight, and adverse effects on malaria-induced fetal neurodevelopment; and reduced
incidence of malaria-related childhood anemia, complications, organ failure, and death
can be described briefly here.

Indirect effects can be considered equivalent to “irreversible commitments of resources,”
in that support of malaria vector control interventions may result in procurement of
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pesticides, equipment, storage facilities, vehicles, or other commodities that can be used
for purposes other than those intended or that adhere to best practices.

Conflicts with other policies, plans, or controls for the areas under consideration. It is
crucial that malaria vector control interventions supported by USAID do not contradict
U.S. or host-country laws, regulations, and policies or international treaties (Stockholm,
Basel, Rotterdam) to which the United States or the host country are party. It is also
important to identify whether the proposed action contradicts the goals of other host-
country or donor activities in the target area.

Provide an overview of the local environmental and public health regulations as they
apply to malaria vector control. This would include any information on

e Pertinent national legislation

e International treaties (Stockholm, Basel, Rotterdam, or other applicable treaties)
e National environmental assessment procedures

e Systems for registration of chemicals

e Guidelines for control operations.

Consult with the Ministries of Health, Environment, and Agriculture and donor projects
to ensure that all aspects of the intervention are legal or complementary to current
activities in the target area.

To the extent a country may need advice or assistance in complying with the
requirements of international treaties, especially the Stockholm Convention on Persistent
Organic Pollutants, the SEA will need to identify how the USAID malaria activity will
provide the needed training and/or support.

Environmental impacts of the alternatives, including the proposed action. The
environmental impacts of alternatives involving pesticide use will be addressed in the
Pesticide Procedures (see below). Thus, for alternatives involving pesticide use, simply
highlight in this section the primary human health and/or environmental risks of the
interventions considered. For alternatives involving environmental management,
however, the environmental impacts should be described in depth here.

Pesticide procedures. 22 CFR 216.3(b) requires that when “a project includes assistance
for procurement or use, or both, of pesticides,” that the Initial Environmental
Examination or subsequent Environmental Assessment address the following 12 factors:

a. EPA registration status of the requested pesticide
b. The basis for selection of the requested pesticide

c. The extent to which the proposed pesticide use is part of an [IVM program

o

The proposed method or methods of application, including availability of
appropriate application and safety equipment
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e. Any acute and long-term toxicological hazards, either human or environmental,
associated with the proposed use and measures available to minimize such
hazards

f. The effectiveness of the requested pesticide for the proposed use
g. Compatibility of the proposed pesticide with target and nontarget ecosystems

h. The conditions under which the pesticide is to be used, including climate, flora,
fauna, geography, hydrology, and soils

i.  The availability and effectiveness of other pesticides or nonchemical control
methods

j-  The requesting country’s ability to regulate or control the distribution, storage,
use and disposal of the requested pesticide

k. The provisions made for training of users and applicators
. The provisions made for monitoring the use and effectiveness of the pesticide.

Guidance on addressing these factors appears in the following chapter of this guidance,
Pesticide Procedures.

Required and recommended mitigation measures. This subsection is the most vital part of
the SEA. An SEA is meaningless if the actions required and/or recommended are not
implemented. This section serves to expedite planning and budgeting for monitoring,
mitigation, and evaluation activities. It provides a synopsis of monitoring, mitigation, and
evaluation measures that logistical needs assessors, program managers, host-country
government staff, and other stakeholders can easily incorporate into project planning.
This section should include the type of impact monitored, mitigated, or evaluated and
which entity is responsible for the monitoring, mitigating, or evaluating action. Use the
recommended mitigation measures in the PEA for IVM (USAID, 2006) and the PEA for
insecticide-treated materials (ITMs) (USAID, 2002) as a guide for recommended
mitigation measures in the SEA. Additionally, if pesticide stocks are identified that need
to be analyzed and either repackaged or disposed, describe the location of the stocks and
the procedures that must be taken to handle those stocks during the program (see the PEA
for IVM for the protocol for finding potentially obsolete pesticide stocks).

An SEA is a living document and process. The SEA must include a workable plan for
ongoing monitoring of environmental soundness to identify any problems that may
develop and create a workable mechanism to address them through amendments to the
SEA. This may include mechanisms for measuring pesticide levels in people — both
sprayers and residents of sprayed houses, as well as in the surrounding environment. This
is especially critical for any pesticides that are not registered by EPA for same or similar
use without restrictions.
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Preparation Methodology

The Environmental Assessment shall list the names and qualifications (expertise, experience,

professional discipline) of the persons primarily responsible for preparing the Environmental
Assessment or significant background papers.

In this section, provide a brief methodology for the SEA, including the dates of visits to
the host country, names and qualifications of the SEA preparers, and credits to
individuals in the host country who provided information for the SEA. If the SEA
involved public comment (see Public Comment chapter), provide the date of the scoping
meeting, scoping meeting participants, and dates of the host-country public comment
period.

Bibliography

List the resources used in preparing the SEA, such as host-country documents and
governments, journal articles, United Nations or U.S. best-practice guidelines, the [VM
or ITM PEA, or other “significant background papers.”

Appendices

An appendix may be prepared.

Appendices can be useful in organizing the SEA so that only the most critical information
for decision making is in the body of the SEA. If the SEA involved public comment,
include the scoping statement and any public comments on the SEA as appendices.

Pesticide Procedures

As previously described, 22 CFR §216.3(b) mandates the consideration of 12 factors
when a project includes “assistance for procurement or use, or both, of pesticides.” In this
chapter, each factor is discussed in sequence. For each factor, a text box highlights the
relevant guidance from USAID’s Pest Management Guidelines (USAID, 1991), and two
subsections provide guidance specific to malaria vector control on what to write and how
to obtain information required to consider the factor (for some factors, these are presented
in a tabular format instead of two subsections, where there is a relationship between what
to write and how to obtain information).

(a) EPA Registration Status of the Requested Pesticide

What to Write
This section should include the following essential information:

e Host-country registration status
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e EPA registration status as
— General Use Pesticide (GUP)
— Restricted Use Pesticide (RUP)
— Cancelled (state reasons for cancellation—e.g., health concerns, no market

incentive)

— Not Registered

e Pesticide formulation and percent of active ingredient

e Registration of any same or similar uses. (Note: Larvicides should have same or
similar uses in the United States; however, the closest “same or similar use” for
insecticides is indoor pest control, because insecticides are not used for Indoor
Residual Spraying (IRS) or ITN programs in the United States.)

The section may also include the following optional information:
e Chemical Abstracts Service number (CAS number)
e Trade name

e Manufacturer

Sources of Information

For Host-Country Registration

Each country should have a pesticide registration office. This registration office, typically
in the Ministry of Agriculture (MOA), may or may not handle the registration of
pesticides for public health use—sometimes these pesticides are registered by the MOH.
The national malaria control program is likely to know which institution registers public
health pesticides.

For EPA Registration

The PEA for malaria vector control interventions and the PEA for ITMs contain
information on EPA registration of World Health Organization (WHO)-recommended
pesticides; if there is a question as to the status of a pesticide, search EPA’s Web site
(www.epa.gov) or contact EPA’s Office of Pesticides to confirm the current status since
this status can and does change from time to time as new information becomes available
to EPA.

(b) The Basis for Selection of the Requested Pesticide

What to Write

Describe how each of the criteria listed in Section 6.1.2 of the PEA for IVM (and listed
again in this section) were considered in the host country’s decision to use a particular
pesticide. Four threshold criteria must be met in making decisions on pesticides used in
malaria vector control:
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Pesticide registration in the host country
Acceptability of the pesticide to the national malaria control program

Risk to human health—pesticides must be approved by the WHO and should be
preferred based on their safety as described in USAID’s Programmatic
Environmental Assessment for Integrated Vector Management

Risk to environment, livestock, and/or agricultural trade.

Beyond these four threshold considerations, technical and logistical factors must be
addressed in comparing and selecting insecticides for malaria vector control. The primary
factor to be addressed is

Vector resistance

Secondary factors include

Appropriateness of surface for spraying
Duration of effectiveness (and implications for cost)

Cost of insecticide

Tertiary factors include

The need for an insecticide of a different class to prevent resistance

Major classes of insecticides used in other vector control interventions that could
promote resistance

Major classes of insecticides used in the agricultural sector that could promote
resistance

Host-country capacity to prevent pilferage

Sources of Information

The person or institution deciding which pesticide to use may include

Minister of health
National malaria program manager
National malaria program vector control specialist

A body of key technical experts and stakeholders, such as the National IRS
Technical Team in Zanzibar.

Also consult individuals involved in pesticide selection to complete this section.

(c) The Extent to Which the Proposed Pesticide Use Is Part of an Integrated Pest
Management Program

What to Write

Describe the extent to which the national malaria control program supports the following
interventions:
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¢ Environmental management

e Larviciding
e IRS
e [TNs

If the national malaria control program does not support a certain intervention, describe
where and when that intervention may be appropriate. Discuss possibilities for combining
the goals and regulations of other sectors with those of the malaria control program. For
example, Uganda national law mandates that each district conduct sanitation work for
public health; such activities could be adapted to reduce vector breeding sites.

Sources of Information

Typically, the national malaria control strategy details the extent to which different vector
management options are considered, and target populations or geographic areas that
correspond to those options (for example, ITN distribution free of cost to pregnant
women and children under 5 years old). Discuss with national and regional or local
malaria control program staff the extent to which the various vector control options are
supported, both ideologically and financially. Additional stakeholders, such as public
works officers, may provide additional perspectives.

(d) The Proposed Method or Methods of Application, Including Availability of
Appropriate Application and Safety Equipment

Examine in detail how the pesticide is to be applied and the measures that will be taken to
ensure its safe use, using the guideline in the table below.

What to Write

Sources of Information

e General introduction to the intervention; include
the purpose for which pesticides are used in
that intervention

PEA and other Environmental Assessments

* Describe the specific method of pesticide
preparation and application

In-field specialist, trainer, IRS program manager, needs
assessor, and/or national, regional or local malaria
vector control specialists

*  Describe the method, duration, and general
content of training for workers and supervisors

In-field specialist, trainer, IRS program manager, needs
assessor, and/or national, regional or local malaria
vector control specialists

*  Describe methods for protecting workers and
supervisors from exposure

PEAs for IVM and ITMs, WHO manuals, industry
manuals (see Resources chapter)

*  Describe method of supervision

In-field specialist, trainer, IRS program manager, needs
assessor, and/or national, regional or local malaria
vector control specialists

e  Describe how intervention workers and
supervisors are chosen

National malaria control program, local or regional
malaria control program
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(e) Any Acute and Long-Term Toxicological Hazards, Either Human or
Environmental, Associated with the Proposed Use, and Measures Available to

Minimize Such Hazards

Describe measures the program will take to reduce the potential for exposing humans or
nontarget organisms to selected pesticides using the guidelines in the table below. Also
describe monitoring measures that will allow the program to identify problems with users
applying pesticides and with people who live in intervention areas. The level of
monitoring for higher risk pesticides is expected to be proportionally higher than for ones
that are registered by EPA for same or similar use without restrictions.

What to Write

Sources of Information

* Acute and long-term toxicological hazards to
humans

Include Pesticide Profile (from Annex E of the PEA
for IVM) as an annex to the SEA and reference it

*  Steps to prevent occupational exposure

Reference Pesticide Procedures section (d)

»  Steps to prevent residential exposure, typically
information, education, and communication (IEC)
campaigns through a local subcontractor or local
health office

Methods of communication from local health office or
potential subcontractor, critical information content
from the PEA for IVM and ITMs

»  Steps to mitigate pesticide poisoning, including
information provided to target area health
practitioners and medicines necessary for
treatment

Target area hospital or health facility manager,
Ministry of Health formulary office

*  Steps to inform or train drivers transporting
pesticide (for long-distance travel and daily
operations)

PEA for IVM

Steps to monitor pesticide levels in a statistically
significant sample of workers implementing the
intervention and/or potential beneficiaries of the
intervention. (A mechanism for making corrections or
reconsidering pesticide selection or how it is applied
must be created, including how to Amend the SEA).
Baseline data on the current situation regarding any
pre-existing use of the proposed pesticides and their
levels in people and the environment should be
summarized in this section.

EPA, host country health and environment
authorities, and private-sector specialists; see also
the WHO's Field surveys of exposure to pesticides—
Standard Protocol published in 1982 for guidance.
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(f) The Effectiveness of the Requested Pesticide for the Proposed Use

What to Write

e Describe the vector species and its/their resistance to the chosen insecticide or
larvicide in the target location, if that information is available

e Describe the impact (or potential impact) of agricultural pesticide use on vector
resistance

e Describe steps to ensure quality of the pesticide imported. Some producers,
especially those based in developing countries, may not manufacture pesticides to
WHO specifications, which can result in pesticides with harmful contaminants
and/or reduced efficacy of the product. A practical system to ensure testing of
pesticides for purity and potency is needed.

e Reference Pesticide Procedures section (1) for program monitoring activities that
will be conducted to determine pesticide efficacy

e For IRS, describe the insecticide’s appropriateness for the wall construction
material(s) used in the target location.

e For IRS, describe the extent to which the community will accept the intervention
taking into account the education that will be provided to individuals through the
IEC campaign. Widespread community acceptance of the activity is necessary for
it to be effective.

Sources of Information

The national malaria control program and the local or regional malaria control program
will have information on vector resistance. The MOA, a local or district agriculture
office, or area nonprofit organizations may have information on the impact (or potential
impact) of agricultural pesticide use. The MOH or the MOA should have facilities for
reliably testing imported insecticides; if no facilities are available in the host country, ask
where pesticides can be independently tested in the region by a laboratory not affiliated
with either the producer or the broker. Local, regional, or national NGOs, local
administrative officers, as well as Ministries of Agriculture, Trade, Natural Resources, or
Environment will be able to provide their perspectives on the intervention’s acceptability
to the community

(g) Compatibility of the Proposed Pesticide with Target and Nontarget
Ecosystems

What to Write

This section examines the potential effect of the pesticide on organisms other than the
target pest—both wildlife and domestic (for example, the effect on the bee colonies kept in
the area). Nontarget species of concern also include birds, fish, bats, dragonflies and
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other predator species that naturally reduce mosquito populations. Discuss the potential
for negative impact on nontarget species and identify appropriate steps the program will
take to mitigate potential adverse impacts. Describe key concerns based on the pesticide’s
toxicity to nontarget organisms and opportunities for negative impacts on nontarget
organisms typically associated with noncompliance with best practices (for example,
pesticide pilferage, locating a storehouse in a flood plain, improper dumping of pesticide
in water bodies). Larviciding of open water (if it is part of the proposed program) and the
effects of improper use of pesticides after pilferage should receive special attention in this
section.

Describe the steps the program will take to monitor and mitigate these potential impacts,
referencing Pesticide Procedures sections (d) and (e) when appropriate. Under 22 CFR
§216.3(a), projects and programs for which 